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PREFACGE

In this book I have endeavoured to present both the clinical and public health aspects of
smallpox. To many this discasc is a rarity and I have thercfore included a large number of
coloured and black-and-white illustrations so that the clinician may learn, or refresh his
memory, when confronted with a doubtful case. All showing detail of rashes or of vaccina-
tion lesions are natural size.

In many countries with highly developed hospital services the first case is likely to be
diagnosed in hospital, so some attention has been given to the problems of smallpox occurring
in a general hospital as well as the organization of special accommodation for the isolation
and treatment of the discasc.

The medical officer of health needs an overall knowledge of the subject, but he is par-
ticularly concerned with control methods and vaccination policy and practice and I have
devoted considerable space to the discussion of the basic principles in the epidemiology of
smallpox and the lessons to be learnt from classic outbreaks of the discase. I have been frank
in my comments on the situations presented as much can be Iearnt from the mistakes of
others. My criticisms arc not made in the spirit that I know all the answers—far from it.
There is a little duplication of material in some chapters as I have kept in mind the scparate
needs of the clinician, the pathologist, the hospital administrator and the public health medical
officer so that when smallpox occurs cach will find information of most immediate value
to him, without having to scarch from one section of the book to another, although T hope,
when there is time, all will look at smallpox from a much wider view.

The history of smallpox, variolation and vaccination is not only interesting in itself and
necessary to the proper understanding of practical smallpox control but it teaches much
which is fundamental to our appreciation of the development of the public attitude towards
inoculation procedures in gencral. Even when smallpox is finally cradicated T feel the story
will provide a fund of knowledge useful in controlling other discascs.

I have possibly been unwise to put forward new views on some aspects of this subject and
to suggest cxplanations based on clinical or epidemiological obscrvations and not on labora-
tory investigations. These idcas, lacking scientific exactitude, arc advanced in the hope of
stimulating others to think, to investigate, and confirm or refute so that we may progress
to a fuller understanding of this and, perhaps, similar discascs.

Part of this book was written while 1 was Reader in Epidemiology in the University of
Leeds and I am grateful to Professor 1. G. Davis for supporting me in my interest in this
subject, and to the University Council who granted me leave of absence to accept an
appointment with the World Health Organization as a consultant in smallpox.

In the list of references [ have tried to acknowledge all my sources but if I have failed
perhaps authors will bear with me and accept my apologics. ““For in all these things T have
been hindered neither by avarice nor by sloth, nor by fear, but only and always by time.”
(Leonardo da Vinci).

C. W. Dixon
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CHAPTER 1 ‘ Introduction

In a monograph it is usual to commence with the history of the disease, follow with the
actiology and pathology, and subsequently deal with the clinical and preventive aspects.

It hardly scems possible to understand the history and epidemiology of smallpox unless one
fully appreciates the varied clinical manifestations. For this reason the clinical aspects of the
disease are dealt with first, followed by pathology and immunology, so that the history,
epidemiology, and methods of control can be examined more critically.

Smallpox is an acute virus infection, and, in spitc of views sometimes expressed to the con-
trary, the virus appears to exist in only two distinct variants—that giving rise to variola major
and that giving rise to variola minor. The laboratory differentiation and the possibility of
different strains within these two forms is discussed later. Given a singlc case of smallpox it may
be impossible to be certain which infection is present. When a number of cases occur and the
epidemiological pattern is clear, variola major and variola minor appear to be two distinct
variants which have never been known to change from one into the other. The title smallpox,
therefore, includes both variola major and variola minor, and when this term is used it includes
both variants. In the clinical diagnosis, in the epidemiology and control, it is necessary to
distinguish one from the other, and the terms variola major and variola minor are then used.
This gives a mixture of terms, but, apart from other rcasons, smallpox is a very old English
word and worth retaining. The term alastrim and local names such as amaas, Cuban itch, etc.,
as altcrnatives for variola minor, all tend to confuse the issue and imply that the disease is not
a form of smallpox, and this may be dangerous.

The term ““varioloid” (Thomson, 1818) is still sometimes used to describe variola major in
vaccinated persons as a ““smallpox-likc” diseasc. This usc tends to suggest that it is a distinct
disease, which is untrue, and may mask the fact that such a clinical condition occurring in a
partly immune person is infectious and gives risc to any of the normal varieties of variola major
in contacts. To add to the confusion, varioloid is also sometimes used to describe variola minor.
It is a most undesirablc term and should be abandoned.

Other terms have becn handed down over the years, and although the meaning of many
was probably clear fifty or seventy-five ycars ago when smallpox was common, they may
lead to confusion in the minds of those whose experience of smallpox is limited. From the
middle of the nineteenth century much smallpox in Europe and North America occurred in
persons vaccinated some years previous to attack. In some outbreaks, over go per cent
(Edwardcs, 1902) of the cases were in vaccinated persons. A dlstmctlon was made between
natural smallpox where variation in scverity was determined by “nature” and modificd
smallpox where its severity was affected by art (vaccination). It became the fashion to talk of
natural smallpox, which was often severe, and modified smallpox, which was frequently mild,
and by implication to assume that mild smallpox could not be the natural discase. The term

“natural” is only confusing and should not be used in this context.
B
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Perhaps duc to blind faith in vaccination the idea also grew up that because some mild cases
showed “ modification” or some departure from “normal” smallpox, all mild cases of variola
major must be modified and that this modification must only be duc to vaccination, variolation,
or a previous attack. Relying largely on hospital experience, Killick Millard (1896) asserted that
mild cases in the unvaccinated were so excessively rare that he hardly belicved they existed and
that frequently they were due to previous successful vaccination of which the patient was
unaware. Cameron (1903) had much experience of smallpox, but wrote rather unconvincingly
of this condition. Exceedingly mild smallpox in the unvaccinated had been observed by many
of the older writers. De Hacn (1775) described variola sine variolis and thought that this condi-
tion was not uncommon, but, of course, such cases rarcly ﬁnd their way into hospitals Ricketts
(1908) made his usc of the words quite clear by saying, “by the use of the terms “modified
smallpox and “abortive lesions’, no assumption is made as to the state of the patient with
regard to vaccination. All that is implied is that he exhibits lesions which in certain particulars
differ from the type most common among unvaccinated patients.” In this book the unqualified
term “‘modificd” refers to clinical characteristics of the eruption and in no way implics post-
vaccinial immunity.

Mild attacks occur both in individuals who have never been vaccinated and in individuals
who have been successfully vaccinated, cither many years before or during the incubation
period in whichitisimpossible to decide whether the mildnessis due to *“ man-made” immunity
or to natural causes. It is always tempting to assume that a mild attack is the result of our own
cfforts when we have no proof that it is.

The term ““hacmorrhagic” has been used extensively in both the medical and lay press,
usually to imply smallpox of considerable severity. Ricketts used the terms “haemorrhagic™
and “toxic smallpox’ indiscriminately, but he also pointed out that “hacmorrhage from
smallpox is not synonymous with hacmorrhagic smallpox™. It is to be noted that while
haemorrhages arc a featurc of many types, particularly of the fatal cascs, they may also be
present in quite mild cases and have no unqualificd prognostic significance. The writer is in
complete agreement with Ricketts in being particularly averse to Curshmann’s (1875) classi-
fication and his usc of the two terms variola haemorrhagica pustulosa and purpura variolosa.
Attempts to usc these terms confused Bancroft (1906) in his clinical descriptions, and also
Bras (1952b) in his attempt to classify cases and fit them to the pathological findings. In this
book the term purpura variolosa is still used becausc it does describe a very clear-cut
clinical entity, but it is only regarded as a word-picturc of one form of ““fulminating, type 1’

A term that has been used in a number of systems of classification is variola vera. It is this idca
of true or typical smallpox so often forming the subject of illustrations in text-books of
medicine that has fixed in the minds of practitioners a single picture of what smallpox should
look like. The litcrature on smallpox abounds with statements that a case, particularly the first
in an outbreak, was “atypical” as it did not fit the clinician’s preconceived ideas on the subject.
It must be emphasized that there is no such thing as atypical smallpox. The wide range of
severity and variation in signs and symptoms is characteristic of the diseasc, and depends on
the reaction of the host to the virus attack. It is therefore misleading to describe cases as typical
or “classical” smallpox, somctimes calling it variola vera, and regard all other forms as
unusual variations.

For the descriptions in this book smallpox is regarded as a disease with two main phases, the
“initial”, sometimes called the pre-cruptive stage, of sudden onset, followed by the ““ cruptive”
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stage with the development of a focal (Ricketts, 1908) rash with many diagnostic and prognostic
characteristics. In certain cases, both very scvere and very mild, the main “pock”™ or “focal”
cruption may be absent. The term *“ pre-cruptive stage™ is convenient and often accurate, but
other non-focal rashes may appear at this time so that it is more convenient to use the term
“initial”.

The focal lesion, which is later described in detail, commences as a macule, becomes a papule,
then a vesicle which is filled with colourless fluid. Usually, the contents change so that the fluid
has a milky or purulent appearance and is described as a pustule. Until quite recently this term
was uscd in the sensc that the Iesion was an intracuticular collection of pus. Even Ricketts (1908)
describes it asa “miniature boil . In some instances, cspecially in the tropics and where hygiene
is deficient, lesions contain ordinary pus with white cells, cellular debris and sccondary pyogenic
bacteria. Howcever, many lesions only contain cellular debris from the epidermis, a few leuco-
cytes and no bacteria, although they look as if they contained pus. The term pustule is therefore
used, as it has been for hundreds of years, to describe a stage in the development of the rash
without implying that it has a pathological basis similar to a purulent lesion of the skin duc to
ordinary pathogenic bacteria.

Marson (1866), Ricketts (1908) and others have stated that the prognosis is greatly influenced
by the extent of the eruption. These views have often been misinterpreted by those with little
experience of smallpox to mean that extent of cruption and severity of attack are dircctly
correlated. It has always been recognized that some moderate eruptions have a poor prognosis.

Like the word “haemorrhagic”, “confluent” tends to be used loosely by the lay and medical
press to describe any severe case. The term confluent is used when the individual lesions touch
one another and coalesce, forming a network of lesions with small islands of unaffected skin.
It is normally applied to the late vesicular or early pustular stage, although in very severe cases
papular lesions may merit this description. When a few lesions touch one another, the term
coherent has also been used. In many cases local increase in number of lesions with coalescence
occurs over pressure points, but it scems unnccessary to usc any special descriptive term. With
a little experience, recognition of this local effect is casy. Descriptions and photographs of cases
in the literature show that there is a tendency to use the term confluent far too frecly, with the
result that the reader obtains an exaggerated picture of the severity of cases and the possible
cffect of treatment. The term confluent should not be used without qualification, as the mere
presence of confluence is not the most important prognostic sign. In this book the terms
malignant confluent and benign confluent are used, the significance of which is described later.
Confluence practically never occurs on the whole body, and this term is, in my opinion, best
restricted to those cases which show general confluence of mature lesions on the face and fore-
arms, the term semi-confluent being used where conflucnce occurs only on the face. This is
the deﬁmtlon adopted by Ker (1939), whereas in Rickett’s (1893) classification the term con-
fluent includes all those cases where there is confluence on the face. In spite of increasing the
number of terms, I feel the category semi-confluent is valuable, particularly in the malignant
type where the moderate eruption on the trunk may lead the inexperienced physician to
give an unwarranted good prognosis. The terms discrete, mild and abortive are used in
relation to the number of lesions as sct out in the table on pages 6 and 7.

Clinical methods uscd in the diagnosis of smallpox are similar to those used in other diseases,
but it is as well to review the particular examinations needed.

Onc is taught to take a history before examining the patient, but there is considerable force
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in Wanklyn’s (19134) argument that the history of the initial stage and of the vaccination state
may produce sufficient bias to trap the inexperienced. If a definite eruption is present, that in
itself should decide the diagnosis. On the other hand, when the rash is at a very early or very
late stage inspection may be inconclusive and evidence from the history should be considered
carefully. An accurate history should include details of the patient’'s movements within at least
sixteen days before the onset of symptoms. It should be known whether the patient has been in
any country or place where smallpox is present. Contact with cases of infectious discase should
be noted, particularly if called chickenpox or measles, as this may be of significance whether
the diagnosis is correct or not. The vaccination history should be obtained with date of primary
vaccination and of any revaccinations, and as far as possible, a description of the kind of reaction
obtained. This will have to be confirmed in the case of primary vaccination by examination for
the presence of a scar. Revaccination may leave no identiftable scar but too much importance
should not be attached to the patient’s story or records. If first scen when the focal rash is
present, the history of symptoms such as backache, headache, vomiting in the initial stages is
very important. The type of onsct should be determined, whether sudden or gradual, as this
is of some diagnostic significance. With the appearance of the rash the continuance or inter-
mission of symptoms should also be noted.

The usual methods are used for the cxamination of a rash. The entire skin should be
examined, preferably with the patient completely stripped, in a good light, daylight if possible.
Close inspection of the individual lesions is valuable, but the most important thing is to
examine the body as a whole so as to obscrve the distribution. The stage of development of
the various lesions should also be assessed, bearing in mind that many patients do not notice
the earliest macules, particularly when they are scanty. The mouth and throat should also be
examined. Examination of other systems gives no positive help in the diagnosis of smallpox.
The prudent physician should note the presence of signs of other infections, for example
pneumonia, but should bear in mind that this should not lead him to discount any evidence of
smallpox, as the necessity for a double diagnosis occasionally arises.

Material may be taken from the patient for laboratory tests. A specimen of blood from a
vein can be used for the culture of virus, the detection of soluble antigen or the complement
fixation rcaction. Scrapings may be taken from cutancous lesions with a needle or scalpel and
smearcd on to glass slides and vesicle fluid or scabs collected. These may be used to detect
virus by microscopy, by culturc or for serological tests. Methods of collection and the
significance of the results are discussed in Chapter 4.




CHAPTER 2 , Glassification of Gases

A clinical classification is necessary to determine prognosis and is essential for the proper
assessment of treatment, but it is also of much assistance in diagnosis which rests on the appre-
ciation of the varicd gencral and skin manifestations occurring in a definite time relationship
to onc another. It cannot be too strongly emphasized that in the “difficult” case of smallpox
the skin lesions may closcly rescmble those occurring in other discases, but the timing of their
appearance in relation to the general symptoms determines whether the discase can or can not
be smallpox.

The accompanying chart (Fig. 2) scts out the principal clinical characteristics of nine types
of smallpox based on cascs scen in Tripolitania (Dixon, 1948). Although originally worked
out on the disease occurring in a predominantly Arab population, subsequent obscrvations in
Glasgow in 1950, Rochdale in 1952 and the West Riding in 1953, and by Murphy (1954), have
confirmed that it applics cqually well to the discase in a European population. Banks (1952)
has advocated its usc. Some writers assert that the variation in type from scvere to mild is a
gradual indcfinite change; with this I cannot agree. There is an entirely different “pace” in
the fulminating and malignant types, which sharply differentiates them from the benign.
Many of the older writers recognized this, particularly Moore (1815). He even used the descrip-
tions malignant and benign, although I adopted these in Tripolitania when unaware of this.
The classification applies to both variola major and variola minor and in the vaccinated and in
the unvaccinated. The case which has not fitted well into many of the previous classifications is
the “discrete”’. As pointed out by Ricketts (1908) and others, although normally free from
toxic symptoms in the eruptive stage, this type of case may occasionally show this feature and
include small hacmorrhages in the skin. The diagram in Fig. s shows the relationship of the
types to one another and that the discrete may sometimes show some of the characteristics of

both the malignant and the benign types.

It will be seen in Fig. 2 that a number of general and local features make up the character of
cach type. The term confluent is used with qualification, and the division between types 6, 7
and 8 is based on a numerical difference in the cruption. It should be noted that where vaccino-
modification occurs, the differences in the type of lesion should be disregarded in making the
classification, but such cffccts can be noted by using the term vaccino-modified as a supple-
mentary description. The value of this procedure is not apparent until it is realized that vaccina-
tion, particularly when performed during the incubation period, may have no effect on the
number of lesions but only on their maturation.

TYPE I——FULMINATING—(PURPURA VA'RI()LOSA)

In a small proportion of individuals smallpox infection runs a hyper-acute course. After an
incubation period of about eleven to twelve days the patient is suddenly taken ill, with a feeling
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FiG. 2. Principal clinical characteristics
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of the nine types of smallpox

Haemorrhages Rash Pustulation Extent of focal Approx.
(untreated) eruption mortality
%)
| < . l
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Fic. 3. Typical temperature charts for the different types for smallpox. Primary fever occurs during the first
threc to four days, sccondary fever from the fourth to twelfth day in malignant types, from the fourth to
tenth in the more severe benign types, in the latter merging with the tertiary fever to about the rwentieth
day or morec if sccondary scpsis intervenes. Types 7, 8 and 9 have no secondary fever.

of intense prostration accompanied by severe headache, and often backache. In spite of these
symptoms the patient is very “ wide awake” and peculiarly apprehensive. In some patients the
infection is so overwhelming that death may occur within twenty-four to thirty-six hours
with no outward manifestations at all. Consciousness is rctained to the point of death, and
the patient quictly cxpires. At post-mortem there may be a few hacmorrhages in the sub-
mucosa, in the respiratory (Fig. 4) and alimentary tracts and in the heart muscle, the latter




FiG. 4. Fulminating, haemorrhage at the tip of the epiglottis, and in the left pyriform fossa.

To face p. 8




FULMINATING 9

possibly contributing to death in some cascs. The appearances arc very indefinite, with no
findings on which to base a certain diagnosis. The most likely one is some unknown acute
infection or possibly an acute lymphatic leukacmia. The blood film shows a leukaemic picture
. with the white cells almost all lymphocytes and there may be many myeloblasts. Thisis “sledge-
hammer” smallpox, and the diagnosis both clinical and at autopsy is impossiblc unless smallpox
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Fic. 3.

is thought of and unless laboratory facilities arc available and used to grow the virus or detect
soluble antigen in the blood during life, or after death. If the patient survives more than forty-
eight hours there is often a slight but temporary improvement in the general condition,
followed by the appearance of an erythema on the face and back of the hands, and a blotchy
erythema on the arms and trunk, particularly the antcrior abdominal wall and the upper part
of the thighs (Figs. 6, 7, 9 and 10). The patient’s gencral condition deteriorates, there is increasing
prostration, but the temperature remains at about 101-102° F. (38 3-38-9° C.).

Wanklyn’s description (1903) is particularly apt. After three to four days the patient “has
the gencral aspect of one who has passed through a long and exhausting struggle. His face has
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lost its expression. The lines have partly disappeared. As it has been expressed, his face is mask-
like and there is a want of tone in all the muscles. When he speaks, this condition becomes
more apparent. He speaks with cvident cffort and his voice is low and monotonous. He is list-

Fig. 6. Variola major, fulminating, third day. Dusky erythema of face and hands,
patchy morbilliform cruption on arms. Note old vaccination scars on the arm,
formed sixty years before.

less and indifferent to his surroundings, though his eyes may be clear and bright. The question
as to the disease from which he suffers has little interest for him. The greater the physical
development the more marked is this condition. The mental attitude is similar. There is loss
of tension, showing itself in a lengthening of the reaction time and a defective control. When
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a question is put the answer is appreciably delayed. A request to show his tonguc or to put out
his hand often requires to be repeated. Such movements are often retarded and tremulous or
even jerky in their performance. It is evident that their completion gives relicf. The patient
staggers in his walk and tends to fall if not supported. Frequently he volunteers the statement
that he feels much better and will soon be all right. Such is the typical condition. The more
severe the attack the more striking is the picture. In the most fulminant case the aspect of the
patient resembles that of onc suffering from severe shock and loss of blood. His face is drawn
and pallid. His respiration is sighing or cven gasping. He tosses himself about continually and
cries out at frequent intervals. His attention is fixed with difficulty and he complains only of
agonizing pain, now in his chest, then in his back, his head or abdomen” (Fig. 8).
Examination of the mouth may reveal hacmorrhages occurring under the mucous membrane
and large blood-filled bullac which at first sight may be mistaken for truc focal lesions. The

Fic. 7. Variola major, fulminating, dull crythema of hand and wrist, patchy erythema of forcarm.

crythematous arcas of the skin will reveal petechiae which during the next twenty-four
hours rapidly enlarge forming ccchymoses of a peculiar bluish-purple colour (Fig. 19), par-
ticularly present on the abdomen and upper parts of the thighs; but just before death, which
occurs within forty-cight hours of the onsct of these haecmorrhages, the whole body may be
affected. When the hacmorrhages occur only in the “bathing drawers’ arca (Fig. 10), a con-
fident diagnosis of smallpox can be made; but when hacmorrhages are more general, as is
common, the picture has no completely characteristic features to distinguish it from other
hyper-acute infections, although in smallpox there is a greater tendency towards symmetry.
In infants the rash appears more frequently on the anterior abdominal wall and may be absent
in the groins. With the appearance of hacmorrhages in the mucous membrane or skin the
patient’s life may be terminated by massive hacmatemesis, intestinal or uterine hacmorrhage.
Death otherwise occurs very peacefully due to increasing toxaemia. The whole course of the
discasc lasts four or at the most five days, butisfrequently less. Examination of the patient cven
on the fifth day may show no truc focal lesions. In a number of these cases a diligent scarch
of the body will reveal a very flattened type of vesicle (Figs. 11, 12 and 14), difficult to
differentiate from the stripping of the epithclium which occurs over a haemorrhage. From
the diagnostic point of view it cannot be overemphasized that the absence of any vesicular
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eruption is the main feature of this condition and increases the difficulty in differentiating it from
other acute haecmorrhagic catastrophes.

The high white count in bacterial and the low count in carly viral infections may help to
distinguish between acute viral and acute bacterial, such as meningococcal, septicaemias, but

FiG. 8. Variola major, fulminating. The characteristic facial expression, loss of
muscle tone, bright cyes.

too much reliance must not be placed on this, and if there is the slightest suspicion a blood
culture during lifc or a specimen of heart blood taken after death should be sent to a laboratory
for viral and bacterial examinations.

If laboratory facilities are not available do not hesitate to diagnose clinically and act
accordingly.
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Fic. 9. Variola major, fulminating. Erythematous and
petechial eraption.

Fic. 10. Variola major, fulminating. Petechial cruption in the groin
and some in the axilla.
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Fig. 11. Fulminating, fourth dayv. Although there are many haemorrhages,

sonme very supcrﬁcial VCSiCICS are prcscnt.

Fic. r2. Fulminating smallpox, fourth day, death.

TYPE 2—MALIGNANT CONFLUENT

The onset is sudden, with a moderate temperature of 1o1—102° F. (38-3-38-9° C.). It
should be noted that higher temperatures are common in the less severe types. Malaise, intensce
headache, and gencral aching of the muscles occur. Backache may be very severe, but is
not such a constant symptom as onc has been led to believe. In my experience it is less severe
in Arab patients than in Europcans. Wilkinson (1942) and others noticed that this symptom
was particularly severe in negrocs. It scems probable that it is partly due to severity of attack
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and partly duc to occupation and the use of these muscles during the initial phase. Social
customs may account for apparent variation with race.

When present, this peculiarly severe backache is a valuable pointer, but its absence is of no
diagnostic importance.

Pain in the chest is sometimes complained of, but therc are no respiratory symptoms, nor is
the respiration rate raised appreciably at this stage. Vomiting is common and abdominal pain
may be complained of which, by the sccond or third day, may be severe enough to make one
suspect an acute abdominal condition. This is possibly duc to mucosal or sub~mucosal hacmor-
rhages as bleeding tends to occur in the mucous membranes before appearing in the skin.
Laparotomics have been done, in crror, on a number of smallpox cases of this type. Melacna
may also be present, but is more profuse a little later in the discase. The patient is most anxious
and has a peculiar mental alertness.

The general condition remains much the same for onc or two days, but by the second or
third day there may be some improvement and the temperature may fall a little, sometimes to
normal. Some patients feel sufficiently well to get up and go out and may visit a doctor or
hospital. The temperaturce rises again, but rarely above 102° F. (38-9° C.), although the
paticnt is obviously far from well and the pulse rate has increased considerably. A dusky
crythema appears on the face and a mixed petechial and macular cruption of rather irregular
distribution appcars on the upper chest, neck, back and upper arms (Figs. 21 and 22). Although
present on the face, it is difficult to see clearly because of the general erythema. A few scattered
macular lesions may be present on the lower arms and hands, but frequently there is no rash
on the legs or feet. The rash is very plecomorphic in appearance and is not unlike rubella. At
this stage the cruption principally affects the upper half of the body. On palpation it scems to
have some substance, but the papules do not feel hard or ““shotty ™, as is often described in the
text-books. Examination of the mouth may show small arcas of hyperacmia and small very
carly vesicles on the soft or hard palatc or on the buccal mucous membrane, but their appearance
is not constant and does not help very much in diagnosis.

The erythema on the face changes imperceptibly into a diffuse vesiculation. On the check
and forchead it looks almost exactly like a very scvere sunburn (Fig. 13). The appearance is
not unlike a very fine-grained crépe rubber set on a red base and scems to be due to a combi-
nation of very small nearly confluent lesions and a marked intracuticular oedema which leads
to the scalded appearance of the skin at a later stage (Figs. 13 and 25). Epistaxis may occur; the
lips are swollen and there may be slight bleeding from the corners of the mouth. By the fifth
day the rash has not progressed very much, the papules remain soft, there may be some
erythema of the backs of the hands, but many of the lesions on the chest, arm and back will
have changed very little and may still consist of mixed macu]o—papular and petechial clements.
The appearancc is so diffcrent from the usual description of *“classical” smallpox where all the
lesions on cach anatomical part arc at the same stage of development. On close inspection
it may be possible to find onc or two very flat thin-roofed vesicles, quite small, only about
4 or § mm. in diameter. The vesicles are so flattened as to be little more than a thin flake of
epithelium over a flat papule separated by a very small amount of fluid. This lesion is more
likely to be seen over a small haecmorrhage, and, because of the appearance and apparent
cropping, cases of this kind arc often thought to be hacmorrhagic chickenpox. This diagnosis
is made as the patient’s general condition remains fairly good although the apprehensive
mental state remains. The prognosis is, however, very bad. During the next three days the
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rash slowly continues to develop on the forearms and hands, on the upper legs, lower legs and
feet, in that order. Although the general distribution follows a centrifugal pattern it is very
much less pronounced than in the benign types of smallpox described later. The gradation of
density of lesions on the limbs, increasing as one passes towards the periphery, is particularly
slow to show, and at this stage the rash may appear as dense and sometimes more densc on the
proximal parts.

Fic. 13. Variola major, malignant confluent, scventh day, slow
cvolution, acute sunburn appearance of face, with tiny close-
set vesicles, mixed lesions on the chest.

From about the seventh or eighth day of the disease there are complaints of increasing
difficulty in swallowing, and pain on talking, duc to cxtensive lesions in the mucous mem-
branes (Fig. 26). The patient detcriorates slowly, being drowsy much of the day, but when
roused will talk quite intelligently and unfortunatcly, only too frequently, realizes his ultimate
fate. At night, however, he may be extremely restless, continually trying to get out of bed and
requiring individual nursing attention. A condition closcly resembling delirium tremens may
occur and in the confused state much cunning may be shown in attempts to escape from the
smallpox ward.




FiG. 14. Fulminating, mixed eruption on the back. On the neck are two very superficial flat vesicles

y, erythema of face, back of hands and wrists. Mixed

Fic. 15. Variola major, fulminating, fourth da
hiae and ecchymoscs. Hacmorrhages from the angles

morbilliform eruption clsewhere, with petec
of the mouth, anxious cxpression.

To face p. 16



Fie. 16. Fulminating, Type 1, carly diffuse erychema.

Fre. 17. Malignant confluent, Type 2, well marked “sunburnt”
appearance of face and scanty, poorly devcloped rash on the chest.




Fic. 18. Type 1, fulminating, carly morbilli- Fic. 19. Type 1, fulminating, carly erythema.
form eruption.

FiG. 20. Type 1, fulminating, deep haemor- Fic. 21. Type 2, early morbilliform eruption,
rhages, ink spot type. fourth day.

Fic. 22. Type 2, mixed elements, very slow Fic. 23. Type 2, slow, poor vesiculation,
evolution, poor superficial vesicles, eighth tenth day.

day.
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Fic. 24. Malignant confluent Typc 2, carly rash, mixed clements, slow evolution,
sixth duy.

Fic. 25. Malignant confluent Type 2, scalded appearance of face, rash limited to upper
trunk, cleventh day.




FiG. 26. Vatiola major, extensive almost confluent vesiculation of mucous membrane of hard palate,
sixth day.




Fi6. 29. Malignant confluent, exfoliation.




Fic. 30. Malignant confluent, tenth day, morbilliform and hacmorrhagic elements.
Great delay in evolution of vesicular clements.

Fi6. 31. Malignant eruption, fourtcenth day, vesicles drying without pustulation,
leaving copper-colourcd superficial scars.




Fic. 32. Malignant. Flat soft vesicles, some Fic. 33. Malignant, fluid absorption,
with adherent roofs, simulating hacmor- “lobstcr” intervening  skin, tenth to
rhage, ninth to tenth day. twelfth day.

Fic. 34. Malignant confluent, vesicles, bullac, Fic. 35. Malignant, massive exfoliation,
tenth to ewelfth day. twelfth to thirteenth day.

Fig. 36. Malignant, massive cxfoliation, Fi6. 37. Benign (in contrast). The birth of a
vesicle structure absent, twelfth to thir- macule on a typical site of solitary lesions.
teenth day.
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Only by about the tenth day of the disease will many of the lesions on the trunk and arms
have become vesicular, but they will be soft, flattened and velvety, hot and tender to the touch
(Figs. 32 and 33). On confluent areas there may be large bullac containing clear fluid, but it is
absorbed fairly rapidly leaving bluish-whitc dead sodden epithelium like a scald (Figs. 29 and
35). Haemorrhages may occur into the vesicles but more frequently in the normal skin between
the lesions. Due to the general dehydration of the patient, fluid is absorbed from the lesions,

Fic. 38. Variola major, carly malignant rash about the cighth day of discasc.

particularly on the trunk and arms, and the flaccid roof of the vesicle adheres to the exposed
dermis of the base producing a brown-coloured centre (Fig. 32) not unlike that produced by
haemorrhage into a vesicle. Skin punctures made for therapy or for diagnosis continue to
bleed for many hours. Uterine haemorrhages are common and may be severe; in pregnant
women abortion or premature labour is almost certain to occur. Severe haemoptysis or hacma-
temesis is common and the patient may dic at this stage. The blood picture explains this part
of the clinical condition. There is a complete absence of platelets, a lymphocytosis and a
ncutropenia. Although lesions along the palpebral margins are quite common, the rest of the
C
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orbital skin remains surprisingly free from the rash (Fig. 40). Lesions may occur on the palpebral
conjunctiva and give rise to a serous or sero-purulent conjunctivitis. Keratitis, referred to in
Chapter s, is common from about the eleventh day onwards and corneal ulceration with
subsequent blindness may occur in the few cases of this type of smallpox who recover.

A peculiar sickly smell gradually develops—the foctor of smallpox. This cannot be adequately
described although it is quite characteristic. It renders the discharge-sodden bed linen most
offensive.

Fic. 39. Malignant confluent, so-called “black” smallpox. Death at about the
twelfth day of the diseasc.

The relentless deterioration in the general condition continues. It is increasingly difficult to
get the patient to drink, and even milky fluids scem to cause pain, due to the burning sensation
in the throat on attempting to swallow. Great loss of weight, as much as 30-401b. (13-18 kg.)
occurs during the twelve or thirteen days of illness. There is complete loss of muscle tone, and
acadavcric typhus-likc appearance so transforms the patient that he would hardly be recognized
by his relatives. By the thirteenth day of the discase a soft vesicular rash covers much of the body.
The rash by now has a fairly definite centrifugal distribution, although it may cover such a
large part of the body that recognition of this featurc is difficult. It does, however, still tend to
be less dense on parts of the body protected from pressure, such as the groin, the axilla and
the orbit. By now many lesions have become conflucnt with large areas of epidermis peeling
off like a scald (Figs. 28, 29, 35 and 36). Almost any part can be affected, but the back of the
trunk and other areas where pressure occurs, such as the elbows, are likely to suffer most. Slight
rubbing of the bedclothes or movement of the arm by the nurse or doctor may causc a large
piece of dead epidermis to become detached. Although the patient may die from about the
eighth day onwards, many live until the fourtcenth or fifteenth day of the disease and dic just
as this stripping of the cpithelium has become widespread. These areas are quite painful and
contribute considerably to the frightful appearance and misery of the patient. The patient
quietly expires, due to general toxaemia, or there may be some haemorrhagic catastrophe to
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complete the picture. Although a fatty liver has frequently been recognized by pathologists at
post-mortem and an cnlarged liver may sometimes be palpable during life, this sign is not of
any prognostic value compared with the appearance of the skin.

Even without any antibiotic treatment this type of rash never develops a “pustular” stage,
although on some sites such as the pinna, palms of the hands, or soles of the feet the fluid looks
cloudy, no real pus forms, even on the large desquamated arcas. With so much of the dermis
exposed, secondary infection can undoubtedly occur but there is little evidence of it. In the
past when haemalytic streptococci were of considerable virulence and when smallpox patients

e
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Fic. 40. Variola major, malignant confluent, cighteenth day, mortification.
Patient has survived the stage of profound toxacmia between the tenth and
fourteenth day, but tissue destruction is so severe that the body is unable to
recover. Patient died two days later.

were nursed in large wards, terminal septicaemia must have been common and accounted for
the isolation of streptococci from most cases post mortem. This gave rise to the frequently
expressed view that haemolytic streptococcal infection plays a considerable part in causing
death from smallpox. In experiments (1948) with penicillin in the trcatment of this type of case,
I demonstrated that the course and outcome is not due to superadded streptococcal infection,
but to the essentially tissue destructive form of the discasc. The few paticnts who recover from
this form of attack arc, however, in a most vulnerable statc and susceptible to secondary
infection with streptococci or staphylococci. The mortality would appear to be about 70-80
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per cent, but the course of events today docs not appear to be very different from the description
of the illness and death of Queen Mary in 1694 (Chapter 10).

Occasionally, malignant confluent smallpox will proceed to the fourteenth and fifteenth day
when, with the patient in extremis, a crisis will occur, the temperature will drop and the paticnt
take a dramatic change for the better, a crisis similar to that observed in typhus. Presumably
some immunological reaction takes place, but scrological investigations have not yet been
done. The patient commences to take fluids and the dchydration is reversed. The lesions,
rather copper-coloured, desquamate, but this is finc and flaky and not a truc “scab”. The
classical ““punched-out™ pitted scar does not occur even on the face, but instead there is a fine
tissuc-paper scar, continuous over quite large arcas, rather like that after a scald.

. i ' |

Fic. 41. Variola major, malignant confluent, cighteenth day, mortification.

Occasionally the patient doces not dic at about the twelfth to fiftcenth day, but lingers on in
a statc so aptly described by the older writers as “mortification” (Figs. 40 and 41), and
has the appearance of being mummified whilst still being alive; the skin of the face is fixed in
a grotesque mask with the mouth permanently open, not unlike a ventriloquist’s dummy. In
spite of the really dreadful appcarance the patient remains quite rational; hearing is acute,
although vision may be impaired by keratitis. He remains alive for four or five days, but
asin the scvere burn, is Just as unable to recover by reversing the destructive process in the skin,

although by this time the smallpox virus has almost certainly ceased to have any cffect on
the tissues.

TYPE 3—MALIGNANT SEMI-CONFLUENT

A number of cases develop a type of smallpox malignant in character and otherwisc identical
with malignant confluent, except that the extent of the rash is less and satisfics our definition of
semi-confluence. The prognosis is definitely more favourable, the mortality being of the order
of 25 per cent rather than 70-80 per cent, and in this respect is in keeping with the view so often
expressed that the extent of cruption determines mortality. It is important to differentiate this
type from the malignant conflucnt, not only because of the patient’s better chance of recovery,




MALIGNANT SEMI-CONFLUENT

Fic. 42. Variola major, malignant semi-confluent, Type 3, rash at the sixth day.
Note the lesions on the site of vaccination attempted late in the incubation
period, (2 ) vaccinia, (?) variola.

Fi6. 43. Variola major, malignant semi-confluent, cighth day. Although the
cruption is not extensive the patient dicd.

21
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but because this is the type of case which, although severely ill and with quite severe haemor-
rhages from the mucous membranes or the skin, may recover, apparently as the result of
therapy. The recovery, however, is unconnected with treatment, being in keeping with the
normal prognosis of this type of case.

The attack commences in the same way as type 2 with a sudden moderate rise in temperature,
101~102° F. (38-3-38-9° C.). The initial phasc is the same as in type 2, but the remission of
temperature and symptoms at the commencement of the cruptive stage is more marked, and
may make it more difficult to classify the casc until about the sixth day of the disease.

The clements of the rash show variation in size and rate of development, and because it is
less densc the resemblance to “cropping” so characteristic of chickenpox is more obvious.
Howecver, the evolution is slow and the rash hot and tender. A diffuse erythematous base of a
lobster-red colour may not appear until the tenth or cleventh day of the discase (Fig. 33), and
deterjoration in the general condition is less rapid. The most characteristic feature is the
dclay in the appearance of vesiculation, particularly on the limbs, shown in Figs. 42 and
43. Because the lesions are less concentrated, hacmorrhages in the intervening skin may be
more obvious than in type 2. Due to the absence of confluence on the limbs and trunk large
arcas of desquamation are less likely to occur. If death does not supervene between the twelfth
and fifteenth day from toxacmia or hacmorrhage, the lesions dry up at the vesicular stage
without the formation of pustules. The absorption of fluid from the vesicles, without pus
formation, is very similar to that scen in some of the benign types which have been treated
with antibiotics, but the lesions themselves are more superficial and when separation has
occurred the cxposcd dermis is copper-coloured (Fig. 31). Scarring is of the thin tissuc-paper
kind without sharp-cdged pocks. Although the patient may well escape with his life, there is
a risk of keratitis and corncal ulceration from about the twelfth day onwards. Loss of weight
is considerable and convalescence may be protracted.

TYPE 4—BENIGN CONFLUENT

After the usual incubation period of twelve days the onset is sudden, with headache, vomit-
ing, backache and general malaise. The initial temperature is likely to be higher than in the
malignant types, usually 103-104° F. (39° 4-40-0° C.) and occasionally as high as 105° F.
(40-6° C.), butat the end of forty-cight hours the patient feels a little better and the temperature
has dropped appreciably. By the third day the patient feels much better, the temperature may
be practically normal and he may leave his bed. He does not usually feel well enough to work,
but may do so for personal or cconomic reasons. At the same time the macular rash appears;
the first few spots are very dclicate (Figs. 49, 66 and 74), occurring on the face, particularly the
forchcad, malar region, bridge of the nose, along the sterno-mastoid muscles and over the
trachea. There may be onc or two on the chest, forcarms, and particularly on the back, but
frequently nonc arc present on the abdomen or the legs. These carly lesions show a great
tendency to occur on particular sites so brilliantly described by Ricketts, and present a feature
of smallpox of much dlagnostxc value. Within twenty-four hours many more macules join
these original “herald spots”, the rash becoming more profuse on the face and on the scalp,
particularly if the hair is abscnt or thin. Papules rapidly replace the macules, and, in particular,
the herald spots will feel deep and shotty cven at this stage. This is due to vacuolation of the
cpidermis and the formation of fluid under pressure in what appears to be a papule but what is
really an early vesicle. Patients sometimes complain of a pricking sensation in the skin. The




FIG. 44. Benign (in contrast) Type 6, discrete, carly vesiculation, sixth day.

F1G. 45. Malignant conflucnt Type 2, eighth day.

To face p. 22




BENIGN CONFLUENT 23

forearms will show macules and early papules especially over the “sites of election”, over the
head of the radius and ulna, across the wrist joints, along the extensor tendons and the head
of the metacarpals and phalangcs (Fxgs 37 and 83). At this stage the lesions on the palms of the
hands may or may not feel “shotty”. The legs and feet are likely to show only one or two
herald spots, whilst the back will show lesions morc advanced than most on the arms, but less
advanced than thosc on the face. The order of development of the rash is face and scalp, back,
arms, chest, hands, legs and fcet. This orderly progression of lesions is very characteristic and
occurs in the majority of benign cascs of this type, although in some instances of benign
confluent, semi-confluent and discrete the eruption is uniform over the whole body and
passes through cach stage simultancously (Fig. 46).

The most important fcature of this type of rash isits adherence to a “ centrifugal ” distribution
{Ricketts, 1908). If onc examines cach anatomical part separately, such as the face, arm, leg or
trunk, there is secn a gradual change in the density of the lesions, the maximum being at the

Fi16. 46. Benign confluent, very uniform distribution. Even here some variation can be scen.

periphery, the minimum at the centre. For example, the upper face has more lesions than the
lower face; the hand is more denscly covered than the forcarm; the forearm greater than the
upper arm; the chest more than the abdomen. The back of the trunk is more affected than the
front, and the cxtensor aspect of the arm more than the flexor.

The density will also be affected by other anatomical features. There will be increased density
over bony prominences, points of pressure, or of mild irritation, and the converse; decreased
density in arcas subject to protection cither because of anatomical configuration or from
clothmg. It should be noted, however, that even when the subject is habitually naked the rash
is still centrifugal (Fig. 84). A knowledge of the occupation, peculiarities of clothing, social
habits or carly trcatment of the patient will often explain an otherwise peculiar distribution.
Unaccustomed activity on the feet will sometimes lead to a very carly and extensive rash on
this site. Tight corscts, or pressure on a fat abdomen whilst at work, may cause a dense rash on
the abdomen compared with other parts. Severe trauma usually gives rise to no local increase
in density, but trivial and invisible irritation is quite likely to. In Fig. 105 a group of lesions on
the arm has occurred as a result of applying surgical spirit and rubbing the skin prior to veni-
puncture during the initial phase. It is important to recognize that smallpox lesions may appear
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F1G. 47. Variola major. Herald spot on the internal malleolus and on a septic spot
below.

F1c. 48. Variola major, full vesicular eruption. The traumatised arcas, which had
the herald spots, show small confluert arcas.

very early on the site of vaccination scratches done in the late incubation period, so giving rise
to an apparently successful vaccination. One cannot help wondering whether some of the
successful vaccinations claimed by Ricketts and others to have been obtained even as late as the
second day of the cruption, may not really have becn smallpox lesions on the vaccination sites.
The laboratory can identify the virus from these doubtful lesions, but to date no results have
been published.

Atleast by the end of the sccond day of the rash (about the fifth day of the disease), a confident
diagnosis of smallpox should be possible. During the following days the small vesicular lesions




Fic. so. Benign, papules twenty-four hours

FiG. 49. Benign early herald macules on the
later.

third day of discase.

Fic. 51. Benign, papules and carly vesicles
twenty-four hours later.

Fic. §4. Benign, secondary umbilication,
lesions on abdomen commencing to dry up.

Fic. 53. Benign, mature ‘pearls’ deep-set in
skin of forcarm, seventh day.

To face p. 24
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will grow in size so that by the fifth or sixth day of the rash (cighth to ninth day of the discase),
a large part of the body will be covered with pearly vesicles some 4% in. in diameter (7-10
mm.). Figures 49-60 show the development of the benign type of lesion. In the benign con~
fluent the lesions coalesce on the face, the vesicles rapidly becoming pustular, and the face looks
as if it is covered with a “mud-pack” (Fig. 63). As the lesions enlarge, there is considerable
ocdema of the skin and the normal facial expression is lost. The thickening and stiffening give
rise to much discomfort, although the patient’s gencral condition is quite good. The lesions on
the rest of the body, particularly on the arms, are typical pearly vesicles set deceply in the skin
with a sloping edge and a small red arcola (Figs. 52 and s3). They feel hard, often described as
shotty, arc not tendcr to the touch and do not feel hot. They are multiloculated, in that when
pricked only part of the vesicle collapses, but although the older writers made much of this

Fic. 61. Variola major, mucous crosions, sites of small vesicles in benign
smallpox, third day.

as a diagnostic feature, it is of little value. As the vesicles mature, umbilication occurs with the
development of a central depression, but this again may occur in other vesicular cruptions and
is therefore not diagnostic of smallpox. The intervening skin remains normal.

Although the number of lesions in the mouth, particularly on the soft and hard palates, may
be very variable, laryngeal, tracheal and ocsophageal lesions are insignificant, and apart from
the discomfort of the hard and inspissated serum on the face (Figs. 63 and 64) and mechanical
interference with the movements of the mouth, there is no pain on breathing or cating and the
appetite is usually quitc good. The general condition of the patient is so different from that of
the malignant case at the same stage. Whereas the latter has signs of a severe general infection
but a relatively poor rash, the benign case has a spectacular eruption and relatively little
evidence of toxaemia. In recognizing these two distinct syndromes in smallpox it can be seen
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that it is not truc to say that severity is directly correlated with the extent of the rash. Although
the patient with benign confluent looks frightful, apart from the risk of broncho-pneumonia
in young infants or the aged, which is less of a problem today, the prognosis is remarkably
good and better than that of malignant semi-confluent.

At the stage of vesiculation and carly pustulation the patient will have the very characterisic
odour of smallpox. Although made worse by suppuration, it is distinct and is in no way
dependent on this complication.

Cracking of the “mask” on the face and nose may give risc to bleeding (Fig. 62), but there
is no hacmorrhagic diathesis and no severe hacmorrhages occur. Some sccondary suppuration
will occur, but the severity of this scems to
depend muchon the virulence of the prevailing
sccondary organisis, and the general hygiene
of the paticnt. It should be controllable with
current chemotherapy. In tropical countries
onc gets the impression that severe suppuration
occurs more frequently. In some cases many
of the Iesionson the upper thighs and forearms,
instcad of becoming dry, remain “wet” and
pustular for some days and arc rather more
offcnsive. This was described by the older
writcrs as diphtheritic in type (Fig. 63), but there
isno evidence that Corynebacteriaate involved.
Figure 64 shows that the rash that appears first
matures first, and whilst the face may be pustu-
lar the arms may be at the vesicular stage. As
mentioned before, sometimes the whole rash
crupts at the same time, but the pustular stage
is reached much sooner on the face than on the
other areas.

Lesions on the palpebral conjunctiva give
risc to troublesome, but not dangerous, con-
junctivitis. The lids are so oedematous that

Most of the facial scabs have been shed. The scalp  VSIO1 15 OIllyJuSt pOSSIb]C‘ Kctatltls of the type
is still crusted, and some of the scabs on the nose  S¢C1t 1 mahgnant snlanpox is not seen,» but

and lips are firmly attached and very sore. corncal ulceration may occur.

In Europe in the nineteenth century and in
some countrics today, this has been a fairly common and troublesome condition. However,
cach writer noted that it was rarer than in the days of his predecessors, and although it also
occurs in variola minor it appears to be particularly common where there is eye disease such
as trachoma, or where there is malnutrition. Vitamin deficiencies may be the determining
factor. In Europcan countries the change in the social class of those attacked may also affect
the incidence (sec Chapter s).

With the maturation of the lesions the classical pustule is produced. Although it has been
demonstrated that many Iesions described as pustules do not contain pyogenic bacteria, when
the lesions are profusc there is a great tendency for frank sepsis to supervene. When this occurs

F16. 62. Variola major, Type 6, twenty-first day.
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Fi6. 63. So-called ‘diphtheritic’ eruption. Offensive suppurating pustulcs.

FIG. 64. Variola major, Type 4 at fourtcen days; note the face is well scabbed, the trunk lesions arc
scabbing, but the lesions on the hand and arm are pustular.
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pyrexia and mild toxacmia may develop and the fever in
the past has been described as the secondary fever. How-
ever, my study of malignant and benign cases treated with
antibiotics (Dixon, 1948) shows that a sccondary fever is
an integral partof certain types of smallpox quite indepen-
dent of the development of frank sepsis. 1suggest that it
would be more accurate to describe three febrile states,
primary fever of the initial stage, sccondary fever develop-
ing from the fourth day onwards, and tertiary fever due
to superadded sepsis (Fig. 3).

Although the development of sepsis and tcrtiary fever
is closcly related to the extentof the cruption in the benign
casc, it is also commoner where there is poor hygiene of
the patient, particularly under tropical conditions.

By the fourtcenth day of the discase many of the scabs
will have come off the face and the patient will feel much
more comfortable, and should be practically afebrile.
Desquamation will be occurring from the trunk and
upper limbs and hundreds of scabs can be brushed from
the bedding every day. The process proceceds down the
arms to the hands and down the legs to the feet. By the
twenticth day nearly all the lesions will have cleared
except those on the palms and soles. Here they are st
beneath a thick horny layer, do not give raised vesicles,
but mature by inspissation and gradual extrusion of the
matcrial as thc skin wears away. The importance of these
lesions, or “sceds” as they are called, is to prolong the
patient’s stay in hospital (Figs. 57 and 65).

Fic. 65. Variola major, lesions on sole
of foot. The appearance of the
lesions varies with the thickness of
the cornified layer.

TYPE §—BENIGN SEMI-CONFLUENT

The relationship of this type to type 4 is exactly the
same as thatof type 3 totype 2. The initial symptomatology is similar to type 4, but the extent
of the rash satisfies our criteria for semi-confluence. Comparced with benign confluent there is
a better prognosis (mortality about 12 per cent) and this is in keeping with the lesser extent of
the rash. The semi-confluent naturc of the cruption gives rise to a beautiful display of the
distributional features of smallpox—centrifugal pattern, occurrence on pressure points and
other sites of clection. The development of the lesions and other features are the same as in
benign confluent except that after the appearance of the rash the degree of pyrexia and
malaise may be surprisingly little considering the presence of well over a thousand lesions. Itis
of interest that in this kind of case the sccondary toxaemic element is completely absent,
whereas in some of the discrete cascs (type 6) where the rash is less, an element of secondary
toxaemia may be present. Some lesions may be present in the mouth, but laryngeal lesions
arc absent.

Study of the clinical records of fifty ycars ago suggests that deaths from this type were
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relatively rare exceptin young babies and old debilitated persons, or where sccondary broncho-
pneumonia, erysipelas or pyacmia occurred. The situation is much the same today, although
complications should respond better to modern treatment. In the period between 1880 and
1905 when much was written about smallpox, infant mortality was high. Therc was con-
siderable mortality from scarlet fever and streptococcal fevers gencrally, and the risk of cross-
infection in wards holding thirty or more patients of all ages can well be imagined.

The rash matures normally, pustulates frecly, forms the classical smallpox scabs and leaves
characteristic pitted scars. The facial scarring will cause considerable disfigurement.

TYPE 6—DISCRETE

This type is so named because in gencral none of the lesions coalesce. It must be appreciated
that occasionally on sites of slight trauma or irritation small arcas of confluence may occur and
should not influence the clinician in assessing the case. When classifying, there is a tendency
for the inexperienced to exaggerate the severity. An important feature of the discrete type is
that in the carly stages some of the cases present some features more like the malignant types,
but the majority are consistently in keeping with other benign types.

The initial stage commences as usual, with a sudden, fairly severe pyrexia which declines
during the next two or three days until by the time the rash appears the temperature is prac-
tically normal. The temperaturce then remains low and the gencral condition is very good until
the termination of the discase, the patient fecling quite well, cating and sleeping fairly well,
and the rash is the only problem causing considcrable inconvenience and worry because of the
probability of scarring. On the other hand, some cases will commence with only a moderate
pyrexia of 101° F. (38-3° C.), and with the appcarance of the rash the temperature may remain
at about 100° F. (37+8° C.), increcase while the rash appears and not decline until the fourth or
fifth day of the cruption, when vesicalation has commenced. Although in the more usual
discrete type the rash is typically pearly, not hot or tender, in some with greater toxaemia the
eruption, at the fourth or fifth day of its development, may fecl slightly warm, more than can
be due to the normal arcola, and may be just a little tender. The lesions are well formed, how-
ever, and quite unlike those in the malignant varietics which, of course, would not show any
real vesiculation at this stage of development (fourth or fifth day of the rash). The mild toxacmia
disappears by about the fifth day of the rash (cighth day of the discase) and from then on both
variants pursuc the same course. Lesions on the buccal mucous membrane may occur with
some frequency, butare very variable in number (Fig. 70). Hoarseness and difficulty in swallow-
ing arc very rarc. A further feature of the discrete casc, showing this slight malignant element,
is for small hacmorrhages to occur in the skin or mucous membranes. There may be only a
single hacmorrhagic spot such as a sub-conjunctival hacmorrhage (Fig. 90), but there is no
tendency to scrious haemorrhage as in the malignant casc. Hacmorrhages are more likely to be
present on the legs where there is slight trauma, but they occur more frequently in the vesicles
and not in the skin. It seems probable that, in the malnourished, vitamin C deficiency will
increase this tendency. Some clinicians have, however, applied the term *“hacmorrhagic™ to
this typc of case and have assumed that some particular treatment has affected the course of the
discase which is essentially benign. It is for this reason that I firmly believe the word “haemor-
rhagic” should be omitted in the description of any type of smallpox.

Some of the lesions tend to dry up in the vesicular stage rather than forming definite pustules,
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FiG. 66. Variola major, Type 6,
carly macules on the face,
The two lesions on the check are acne

FiG. 67. Variola major, Type 6,
carly maculo-papular lesions,
twenty-four hours later than Fig. 66.
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FiG. 68. Variola major, Type 6,
early vesicular stage forty-cight hours
later than Fig. 67, sixth day.

Fic. 69. Discrete, Type 6.
Some lesions on forchead
collapsing and drying up.
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Fic. 70. Variola major, Type
6. Vesicular lesions on hard
and soft palates. Note that
skin lesions are partly pap-
ular, a few on the nose just
bccoming vesicular.

FiG. 71. Early macules on the leg. There is increased density round the malleolus, where the shoe presses.
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Fic. 74. Variola major,
Type 6, carly macular
lesions  over  pressure
points, angle of jaw A,
trachea B, sternum mas-
toid muscles C. Many
lesions on the face are
unfortunately lost in a
mass of freckles,

Fic. 75. Variola major,
Type 6, early vesicular
cruption sixth day.
Some of the earliest
lesions are  larger.
Thereissome vaccino-
modification due to a
successful vaccination
performed  in  the
incubation period.
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Fic. 76. Early macules.

Frc. 78. Forty-cight hours later, carly vesiculation of herald spots, further
increase in density.




DISCRETE

Fic. 79. Variola major, discrete. Lesions on the arm are more advanced
than those on the hand.

Fic. 80. Variola major, Type 6, about the cighth day, centrifugal distribution. Compare

chickenpox.

with

35
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Fic. 82. Discrete, Type 6, vesiculo-pustular stage. The
pustules on the face, particularly on the checks and
nose, arc sccondarily infected, which is common

in tropical countrics.

CLASSIFICATION OF CASES

Fic. 81. Variola major, almost complete shedding of
plantar cornificd layer. This occurs after an

extensive rash in a person who does not wear
shoces.
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Fi.. 83. Variola major, Type 6, sixth day, carly vesicles on hand. Note lesions round
the phalangeal joints.

ol

F1¢. 84. Discrete, Type 6. Scabb-
ing is nearly complete on the

limbs, showing depigmenta-
Fig. 8s. Effect of chronic sepsis on smallpox scars. tion.  Sccondarily infected
Kcloid formation between the eyebrows. lesions arc present on the face,
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but this varies considerably in different patients and on different parts of the body. Lesions on
the face tend to pustulate more frequently than thosc on the chest or abdomen. Whether the
lesions only vesiculate or go on to pustulate does not seem to make any great difference to the
amount of the scarring which depends primarily on the depth of the lesions, the thickness of
the skin and the sitc on the body. Severe secondary infection of these lesions will, however,
increase the size of the scars (Fig. 85). Complications in discrete cases are relatively rare and,
as the patient fecls well after the first few days of the disease, he finds it very irksome waiting
for desquamation to occur, particularly from the fect.

Frg. 86. Variola major, Type 6. Early scarring. Fic. §7. Variola major, Typc 6. All scabbing complete.
Small septic lesion on forchead. Patient had treac-
ment with antibiotics.

TYPE 7—MILD

The initial pyrexial syndrome is like that in other benign types. The temperature may be
very high, up to 105° F. (40- 6° C.), and initial malaisc and headache and backache quite severe,
but the temperature drops quickly, usually within forty-cight hours, and the patient soon loses
the backache and often the headache as well; but on the third, sometimes fourth day, a sparse
eruption appcars with not more than 100 lesions. The distribution is characteristically centri-
fugal and very pretty patterns may occur on the facc or arms in the usual manner. The lesions
arc hard, pearly and usually of normal size, but a few of the lesions may abort cven in un-
vaccinated persons. The mortality from this type is very low (under 1 per cent), death only
occurring in babies or the aged and debilitated. The discase itself produces less inconvenience
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Fic. 88. Type 8
Variola major
in the unvaccinated.

Fic. 89. Typc 7
Variola major
in the unvaccinated.
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to the patient than may an attack of chickenpox, the eruptive phase being wholly afebrile, but
definite scars will remain, particularly on the face in the unvaccinated. These are very much
less numerous than in the more severe benign types, but they arc a serious blemish and
important evidence in detecting missed cascs.

Although mild cascs (type 7) frequently occur in vaccinated subjccts, it must not be for-
gotten that they can occur in the unvaccinated and the description given here applies to this

type.

Fic. 9o. Variola major, Typeo. Sub—conj unctival ]mcmorrlmgc, not a bad
prognostic sign.

TYPE 8—ABORTIVE

Type 8 (abortive) is an uncommon type in the unvaccinated. It frequently gives rise to diffi-
culty in diagnosis. The pre-cruptive fever is of the normal type with quite a high temperature,
up to 103° F. (39- 4° C.), of sudden onsct, short duration and declining to normal by the sccond
day. Headache is common, but backache much less so. Although the rash may appcar on the
third day, sometimes only onc or two lesions appear at this stage, followed, even as late as the
fifth or sixth day of the discasc, by a second crop of lesions, possibly only ten or fiftcen in
number, which arc almost invisible in the macular stage because of their small size: most do
not progress beyond the papular stage. The papule may or may not show an crythematous
basc and within forty-cight hours has formed a small vesicle which rapidly becomes a scab
indistinguishable from many other scabby lesions which can occur on the skin from a wide
variety of causcs. Very occasionally in abortive types there may be quite a large number of
lesions appearing simultancously on the body at the third or fourth day and at first giving the
impression that the patient is going to suffer from an attack of discrete smallpox, but the rash
completely aborts at the papular stage. Flaky desquamation occurs leaving no scar and only a
little transient discolouration of the skin. The paticnt’s gencral condition is very good. There
1s no malaise at all after the initial syndrome. Lesions in the mouth are uncommon, but when
they occur are small and not sufficiently characteristic to be of any diagnostic value.
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TYPE O—VARIOLA SINE ERUPTIONE

In this type, after an incubation period of twelve days the patient suffers from a pyrexial
attack with sudden onsct, a temperature of perhaps 102° F. (38-9° C.), with headache, occa-
sionally a rigor and sometimes mild muscle pain or backache. At the end of forty-cight hours
and often less the attack has subsided, the temperature is normal, the patient fecls completely
recovered, although somectimes a little weak and fecling * post-influenzal”, and returns to
work. Many persons, howcver, have a pyrexial attack only lasting for a few hours. Although
this was noted by Bylcs (1843) and discussed more fully by Conybeare (1939) it has been
called “illncss of contact” by Boul & Corficld (1946). When such cascs occur in doctors and
nurses it may be an administrative advantage to use the term “illness of contact”, but this
and “variola sinc cruptione” arc really onc and the same thing. Although this condition occurs
most frequently in well-vaccinated persons, many cases have been recorded, and at least one
confirmed by laboratory tests (Verlinde and Van Tongeren, 1952), in the unvaccinated. This
type of infection is probably commoner than usually thought.

No macroscopic lesions appear in the mouth or throat which is understandable as, in general
lesions occur more profusely on the skin than they do on the mucous membranes. It is con-~
sidered by somc that the patient with this condition is not infectious, because the viracmic stage
is very limited. It scems morec likely that the patient is infectious for a short time, probably for
only a few hours; a view shared by Ricketts (1908).

Following this “influenza-like™ attack, no focal rash of any kind appears. It must be
remembered that unless the patient is examined very carcfully on the sites of clection for
the odd abortive lesion, a case may be thought to be type 9 (variola sine eruptione) when
it is really type 8. There arc no complications and no sequelac after this type of attack.
Presumably cncephalitis is a possibility although, as far as T am aware, it has never been
recorded.

Conybcare (1939) reported some cases in which a clinical syndrome not unlike a virus
pnuemonia occurred. Howatt and Arnott (1944) described some cases with X-ray cvidence
of some lung involvement. In many the incubation period appears to be about seven days
(five to cight), but as this is measured from the contact to the onsct of pyrexia a false interval
may be due to concurrent vaccination which is present in many cases. In my own experience,
“virus pncumonia” occurs surprisingly frequently among smallpox contacts, particularly
doctors, but this may only be a diagnosis of convenicence. It is surprising that this syndrome
gives rise to “off-duty” for at least fourteen days, in contrast to classical type 9—a few hours.
Even in cases with X-ray findings it does not scem likely that the lung condition is due to
smallpox virus, as there is no cpidemiological evidence that this type of patient is infectious.
There is always the possibility of concurrent infection with some other virus and an increase
in the susceptibility of the patient induced by the febrile attack. It is to be noted that in
general the lung escapes clinical attack in all other types of smallpox. This is discussed
further in Chapter 9 where I have suggested it is a form of “pulmonary allergy”. This is the
type of casc in which laboratory investigations arc urgently required to clucidate a rather
confusing picture; what part the concurrent vaccination plays is difficult to sec. Although
many cases occur in those whose immunity is high, as judged by the revaccination result,
and one occurred in a virologist who had much contact with vaccinia, some have occurred
in those whose immunity is low as judged by the primary-like appearance of revaccination.




42 CLASSIFICATION OF CASES

It is perhaps significant that in the last ten years increasing attention has been given to “ virus
pneumonia’ accompanying chickenpox.

MISCELLANEOUS RASHES

Under the title of “initial rashes” the older writers described a wide variety of eruptions
usually occurring beforce the focal rash was identificd, but sometimes occurring at the same
time. Ricketts called them *toxacmic eruptions” whether they occurred in the initial stage
or later.

It can be seen from descriptions in the older books that the purpuric and petechial and some
of the erythematous rashes arc merely the normal in fulminating cases or the carly stages in the
development of the malignant focal cruption. Examination of the coloured illustrations will
show many of the featurcs described, such as the astacoid rash of Roger and Weil (1901)
(Fig. 35), the toxaemic erythematous rashes of Ricketts (1908) (Fig. 15), and petechial and
purpuric rashes (Figs. 11, 12, 19 and 32).

The captinoid rash of Thomson and Brownlec (1909) described as a “pale sepia or
smoky rash confined to the bathing-drawers™ arca but of good prognostic significance, does
not seem to have been recognized very much except by the original obscrvers. It is to be
distinguished from the petechial rash, pathognomonic of smallpox, affecting the “bathing-
drawers” arca, but this may invade the flanks and axillac.

Many of the carly writcrs give accounts which tend to confuse the reader. Great
emphasis was placed on the prognostic significance of these rashes, and hence the diffi-
culty. When one appreciates that the purpuric, petechial and some crythematous rashes are
part of fulminating or malignant smallpox, then these will be bad omens, but in a propor-
tion of cases of smallpox in the vaccinated, transient erythematous or morbilliform rashes
occur which the older clinicians recognized foretold a good and not a bad outcome, simply
because much of the smallpox in the vaccinated is very mild. These crythematous and morbil-
liform rashes, particularly the former, appear before the focal eruption, although occasionally
they may occur at the same time. They tend to occur in the flexures, those arcas where the
focal smallpox cruption appears lcast, and arc only important in that their presence tends to
confuse the diagnosis in the carly stages.

Although the petechial rash in the groin is pathognomeonic, I think it is undesirable to give
special names to any rashes which are an integral part of the devclopment of the fulminating
or malignant smallpox syndrome. In my opinion, the transient crythematous or morbilliform
rashes are the only true “initial” rashes. Their flecting character and limited involvement of
the body suggest that they are allergic in character. They disappear without leaving any
staining. Although they have been mostly observed in the vaccinated, and this supports the
idea of allergy, they are not unknown in mild cases in the unvaccinated.

Their frequency is difficult to cstimate. Earlier writers (Boobbyer, 1804) have assessed this
at about 10 per cent, and this is the figurc given by Japanese (Uchida, 1954; Ueda, 1954) and
Malayan observers. In the casc of the English figures this includes all *“ pre-focal” rashes and
obviously includes many petechial and erythematous rashes in the carly stages of malignant
cases. Examination of a book by Uchida (1956) shows that he also includes these in his
use of this term. Some local rashes around the site of vaccination lesions (presumably in con-
tacts) are also regarded as initial rashes of variola sine eruptione, although they might equally
well be secondary to vaccinia. On the other hand, Ueda (1954) assures me that in his experience
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the 10 per cent represents true initial rashes allergic in nature and not confused with the early
stages of the malignant type. In Japan in recent years and in England at the turn of the century
much of the smallpox occurred in the vaccinated and this would obviously affect the figures
and be likely to increase the initial rashes of good prognosis. As these rashes occur before the
focal rash, they are frequently not observed by any doctor and least of all by hospital staffs
who have written so much on smallpox. Marsden (1936) saw thn'ty—sevcn such rashes, mostly
blotchy or macular erythemas, amongst his 13,000 variola minor patients, but, as he pointed
out, less than 1 per cent of admissions to hospital occurred at this carly stage. This represents an
incidence of about o- 3 per cent, but no information is given as to whether these were pre-
dominantly in the vaccinated or not. Similar rashes—sometimes only local—occur as
complications of vaccination, but I am of the opinion that, in England at any rate, this type
of rash is less common today as an accompaniment of cither vaccinia or smallpox.

A rarc varicty of smallpox which is difficult to classify is that known as variola corymbosa
(Figs. o1 and 92). During thirty years’ experience at the London Smallpox Hospital between
1836 and 1866, Marson saw about 15,000 cases, amongst which 104 were of this type. The
name is given because the lesions occur in clusters. The peculiar feature of these cases is
that although the number of lesions puts it in the discrete or semi-confluent class, the prog-
nosis is bad: 44 per cent mortality in the unvaccinated and 32 per cent in the vaccinated.
Marson describes the condition as follows: “The disease appcears in clusters or it may be
that only a single cluster is formed and yet the fatal character before alluded to is given to the
discasc. Inother parts of the body, the eruption is perhaps but sparsely scattered, and we might
expect the discase to rank in danger with a common semi-confluent case; such, however,
is not the practice. It generally happens that there are two or three patches about the size of
the palm of the hand in different parts of the body, in which the pimples are as closcly set as
could be and in the immediate neighbourhood of cach patch the skin is free from eruption or
ncarly so, a few spots only of the discase being formed. There is a great tendency to symmetry
in this form of the complaint.When a patch is formed on one arm or leg it often happens that a
similar patch is formed on a corresponding limb on the opposite side. In some instances there
are numerous corymbose patches on different parts of the body about the size of a half-crown
or five=shilling picce” (32 mm. or 37§ mm.).

Ihave no experience of this type of casc, and MacCombic (1906), who was Medical Superin-
tendent of the South Eastern Smallpox Hospital, London, for many years, stated that he had
never seen a case. The high mortality may obtain because many of these cascs are really malig-
nant semi-confluent in type, or the aggregation of lesions may be a sign of some decper
constitutional factor or concurrent disease which accounts for the mortality. This form does
not occur in variola minor.

For long it has been recognized that it was unusual for smallpox to occur concurrently with
other infectious discasc, although it could and still docs attack paticnts in hospital with a wide
variety of conditions. Concurrent scarlet fever, measles and chickenpox have been described,
the first two often in mistake for the carly stage of malignant smallpox, the last one in mistake
for variola minor, or smallpox modified by vaccination. Concurrent vaccinia is of course
very common, and herpes simplex, infective hepatitis and secondary syphilis may also occur.
Apart from vaccinia, there scems no reason to supposc any interference, and the clinician must
be prepared for the bizarre clinical picture of the simultaneous presence of two or even three
diseases (Fig. 93).
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small lesions.

FiG. 92. Variola major, variola corymbosa, large lesions, This tvpe of case was frequently fatal.

VARIOLA MAJOR IN THE SUCCESSFULLY VACCINATED

Confusion sometimes arises over the description of smallpox in the vaccinated duc
to differences in interpretation. Vaccination literally means “to inoculate with virus”:
it is the operation only and docs not mean the automatic attainment of immunity against
smallpox.

The cases referred to in this Chapterare those where successful vaccination hasbeen performed
some time, usually many years, before contact, and where the resultant immunity has waned,
and cases where successful vaccination has been performed after contact—during the incuba-
tion period—and in which some alteration in the severity of the discase can be properly
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Frc. 93. Vaccinal infection of sccondary impetigo from scabics—Ilesions are scabbing.
Vesicular lesions are concurrent smallpox. The child in the foreground has vaccination
lesions similar to the child in the background.
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credited to that operation. In the latter group it should be noted that many patients, who have
a successful vaccination after contact, show nothing in their clinical condition to indicate that
the vaccination has had any effect on the attack of smallpox. It is sometimes forgotten that a
mild casc of smallpox may occur due to natural constitutional factors in the individual or is
related to the size of infecting dosc and not the result of vaccinial immunity. In persons vac-
cinated during the late incubation period the vesicle which occurs is, in some instances,
probably variolous rather than vaccinial.

The immunity induced by successful vaccination gives rise to three different cffects (sce
Chapter 9), but we are concerned here with the cffect of two components; an anti-dissemina-
tion factor which affects the number of lesions and a skin immunity factor which affects the
characterlstlcs of the individual Iesion. The combined effects arc quite distinct and arc called

“vaccino-modification”, and in their absence we should not assume that the precious
successful vaccination has had any cffect.

As in revaccination a characteristic of the smallpox lesion in the partially immune skin is for
it to mature more quickly and to be situated more superficially, so much so that it does not feel
“shotty” and little or no scar will result cven on sites normally liable to scar. The circular shape
of the smallpox lesion is less constant; it may be oval or even crenated and have an appearance
very similar to some chickenpox lesions. Instcad of all, or nearly all, the lesions on cach anatomical
part appearing more or less simultancously, they may appear over a number of days, even as
much as five or six days, so that the carly lcsmns may be pustular or scabbing, while alongside
are papular or early vesicular lesions. This “cropping” is very characteristic of vaccino-
modification. There is also considerable variation in the size of lesions, later crops in particular
being small, maturing rapidly without cven the appearance of a pustule, let alone any tendency
to frank sepsis. Although the large lesions tend to occur on the usual sites of election (Fig. 135),
later lesions, particularly in those patients with very few lesions, may occur on quite unexpected
sites. There 1s a greater tendency for the arcola to be conspicuous around the carly lesion,
which the older clinicians regarded as a good omen, although it is the case, the vaccinial statc
of the patient, which is the detcrmining factor.

When a successful vaccination has been performed more than twenty years before the
attack, the residual immunity may be nil; this is shown by the not infrequent occurrence of
type 1 (fulminating). The clinical appcarance is no different from that in the unvaccinated. The
point to emphasize is that the presence of scars from vaccination done as recently as twenty
years before, does not rule out the possibility of fulminating smallpox. Cases have been
reported where the interval is less but the date and success of the vaccination is not always
certain. A history of vaccination without evidence of a scar should be ignored. The interval
is often longer; in the casc illustrated in Fig. 6 there are four scars from a vaccination done some
sixty years earlier.

In persons posscssing negligible residual immunity types 2 and 3 occur with no tendency for
the rash to be any different from that in the unvaccinated. The development of a semi-confluent
attack does not mean that in the absence of past vaccination the individual would have had a
more severe attack. However, many clinicians have extraordinary faith and the literature
abounds with statements that a vaccination done even fifty or sixty years previously must have
had some effect on the clinical condition, although differences in severity can be accounted for
by the unknown constitutional factors and possibly the size of the mfcctmg dose which,
presumably, must be one factor in determining type in the unvaccinated.




FiG. 94. Vaccino-modified vesicles, variation Fic. 95. Vaccino-modification, miniature
in size although mature. mature vesicles.

’ Fic. 96. Vaccino-modified, small scabs, third Fic. 97. Vaccino-modified, single scab, three
to fourth day, sixth or seventh day of the days from macule to this appearance.
disease.

Fic. 98. Vaccino-modified, cxtensive ery- Fie. 99. Vaccino-modified, mixed small
thema, urticarial type of lesion. papules and “mosquito bite” type of lesion.

To face p. 46



Fi6. 100. Vaccino-modified, transicnt scarring on  Frg. 1071,
hand r4 days from onset of attack.

Variola inoculata. Infection of pulp of
finger from needle prick, small secondary
lesion at tip.

F16. 102. Chickenpox lesion. F1G. 103. Chickenpox, early scar.
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Type 4, benign confluent, occurs in the vaccinated, but is less common than the semi-
confluent, type s. In type 4 the clinical condition is usually indistinguishable from that in the
unvaccinated subject and the features of vaccino-modification so characteristically scen in
types s—8 arc rarcly scen. The initial fever is entirely normal for a benign type, the rash
develops as in the unvaccinated with large pearly vesicles, and with very few exceptions all

FiG. 104. Variola major, vaccino-modificd, Type 6, tenth
day of discase. Thought to be chickenpox. Note dis-
tribution, avoidance of soft tissues, incrcasc over
pressure points,

are at the same stage of development on cach anatomical part. In some cases there is a slight
speeding up of the rate of maturation and a little less tendency for suppuration. It should be
emphasized that in spite of the previous successful vaccination the level of immunity in this
type of casc is so low and apparently incapable of rapid stimulation, that the evolution of the
rash is usually the same as in the unvaccinated. Very occasionally, although the macular and
papular stages arc profuse and herald a confluent attack, the rash suddenly regresses and within
twelve to fourteen hours the papules disappear, leaving a little branny desquamation. There is
no residual scarring and the patient feels perfectly well. This suggests a sudden immunity
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Frg. 105. Variola major, vaccino-modificd, Type 7. Vaccinated on day of contact at
A; sccondary vaccinial lesions round the primary are at scabbing stage, B; carly
maculo-papular smallpox cruption, C.

FiG. 106. Variola major, vaccino-modificd, Type 7. Effects of trauma. Skin has been rubbed with spirit and a
vein puncture performed at che end of the initial stage.
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response in an individual sensitized by a previous vaccination, but whose original level of
immunity was insufficient to prevent both the infective and invasive stages of the discase. It
would, however, be more correct to call this abortive, type 8, vaccino-modified, rather than
benign confluent vaccino-modified, as the clinical condition and prognosis arc best suited to
this description.

Fig. 107. Variola muajor, vaccino-modified, Type 7. Typical
distribution.

When we come to consider benign semi-confluent (type s) in the vaccinated who have
partial immunity, we have the first type where there is a considerable difference from the
disease in the unvaccinated. The initial syndrome is identical, with scverce prostration, head-
ache, backache, etc.; vaccination cven a relatively short time before does not modify this
phase; it either occurs in the normal way or there is no infection at all. The rash appears in the
usual way about the third day, but at first it may be very sparsc. Instead of a few herald spots
there may be quite a number, often on pressure points. These carly lesions will grow rather
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more rapidly than in the unvaccinated and often to a larger size, particularly on the limbs.
While this has been occurring, further macules will appear in between these growing lesions
and these will vesiculate over the following two to three days. Further macules may appear

Fic. 108. Variola major, vaccino-modified, Type 7. Variation
in size of lesions. Lesions over back of wrists, very small
lesions along extensor tendons of the hand.

over a period of three to four days. Although lesions will be scen at various stages of develop-
ment giving the appearance of cropping, the later lesions mature more rapidly so that, as the
rash develops, it tends to become more homogencous. Development of the later lesions is poor,
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and small papules and abortive vesicles may be seen. These effects are particularly noticeable
on the limbs and trunk; on the face, the lesions being carlier, show little modification and
the resulting confluence obscures the process to some extent.

By the ninth or tenth day of the discase the elements of the semi-confluent cruption will
show variation in size and stage of maturation, and although many of the lesions will have felt

Fic. 109. Variola major, vaccino-modificd. Third day, early maculo-papular
lesions on the face, forcarms and hands.

shotty in the early stages and will develop into typical deep-scated vesicles, others will be more
superficial. The degree of modification of the rash will vary considerably in different indi-
viduals; it must be remembered that in some persons who have been vaccinated, the appearance
may be the same as that in the unvaccinated. When evidence of vaccino-modification occurs,
as shown by changes in the development of the rash, the rapidity of cvolution lessens the chance
of septic complications. The morc rapid amelioration of symptoms, although of less importance
to the fit adult, may be vital to the aged or infirm. A further benefit will be a reduction in the
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number of scars due to some of the Icsions failing to mature and to the more superficial nature
of many of them, but it must be realized that it is on the face that modification is least, and quite
severe scarring will result.

In the large outbreaks in the past, type 6 discrete was the commonest type of smallpox in
young adults who had not been vaccinated since infancy.

F1c. 110. Variola major, vaccino-modificd, Type 7. Typical
vesicular stage on the face, sixth dny. Note distribution,
lesions on the forchead, checks, over trachea, and absent
from orbital fossac.

The minal phasc is quite scvere and is the same as in the unvaccinated, with sudden onset,
temperature up to 103° F. (39-4° C.), headache, backache, general malaise. Fleeting erythe-
matous rashes may occur—the so-called initial rashes—particularly affecting the flexures.
Although therc is some confusion over the nomenclature of these rashes, this type is more
common in smallpox in the vaccinated than in the unvaccinated. They are probably allergic
in origin and are not to be confused with the carly stages of the malignant cruption.

The focal rash appears on about the third day, but there is greater variation in the time ofits
appearance. In some cascs some clements of the rash appear on the first or second day, and in
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Fic. 111, Variola major, Type 7, vaccino-modified. Small scabs on hand at fourteen davs. Patient
YPC 7, ,
diagnosed as chickenpox.

Fic. 112. Variola major, Type 7, seeds on the feet, present along pressure zones of the
shoc. No lesions arc visible on the legs at this stage.
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others there are no signs of any rash until the fourth or fifth day. It secms probable that in some
instances the real course of events is more constant than the patient’s own story would have
onc belicve as the orderly appearance of the rash seen so characteristically in discrete cases
in the unvaccinated does not hold true in the vaccino-modified case. Not infrequently the
carliest clements of the rash appear on the chest or back or even the abdomen and not on the
face. Although lesions may appear carly on the face, the time interval between their appearance
on the face and upper arms and on the hands and legs is extended. Combined with the more
rapid maturation of the lesions this leads to the appearance of scabs on the face and quite carly
papules on the limbs at the same time. This would not matter so much, but cven on cach
anatomical part some lesions are much later than others, giving the appcarance of cropping
(Figs. 104 and 138).

The character of the individual lesions gives one little help in differentiating from chickenpox.
Many are very superficial, are not shotty and scab rapidly. Although not quite so irregular in
shape as a typical chickenpox lesion, most of the superficial lesions are not strictly circular.
Careful study, cven to counting and plotting of Iesions, will show that the cruption is centri-
fugal in distribution (Fig. 138).

Once the rash appears the general condition of the patient rapidly improves. The acceleration
of maturation dccreases the liability to scarring and shortens the stay in hospital. Many of the
later lesions will abort and produce very superficial lesions giving scarring no worsce than
chickenpox; some, particularly the very large ones on the nose (Fig. 107) and forchead, produce
scars similar to thosc in the unvaccinated, and in the assessment of the value of vaccination both
before and after contact this point should not be ignored. The “malignant clement” sometimes
present in this type (6) in the unvaccinated, is never present when vaccino-modification occurs.

Type 7, or mild, is very common in a vaccinated but only partially immunc population.
The initial syndrome is normal, with sudden onsct, pyrexia, headache and malaise. The tem-
perature drops to normal by the second to third day and the patient feels well enough to go to
work. The rash first appears as a few macules on the face and arms. A few papules may form
normal vesicles and often grow to a very large size; a full, tense, pearly lesion. Many, however,
appearing later, may not progress beyond the papular stage, changing into a dry “spot”, a
featurc illustrated in Fig. 108. In spite of this obvious cropping and variation in character and
depth of lesions, the rash gencrally shows the centrifugal feature of smallpox and occurs on the
sites of clection, illustrated in Fig. 110. The diagnosis is likely to be missed because of the sparse
naturc of the lesions and because the patient feels so well. Even the large vesicular lesions will
dry up rapidly and many of the papular lesions will abort so that by the fourteenth day of the
discasc all the scabs will be detached and only a few sceds may remain on the hands or feet
(Figs. 111 and 112). Scarring is very slight, limited to the nosc or forehead; this is shown in
Fig. 158, two and a half years after the attack. It is this type of case which is so often missed and
is the source of infection to others. It is difficult to make a clinical diagnosis retrospectively
when seen more than twenty-one days after an attack.

Type 8. Individuals whosc immunity is relatively high, or whose immunity mechanism
reacts late to the stimulus of infection, suffer from type 8, abortive attacks. The initial symptoms
may be quite severe. Therc is sudden fever with headache and malaise, but backache is more
rare. Improvement may be equally rapid, so that within twenty-four to thirty-six hours the
patient feels well again. Apart from the exceptional cases with a late-acting immunity
mechanism previously described, the rash is usually very scanty and may consist of only one
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lesion; normally there are under ten. These lesions may be anywhere on the body and unless
some traumatic localization factor has been present are usually well scattered, c.g. one on the
face, onc on the lower arm, perhaps one on the back and one on the leg. Occasionally all the
lesions may be on the face or all on onc anatomical part, even on the back, sometimes deter-
mined by the presence of acne. As the lesions are so few it is difficult to decide whether there is
a centrifugal distribution or not. The preference for certain pressure points may be a help, at

Fr. 113. Variola major, Type 7. Latc dome or scntinel
vesicle on the hand, other lesions more superficial, and
have already scabbed. The patient had chronic eczema.

any rate it should make one wary of giving a negative diagnosis without further observation
or laboratory tests. Common sites for single lesions are between the eycbrows, on the nose,

the ulnar styloid process, the external malleolus or over the tendo Achilles. The character of
the lesions does not give one much help. The macules are very indefinite and become minute
papules which are not shotty or deep-set in the skin. The summit of the papule is dry and kera-
tinized and is indistinguishable from the many papular conditions scen from time to time on
almost any skin (Figs. 95, 96 and 97). A few lesions of this kind on the skin of an Asiatic scaman
or on the back of a youth with mild acne, represent a diagnostic problem impossible to solve
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clinically except in known smallpox contacts. Scabs from these lesions should yield smallpox
virus if sent to a suitable laboratory, but a negative report on such small amounts of matcrial
is not conclusive. Unless a smallpox contact, the suspicion is not likely to be entertained and
the availability of laboratory scrvices will not affect the problem. The lesions are present for
only two to three days and a very tiny “scab”, just a flake of skin, will scparate leaving a
small mark, a little morc casily scen on the pigmented skin, but possessing no characteristic
fcatures. The patient is unlikely to remain off work for more than the onc or two days of
the initial syndrome and no permanent scarring results.

Typc 9. Finally, onc has to consider variola sine cruptione and ““illness of contact™ in the
vaccinated. It had been noticed by Byles cven as carly as the time of Chadwick (1843) that
vaccinated persons coming in contact with cases of smallpox might develop a sudden febrile
condition about twclve days later with headache and malaise. The attack lasts only a few hours
or the full twenty-four to forty-cight hours of a smallpox initial syndrome of moderate
severity, but is not followed by any rash. On clinical grounds and in the absence of smallpox
contact, it is impossiblc to distinguish this from many other acutc virus infections. There is
a virus “‘shower™ and it should be possible to grow virus from the blood, if it is taken at the
right time. Tt is likely to be difficult as the clinical syndrome suggests that viracmia would only
be present for an extremely short time. Although in the unvaccinated a positive com-
plement fixation test would strongly support a diagnosis of variola sine cruptione, in the
vaccinated evidence must depend on the titre. Although Downie and Macdonald (1953) claim
that a high titrc when successtul vaccination was done more than a year before denotes a new
infection, expericnce of this test is as yet insufficient to exclude the possibility of a high titre
in some individuals vaccinated or revaccinated many times where the interval since the last
vaccination is morc than a year, or who have been in contact with smallpox previously.
There is also the possibility of some rise in titre as a result of some other viral or bacterial
stimulus.




CHAPTER 3 Variola Minor

Epidemiological expericnce shows that variola minor isa permanent variant of the smallpox
virus giving rise to a discasc that only differs from variola maJor in its spectrum of severity.
It is partlculnly important to apprccntc that variola major in the unvaccinated, and more
frequently in the vaccinated, can give rise to an attack which is impossible to distinguish
clinically from variola minor. Until recently it has not been possible to differentiate between
the two viruscs with certainty. Following Dinger’s (1956) and Helbert’s (1957) work,
Nizamuddin and Dumbecll (1961) report a simple test based on the temperature of growth in
the choricallantois.

Variola minor can be classified, using the author’s classification, in the same way as variola
major. The most important authority on this form of smallpox is J. Pickford Marsden (1936),
whose account of the clinical features of 13,686 cascs remains the standard work on this subject,
and to whom I am indebted for a great deal of information. Marsden, using Ricketts’ (1893)
classification found only o-2 per cent of “toxic™ cases (type 1), 0-01 per cent confluent on
the face in the papular or vesicular stage (type 2), and o- 12 per cent confluent at maturation
(type 3). The remainder 2- 16 per cent were classed as discrete with more than s00 pocks on
the face, leaving 976 per cent being discrete with less than soo pocks on the face. The
epidemiological aspects of severity are discussed in Chapter 14.

TYPES I, 2 AND 3

From the figurcs quoted above, it is scen that toxic cases (Ricketts) which would include
types 1, 2 and 3 (Dixon) are exceedingly rarc in hospital statistics. Figs. 114 and 115 show two
fatal cascs in the outbreak in New Zealand in 1913, which have the appearance of malignant
confluent attacks. Robertson (1913) had onc death in the Australian outbreak. Although the
case was complicated by pregnancy, he did not think this contributed directly to the fatal
outcome.

It scems probable that type 1 (fulminating) can occur in a particularly susceptible individual
with carly death, with or without purpuric manifestation. Although no cases of this description
occurred in Marsden’s series, comparison of events in outbreaks of variola major leads one to
believe that cases might occur and not be recognized or admitted to hospital. The universal
belief that variola minor never kills doubtless leads clinicians to dismiss entirely the idea that
variola minor could bc a possible cause of sudden death. From the description given by
Marsden it would appear that two of his cases might be described as malignant, types 2 or 3.
One, however, was in an infant twelve days old, and the other in a man of fifty-six who also
had uracmia. These possibles in a series of over 13,000 cases only scrve to emphasize the
rarity of such types of variola minor. When they do occur the signs and symptoms are
essentially similar to those of variola major.
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TYPES 4 AND §

Marsden records nincteen cases which fit into the author’s classification with confluence on
the face. Apparently Killick Millard (1925) did not sce any such cases during the Gloucester
outbreak of 1925, but I was able to photograph one, shown in Figs. 117 and 122, in the Rochdale
outbreak of 1951-2.

Fic. 174. Fatal casc of variola minor, probably malignant confluent.

Fic. 115. Fatal case of variola minor.

The incubation period is the same as in variola major (Marsden, 1936; de Jong, 1955),
although it is frequently stated to be lengthened. The onset of fever is sudden, there is malaise,
and there may be headache, backache and vomiting. Abdominal pain lcading to a diagnosis of
appendicitis perhaps sccms more frequent than in variola major. Marsden noticed that
“bronchitic cough” was a frequent manifestation, although in variola major respiratory




Fic. 116. Early maculo-papular rash on the
scalp, variola minor.

Fie. 118. Early maculo-papular rash, variola
minor, rather irregular distribution.

F1G. 117. Vesicular stage, sevcre variola
minor Type 6.

Fic. 119. Typical large pustular
lesions, variola minor Type 7.

To face p.
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Fic. 120. Variola minor scars. Reverse distribution, centripetal. The face is shown in
Fig. 119,

Fic. 121. Variola minor Typc 6.

FiG. 122. Variola minor Type 6. Note distribution over muscles of the neck, and angle of
jaw, and the facial oedema.
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FiG. 123. Variola minor, typical rash, discrete, Type 6. Increased density can be
scen duc to pressure of the belt. Successful vaccination performed after

contact,
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symptoms in the initial phasc are conspicuous by their absence. There are possibly a greater
number of cases in variola minor where the initial stage is vague or indefinite. Marsden (1936)
records that 8§ per cent of his cases had no history of an initial stage, and Innes (1953) recorded
that of 120 cascs only 21 had a scvere iitial stage. However, it is particularly difficult to get
accurate details of the mitial stage of the attack in variola minor. It must be remembered that in
most scrics of hospital cases the patients are only admitted in the cruptive stage. There is also

Fic. 124. Variola minor, Type 6, typical distribution.

a tendency to minimize the initial stage in variola minor as it provides an cxcuse for late
diagnosis. The photographs, Figs. 117, 121 and 122, show various aspects of a patient, a young
woman of twenty-three, suffering from type s variola minor. The characteristic size, rate of
maturation and distribution are in no way different from the same type of variola major. The
ocdema of the face is very typical, obliterating the features and making the patientlook twenty
ycars older. Lesions occur in the mouth as in types 4 and s in variola major, but may be quite
few, and lesions on the larynx and trachca arc uncommon. In this type of casc normal vesicula-
tion occurs which pustulates, and lcaves scars just as severe as in variola major, which
remain to remind the paticnt, at least, that variola minor can be of more than minor
Importance.
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TYPE O

The initial stage is normal and the rash may be the same as in variola major with large even-
sized pearly lesions—hard to the touch and deep set in the skin. In others the lesions arc all very
much smaller, tend to be more superficial and mature to a “granuloma’ rather than a pustule.

Fii. 125. Variola minor, discrete, Type 6. Fatal attack
in an infant six wecks old. From the appcarance one

would imagine broncho-pneumonia supervenced.

In some, and in my opinion these are rare in this type in the unvaccinated, there arc mixed
large and small lesions, the large ones being the carlicr and the smaller ones later crops. As in
variola major, single large lesions (sentincls of Marsden) (sce Fig. r13) may occur on the hands
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or feet. With the development of the cruption there is a relief of general symptoms and a
decline in temperature. Prior to the use of antibiotics it was the discrete case that developed
pyogenic complications such as boils, or cven occasionally a fatal pyacmia.

This type of case constitutes about 5 per cent of cases of variola minor, but these will have
some permanent scarring on the face as in variola major.

Frc. 126, Variola minor, severe Type 6 case. Typical distribution, particularly on the dorsum of the hand.

TYPES 7 AND 8

In type 7 some of the lesions are of normal size or even larger, but smaller abortive lesions
may also occur, although not to the same extent as in the vaccinated. These large lesions will
leave scars on the face.

The initial attack is of the usual kind : sudden onset, with pyrexia, headache, backache, pains
in the abdomen or limbs, and vomiting. Lesions in the mouth may occur, but are likely to be
very few, and with the onsct of the cruption, when diagnosis is most likcly to be made, will
be absent. The attack is very like influenza. The initial phase is short, twenty-four to forty-eight
hours, and the patient has completely recovered, feeling quite well, before any cruption

appears. It usually appears on the third day, but may be delayed to the fifth or even sixth day.

-
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The cruption, scanty though it is, has a normal centrifugal distribution and predeliction for
pressure points. In abortive type 8, the lesions are small, passing from macule to a miniature
vesicle and “granuloma’ stage in two or three days. The lesions are superficial (Fig. 131) and
do not fecl shotty at any stage of their development. The appearance is similar to variola major,
but unlike the usual appearance in modificd variola major, all the lesions may be of this type.
These forms, type 7and abortive type 8, have been described as ““ influenza with spots”, or more

Fic. 127. Variola minor, late discrete case. Mother nursing successfully vaccinated and unaffected baby.

accurately as “influenza followed by spots”, and as Marsden (1936) points out, the two cvents
are frequently unrelated in the minds of patient or medical attendant.

Figs. 114129 show cascs of variola minor. It should be remembered that, being taken
in hospital, thesc are of the more severe types. Many cases of types 7 and 8, are not
discovered.

TYPE ©

Variola minor sine cruptione would appcar to have nothing to distinguish it from the
similar syndrome occurring in variola major. No cases of “pulmonary allergy” syndrome
appear to have been recorded but they may well occur.
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Fic. 128. Variola minor. The mother, successfully vaccinated in infancy thirty
years before, has a moderately severc attack. The child, unvaccinated, has an
cxccedingly mild ateack.
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VARIOLA MINOR IN THE VACCINATED

The effect of vaccinial immunity in variola minor is similar to that in variola major, bearing
in mind the different spectrum of severity.

The duration of immunity following successful vaccination appears to be longcr for variola
minor than for variola major (Marsden, 1936) (scc Chapter 14). Although it is extremely rare,
severe variola minor may occur in the aged not vaccinated since infancy.

Even slight residual immunity appears cnough to shift the severity of attack to the mild

Fic. 129. Variola minor, scvere rash on the feet in a discrete case, the effect of trauma.

Fic. 130. Variola minor, small abortive type vesicular lesions, frequently seen.
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Fic. 131. Variola minor, lesions of the face. Some are very small.

end of the scale, with the result that types 4 and 5 are rare. Type 6 will occur (Fig. 128), but
vaccino-modification, although not aftccting the initial and ecarly cruptive stages, will often
causc extreme variability in the character of the clements of the rash and acceleration of
maturation as in variola major.

Type 7 will occur frequently and will show the usual features of vaccino-modification with
superficial lesions, cropping and more bizarre distribution. Occasionally—for cxample, on a
limb (Fig. 120)—the distribution may be centripetal as in chickenpox. The acccleration of
maturation still shortens the “illness™ so that the patient will be quite well after the initial

phasc.

TYPE 8

These occur in the vaccinated as in variola major.

TYPE 9

There are probably a very large number of cases of variola minor sine cruptione in the
vaccinated, but most of these remain undiagnosed.




Differential Diagnosis
. CHAPTER 4 | Labhoratory Diagnosis
Post-mortem appearances

DIFFERENTIAL DIAGNOSIS

“It is perhaps of all discases that in which a certain diagnosis can be arrived at in every case™
Ricketts, 1900).

Before discussing the differential diagnosis it is of interest to briefly review the overall
accuracy of the diagnosis of smallpox. Today few would agree with the confident statement
above, made by onc of our Victorian forcbears. Many of the older writers describe smallpox
but pay relatively little attention to the differential diagnosis. This may have been duc to their
great familiarity with the discase or faith in their clinical diagnostic ability unchallenged by
laboratory techniques available today.

Camecron, writing in 1905, stated that of 7,842 patients sent to the smallpox receiving
station in London, presumably by gencral practitioners, in only 607 was it necessary to correct
the diagnosis, an accuracy of about 9o per cent. Of 7,235 cases scen by the fever hospital staft
and sent from the receiving station to the smallpox hospital, only two were found not to have
smallpox. This gives an accuracy of about 99+ 9 per cent. It must be remembered, of course,
that most of these cascs would be seen at some stage of the focal cruption. In Marsden’s (1936)
serics of variola minor in London, 92 per cent of the cases scen at the receiving station had the
correct diagnosis. However, we have no knowledge of how many cases were missed and
therefore not sent to hospital.

In 1954 | visited a number of countries in the Western Pacific region of the World Health
Organization. In thosc countrics where smallpox was endemic a similar confident attitude
prevailed. It was noticeable, however, that in these countries medical practitioners had little
knowledge of the fulminating or the very mild cases. As in Europe fifty years ago, I have no
doubt that the apparent high degree of accuracy of diagnosis was partly duc to only recognizing
the cascs easy to diagnose from the middle part of the spectrum of severity.

There is littlc doubt that we are more critical in our diagnosis today than were our prede~
cessors fifty or a hundred years ago. This is in keeping with trends in medical diagnosis: the
aim to detect sub-clinical and abortive attacks of classical discases. Cameron, writing in 1905,
rather doubted the existence of variola sine eruptione, which is perhaps not surprising from
his hospital experience, and he stated quite detinitely that without any lesion on the face a
discase could not be smallpox. Bancroft (1906) included under sine cruptione cases in which
“a few definite pocks occasionally appeared”. Even Ricketts (19¢8) gives onc the impression
that sine eruptione could include patients with a few “spots™. In those days a rash had to
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be a rcal rash, somcthing very definite, and a few “spots” did not come into this category.
We are more aware of the very mild and abortive cases, and doubtless our experience of
variola minor has gone a long way to reinforce this appreciation.

Today in thosc countrics where smallpox is a rare imported disease, most general practi-
tioners would obtain a far worse score for diagnosis than was the case in 1905. However,
observationsin many countries convince me that expericnced clinicians have all made mistakes
and will continuc to do so. From the public-health point of view referred to later, we must
ensurc as far as possible that the mistake is always on the side of public safcty. The very infre-
quency of the discasc, the lack of clinical experience so necessary, and the publicity over a
misscd case, producc a situation and problems for the doctor which would not have occurred
fifty years ago when the discase was common. This does, however, put greater emphasis on
the problems of diffcrential diagnosis and of assessing the relative value of clinical and
laboratory findings.

Smallpox has been confused with many discases; the chart below (Fig. 132) gives the more
common ones. It is convenient to divide the problems of the differential diagnosis into those
of the initial stage, the carly macular and papular stage, and the late vesicular and pustular
cruptive stage.

Initial stage
Influenza Acute purpura
Acute scpticacmias—streptococcal, meningococcal Acutc leukacmia
Toxic scarlet fever Lumbago
Meningitis Enccephalitis
Appendicitis Enteric fever

Pneumonia

Early: Maculo-papular and erythematous stages

Measles Erythema multiforme
Rubella Acne (modified cases)
Drug cruptions Inscct bites
Papular syphilide

Late: Vesicular and pustular stages
Chickenpox Impedgo
Vaccinia (generalized) Drug eruptions
Erythema multiforme Pustular syphilides
Stevens-Johnson syndrome Pemphigus
Scabies Bullous impetigo

FiG. 132. Chart of discases confused with smallpox at different stages.

INITIAL STAGE

The initial stage is the illness due to the ““virus shower™ commencing suddenly at the end
of the incubation period. It thercfore closely resembles the onset of many virus discases, par-
ticularly influenza, or of some acute bacterial discase such as meningococcal infection or
pneumonia. The degree of fever is not of any great help as it may range anywhere between
100-106° F. (37- 8-41- 1° C.). In the fulminating casc we have a moderate pyrexia, 100-102° F.
(37°8-38-9° C.), associated with a profound shock-like condition of the patient. The loss of




INITIAL STAGE 69

muscle tonc of the face (Fig. 8), coupled with the peculiar apprehension and mental alertness,

is unlike any other acute infectious discasc. The pulse rate is raised and also the respiration rate,

although there are no physical signs in the chest.

In other types the similarity to influenza is very close. The temperature is raised to 103-105° F.

. (39-4-40-6° C.), with corresponding rise in pulsc rate and little change in respiration rate.
General weakness of the limbs is similar to influenza, but the headache is usually much more
severe. This fact is of little help as this sy mptom is capable of such varied i interpretation.

The occurrence of fever and prostration is against a diagnosis of scvere migrainc. Maniacal
symptoms occur, and suicidal attempts have been made, but it is doubtful if these have much
dlagnostlc significance. Extreme drowsiness or even coma may suggest infective encephalitis,
. but in smallpox the cerebro-spinal fluid is normal,

Muscle pains occur all over the body. If they arc localized in the back to give that peculiarly
severe backache of smallpox, the symptom may be diagnostic. Unfortunately, as [ have been
at some pains to point out before (1948), and as was previously stated by Wanklyn (19134),
“it may be emphatically said that the statement ‘no pain in the back” docs not exclude small-
pox”’. He enlarges on this point to write: ““pain in the back scemed to be responsible for mis-
diagnosis on a good many occasions”. In view of the fact that onc still reads statements that
intensc backache is present in all severe cases of smallpox, it scems necessary to emphasize that
slight backache, plus other symptoms, may also be suggestive of smallpox, but the symptom
may be absent altogether and it may be present to some degree in influenza or other febrile
conditions. As mentioned before, the frequency of this symptom scems to vary in different
parts of the world, and in different races.

It is not uncommon for the muscle tenderness to affect the abdominal muscles and, coupled
with vomiting, a common symptom, a diagnosis of acute appendicitis is made. In Marsden’s
(1936) scries of variola minor, this was the commonest cause of wrong admission to a general
hospital. A morc careful examination of the patient, the absence of decp tenderness and the
rather high temperature should climinate this mistake. After a short period of observation the
white count may be raised in appendicitis, but it will be normal or reduced in smallpox.

The tendency to hacmorrhage is a feature of fulminating and malignant smallpox, and the
occurrence of a petechial rash, especially in the groins and along the flanks to the axillae, is
diagnostic of smallpox. Other forms of febrile purpura due to meningococci or other
organisms do not have such local distribution or symmetry. When only a few small hacmor-
rhages are present no definite opinion can be given. The appearance of the catamenia is very
common in the initial stage of smallpox.

A diagnosis of acute leukaemia is sometimes made because of the presence of hacmorrhages
and because of the leukaemic blood picture, but the abrupt onsct, pyrexia, apprchension, and
rapidly fatal termination is unlike that discasc.

Fleeting erythematous rashes may occur during the initial phase, particularly in the vac-
cinated, and together with the vomiting give risc to a diagnosis of “food poisoning™. The
fever, however, is rather high for this condition and the erythematous rash rather more
symmetrical than in allergic food rashes.

Erythematous rashes on the face and later on the arms and trunk occur in the fulminating
and some malignant cascs and sometimes give rise to the diagnosis of toxic scarlet fever. The
rash is a diffusc not a punctatc crythema, the temperature is much lower (malignant type) than
in severe scarlet fever and the tongue and fauces are practically normal.
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Unfortunately in the most common types of smallpox the initial phasc has nothing to
distinguish it from other fcbrile conditions. Without any epidemiological pointer, clinical
diagnosis is impossible. If the person is a contact of a known case and the pyrexial attack occurs
within the normal limits of the incubation period, it should be regarded as the initial phase
of smallpox until proved otherwise. If smallpox is suspected, then this is the time to attempt
blood culturc as the chance of it being positive even in the mildest case is greatest at this stage
of attack. Many years ago the leucopenia developing at this stage was thought to be of diag-
nostic value, but owing to its frequent occurrence in other virus infections its value is only
negative.

EARLY ERUPTIVE STAGE

Because of the different appearance and development of the rash in the malignant and benign
types it is nccessary to consider these separately.

The carly malignant rash is morbilliform in type. There may be crythematous areas just
raiscd above the level of the skin between which there may be simple macular or papular
clements and minute petechiac. The rash is soft, there is no shottiness, and it fecls superficial.
Severe measles may be the first diagnosis, and the resemblance to the carly malignant rash is
very close (Fig. 21). In measles the temperature will be higher at this stage. Although the
appcarance of the face will be quite like carly malignant smallpox, cxamination of the chest
and back will show typical mcasles lesions. The development of the measles rash over three
days is also quite characteristic. Haemorrhages may occur in the mouth in both conditions,
but are very much commoner in smallpox. Therce will be no Koplick’s spots but smallpox
lesions may be present on the buccal mucous membrane more particularly on the soft
palate, and should not lead to confusion. Although there may be some laryngitis and redness
of the conjunctiva, respiratory and cyc symptoms of the kind scen in measles are absent at
this stage.

Occurring in an adolescent or an adult the first diagnosis may be rubella. It is here that the

classification into malignant and benign, and a sound knowledge of the various features in
smallpox, arc of such value. Confusion between the rashes is only likely to arise between
malignant smallpox and rubella. In severe rubella in adults the temperature may be high with
a fair degrece of malaise. The rash, however, comes out quickly and is followed by an improve-
ment in the general condition. In malignant smallpox the slow cvolution and moderate
temperature is quite different and the patient is very ill. Enlarged glands do not occur in this
type of smallpox.

Maculo-papular drug cruptions may be confused with the carly eruptive stage of malignant
smallpox. They causc particular difficulty if the drug has been given for a pyrexial condition
as the cruption may well appear about the third day of the disease. This is particularly truc of
some sulphonamide rashes where the papular clements may be quite distinct and the rash have
a centrifugal distribution, even picking out pressure points along tendons. It tends to be photo-
sensitive, but the ratc of development is very rapid compared with the slow progress in
malignant smallpox where the patient would have had to be ill for seven or cight days for a
similar appearance. There are abrupt changes in density quite unlike smallpox. The patient
should also have signs of the disease for which the drug was prescribed as well as the history
of its usc.

In the benign types the carliest lesions are discrete macules usually on the face and arms.
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They rapidly become papular and when profuse appear carly on the face and scalp (Fig. 67
and 77). In these benign rashes the shottiness of the lesions is apparent whercas the rosealar and
papular syphilitic rashes are soft and lack uniformity in size and distribution. In syphilis a
profusc rash on the face would be accompanied by a rash on the chest and abdomen of equal
or greater density and the gencral symptoms are likely to be less severe.

When the lesions are accompanied by a large erythematous basc as in mild attacks of variola
major in the vaccinated and also in variola minor, the diagnosis may be papular urticaria
(Fig. 98). This will only occur if the lesions are extremely scanty or examination of the body
as a whole has been neglected as it is exceptional not to find some lesions more typical of
smallpox. However, such * papular urticaria”™ following vomiting has not infrequently given
risc to a diagnosis of ““food rash”, particularly in outbreaks of variola minor.

Occasionally multiple papular lesions due to inscct bites may have to be considered, par-
ticularly in smallpox contacts. The history of possible exposure and the absence of an initial
phase will go a long way to establishing the diagnosis, but the linear arrangement of the
lesions so frequently scen in insect bites also occurs in mild smallpox along the site of trauma
from scratching.

In extremely mild smallpox where the lesions pass imperceptibly from papule to small
granuloma the similarity to acne may be very close. When the lesions occur on the arms and
parts of the trunk not usually affected by acne the mistake is not likely to be made. Unfor-
tunately, in some of the mildest smallpox cases only a few lesions may occur on the face
and on the back, common sites of acne, and may be interspersed with genuine acne lesions.
On the other hand, a contact who has never had acne and who suddenly develops this
type of lesion should be regarded with suspicion. In a smallpox contact even with a history
of previous acne, a typical initial phase will require explanation if the diagnosis is to be
discounted.

Any of the clements of the focal rash may be scraped and examined for the presence of virus
particles, but it is in the ** difficult”” cases that these arc likely to be few and the result can at the
best only be described as suggestive of smallpox and not conclusive. Scrapings can be cultured
for virus and, if positive, establish the diagnosis. A complement fixation reaction may also be
donc using this matcrial as antigen. If this is positive the diagnosis is between variola and
vaccinia. A case of erythema multiforme gave a positive serological reaction (C.F.T.) for
smallpox on two scparate occasions (Marsden, 1954), so that caution should be excercised if
the clinical progress is unlike smallpox. Blood culture should still be positive at this stage in
malignant cascs, but not in benign, and a negative result should not be regarded as of any
significance. In malignant cases soluble antigen may also be present in the blood for the first
frve or six days (Downic ¢t al., 1953).

VESICULAR AND PUSTULAR STAGE

When the lesions are frankly vesicular the discase which gives the greatest trouble is chicken-
pox. There is generally no pre-cruptive phase in chickenpox, but when present it only lasts
twelve to twenty-four hours. When the rash appears, the temperature doces not drop as is
usual in benign smallpox, the type most likely to be confused with chickenpox. Lesions may
be quite profuse in the mouth, if anything more so than in smallpox with skin lesions of
comparable density. In chickenpox these occur concurrently with the rash, whercas in smallpox
they arc scen best before the vesicular stage.




72 DIFFERENTIAL DIAGNOSIS

The most important difference is in the distribution so ably described by Ricketts (1908).
The smallpox rash is centrifugal (Fig. 133), chickenpox essentially centripetal or casual. Small-
pox lesions tend to be less profuse on protected parts in the flexures such as the axillac whereas
in chickenpox the rash is indiscriminate on thesc arcas. This peculiarity, the so-called Ricketts’
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sign as Marsden (1936) points out, is often misstated to imply that in smallpox the rash is
always absent from the axilla. Ricketts taught that whereas in chickenpox the rash is often
present in the axilla, depending largely on the density of rash on the trunk, in smallpox the
rash is proportionately very much less in the axilla than on nearby arcas of skin. It is absent in
most discrete cascs, but in confluent attacks a few lesions arc usually present (Fig. 134). The
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cvolution in chickenpox is very swift so that within a few hours the lesion becomes a very
superficial vesicle followed by crusting and scabbing and successive crops appear over a period
of four or five days or more. This is in complete contrast to smallpox where development is
slow and orderly. Thosc cases of vaccino-modified variola major or minor, where the lesions
evolve rapidly are unlike chickenpox lesions in the vesicular stage. In chickenpox the palms
and soles usually escape, because in many cascs the rash is not very profuse. When it is, how-
cver, the palms and soles may have extensive lesions and small sceds are produced as in small-
pox, although somewhat more superficial. In the vast majority of cases differentiation is fairly

Fic. 134. Variola major, Type 4, scventh day. Note the axilla, Ricketts’ sign, the rash here is not absent but
less dense than in the surrounding arcas.

simple. In the very severe confluent chickenpox the first appearance may be very like smallpox,
the patient may be quite ill and the extent of the rash may at first confusc the distribution. The
lesions are, however, soft, flat and superficial and therefore can only be those of chickenpox
or late malignant smallpox. Hacmorrhages may occur into the lesions in this type of chickenpox
but a diagnosis of hacmorrhagic chickenpox must be accepted with great reserve. However,
it is when the lesions assume this appearance that is all important. Malignant smallpox
will not show large flat superficial vesicles until at lcast the ninth or tenth day of the disease,
whereas the chickenpox lesions will have developed in three or four days. Figs. 135 and 136
show the backs of a scvere chickenpox and of a smallpox patient. The lesser density in the
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Fic. 135. Hacmorrhagic chickenpox, dense rash in protected parts.

Fic. 136. Smallpox. Note less rash in arca protected from pressure.
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protected parts of the smallpox patient, in contrast to an incrcased density in the chickenpox
paticnt, is well shown. The extent of the rash on the abdomen and chest would also be
revealing, in chickenpox it being profuse, as much as the back, whercas in smallpox it would
be very much less. If scen late in the attack distribution may be masked by separation of the
crusts or by materials used in local treatment, especially calomine lotion. When chickenpox
occurs in a person who has been sunbathing and becomes slightly burne during the few days

Fic. 137, Variola major, vaccino-modified, Type 7. Patient
originally diagnosed as chickenpox. Lesions superficial, at
diffcrent stages of development. Sce Fig. 104 for details of face.

preceding the rash, lesions may occur in great profusion on the face, arms, hands, legs and
feet, and so present a centrifugal distribution. The rash on the face is like that of an carly
malignantrash, but the simultancous appearance on the arms and legs is not consistent with this
type of smallpox.

More frequently diagnostic problems occur over very mild attacks of chickenpox and mild,
particularly vaccino-modificd, attacks of smallpox. In modified smallpox the lesions are super-
ficial, not shotty, dry up quickly with a small scab and lcave a scar very little different from




76 DIFFERENTIAL DIAGNOSIS

hk npox. In b th, hl yb fw ropping of a kind present in both, a dwh
een late in the bb gd tribut b the only ldff T} hist
llw gf h l ly pd 1 dfd llp thh hl

eeeeeeeeeeeeeee

* WW ”wuwn i l H\‘( l (

aaaaa

- N

h
""""""""" Illi||||l||ﬂ|H|\l||4\||||ﬂ||||i|lm

i mlﬁ muw il w ﬂ\ﬂ ! »;m

rrrrrrrrrrrrrrrrrrrrrrrrrrr
ssssssssssssss
//////

\— _J

Such featurcs as loculation or umbilication of the lesions are of little valuc as they arc unlikely
to occur in this type of case whether major or minor. If scen at an carly Vesmular stage the
chickenpox vesicles arc more likely to bc irregular or crcnatcd, whcrc ther d f dsn llp
vesicle is more circular. Although the s llp 1 1s when cur' er pro f

on slightly traumatized areas this can a]so h cken p d 12y a 1 h appea




VESICULAR AND PUSTULAR STAGE 77

of the distribution. In chickenpox with very scanty lesions they tend to be of normal chicken-
pox size, in smallpox when the lesions are extremely few they are nearly always much reduced
insize, particularly when there is residual vaccinial immunity. Irritation of the skin is a frequent
symptom in chickenpox, but it is usually absent in the more profuse smallpox rashes until the
scabbing stage. With sonie very modified superficial smallpox lesions irritation may occur in
the early stages as in chickenpox.

It should be made quite clear that there is no part of the skin wholly exempt from cither
smallpox or chickenpox lesions and absence or presence on any part is not diagnostic of cither
disease as is so often stated. It is the relative density and the predilection for certain sites (the
“sites of clection”, Fig. 138) in smallpox that is the diagnostic feature of real value. Trouble is
caused because many observers think severe chickcnpox is smallpox because it is severe,
and very mild smallpox must be chickenpox because it is mild.

A disease which is causing increasing confusion in diagnosis is crythcma multiforme and the
Stevens-Johnson syndrome. In both the patient may be quite ill and have a profuse vesicular
cruption particularly affecting the extremities so giving at first sight a centrifugal distribution.
The history is quite unlike that of smallpox; onset of symptoms and rash tend to coincide and
the rash cvolves very rapidly to the vesicular stage. The vesicles are soft, superficial and flat.
Individually they closely resemble the lesions in malignant smallpox. They may coalesce and
produce large bullac also scen in malignant smallpox. Intervening skin is dissimilar and the
degree of malaise is not like that seen in malignant smallpox where the patient at this stage
has only about forty-cight hours to live. The most important difference is in the speed of
evolution. In smallpox with this skin picture the patient will have been ill and getting pro-
gressively worse for at least ten days and the vesicular cruption will have only just fully cmerged.
The distribution is unlike smallpox in that, particularly on the limbs, there arc abrupt changes
in density of lesions from confluence to almost complete freedom from eruption. The profuse
lesions on the mouth and on the conjunctiva withfew on the face is also very much against the
diagnosis of smallpox. Erythema multiforme, as its name implies, is very variable in its clinical
picture. Only cases with a papulo-vesicular cruption are likely to cause any confusion.

Generalized vaccinia causes some difficulty. This complication of vaccination is considered
very rare by most competent observers, and yet in smallpox outbreaks reports suggest that
these cases are far from uncommon. Doubtless many are not generalized vaccinia at all, but
merely a few secondary vaccinial lesions usually limited to the vaccinated limb or occurring
as auto-inoculations. None of these cascs should cause any difficulty as the lesions arc local and
in no way fit in with the general distribution of smallpox. Some individuals, however, have a
general dissemination of virus with lesions in the skin and the diagnosis calls for much care as
many of these patients are smallpox contacts vaccinated during the incubation period. At first
sight the case resembles a mild, or type 7, smallpox. The individual lesions will not be different
from thosc occurring in smallpox, particularly vaccino-modified or variola minor. They are
much smaller than normal vaccinial lesions and mature much more rapidly. The distribution
is the only valuable clinical sign. In generalized vaccinia of this type the lesions occur
less commonly on the face and arc proportionately less dense than on the limbs or trunk.
Lesionsare lesscommon on the palmsand soles and the distribution lacks the orderly gradation of
density and follows no sct pattern. Although in some cascs, as in Fig. 139, the face and handsare
heavily affected, there may be abrupt changce of density even on a smallarea. One has, of course,
to bear in mind peculiaritics of distribution which occur in smallpox as a result of irritation.
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FiG. 139. Generalised vaceinia, irregular distribution, although extensive on the face the tip of
the nosc is unaffected.

Fic. 140. Generalised vaccinia, soft, flat vesicles, irregular distribution, fatal outcome.
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A sccond type of generalized vaccinia occurs in individuals suffering from infantile eczema.
. This condition may arise from vaccination of the patient or as a result of infection from some
other individual recently vaccinated. Here the infection with virus may be quite severe,
producing the picture shown in Fig. 140. The lesions are flat, and of the superficial type scen
. in malignant smallpox. This type of case is likely to be fatal. Although the individual lesions
are similar to those that may occur in smallpox, once again the distribution is not. Although
lesions may occur on any part of the body, including the face, there are sudden changes in
density quite unlike smallpox They show no tendency to avoid the flexures as it affects the
cczematous arcas, and on the face a dense cruption may be present in the orbital fossac with
little on the nose. The widespread dissemination is probably duc to some constitutional
inability of the individual to produce an immunity response. Some of these cases are called
Kaposi’s varicelliform eruption, but this clinical picture may be due to the virus of herpes
simplex or of vaccinia, necessitating laboratory investigation to give the correct diagnosis.
Although described as varicelliform the individual lesions are remarkably like variola (sce
Chapter 19).

In cases of generalized vaccinia, particularly of the mild type, the laboratory can be of great
assistance. With plenty of lesions it is simple to collect sufficient material for cgg inoculation
so that a definite distinction can be made between vaccinia and variola, but sometimes, virus
may only be isolated on subculture, which may givea delay of up to six days. If there is any
p0551b111ty of the case being smallpox the appropriate administrative action should be taken
pending confirmation of the diagnosis.

Although one must repeat Wanklyn’s (1913a) warning that vaccinial history may producc
sufficient bias to trap the unwary, it is always desirable to obtain a history from the patient or
relatives as to whether the patient has been vaccinated and when, but this must be substantiated
by finding the scar. Although in some parts of the world subcutancous vaccination is practised,
most would agrece that in the absence of a definite scar little value should be attached to a
history of vaccination. The reading of revaccinations is much more complicated, and in the
absence of a rcliable record by a competent observer the clinician must keep an open mind, as
many successful revaccinations leave such a superficial scar that it may not be visible with
certainty after three months. Even a history of many repeated unsuccessful vaccinations should
not be regarded as cvidence of immunity.

From the diagnostic point of view it is important to appreciate that there is great individual
variation in the extent to which vaccinial immunity persists. The person presenting symptoms
suggestive of malignant smallpox who has had a successful primary vaccination within five
years, is unlikely to be suffering from this type of smallpox and the probability of another
diagnosis should be scriously considered. The presence of signs or symptoms suggestive of a
very mild attack of smallpox should not lead one to discount the diagnosis even in the face
of an apparently successful vaccination within a year, particularly with vaccine in current use.
On the other hand, it is equally important to ‘remember that cxceedingly mild, even sine
cruptione infections can occur in persons who have no cevidence of successful vaccination at
any time. In a person who has been vaccinated at the time of, or just after, possible contact, the
diagnosis of generalized vaccinia should be made with caution, as recent experience has shown
that vaccination performed cven on the day of contact may not have produced sufficient
immunity to prevent a mild attack of smallpox at first sight very like gencralized vaccinia, In
general, too much reliance has been placed on the vaccinial state of the patient in arriving at a
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diagnosis. It is too readily assumed that there is residual immunity sufficient to prevent an
attack, and therefore the present discase could not be smallpox.

A number of writers undcr different circumstances have recorded the proportion and types
of disease mistaken for smallpox. Conybearc (1950) discusses this problem, and the following
table has been made from his results:

Alternative diagnosis made in 112 suspected but unconfirmed smallpox

cases, 1946—48 (England and Wales)

Number of Number of
Final diagnosis cascs Final diagnosis cascs

Chickenpox 471 Impetigo 3
Acne 10 Syphilis 3
Erythema multiforme 7 Herpes 2
Urticaria 7 Eczema 2

Mecasles 2
Sensitization to drugs 6

Rubella 1
Vaccinia 5 Scabics 1
Septicaemia 4 Cheiropompholyx 1

Dermatitis herpetiformis i

Psoriasis T

No diagnosis made 15

FiG. 141.

It should be noted that these cases were seen by a smallpox consultant after the patient had
been seen by a general practitioner or hospital medical officer and by the Medical Officer of
Health. During this period a number of cases of variola major occurred in England and Wales.

Marsden (1936) reported that of 994 cascs seen at the receiving station during an epidemic
of variola minor and ultimately considered not to be suffering from that disease, 307 (31 per
cent) werc cases of chickenpox and about 10 per cent were only suffering from the effects of
vaccination. The remainder were a heterogencous group, including the conditions mentioned
by Conybeare. In the figures given by carlier writers, syphilitic rashes figured much more
prominently. It can be seen that in England and Wales in the period 1930-50, chickenpox was
by far the most important discasc accounting for between 30 and 40 per cent of those cases
which have been confused with smallpox.

LABORATORY DIAGNOSIS OF SMALLPOX

The earlicst attempts to provide laboratory support for the clinical diagnosis werc based on
observations of the blood picture. The changes, however, are not characteristic in the more
common cases, which tend to be of the benign semi-confluent or discrete types. Today
with the usc of virus culture and scrology, cxamination of the blood cells is likely to be of
lictle value except in fulminating (type 1) where it is a uscful procedurc and has the great
merit of speed. Death may be extremely rapid without any external signs, or there may be
extensive haemorrhages in the skin and other organs, but no focal rash. The main effect of




BLOOD PICTURE 81

the toxacmia appears to be on the bone marrow, producing a blood picture which may
help to differentiate this condition from some other form of acute infectious catastrophe,
the problem facing the forensic pathologist. As described by Ikeda (1925) and more recently
by Haviland (1952), there is thrombocytopenia and lymphocytosis with a marked gran-
ulopenia. Fragments of the nuclear bodies of polymorphonuclear leucocytes are seen, indi-
cating recent infection. Although this blood picture is not pathognomenic of smallpox its
presence in a patient dying suddenly, within seventy-two hours, from some obscure febrile
condition with vaguc or no clinical signs or with purpura should warrant the sending of
heart blood and skin to the smallpox virologist, and the public health officer should quictly
attend to his aspects of the case. A normal blood picture would be against smallpox of this
type.

It is well known that malignant cases show this type of blood picture in the carly stages of
the clinical attack, and this shows little change as the case develops, whercas in the benign case
the initial leucopenia, by no means scvere, is replaced by a leucocytosis with increasing number
of polymorphs. Some writers have thought the difference of value in assessing prognosis, but
the experienced clinician can judge very easily dircctly from the patient’s appearance.

Councilman (1904) belicved that a biopsy of the skin could provide evidence of smallpox
infection, but the method does not appear to have received any gencral support until revived
by de Jong (1955) for variola minor. He belicves that frozen section biopsy can assist the
clinical diagnosis within about thirty minutes, and an ordinary preparation should not take
more than twenty-four hours. There are no histological differences between variola major,
variola minor and vaccinia, and its chief value is the differentiation between variola-vaccinia
and varicella. The method is only really of value in the very carly cruption, when in variola
the ccll degeneration is reticular, there arc sporadic polynuclear giant cells, thickened epider-
mis in the border arca and heavy lymphocytic infiltration, in contrast to varicella, where
ballooning degencration predominates, there are numerous polynuclear giant cells, no
thickening of the epidermis, and little lymphocytic infiltration of the corium.

The virus is present in considerable amounts in petechiae, macules, papules and carly vesicles
and scrapings made from these may be examined under the oil immersion lens after staining
with Paschen’s, Gutstein’s, the Feulson reaction or similar techniques. Although particles were
recognized by Buist (1886) and Paschen (1906) and this method has been known and used on
and off for a number of years, ““it was revived and considered favourably” by van Rooyen and
lllingworth (1944), by Hlingworth and Oliver (1944) and de Jong (1956). In my experience
those cases where the test is clearly positive can be diagnosed by any moderately proficient
clinician. The disadvantages of the method are the need for considerable experience in the
observer and for specimens free from cellular debris. It is therefore of no value in the late
vesicular, pustular or scabbing stages and of limited value, for thesc reasons, in lesions which
mature rapidly, such as abortive lesions. Vaccinia cannot be differentiated from smallpox, and
chickenpox has to be differentiated principally on the numbers of stained granules present and
not on any characteristic differences in size or structure. For this reason it is also necessary to
havc controls of typical smallpox and typical chickenpox slides for comparison. The clinical

“problem case” with abortive lesions will, however, give just those few granules which are
SO unconvmcmg The advantage, however, of an opinion within half an hour should not be
overlooked, but the clinician must take the responsibility and the virologist must resist the
temptation of being too dogmatic cither way. Even a smear showing large numbers of granules

G
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Frc. 142.

Smears from vesicles made under ficld conditions.
The virus particles are recognizable for diagnostic purposcs.

FIG. 143
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thought to be clementary bodics does not confirm the diagnosis. In those countries where the
pathologist is very experienced in reading this type of slide, his clinical colleague will also be
expericnced.

The development of clectron microscopy has opened up the possibility of identifying the
structure of the virus more exactly, and in the hands of some workers (van Rooyen and Scott,
1948; Lepine, 1954) the results are regarded as diagnostic (Figs. 142 and 143). The latter is
confident that with fifty particles he can differentiate on particle size between variola and
vaccinia, but other virologists do not accept this. Results should be interpreted in a similar
manner to those obtained from stained specimens. Should our experience and techniques
advance so that exact and certain identification is always possible, then the method will be of
great value because of the speed with which it can be done. It is, however, slower than the direct
smears and requires between four and twenty-four hours for the preparation of the material,
depending on the technique and the amount of contamination.

The most certain mcthod in the laboratory diagnosis of smallpox is culture of the virus on
the chorioallantoic membranc of the hen’s egg. Smallpox lesions, when in sufficient number,
arc of characteristic size and density to allow a differentiation between smallpox and vaccinia
and smallpox and herpes. The chickenpox virus docs not grow on cgg culture. Positive blood
culture may be obtained during the initial stage, and although the chance of this being obtained
is quite high in fulminating and malignant cases, in the milder forms of benign smallpox the
stagc of viracmia is very short, a matter of a few hours, and may be missed. Virus has been
grown from throat washings (Verlinde and van Tongeren, 1952), but a great deal more
experience is required to sce if this will have any practical bearing on the detection of carly
infection in contacts. Downic was unable to isolate virus from contacts in the Cheshire out-
break in 1958 (Picrce et al., 1958).

Virus can be readily grown from the skin and, particularly in the fulminating and malignant
types, from the “normal” skin as well as from petechiae, ccchymoses, macules, papules,
vesicles, pustules and scabs.

Although laboratory tests can be applicd to variola major and variola minor, it is in variola
minor that so many cases can occur with less than five lesions, and it is in these, as MacCallum
(1953) has stressed, that the test may be negative because insufficient material is sent to the
laboratory.

Another difficulty which may arisc is that although variola major and variola minor
normally give the same type of lesion on the chorioallantoic membrane, therc is more variation
in size with variola minor and in some cases the colonics may be very small, closely resembling
those of herpes simplex. In this case it will be necessary to carry out the additional procedure
of histological cxamination of the cgg membrane, when the lesion caused by the two viruses
can be readily distinguished.

Onc disadvantage of cgg culturc is the necessity of having to keep incubated fertile cggs at
ten to twelve days incubation always available and the need to inoculate a sufficient number
of eggs. Apart from the desirability of this specialized work being in the hands of an experienced
virologist, the cconomics of egg culture necessitates that this examination be done at relatively
few laboratories. Unfortunately this means that, in many countrics, at lcast one extra day will
clapse before the specimen can reach the laboratory from the clinician. Growth should occur
in three days from the time of receipt in the laboratory. Somctimes only one pock colony
occurs and this necessitates subculture which brings the time up to six to seven days. Virus
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Fic. 144. Chorioallantoic membrane,
smallpox.

F16. 145. Chorioallantoic membrane,
vaccinia.
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culture is of greatest value where it can be used for examination of the blood in the initial stage,
examination of the earlicst lesions in the malignant, and examination of abortive lesions in the
exceedingly mild. Downic ¢t al. (1953) point out that infective virus may disappear if kept in
the refrigerator and that blood should be examined as soon as possible. It is also important for
the clinician to send the virologist sufficient material.

In 1950 MacCallum ¢t al. suggested soluble antigen might be tested for in carly smallpox,
and Downie ¢t al. (1953) have reported its presence in the patient’s blood. This is done using
a complement fixation technique and antivaccinial rabbit serum. Antigen can be demon-
strated simply using the Ouchterlony precipitation technique (Dumbell and Nizamuddin,
1959). One advantage with this test is that the result should be available within ewenty-four
hours of material being received in the laboratory. Soluble antigen is, however, only present
in fulminating and malignant cases and has not been observed in any benign forms of
smallpox. Although the test has not yet been given any extensive trial, it would appear to be a
definite improvement in our technique for the carly diagnosis of fulminating and malignant
cascs. It is not known what cffect, if any, will be produced by concurrent vaccination, which
in this type of casc is frequently negative.

The next most widely used test is the complement fixation test using material from the
paticnt likely to contain virus as antigen and put up against immunc rabbit serum. A fair
quantity of material is needed, at least six “crusts”” or onc capillary tube from vesicles or
pustules. It may be difficult to obtain this amount in some very carly cascs except post morten,
when a picce of skin is likely to give a positive result. Sufficient material can be obtained from
scabs, pustules and vesicles when there is any degree of cruption, but in abortive cases the
collection of sufficient antigen may be extremely difficult if not impossible. A result may be
available later the same day or carly the day following receipt of material (MacCallum, 1953),
while most other writers prefer to say within twenty-four hours. In the view of Tulloch
(quoted by van Rooyen and Rhodes, 1940), the procedure of holding at 4° C. for at Icast
eighteen hours is extremely important in maintaining the sensitivity of the test and should not
be reduced. A positive result will indicate that antigen of smallpox, vaccinia, or cowpox has
been identified. A negative result is significant if sufficient material has been tested, but if the
quantity is small should be regarded with caution. This test will not differentiate between
smallpox and vaccinia and should not be used where there is concurrent vaccinia without
appreciating its limitations in such a case.

After the seventh day of illness antibodies may appear in the scrum of the patient and should
normally be present by the tenth day. In variola minor the complement fixation test may not
be positive until the tenth day, although virus-neutralizing antibodies may be present in the
serum as carly as the fifth day. The carlicr flocculation test of Craigic and Tulloch (1931) has
given way to the morce general use of the complement fixation test using variola or vaccinia
antigen. Complement-fixing antibody remains for at least nine months after vaccination
(MacCallum, 1953), but its final duration is not really known. Downic and Macdonald (1953)
suggest up to a ycar and van Rooyen and Rhodes (1940) over a year. Clarification is required
if this test is to be of value in the diagnosis of sine cruptione infections in fairly recently vac-
cinated persons. In a smallpox contact whom I'saw the clinical signs were quite unlike smallpox,
and he was ultimately proved to have a bacterial infection, but it scemed possible that
a C.F.T. titrc suggestive of infection might have been due to residence in an endemic
arca and repeated vaccination, although the last had been done some four years previously.
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It is not known whether in highly vaccinated persons an anamnestic reaction can occur duc
to some other stimulus. Further information is required on this point, but obviously strong
clinical cvidence against smallpox would have to be present to disregard high titres more
than onc year after vaccination. In the technique used by McCarthy and Downic (1953)
a titre of 1 in 10 is regarded as indicating infection. Convalescents, however, show much
higher titres, 1 in 80 being not uncommon.

In some infections with vaccinia the complement fixation test remains negative whereas the
anti-hacmaglutinin antibody shows a considerable rise (MacCallum, 1953). In onc paper by
Collier, Smit and von Heerde (1950) and abstracted by Bauer in the Bulletin of Hygiene (19571),
titres of anti-hacmaglutinins were investigated in 800 patients with smallpox and in 3,000
individuals who had been vaccinated or revaccinated. Although an average value of 1/149 in
those revaccinated less than onc month previously was obtained, the titre fell to an average of
1/40 after an interval of seven to twelve months. In a person suspected to have smallpox these
writers are of the opinion that a titrc of 1/ 100 in an unvaccinated person, of 1/800 or higher in
a person vaccinated three or more years previously, or of 1/3200 or higher in any circum-
stances, all establish a diwgnosis of smallpox. Thesce figures were obtained with variola major.
McCarthy s and Downic’s (1953) figures for variola minor were between 1/40 and 1/320. (A
difference in technique accounts for their values being one-third of Collicr et al.’s.) Although
more complicated to do than the complement fixation test, Collier et al. (1950) think that the
test is of considerable valuc. The level of anti-hacmaglutinins does not run parallel to the
level of virus neutralizing antibody and there is no proof that cven this measures the level of
the patient’s real immunity to discase. Downie (1951) quotes a case of Bradley’s where a nurse
vaccinated two years previously and possessing a considerable titre of neutralizing antibody
immediately before exposure, contracted a very mild attack of smallpox. The detection of
virus neutralizing antibody is more complicated in that titration must be donc on the chorio-
allantois and it is therefore not the type of test that can be casily used as a routine. On the other
hand, antibodics can be detected as carly as the fifth day, and it may therefore be of advantage
in the diagnosis of certain cases of sine cruptione infections. McCarthy and Downie (1953)
consider the order of reliability of these techniques for antibody estimation is first neutraliza-
tion, second anti-hacmaglutinin, and third complement fixation.

Time-honoured tests like Paul’s test (1919) should no longer be required. At no time did
this test give 100 per cent positive results, and if it has to be used because other facilities arenot
available, this fact should be borne in mind. Other animal inoculation techniques are now
displaced by the superior procedure of cgg inoculation.

The Tieche (1918) test has recently been revived by Kaiser (1950). In this a voluntceer, by a
process of repeated vaccination of the skin several hundred times, achicves a state of hyper-
sensitivity. Material from the skin of a suspected case of smallpox is ground with 70 per cent
glycerine in a mortar and the material placed in a capillary tube and immersed in boiling water
for five minutes. A control is made in a similar manner using vaccinia. The test and control
matcrial are applied to the scarified skin in a similar manner to vaccination. If the material
contains smallpox antigen an allergic response should be present in the skin within five hours
of inoculation. Little information scems to be available on sensitivity, but it scems of doubtful
valuc in variola minor and its usc secems likely to be limited to the smallpox enthusiast !

Below are sct out the practical procedures necessary in collecting and despatching specimens.
The procedure is that advocated by MacCallum (19 52) and recommended by the Ministry of
Health, England (Circular Port Mcd. 21 1953), and in a memorandum on the Diagnosis of
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Smallpox, 1957. Information has been added on the removal of specimens from infected
surroundings.

APPARATUS REQUIRED

(1) Adry, sterile 10-c.c. syringe and needle for venipuncture. A dry, sterile rubber corked
test-tube for specimen of blood.

No citrate or other material must be added. Haemolysis must not occur.

Virus culture, detection of soluble antigen and other serological tests can be done on such a
specimen.

(2) Hagedorn or similar needle in a sterile test-tube.

Needle is used to scrape petechiac or papules, open vesicles and pustules, or lift crusts. After
use the needle should be replaced in the sterile tube and sent with the specimens.

(3) Capillary tubes similar to vaccination lymph tubes to remove fluid from vesicles by
capillary action. Both ends of the tubes should be broken to allow fluid to enter.

Tubes are to be replaced in a small screw-capped bottle.

(4) Six clean glass slides should be provided in a small box or with interlaced picces of card
and rubber bands so that they can be packed without damage to the surface.

Smear surface of the slide on to the exposed base of the lesion from which debris, vesicle roof,
crust or other material has been removed. At least two areas of cach slide should be smcared
and allowed to dry in the air without heat. Usc all the slides on as many lesions as possible.

(s) Small bijou screw bottle to hold scab material. About twelve scabs should be collected
if possi

All these could be placed in a metal container such as an ordinary commodity tin with
removable lid and in this form can be removed from the smallpox ward. The metal container,
the outside of which as well as the inside will potentially be infectious, can then be placed into
a strong lined cardboard or metal box to suit the local postal regulations, held by another
person at the clean side of the infected/clean boundary and scaled by the latter so as to minimize
the chance of spread of infection. The sealed container can be further wrapped in impervious
material such as polythene and then travel by the speediest means available and will only be
opened when it arrives at a laboratory prepared to handle smallpox material.

An increasing use is made of laboratory cxaminations and care must be exercised to see that
infection is not conveyed by the methods of transit. There appear to have been one or two
instances of infection conveyed by letters. It is possible, however, that as much of the material
sent to the laboratory is, from the beginning, thought to be negative a somewhat casual
handling of the specimen may occur. Unfortunately, sooner or later a specimen will be
transmitted which will be a positive onc. Most countrics have regulations regarding the
transmission of infective material and there is no doubt that smallpox virus is onc for which
we should maintain a healthy respect.

A further very practical, but sometimes neglected, point about the laboratory diagnosis of
smallpox is that the laboratory which handles this material must have completely protected
personnel. Smallpox in a diagnostic laboratory worker, which fortunatcly only spread to his
brother, occurred in England and Wales in 1949. Laboratory staff, doctors, technicians, clerical
workers and cleaners must be vaccinated and revaccinated at appropriate intervals, so as to
maintain a complete barrier of immunes. It is particularly important that cleancrs, cither of
premises or of laboratory equipment, should be adequately protected before they undertake
any work of this kind, cven if this means paying them for a fortnight and excluding from work
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until their vaccination reactions have been properly inspected and approved, a policy found
nccessary in hospital personnel by Ricketts as long ago as 1893.

POST-MORTEM APPEARANCES

In the past, most writers, including Councilman (1904), Ricketts (1908) and cven quite
rccently Burnet (1945), assumed that many of the deaths from smallpox were due to sccondary
streptococcal infection. As discussed previously, deaths not directly due to the virus but to
septicacmia and pyaemia do occur depending on local environmental conditions. Although
haemolytic streptococei have been isolated from a wide range of tissues at post-mortem, as 1
pointed out before (1948), virtually all the fulminating and malignant cases die from the effects
of the virus alone. The benign confluent die from a combination of smallpox and some com-
plication such as broncho-pncumonia. In other types death is directly duc to some complication
or intercurrent infection, the smallpox attack being a contributory factor or precipitating
cause. Encephalomyelitis is a dircct result of the smallpox attack and is not a secondary effect.

Although it is usually assumed that most patients dic from toxic myocarditis, pathologlcal
changes supporting this arc rarely scen (Bras 19520). 1 think one must recognize that the virus
acts on a widc range of cells in many organs, interfering with function without neccessarily
producing effects demonstrable by our current examination techniques. In our present ignor-
ance of the cell changes, onc can only say that the patient dics from gencral toxaemia.

Sccondary causes of dcath are: (a) broncho-pneumonia, (b) streptococcal septicaemia,
(c) staphylococcal scpticacmia, (d) pyacmia, (¢) multiple staphylococcal abscesses, (f) osteo-
myelitis, (¢) cmpyacma.

The following information on post-mortem appearances is given to assist those who may
be called upon to identify smallpox after death. Cutancous appearances may change rapidly
and profoundly after death. Marsden (personal communication) quotces Pereira: *“ Never make
a diagnosis on the external appearance of a corpse.” This is sound advice, particularly when
laboratory facilities such as virus culturc arc available, but for administrative rcasons a diagnosis
must frequently have to be made without waiting for laboratory confirmation of smallpox.
Decaths usually occur in fulminating cases between the first and fifth day of the discase, in the
malignant between the tenth and fourteenth day, and in other types principally duc to complica-
tions arising between the fourtcenth and twenty-first day. Infants and the aged and infirm
may die at other periods of the disease, but more often this is not directly due to smallpox but
to complications or some other diseasc.

Fulminating 1-5 days Malignant 10-14 days Benign 14-21 days
Skin Few petechiae, oftenon face Exfoliative cruption.  Pustular rash to scabbing
to purpura wvariolosa with Gross hacmorrhages in stage, there may be boils,
very  cextensive  hacmor- the skin pyaemic abscesses, etc.

rhages particularly dense in
the groins
Mucous membranes

Mouth Occasional hacmorrhagic  Extensive ulccration of  No specific lesions
blebs on the soft palate or mucous membrane,
more general petechiae some sloughing with a
diphtheritic appearance
Tongue Occasional early crosions,  Ulceration, particularly  No lesions

O&CII no changc POStCI‘iOI’ part




IN THE DIFFERENT TYPES

Mucous membranes—continued

Trachea

Oesophagus

Alimentary Canal

Serous membranes:
Pletira and Peritonenm

Heart

Lungs

Liver

Spl(’cn

Ovaries
Testes

Kidney

Ulterns
Brain and Cord
Blood

Bone marrow
Laboratory investigation

Fulminating 1-5 days
Sub-mucous haemorrhaggs,
small erosions in the mu-
cous membrane

Occasional petechiac or nil

Sub-mucous hacmorrhages.
May be free blood in the
stomach

Occasional petechiae

Normal or occasional sub-
SCTOuUS or Sub—CIldOC‘erial
haemorrhages

Slight hyperaemia in bron-
chi, oedema

Normal orslightly enlarged,
pale

Normal, firm, or slightly
cnlarged, white or yellow
follicles

Occasional haemorrhages

Occasional  haecmorrhages.
Small microscopic foci

Hacmorrhagcs in substance
and renal pelvis and retro-
peritoncal haemorrhages

May be hacmorrhages in
uterine cavity

Occasionally slight ocdema

Leukaemic blood picture

Dark red, liquid

Blood, skin, liver, ctc.,
should yield virus on cul-
ture. Solubleantigenshould
also be present

Malignant 10-14 days
Ulcerative lesions in
trachca and larynx cov-
cred with evil smelling
glairy fluid
A few ulcerative lesions at
upper end. May be no
change

Nil—occasionally  blood
in the stomach

Nil

Normal

Little abnormal, occa-
sional blood and mucus
from lesions in trachea

Shightly enlarged or nor-
mal

Normal

Occasional hacmorrhages
Small microscopic foci

Hacmorrhages in sub-
stance and renal pelvis

May be hacmorrhages in
uterine cavity

Nil

Leucopenia and lympho-~
Cytosis

Dark red

Skin yiclds virus on cul-
ture. Scrapings should
show virus on electron
microscopy and give
positive C.E.T. Soluble
antigen may be and C.F.
antibody should be pre-
sent in scrum

89

Benign 14-21 days
Depending on secondary
complication asin bron-
cho-pneumonia

Nil

Nil

Nil. Peritoncum normal,
SONICHNICS cmpyacna

Normal (apart from the
cffects of complications)

Signs of broncho-pneu-
monia when this is the
cause of death

Slightly enlarged

Normal or sepric spleen
depending on complica-
tions

Nil

Microscopic foci present
ot absent depending on
stage of disease

Nil

Normal

Nil except in death from
encephalomyelitis

Normal or leucocytosis,
depending on complica-
tions

Nil

Skin lesions will yield
virus on culturc and may
show virus on electron-
microscopy.  Scrapings
will  give  positive
C.ET. for wvariolavac-
cinia. Blood will show
antibodies in high citre.

It should be stressed that in the fulminating case death may occur within forty-cight hours.
Extremely little abnormal will be seen post mortem and laboratory investigations are essential
if one is to avoid missing the diagnosis in this type of casc.




Complications
CHAPTER 9 Treatment and Nursing
Sequelae

COMPLICATIONS
THE SKIN

Although the process of pustulation is a normal stage of certain types of smallpox, as men-
tioned previously “pustulation” is a descriptive term applied to the appcarance of the rash and
it does not necessarily follow that the lesions contain frank pus. In many cases these pustules

F16. 146. Scptic type of pustulation, particularly on the arms, and face, common in the
neglected and undernourished.

dry up quickly and without any marked septic rcaction of the skin, particularly in the well-
cared-for and nourished patient. However, fifty years ago, Ricketts (1908) and others regarded
frank sepsis in the lesions—*“ thousands of boils " —as normal, and this also tends to occur today
in tropical and subtropical countrics, particularly where the hygienc is poor.




THE SKIN o1

Fic. 147. Variola major, terminal stage of facial scabbing.
Sccondary cczematization of scar arca. This scaling is not
infectious.

Fi1G. 149. Variola major, discrete. Bullous lesions on
the face duc to sccondary infection.
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The division, therefore, between sepsis as an inherent part of the discase and as a complica-
tion will depend much on the experience of the observer. It is, however, of importance
as scpsis can be controlled by the usc of suitable drugs, but in many areas of the world sup-
plies of thesc may be inadequate and only those patients who really need them should be so
treated.

Many English writers during the last hundred years have commented on the apparent
decrease in “septic”” complications in their experience compared with the experience of their

F16. 150. Variola major, sccondary cczematization, face.

immediate predecessors. Even without modern control by chemotherapy, onc cannot but
feel that the incidence is partly dependent on personal and environmental hygienc and is
possibly also affected by the nutritional state of the patient. Becausc of this, it is very difficult
to give gencral figures for the frequency of such complications.

In some of the outbreaks in the nineteenth century, 30 per cent or more of patients
suffered from boils and abscesscs. In Tripolitania about 8 per cent of cases of types 4-6 (variola
major) were affected. Millard (1892) remarks on the frequency of this complication without
giving any figures and comments on a man who had fifty-two boils, twenty of them appear-
ing within three days. He drew attention to the fact that although described as a boil many
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of these lesions appear very rapidly and without the central core usually associated with a
boil, and are more in the nature of a localized suppuration in the subcutancous tissucs.
Prior to the use of chemotherapy, treatment of these was difficult and led to a very pro-
tracted convalescence.

Marson (1866) relates how previous injury may cause localization of deep-scated inflamma-
tion such as an abscess between the large muscles.

Although in variola minor the patient usually fecls well once the rash appears, septic com-
plications are by no means as rare as one might expect. Robertson (1913) found boils and
superficial abscesses frequent, even in the mildest cases, and impetigo often affected the
lesions on the forcarms, wrists, backs of hands and fect. Marsden (1936), in his very large
serics, had 3- 6 per cent with boils, 2+ 3 per cent with secondary septic dermatitis, and o+ 95 per
cent with whitlows on fingers and toes. There were a few deep abscesses and four cases of
fatal pyacmia.

In many cascs the skin on the face and arms may be the scat of secondary eczematization soon
after the scabs have separated and dry cczematous crusts appear (Figs. 149 and 150), which,
however, should not be regarded as infective material. If the condition is not treated chronic
eczema may occur in those individuals susceptible to this condition.

The pockmarks or scars on the skin following certain types of smallpox is normal, but in
some cases a keloidal hypertrophic scar occurs and this would appear to be commoner in those
with pigmented skins. Scarring on the face may cause blocking of the sebaccous glands and
lead to an intractablc acne-like condition.

Alopccia, partial or complete, may follow scvere smallpox affecting the scalp. The eftect is
partly due to direct destruction of hair follicles, but the complete form is really “secondary”,
as smallpox lesions never destroy all the hair follicles. In some cases, after much of the hair
is lost, luxurious regrowth occurs. The age and sex of the patient also influence the final
outcome.

RESPIRATORY

Respiratory complications arc rarer in smallpox than in most other acute exanthemata.
Broncho-pneumonia does occur, particularly in infants and the aged and infirm, but the
incidence seems largely dependent on nursing conditions, overcrowding in home or hospital,
climatic conditions and the virulence of prevailing sccondary organisms, such as streptococci,
or the presence of concurrent community infections such as influenza. The complications
are morc scrious in a debilitated smallpox patient than in a normal individual. The
physique and history of previous respiratory discase will also affect the possibility of this
complication. The treatment and prognosis appears to be no different from that of sccondary
broncho-pncumonia as a complication of other discases. In the carly nincteenth century,
according to Gregory (1838), pleurisy was a frequent complication between the twelfth and
twenticth day characterized by sudden onset progressing to ecmpyaema, usually fatal. This
condition does not appear to be associated with smallpox today. Bras (1952b) in his large series
of autopsies makes no special note of this condition. The presence of respiratory symptoms
in the “pulmonary allergy” type of “illness of contact” syndrome in some individuals has
becn mentioned before.

Tracheitis and laryngitis and a certain amount of bronchitis are not complications,
but a normal feature of types 2 and 3 and to some extent in types 4. Laryngeal oedema and
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obstruction may occur occasionally and can be a causce of death. If patients are nursed in
large wards there is always a risk of tonsillitis or intercurrent infections of the throat.

ALIMENTARY

Alimentary symptoms and complications are conspicuous by their absence if one excludes
the tonguc, mouth and ocsophagus. Although Sydenham (1685) and others wrote of variola
dysenterica, implying smallpox lesions in the gut, I do not think it really exists. In any large
serics of cascs, particularly in hospitals, diarrhoca is quite likely to occur, but this will almost
certainly be duc to infection with dysentery or salmonella organisms, or it may be due to some
pre-cxisting functional condition of the bowel.

EYE

Frequently there is an cruption on the cyelids, particularly along the lid margins. Much
swelling may occur, particularly in benign smallpox, making it difficult for the patient to open
the eyes for the physician to examine them (see Figs. 63 and 86). It is for this reason and not
because of keratitis or corneal ulceration that there are many references in the old non-technical
litcrature that a person was ““blind with smallpox™. Dr. Dover (1732) wrote of his own attack
of smallpox treated by Sydenham: “I went abroad by his dircction, till T was blind, and then
took to my bed.” In the malignant types there may be many lesions, but there is no oedema,
rather dehydration and sinking of the cyc (Figs. 24 and 41). Often there is much lachrymation
and discharge which may appear mucopurulent. Frequently there is a mild conjunctivitis, but
this is a normal accompaniment of smallpox, occurring from the fifth day onwards, and it
is of no special significance.

Pocks occur on the palpcbral conjunctiva but much more rarely on the ocular. I formed the
opinion from experience in Tripolitania that previous cye discase such as trachoma greatly
increases the liability to localization of lesions on both the palpebral and ocular conjunctivac,
and also appeared to increase the likelihood of other eye complications. Lesions themselves,
cven on the ocular conjunctiva, do not appear to do any harm and heal without complications.
When they do occur on this site they arc usually between the inner canthus of the cye and the
corncal margin, or more rarcly between the outer canthus and the corneal margin. In both
these sites the conjunctiva is thicker than elsewhere (Fig. 78). Occasionally secondary infection
of the palpebral lesions with severe scarring may lead to ectropion.

Pocks do not occur on the cornea. The only exceptions to this absolute rule are in extremely
rarc cases wherc there is previous discase with vascularization of the cornea. The lesions causing
blindness do not arisc from ““pocks”, but from corneal ulceration which commences at about
the fourteenth day of the discase. The ulcer starts at the corncal margin and rapidly spreads
across. In some cascs healing occurs immediately behind the advancing lesion and the resultant
opacity is very slight or may disappcar. In other cases ulceration is decper and perforation may
occur with a resultant staphyloma or panophthalmitis. Keratitis may also occur, commencing
with redness and some pain. The rapidity of the development and degree of involvement
seems only partly related to the severity of the original attack. It is more usual for one cye
to be involved.

Another form of keratitis occurs in malignant smallpox usually commencing on about the

tenth day of the discasc. The cornea loses its lustre rapidly and becomes opaque within a very
short time and looks dead. There appears to be no tissue reaction and the patient experiences no
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pain. The patient, however, is suffering from a type of discase from which he usually dies
within two to three days, but the whole cornea may slough allowing discharge of aqueous
humor followed by a complete anterior staphyloma. Panophthalmitis 1s likely to follow.

It is curious that the scrious lesions in the eye producing permanent blindness occur late in
the discase and do not appear to be duc to direct viral growth in the tissuc concerned.

Robertson (1913) had six cascs of iritis and six of corneal ulcer in 545 cases of variola
minor. Mild conjunctivitis is of course quitec common, occurring in about 5 per cent. The
most important ocular complication, beginning in carly convalescence, is corneal ulceration,
and this was scen in 0+ 91 per cent (Marsden, 1936). In only one fatal case did perforation occur.
Keratitis profunda occurred in nine, and iridocyclitis in cight of the 13,000 patients.

It is commonly assumed that smallpox is a frequent cause of blindness, particularly in
tropical countrics, but it scems that smallpox alone causes reladively little blindness as those

Fic. 151. Corneal scarring, facial scars suggest much
super-added sepsis.

paticnts with mild attacks have no cye lesions and those with severe eye lesions have malignant
attacks from which only a small proportion recover. In those patients in which corneal lesions
occur with relatively mild non-fatal attacks therc arc gross nutritional deficiencies which
almost certainly account for part of the damage. For this rcason cye lesions scem to be very
much less frequent in Europcan countrics today. There has, T feel, been some confusion
between the common statement of a patient being ““blind with smallpox™ due to palpebral
oedema and discase of the cornea or other structures giving risc to real blindness.
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There is a tendency, of course, for individuals and even their medical advisers to assume that
blindness in someone who has once had smallpox must be duce to that discase and not to some
less exotic causc.

CENTRAL NERVOUS SYSTEM

Specific complications of the central nervous system are encephalomyelitis and acute
psychoses. In the scries of 486 variola major cases in Tripolitania, two cases of encephalitis
occurred, both of which were fatal. In Kramer’s (1951) scrics in Indoncsia the incidence was
thought to be one in 1,000. In Marsden’s (1936) scries of 13,000 cases of variola minor nine
cascs occurred with three deaths, and twelve other patients exhibited symptoms suggestive of
mild attacks. In Kramer’s scrics and the Tripolitanian cascs, the attacks were benign semi-
confluent or discrete, whereas in Marsden’s series of variola minor they were quite mild discrete
attacks. The incidence would appear to be slightly higher in variola major than in variola
minor, but in the former adds little to the mortality. Because the overall case mortality

Fic. 152. Corncal scarring.

in variola minor is so low, in spitc of its rarity, encephalomyelitis is one of the principal causcs
of death really attributable to the diseasc.

The complication occurs relatively late, about the tenth day of the diseasc, a similar timing
to post-vaccinial encephalitis. The attack commences with increasing drowsiness which may
go on to stupor. Localizing signs may be very varied but trismus may be extreme. There may
be profuse sweating of the head and salivation. Sometimes the first sign thatanything is wrong,
apart from slight drowsincss, is some disorder of speech. The period of drowsiness or stupor
may last days or weeks and recovery may occur quite suddenly from an almost moribund
state, but it is usually more gradual. Whether this stagce is passed depends on avoidance of bed-
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sores, trophic ulceration and broncho-pneumonia. In the spinal type drowsiness is less marked
and disappcars sooner, but incontinence of urine and facces is usual. Urinary infection is likely
to occur, flaccid paralysis may be present and, on recovering, spasticity may develop which may
takea very long time to disappear completely. Sensory loss and hyperacsthesia may also occur.

Of very great importance are the mental changes. Loss of speech is a common phenomenon
and probably the most constant symptom noticed. Personality changes, delusions, abnormal
behaviour are also quite common and particularly well described by Kramer (1951). This
syndrome is discussed very fully by Marsden and Hurst (1932), whosc cases all appear to have
been mentally normal after the attack. In Kramer’s serics abnormalities were still present some
months after attack, but he was not able to follow the cases further. It is stated repeatedly in
the literature that permanent sequelac do not occur, but there seems to be no series in which
cases have been followed up for a number of years. From the severity of somc of the attacks
onc would doubt very much whether some form of mental scarring was completely absent.
Increasing recognition and possibly increasing incidence of encephalitis as a complication of

Fic. 153. Refractory patient.

other infectious discases and of the occurrence of sequelace, particularly personality changes,
suggest that mild attacks of encephalitis, of great social significance, may be commoner than
usually thought. The condition is similar to post-vaccinial encephalitis in which it has, in the
past, often been crroncously stated, that mental sequelac do not occur. This is discussed in
Chapters 7 and 14.

There is no real difficulty about diagnosis as it occurs when the general effects of the attack
of smallpox have passed. The patient will frequently be afebrile and the onsct of this compli-
cation will once again cause the development of fever. Changes in the C.S.F. are not of
much diagnostic significance. There is carly increase in cells, but this soon becomes normal
and there is only a slight increasc in protein. Details of both clinical diagnosis and pathological
changes are given in the papers by Marsden and Hurst (1932) and in that by Kramer
(1951).

H
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Acute toxic psychoses are common in the first ten days of the discase, particularly in
chronic alcoholics, and in the past have led to patients running out of hospital and even
being accidentally drowned.

JOINT

Effusion into the joints may be serous or purulent but the frequency of either appears to vary
considerably in different outbreaks. Simple serous cftusion is not uncommon in variola major,
and would appear to resolve without any disabling effects. It seems commonest in the wrist or
elbow, and Marson (1866) thought that it might be connected with Ieaning on the clbow
whilst feeding. Pickford Marsden (1936) does not record this complication in his large serics
of variola minor cases, and he commented (1950) concerning Chatterjec’s (1950) scries of cases
of this condition, all affecting the clbow, and suggested that this might be duc to some effect
of modern trcatment. Presumably this was meant to imply that the use of antibiotics would
suppress but possibly not wholly prevent low-grade sepsis. Thesc cases and those of Wiersema
(1950) appear different from the serous effusion described by carlier writers, in that they show
some feeble growth of staphylococci, and some permanent disability may result. Cases
occurred in children under the age of sixteen, the focus of infection appearing to originatc at
the epiphysial line. Cockshott and Macgregor (1958) saw fifteen cascs. In every patient at least
onc clbow was involved, and occasionally other joints. They state that these cases do not
usually follow confluent smallpox, as this is relatively rare in childhood. The state of nutrition
of the infected children varied from appalling to excellent and they felt that neither good
nutrition nor mild smallpox would necessarily confer protection. On the other hand, five of
their cases were grossly anacmic. Elbows were usually involved first. The joints were moder-
ately swollen and not tender. Cascs were afebrile or had a slight fever. Limitation of movement
is the major disability.

An interval of ten days to four weeks occurs before the complication appears, and Wicersema
(1950} and Cockshott and Macgregor (1958) think the osteitis commences at the stage of
primary viracmia and is clinically silent until exudation occurs round the joint, by which time
considerable bone changes have occurred. The term ostcomyelitis variolosa was first used in
this sense as a specific viral infection by Brown and Brown (1923).

Suppurative arthritis and ostcomyelitis as part of a general pyaemia undoubtedly do occur,
but are much rarer than gencerally supposed. As long ago as 1875 Curschmann remarked that
the frequency with which these conditions were mentioned in textbooks as complications of
smallpox was not in accordance with the facts. This type of condition is most likely to arise
after benign confluent or semi-confluent cascs, particularly in the very young and where there
is malnutrition and neglect.

OTHER COMPLICATIONS

Very rarc complications have been recorded by the older writers, but many appear more in
the nature of intercurrent secondary infections, determined largely by the prevalence of such
organisms as hacmolytic streptococci. Although hacmaturia is frequently present in malignant
cases, acute nephritis when it occurs is not due to the smallpox virus. At post-mortem charac-
teristic lesions are seen in the testes microscopically, but although orchitis has been noted on
rarc occasions, the development of symptoms does not scem correlated with the post-mortem
findings to render it certain that this is really a variolous condition.




99
TREATMENT AND NURSING

“It is a melancholy reflection but too true that for many hundreds of years the efforts of
physicians were rather excrted to thwart nature and to add to the malignancy of the disease
than to aid her in her efforts.” Gregory wrote this in 1838, but it is unfortunately only too
true today.

There is no specific treatment for smallpox. So far no drug has been produced which appears
to have any effect on the virus in the human body. Attempts to influence the course of the
disease by increasing immunity passively by the usc of convalescent serum or anti-vaccinial
scrum have been made on many occasions, but unfortunately never on a scalc and with satis-
factory controls that its effects could be evaluated. Earlier workers in this ficld (Ledingham
et al., 1931; Fairbrother, 1932) had to usc a large volume of serum, which is not necessary
today, due to our ability to refine, but even where modern gamma-globulin has been
used there is no conclusive evidence that there is any appreciable effect (Murphy, 1954).
It scems probable that, as in mcasles, cven large doses of antibodies given relatively late in the
discase, when the diagnosis is usually first made, will have no appreciable eftect on mortality.
Once again one has to emphasize that the rash, although an important indicator, is not the
most important part of the discase. By the time the rash has appeared irreparable damage has
frequently been done to other tissues and it is this damage which normally causes the patient’s
death.

If smallpox is diagnosed in the initial stage then the treatment is on general symptomatic
lines. The patient may be extremely restless with severe headache and backache, and various.
drugs may be used to relieve pain, but morphia appears to be valuable in this respect. If saliva-
tion and laryngcal and bronchial secretions are very profusc care must be taken in the use of
scdatives. Fluids should be given frecly throughout the disease as smallpox has no specific
effect on kidney function. In the malignant casc swallowing may be extremely difficult and
painful towards the later stages of the discase, but the condition of the skin makes subcutancous
or intravenous replacement of fluids far from casy. Plasma, blood and synthetic preparations
of various kinds have all been tried (Boeck, 1946), but it is very doubtful whether they
affcct mortality.

The paticnt should be encouraged to eat as well as his general condition and the condition
of his mouth and lips will allow. Benign cascs, cven the confluent where the appearance may
be so unpleasant, usually have quite a good appetite from the sixth or seventh day onwards
and can cat as well as their facial masks will allow them. They undoubtedly should be en-
couraged to cat as much as and whatever they like. When the mouth is sore, ice-cream seems to
be a popular article of diet, but in malignant cases patients scem unable to tolerate even a small
amount of fat and will only suck icc.

In the malignant types, by the twelfth or thirtcenth day it is obvious that the patient is for all
practical purposcs being starved and that life is maintained at the expensc of reserves in the
tissues. In spite of attempts that have been made to replace protein, ctc., in a similar way to the
treatment of burns, results to date do not suggest thatit hasany apprcaablc effect. On the other
hand, there can be no doubt that starvation must be very harmful and possibly impedes the
alrcady feeble antibody response. It is here, of course, that skilled and sympathetic nursing
plays an important part in coaxing the patient to take some nourishment.

In my opinion chemotherapy is of no value during the pre-eruptive stage, and if a drug of
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this group is given which has cven a slight toxic cffect on the bone marrow it can do nothing
except add to the damage that the virus can do to these tissucs. I have seen drugs such as
chloromycetin used from the very carliest stage in malignant confluent and semi~confluent
cascs and am of the opinion that in the latter, where there is a greater chance of recovery, the
chance may well be lessened. The drug also increases the patient’s misery by inducing nauseca
and increasing the likelihood of severe vomiting.

Of the drugs that have been used I gave penicillin a fairly considerable and controlled trial
(1948), and streptomycin, chloromycetin, aurcomycin, have all been tried within the lase few
years on very small numbers of cases without controls, but the results would appear to be the
samc (Anderson et al., 1951; Breen, 1951; Marsden and Coughlan, 1951; Murphy, 1954).
Stolte and Sas (1951) used ACTH in three cases and it appceared to them to influence the rash.
Whether it was of benefit was so doubtful that they concluded that the administration of
ACTH is “fraught with danger ™. Picrce et al. (1958) reported treating a case with cortisonc on
the twelfth day of attack, but the favourable outcome could hardly be described as entirely un-
expected. Unfortunately the treatment was not tried on a subsequent casc of fulminating small-
pox, scen sufficiently carly to have provided a good test. I think the only type of casc in which
systemic cortisone or ACTH is worth risking is the fulminating, and probably the malignant
confluent, where the mortality in any casc is extremely high.

It is only when a fair-sized sample of cases is available, classified according to type, and
treated by a clinician cxperienced in smallpox, that one can have any hope of assessing the
valuc of any particular form of trcatment.

As far as the cruption is concerned, a vast number of treatments have been suggested, from
hanging red curtains round the bed, rcd light, covering the face with a mask, to opening the
lesions with a golden necdle. Nonc of these treatments has any effect on the development or
the final effect, the amount of scarring. It is unfortunate that accounts are repeatedly published
affirming that a particular treatment or drug will prevent scarring. Only too frequently the
author is oblivious of two facts: (1) malignant confluent and semi-confluent cascs that
recover may have no “classical” pocks, but thin superficial scars, and that many mild and
discrete cases, particularly vaccino-modificd, have no permanent scars; (2) many patients who
on discharge from hospital have only level pigmented scars, which the clinician hopes will
resolve without a blemish, show classical pocks when seen six months to a year later at a time
when most clinicians unfortunately do not sce their patients.

Sulphonamides (Vengsarkar ¢t al., 1942), penicillin (Foulis, 1945; Dixon, 1948), chloro-
myecetin (Breen, 1951; Marsden and Coughlan, 1951), and other antibiotics having an action
on streptococci and staphylococci do have an cffect in preventing secondary infection occurring
in the skin, particularly in the large non-modified smallpox lesions. Although the “pure”
smallpox vesicle is sterile (Sweitzer and Ikeda, 1927; Mair and Parker, 1953) and many remain
so, staphylococcal infection occurs (Leishman, 1944), and, in spitc of the doubt expressed by
Wilson and Miles (1955), it docs appear that chemotherapy instituted at the vesicular stage
will suppress the occurrence of frank sepsis in the lesions, and appears to accelerate the drying
up and scabbing process; it certainly makes the patient feel much more comfortable and boosts
morale. Although it prevents the aggravating cffect sepsis can undoubtedly have on the
formation, depth and size of scars, it does not prevent them. Chemotherapy should be
commenced on about the sixth to seventh day of the discase in the benign types when the
vesicular lesions are ncarly fully developed on the face and should be continued up to about
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the thirtcenth or fourteenth day. Treatment is of undoubted value in benign confluent type 4,
benign semi-confluent, type s, and discrete, type 6, and should be given in the normal maxi-
mum dosage of the particular drug concerncd. It is doubtful whether it is required or has any
material effect on the mild, type 7, and abortive, type 8, as the lesions will dry up and secondary
sepsis is unlikely, even with no treatment at all. Malignant cascs are entirely unaffected and,
becausc of the possible damage to the bone marrow, chemotherapy should not be given even
in the vesicular stage unless definite indication of some secondary infection is present. This,
however, is rare. Drugs of this kind do not producc any visible change in the cutancous lesions
as these normally dry up without the formation of a “pustule’ and the scabbing is light and
superficial. Doubtless clinicians will find it difficult to resist giving chemotherapy, but I would
like to emphasize that in my opinion, unless there are defmite complications which would
benefit, this form of treatment may do more harm than good.

In my experience irritation is not a serious problem, except when the eruption is drying
up and therc is much scaling and scabbing. It is morc common in vaccino-modificd
smallpox and with the more abortive lesions but is best treated on general lines, with dusting
powder, lotions and frequent bathing.

Lesions under the nails may be painful and some clinicians soften the nail or cut it over the
lesion. Rings on the fingers may have to be cut oft duc to swelling and danger of gangrenc.
There seems to be no advantage in painting the skin with any antiseptic, although this un-
doubtedly may have some psychological effect on both patients and staff. A wide range of
substances have been used, from dilute tincture of iodine to potassium permanganate. It is very
beneficial to get the patient out of bed as soon as possible, and this may be practicable while
the rash is still in the late vesicular or carly pustular stage. The benign confluent may not be
able to get up for fourteen days or more, but many discrete cases can get up on the tenth day
and mild and abortive as carly as the fifth day. There is a great tendency to keep the patients
in bed far too long; such patients arc more liable to develop complications, lose muscle tone
and stay in hospital longer than is necessary. The factor which keeps most patients in hospital
is the presence of seeds in the palms of the hands and soles of the feet. If the patient walks about
from the carliest possible moment the shedding of keratin will be accelerated and the seeds
extruded more quickly. When the general condition of the patient is sufficiently improved,
and this occurs much carlicr than is usually supposed, the patient should be bathed, and if a
bath is not available a hot-shower should be used. Unless the hospital is well equipped
and staffed to ensure that bath hygicne is satisfactory, showers arc probably preferable in
avoiding cross-infections, and they usc less water. These have a very beneficial effect on the
paticnt’s gencral condition and washing assists in loosening the scab material, particularly from
the feet. Reluctance of some of the older clinicians to bath the paticnts may have been due to
the risk of making the skin sodden and so incurring the risk of infection. Some treated the
patient by continuous immersion in hot water, but this seems quite unnecessary, time-
consuming and inconvenient.

As the scabs comc away, the skin, particularly on the face and arms, may be very tender, a
dry sccondary cczema may occur, and this should be treated by rubbing the skin with lanoline
or olive oil. It is usually thought that attempts to remove facial scabs will result in increased
scarring. On flat surfaces and where the lesions are few it probably makes no difference whether
the scabs are removed or allowed to shed naturally. On the nose, however, and where confluent
areas exist, a large scab mass may be so dense as to exert pressurc on the epithelium and increase
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tissue destruction. To avoid this it is advisable to inspect the scab mass carefully and see whether
some can be freed after soaking in olive oil or after warm compresses. Although many older
writers believed it was beneficial to open the vesicle with a needle before pustulation, the only
successful cases appear to be the mild and abortive, where scarring is likely to be very slight in
any casc. I do not think a properly controlled trial of this method has cver been done. Where
there are many lesions it is not very practical.

Plastic-surgery techniques such as sandpapering of the scarred arca is often advocated some
six months after the attack, but it docs not appear to be very satisfactory in discrete cases with
deep-pitted scars. In the benign confluent, the profusion of scars may naturally leave the surface
irregular in colour but not in contour.

The scalp may have become onc large scab mass entangled with hair. The hair must be cut
short if the rash is very profuse, but in women should not be cut in the carly stages, even in
quite severe cascs. The prospect of smallpox scars on the face is quite enough for a young
woman to contend with without cutting her hair. In the case of men it is different and where
the hair is completely matted something should be done. The best way is to soften the scab
mass with olive oil and gradually let it loosen. The patient should be asked to refrain from the
temptation of pulling away large masses and nursing staff should carefully attend to the hair
toilet.

If the sceds in the soles of the feet are slow in progressing they may be opened up with a
sharp scalpel or needle or fine curved scissors, the contents removed, and after further bathing
the paticnt can be regarded as free from infection. This can accelerate discharge from hospital
by as much as a week.

Trecatment of complications must follow the orthodox practice of the time. The use of
chemotherapy from the sixth to the fourtcenth day may scrve to assist in preventing respiratory
infections. Unfortunately these are most common in the very young and the very old. The
cyc complications arc amongst the most scrious and arc difficult to treat. An eye specialist
should advisc. In the cases in Tripolitania penicillin appeared to have no cffect on the incidence
or course of cye complications. Although no cvidence appears to be available, no response
is likely to come from other chemotherapeutic agents. Whether cortisone may have any
cftect on smallpox keratitis is not known.

The cases for which we are completely powerless to do anything are the fulminating and
the malignant. In the fulminating the sledge-hammer blow is so rapid and so devastating that
it scems difficult to visualize any treatment having any cffect, cven assuming the diagnosis is
made. With the malignant we have twelve to thirteen days from onsct to death, but so far
nothing has been of any value. Heroic measures such as intravenous injection of proteins
other food substances, vitamins, plasma and blood have all been taken. Innumerable other
drugs have been administered without result and may well make the patient’s life more
miscrable. The acute consciousness of this type of patient should not be forgotten.

As far as the actual nursing is concerned there are two distinct problems. In the malignant
cases there is progressive deterioration in the patient’s condition and increasing difficulty in
maintaining fluids—let alone food. Due to the damage to the skin the development of bed
sores is very difficult to avoid. Extreme care and patience is required. From the sixth or seventh
day individual nursing is requircd day and night. The patients are particularly restless at night,
and the possibility of maniacal phases must not be forgotten. A male nurse is frequently a great
assct. In countrics where smallpox is rare the relentless deterioration in the patient’s condition,
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with almost certain death, coupled with the acute consciousness of the patient, makes this type
of nursing a rcal test of skill. The staft may become depressed, and this is enhanced if long
quarantinc is enforced.

The other problem in nursing is that the very mild cases although fecling perfectly well
will be incarcerated in hospital for some wecks and it is necessary to keep the patients amused

Fic. 154. Variola major, scarring of pigmented skin.
Compare depigmentation of hands with the scar
on the face.

and happy. The provision of books, newspapers, radio, television, rug-making etc., or
anything to relieve monotony, is an important part of the treatment. Telephone facilities
for ambulant patients and a long lcad extension for the less seriously ill will do alot to overcome
the isolation imposed by a ban on visiting.

As Marsden (1936) points out, mirrors should not be allowed in a smallpox ward.
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SEQUELAE

Scquelac can be physical or psychological, but the two are closcly linked. As alrcady men-
tioned, permancnt cyc defects leading to blindness may occur, although the effect of smallpox
alone is much less than is gencrally thought. Every writer on smallpox over the last 150 years

F16. 155. Variola major, depigmentation of arms and trunk, hypertrophic red
scars on the face.

has pointed out that in his expericnce the amount of blindness due to smallpox was much less
than that quoted by previous authors.

Some loss of hair may be permanent, although even in benign confluent cases a fairly normal
head of hair may return; other factors, particularly the age and sex of the patient, have a big
cffect on the result (Fig. 156).

Much of the scarring on the trunk and arms will disappear cntirely, the scars only being
visible when the skin is cold or if there is depignaentation as commonly occurs with those with
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pigmented skins. Even if the effect is noticeable soon after the attack a return to normal
gradually occurs over the ycars. Some of the scars, particularly on the forearms and hands, may
still be visible, but they are very much less noticeable than immediately after the attack.

It is on the face, particularly the nose and forchead, that the scarring is permanent and may
be very severe (Figs. 86, 150 and 157) and producc the characteristic ““pitting”’. On these arcas

FiG. 156. Variola major, Type 4, residual scarring two and a
half years after attack. Note the hair has regrown well. See
Figs. 62 and 64.

sccondary dry cczema is common but some increased sensitivity of the skin may trouble the
patient for some years. Some patients complain of irritation of the skin on other parts of the
body where no scars are visible. It is important to appreciate that while the scarring on the
remainder of the body diminishes with the passage of time, scarring on the face is more notice-
able at the end of a year than it is when the patient is first discharged from hospital. This is due
to progressive fibrosis around scbaceous glands which have been destroyed (Bras, 19524). In
some paticnts cheloidal scarring occurs with warty outgrowths which may require removal.
In the days when multiple subcutaneous abscesses occurred, considerable scarring would result
from efforts to treat these.



106 SEQUELAE

Of great importance, however, are the psychological sequclae. In a community wherc
smallpox is common, as in Europe in the past and in Asia today, scarring on the face causes
little or no comment. At onc stage in history, it was cven considered inadvisable to marry
an unpockmarked woman for fear she might contract smallpox and have a severc attack. The
lightly scarred face was recognized as safe and almost beautiful. Today in those countries where

Fi6. 157. Scarring six months after attack. Variola major,
Type 6. Cases of severe variola minor also look like this.

smallpox isararity, the sight of a scarred face causes comment and a varying degree of ostraciza-
tion. In the large cities these things may pass unnoticed, but in the small town or village where
an outbreak of smallpox has been a major catastrophe in its history and will be remembered
for many years, any pockmarked person is for cver identified and regarded as an object of
curiosity. The public in their ignorance may regard the visitation as partly due to some
peculiarity of the individual and years aftcrwards he may still be regarded as being slightly
unclean. The town’s tradespcople and others still regard the unfortunatc person who has had
smallpox as being in some way the cause of the disorganization and loss of trade that occurred
during the outbreak.
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On one occasion a convalescent patient, quite non-infectious, and with very slight, almost
invisible scarring was, on the advice of their medical adviser, refused admission to a con-
valescent home run by the man’s trade union.

The following cxtract from the letter written to such a patient emphasizes the peculiar ideas
of the public even supported by the medical profession.

Rochdale (Lancs.) dated 28th April 1953: *“The Medical Officer of the Home” (a general
practitioner) ““who whilst admitting that your condition is not contagious he is very much
concerned as to the cffect on the minds of the people who are at present in residence in the
home.” How far have we progressed from the Middle Ages!

Fi6. 158. Variola major, vaccino-modified, Type 7. Facial scars
two and a half years after attack. Thosc on the nose are the only
oncs casily scen. ’ S
It is not uncommon, of course, where pcrsonal appearance counts in a job, for the persons

to be discharged, and obviously it is difficult for them to obtain similar cmployment if they

have considerable facial disfigurement. Eventually they shun society, and if there is any degree
of mental instability they have been known to commit suicide.

This intolerance and ignorance is widespread through all walks of socicty, but it leads to
tremendous harm being done to those individuals unfortunate cnough to be badly marked.

In 1954 a television programme was put on to show the course of a smallpox outbreak and
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the methods used to control it. A very laudable object, but the story was so closely based on
the occurrences in a recent outbreak that the unfortunate victims were again made fun of by
their neighbours and workmates.

In those countrics where smallpox is rare, it should be recognized that the convalescent
paticnt requires special after-care largely directed to the education of the public around him,
and this should be the responsibility of the Medical Officer of Health.

Although the majority of cascs of variola minor will not have permanent scars, about 5 per
cent of those admitted to hospital will be affected, some quite severcly—a fact sometimes
forgotten by those who claim it is of no more importance than chickenpox.
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CHAPTER 6
Congenital Infections

It is only rarcly that a person naturally contracts smallpox by the cutancous and not the
respiratory route. In the past it was a recognized hazard of the wet nurse and the nursing
mother, although duc to partial immunity there was often only a local lesion or a modified
attack in these cases. Boobbyer (1894) reported a number of cutancous infections in an outbreak
amongst lace-workers handling infected material. It could also occur in unprotected laboratory
workers handling smallpox virus, and has occutred in those engaged in post-mortem work
(Lyons and Dixon, 1953) (Fig. ro1).

Cascs of smallpox have always been recognized in which a very carly lesion, sometimes

Frc. 159. Variolation, primary lesion.

called a proto-vesicle, appears on the skin, usually of the hand or face, before the general
eruption. It scems probable, although it cannot be proved, that some at least of these cases
arc primary cutancous infections. Most are accelerated lesions at the site of some trauma
in an otherwise normal type of infection. The most common type of cutancous infection was
intentional smallpox by inoculation—variolation—practised cxtensively in the cighteenth
century, the history of which is decalt with at length in Chapter 11. The practice is probably
still performed in some parts of the world today, when vaccination facilities are not available
and a smallpox epidemic is in progress. It was reported in Tanganyika by Rosenwald (19571),
although in most countries it is an illegal practice.

In accidental inoculation the virus can enter the skin through invisible abrasions. The
original Graeco-Turkish technique was to lightly scarify the skin, but this was soon modified
by the carly Western inoculators to a rather deep incision through the true skin. The virus can
also grow in the superficial layers of the epidermis on the floor of a blister, and this technique
was sometimes used, particularly by French inoculators.
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Whether the subscquent course of the discase, the severity, is modificd by the technique, we
shall doubtless never be able to prove. The available cvidence suggests that with deep incisions
accompanied by gross sccondary infection induced by foreign material such as linen thread
and treated by primitive dressings such as cabbage lcaves, there is sometimes poor local
responsc and subsequent severe general infection. A viraemia might be produced by direct
introduction of the virus into the circulation and multiplication in some internal organ, rather
than initial multiplication in the skin. In this way fulminating and malignant types of smallpox
might occur in individuals who had been inoculated. However, most of these cases would
appear to have occurred during epidemics of smallpox when they could well have been infected
by the natural or respiratory route. It is of intercst that the early inoculators were most fright-
ened for the welfare of their patients when the fever occurred earlicr than the seventh or eighth
day, which would occur under these circumstances. All the old accounts of the clinical condi-
tions lcading to death were coloured by the feelings of the inoculators and their desire to be
excused any possible blame. Often they described how the sccondary rash was of the distinct
kind, but by the time the patient died it was often described as ““the pock not filling she sank
under it”’, whether as an accurate description or as an excusc for dying, we shall never know.
In my opinion fulminating and malignant cases will not occur unless the virus gains direct
access to the circulation and multiplics in an internal organ, when the primary lesion may not
show the normal development. This has been noted in some of the fatal cases. When the virus
is localized in the skin, primary growth first occurs there and types 4-9 can then occur. When
this is so, casc mortality will be quite low, particularly when children under two years are not
done and the aged and infirm and the pregnant are also excluded—a common policy in the
cighteenth century.

In the majority of cases, however, the process of inoculation of virus into the skin was
followed by fairly constant and orderly changes ably described by Dimsdale (1767) and others.

If smallpox virus is applicd to a small clean abrasion of the skin as in a modern vaccination,
nothing is scen for about forty-cight hours when a small papule forms surrounded by a small
arca of erythema. During the third and fourth day the papule grows, becomes rather hard to
the touch, the part may irritate slightly, and by the fifth day a very small vesicle can be seen.
By the sixth day the vesicle will be growing and there may be some pain in the axilla. The local
lesion continues to grow and by the seventh day, but more often the cighth, general symptoms
appear with fever, and slight pain in the head and back. Dimsdale stated that it is usual for the
patient to complain of an unpleasant bitter taste in the mouth and the obscrver noticed a
peculiar smell of the breath characteristic of smallpox. By the cighth or ninth day the lesion
on the arm has considerably increased in size, depending partly on the size of the original
inoculation site, but there may be much ocdema and erythema, sometimes cxtending half
round the arm. There also may be a number of secondary pustules at the edge of the original
lesion. The pyrexial attack does not normally last for more than forty-cight hours unless the
patient is getting a scvere attack. It may only last a few hours or may be completcly absent,
particularly when no general rash appears. On about the ninth day further lesions appear in
the skin, commencing as macules, rapidly becoming papules and within forty-cight hours
vesicles. These lesions, similar to modified smallpox, first appear on the face and then on other
parts of the body. When the lesions arc very few it is not uncommon for them to appear over
the next three or four days similar to the cropping of natural vaccino-modified smallpox, but
when there are a large number, between 300 and 1,000, they appear more consistently like a
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normal attack of discrete smallpox, so that thesc cases at the cleventh or twelfth day are almost
identical in appearance with a natural attack. Even in those cases that have a large number of
lesions the latter mature more rapidly than in natural smallpox so that scabbing occurs threc
to four days carlier and the lesion, being more superficial, gives risc to less scarring. The more
superficial nature of the lesions even in the severe attacks,

and the more rapid maturation, gives very much less chance
for serioussccondary suppuration to occur, a point in favour
of even moderately scvere inoculated smallpox compared
with the natural discase and much stressed in the cighteenth
century. By the eightcenth or nincteenth day most of the
scabs will have been shed except the seeds on the hands and
feet.

When the rash was of type 7 the process of maturation was
so accelerated that it was exceptional for many of the lesions
to leave permancnt scars. The frequency of this type of casc
gave risc to the claim that inoculated smallpox never caused
scars. This, of course, isno more true than the popular opinion
that natural smallpox always gives rise to scars. The develop-
ment of the primary lesion followed by a mild fever but no
rash surprised the carly inoculators and probably accounted
for the morc energetic techniques to ensure cvidence of
“genuine” smallpox. The later workers recognized by the
cxperiment of repeating the inoculation and finding it fail or
cxposing their patients to smallpox without harm, that the
individual had indeed had smallpox, but without a general
rash. Some then remembered the observations of de Haen
(1775) and others that natural smallpox could also occur
without a rash. Although the majority of primary lesions
were larger, it seems clear that, in some individuals at least, it
is possible to produce a local smallpox primary lesion in-
distinguishable from a vaccination lesion and without any
more serious effects. What degree of immunity this lesion
produces compared with that of a similar vaccination lesion
is not known. It probably gives a much greater degree of
immunity, but, as Jenner tried to prove variolated individuals - pii. 160, Variolation—primary

may subscquently suffer from attacks of smallpox. - lesion on the arm—secondary
Although it would scem that all grades of severity can satellite lesions and a few more
occur from type 4 to type9, it is impossible to assess what pro-  general.

portion of these different types occurred, largely due to the

professional jealousy and sccrecy surrounding the results and the controversial nature of the
practice. From the old accounts it would appear that with a good technique the large
majority of the cases were types 6, 7, 8 and 9. It is difficult to know what the real mortality of
this procedure was and what it would be if practised under good conditions today. If onc
eliminates thosc who died from being inoculated during the incubation period of natural
smallpox, those who died from scpsis, pyaemia, ctc., largely due to faulty local treatment of
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the individuals, those who died from other discases not connected with inoculation; to these
add the hazard of nutritional discases of various kinds and the physicians who starved, purged,
bled, and treated their patients with huge doses of mercurials and other drugs, the number of
persons who really died of inoculated smallpox alone was probably very few. This is borne
out by Rosenwald’s (1951) observations of variolation in Tanganyika.

FiG. 161. Variolation—scars on the arms of three individuals.

Any general dissemination, if it occurred, was very sligh, as
no sccondary scars are visible.

RE-INOCULATION (RE-VARIOLATION)

If smallpox inoculation is done on a person previously inoculated, or in those who have had
natural smallpox and occasionally in others with no history of either, after a few hours there is
somc redness of the skin—there may be slight ocdema and irritation suggesting an allergic
response like an insect bite. In general there is no vesicle, but if contaminated material is used
a non-variolous pustule may result. It would, howcever, appear probable that if the interval
between inoculation re-inoculation was sufficiently long a vesicular response and a seccondary
rash might occur.
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CONGENITAL INFECTIONS—SMALLPOX AND VACCINIA

Smallpox, particularly variola major, is a scrious complication of pregnancy. Most authors
have noted the frequent occurrence of severe, fulminating and malignant cases in pregnant
womcn. I (1948) reported that of the fulminating cascs in the 500 cascs in Tripolitania, three
out of the four in women were pregnant at the time. Welch (1877) had forty-six cascs in
pregnancy. Fourteen of these died. In variola major the foetus is likely to suffer profoundly,
but this will to some extent be affected by the vaccination state of the mother. In variola
minor the effects on the mother and on the foctus arc very much less.

Infection within the first three months of pregnancy is likely to give rise to some uterine
haemorrhage, and miscarriage will commonly occur. Although Jelliffe (1952) reported a case
of possibly congenital cataract, due to maternal smallpox in the first three months of pregnancy
in a vaccinated woman, congenital malformations of the kind recorded with rubella are not
scen. Dcath of the foetus is much more likely, and depends on the pyrexia and maternal
toxacmia. Cases recorded in the literature are of smallpox infection in late pregnancy, when
the infant is likely to be viable. Whether it suffers from smallpox scems to be largely a matter
of chance, and on a number of occasions, as in the casc of twins, onc twin has been infected and
the other has escaped (Fumé, 1759; Davis, 1838; Warner, 1903 ; Marsden, 1930). A review of
the literature by Lynch (1932) shows how incomplete the records are. In forty-six cases where
the infant’s condition is recorded, twenty-six were stillborn, and of the twenty born alive,
cleven died later. Although, in variola major, 80 per cent would therefore appear to die, many
of thesc cases occurred in the ninetcenth century, and it scems possible that more might survive
under modern conditions of handling and treatment.

The incubation period is of interest. In a scrics of cases reported by Marsden and Greenfield
(1934) the incubation period was between nine and twelve days. In the cases I reported in 1948,
it appeared to be between ten and twelve days, to the appearance of the rash. As pointed out by
Marsden and Greenficld, this corresponds very closcly with that of variola inoculata, and is in
keeping with the foctus being infected by the bloodstream. Although the foctus might be
expected to share in the maternal immunity, if present, this doesn’t appear to be so. In one
casc in Tripolitania, the mother suffered a type 2 attack and died, but the infant, although
infected in utero, had a type 7 (mild) and recovered, but in another instance the mother,
who had been vaccinated successfully ten years previously, and had a type 6 attack, the infant
had a type 2 attack and dicd.

In variola minor, the condition is somewhat different. Marsden had seven cases in which
premature labour was not induced, and normal infants were born at least a week after the focal
rash had appcared. Out of thirty-four mothers who had smallpox in late pregnancy, in seven-
teen cascs the infant was infected, whereas in the remainder it escaped.

Robertson (1913) recorded how, in an outbreak of variola minor, twenty-seven pregnant
women developed the eruption. Premature labour or abortion took place in ten, and one
woman dicd after giving birth to a healthy full-term male child. The death was duc to small-
pox rather than childbirth. Premature labour occurred near term in four, two gave birth to
healthy cight-month children the day after the appearance of the cruption which was mild
discrete in both cases. The third was confined with 64-month twins nineteen days after a mild
cruption. The twins were both slightly macerated, and showed traces of a mild cruption in
the desiccation stage. The fourth was delivered of six-month twins, a few weeks after the

1
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eruption which was mild. Onc twin was stillborn without tracc of eruption, the other was
alive and was covered with a smallpox rash, but lived for a few days. Abortion occurred in six
cascs: five were mild attacks, the abortions occurring 19, 21, 24, 29 and 30 days after the
cruption (at 34, 3, s, 4 and 4 months respectively). In four there was no evidence of discase in
the foetus or placenta. In the fifth the foetus had a profuse smallpox cruption in the pustular
stagc. The sixth case was a woman four months pregnant, with a severe attack of variola minor.
Abortion took place on the twenticth day of cruption. The foctus and the placenta were not
discascd but a section of the placenta in one casc was of interest. It showed polymorphonuclear
infiltration in parts, also arcas in which the chorionic villi had undergone ccll necrosis. It was
suggested that, nutrients to the villi being cut off, they had undergone degencration and
subsequent invasion by polymorphonuclear leucocytes. Sixteen pregnant women were not
affected, four had severe attacks and they were all seven months pregnant. They eventually
gave birth to full-time, healthy children. The remaining twelve all had mild attacks, and were
from two months to full term. Six babics were born whilst the mothers were in an infective
state, four developed the eruption s, 9, 11, and 15 days after birth respectively; of the other two,
onc was successfully vaccinated when two days old and the other was unsuccessfully vac-
cinated, neither acquiring the discase.

Although Marsden and Greenfield (1934) classify inherited smallpox into four types, there
appear to be two principal divisions:

(i) True congenital smallpox, where the infant is born with a rash at any possible phase of
development, although usually in the vesicular or pustular stage. The maternal attack of small-
pox is mild, and the infant remains in utero for more than ten days from the onset of the
mother’s illness.

(ii) Infection occurs in utero, or possibly at the time of scparation from the parent. In some,
the interval between the onset of the mother’s pyrexia and the appearance of the child’s rash
is from nine to twelve days, indicating a blood-borne infection, but in others it may be fourteen
days, suggesting that it has been infected by the respiratory tract at the moment of birth,
presumably from virus on the skin of the mother, or on clothing or bedding and derived from
her respiratory tract. Successful vaccination, performed at birth, may modify the attack, and
save the infant’s life. It is important to remember herc that at least three insertions should be
done, using a fairly ‘horrific” technique, cross-hatching and large insertions. Hyper-immune
gamma-globulin might be of valuc in this type of case but vaccination is cssential. Sicgenbeck
van Heukelom (1949) quotes a case where the mother suffering from smallpox breast-fed the
baby and had it in bed with her, but it did not contract smallpox and when vaccinated some
time later had a typical primary reaction.

It scems that, in variola minor, infants who are born during the latc convalescent stage of
the mother, and who arc immunc to vaccination after birth, may possibly have had an
intrauterine attack of smallpox, and completely recovered without leaving any scar (Marsden
and Greenfield, 1934). This, however, would appear to be unlikely in any but the mildest
cascs of variola major. In the majority apparcntly immune to vaccination, immunity is morc
likely to be duc to passive transfer of antibodics from the mother. It would be unwise, how-
cver, to assume that failure to obtain successful vaccination was due to this cause, and if the
infant is to remain in a smallpox-infected environment, attempts at vaccination should be
persisted in. In many infants born of variolous mothers vaccination performed at birth is
successful and should obviously be attempted in all cases.
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Much less is really known about intrauterine infection with vaccinia. It would appear that
vaccination within the first three months of pregnancy may cause the death of the foetus more
frequently than was previously supposed (MacArthur, 1952) (see Chapter 7). Of infants born
at or ncar normal term, the problcm is much more complicated, owing to difficulties of diag-
nosis between variola and vaccinia. Jenner reported a case of a woman vaccinated in the eighth
month of pregnancy, in which foctal movement was noticed to ccase twenty-three days later,
and at five wecks a stlllborn foetus was delivered. About thirty pustu]cs were present, and yet
he regarded this as “smallpox infection communicated to the foctus in utero under peculiar
circumstances” . It could also have been a vaccinial infection. Unfortunately many of these
cascs occur during outbreaks of smallpox, when vaccination has also been done, although
the reports rarely give any indication as to whether the individual has really been exposed to
smallpox. It should be noted that on a number of occasions where vaccinia can be ruled out
the foetus has had evidence of smallpox infection, although the mother has only had an attack
of variola sinc cruptione. If, therefore, vaccination has also been done, the blame is likely to
be laid to this instcad of to smallpox.

It would seem that some cases that have been labelled smallpox are really due to vaccinia,
although Ballantyne (1902) and other writers have been convinced that cutancous manifesta-
tions of vaccinial infection do not occur in the foetus. Lynch (1932) surveyed the litcrature and
presented a case that he described as generalized vaccinia in the foetus, and a sccond case was
recorded in considerable detail by Macdonald and MacArthur (1953). In this case, shown in
Fig. 162, the infant, who dicd somec fifteen hours after birth, was premature and about
six months” gestation. The mother had been given a primary vaccination when she was about
threc months pregnant. She developed a fairly severe reaction, with induration, and was off
work two or three days. Eleven weeks later, she was spontancously delivered of the premature
infant. She had given birth to a normal healthy child eighteen months before, and her blood
Wassermann and that of the child were both negative. The lesions on the skin were large,
circular umbilicated, greyish-white sodden lesions, with no surrounding crythema. Under-
neath was some cascous material, on a basis of granulation tissuc. A number of lesions had
coalesced to form a large confluent arca. All the lesions had obviously been present for some
considerable time, and clinically were somewhat similar to thosc present m vaccinia gan-
grenosa, bearing in mind that they would be protected in an aqueous medium. There was
no abnormality of any other organs, except in the substance of the right lung, a firm arca one
centimetre in diameter was found in the posterior lower lobe, and next to it, beside a small
bronchus, was a smaller red focus. The details arc given fully in the paper by Macdonald and
MacArthur (1953) and they put forward some interesting theories as to the possible mechanism
in this rare type of infection. First, infection could be blood-borne direct to the foetus, traversing
the placental barrier. It has been claimed that infants who are born insusceptible to vaccinia may
have developed active immunity in utero by being invaded by virus at the time of the maternal
viraemia, although it is more likely to occur by the transfer of antibodies. In view of the
frequent, almost universal viraemia accompanying primary vaccination, it is surprising that
the foctus would not be infected more often, or that a much larger proportion of infants would
in fact be born 1nsusccpt1blc to vaccinia, Barlier observers (Ballantync, 1902) have suggcsted
that it is only vaccination within the last three months of pregnancy which will give rise to
sufficient degree of immunity to prevent vaccination at birth and then only in about one-third
of cases.
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The sccond theory is that maternal viracmia may lcad to a lesion in the placenta, and subse-
quent blood-borne invasion of the foctus from this lesion. The foetal lesion would then occur
later than that in the mother, and is likely to be influenced by immunity she has developed.

Fig. 162. Congenital genceralised vaccinia.

The third suggestion is that the placental membranes might have had a general infection,
and the foctal skin would be bathed in infected amniotic fluid. Unfortunately the placenta and
membranes were not kept in this case, so that neither of these possibilities could be proved,
but the writers feel that the peculiar distribution, largely on the extensor surfaces of the foetus
subjected to pressure, suggests that infection was through the amniotic fluid, rather than
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through the blood-stream, and that the lesion in the lung was not blood-borne, but due to
contact with infected amniotic fluid during respiratory movements. Although it is suggested
that the pressure might have induced lesions on the extensor sites in the manner similar to
pressure points in smallpox, it seems much more likely that the infection was a mechanical
one, particularly via the hair follicles, due to the pressure on the skin, the infant being bathed
in infected amniotic fluid.

The fourth hypothesis, which the authors admit is purcly conjectural, but which is of some
interest in view of the rarity of this condition, is that this woman, who was three months
pregnant, was unmarriced and had already had one illegitimate child, was ill and unfit for work
during the period of viracmia from vaccination, and possibly may have attempted abortion
at this time, and in this way opened up the vessels, allowing the transmission of virus direct
from her blood-stream to the amniotic cavity.

Possibly the condition may not be as rare as the two recorded cases would imply, but much
further investigation is required to test these interesting theories. The clinical similarity with
vaccinia gangrenosa would suggest that some defect of immunity mechanism or serum
proteins might also occur, and perhaps determines the rarity of skin lesions in foctal infection
with vaccinia virus.




Fic. 163. Vaccinia virus (X 64,000).

CHAPTER 7 { Clinical Vaccination

ORIGIN OF LYMPH

The original material for vaccination was obtained from cowpox lesions on the udder of
the cow, or from human cascs.

The nearly clear exudate, called “lymph”, was taken from the vesicle and inoculated into
the skin of the arm, and a supply was maintained by removing lymph from the vesicle at about
the eighth day, sometimes carlicr, and using this for further human vaccination. The material
was also dricd on threads and pieces of ivory, but generally had a short life. Jenner’s original
strains were soon lost.

The material first used in London by Woodville and Pearson was obtained from a cowpox
lesion on the arm of Sarah Price, milkmaid in a dairy in Gray’s Inn Road. Supplics were also
obtained from Clarke’s farm in Kentish Town, and Jenner was sent some from this source.
As related in the chapter on the history of vaccination, Woodville’s lymph probably became
contaminated with smallpox virus, as it was uscd within the smallpox hospital, but he continued
to usc it and distribute it widely, Jenner receiving a supply derived from a case named Bumpus.
Although Woodville’s lymph, used in the smallpox hospital, gave rise in two-thirds of the
cases to a sccondary rash, almost certainly smallpox, the same material when used in the country
or on his own private patients, very rarcly gave any gencral cruption. Much, if not most, of
this smallpox was duc to simultancous infection by the normal respiratory route, but it would
appear that if a mixed variola-vaccinia 1ymph is used, it will yield vaccinia on human propaga-
tion rather than variola. Apart from vaccinia virus bein g morc dermatrophic, the opcrator will
tend to reject for further use material from a case having a generalized cruption, so that a
sclective effect occurs.

Sacco in Italy obtained an independent supply from a casc of cowpox in the cow, and sent
some to Austria (de Carro, 1804) and clsewhere, but much of the lymph used in carly vac-
cination in Europe came from Woodville in London. This material, through the hands of
Lettsom, Jenner, Haygarth and others, was also sent from England to Amcrica. Although
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some claim to use a direct descendent of Jenner’s “lymph™, and some strains undoubtedly
passed through Jenner’s hands, none are derived from his original experiments.

Jenner regarded arm-to-arm vaccination as the normal method of propagation, but others
wished to simulate cowpox more closcly by inoculating a cow with material from a human
case, the process being termed retrovaccination. There appeared to be no difficulty or un-
certainty in the process, so long as the animals were sufficiently young, and it enabled a con-
siderable amount of vaccine material to be produced. It was used in 1805 by Troja, shortly
after the introduction of vaccination into Italy, and was continued until 1842, when Negri
gave up retrovaccination, and began to propagate the virus by inoculation from one cow to
another. Subsequently he came across natural cowpox in Calabria, and continued with this
source of virus, but in 1858, for reasons unknown, he rencwed his supply, but this time it
was obtained from London, and therefore there can be no certainty as to its source. This strain
was obtained by Lanoix in 1864, and taken to Paris, where with Monsicur Chambon he set
up what was ultimatcly to become the Institut de Vaccin in the Rue Ballu. Shortly afterwards,
a natural source of cowpox was discovered at Beaugency, and the Neapolitan strain was
abandoned. In 1866, another source of cowpox, at Saint-Mand¢, provided a new source of
virus, and the two strains were mixed, and have been used cver since. Bovine vaccine was
increasingly used. It was introduced into Boston in 1870 by Martin, using the Beaugency
strain, into Japan in 1874, but not into England, largely duc to the efficient collection and
distribution of human lymph, until 1881.

Arm-to-arm vaccination, over long periods, undoubtedly weakens the virulence of some
strains, giving risc to poor reactions. Gins (1949) states that by 1860 vaccination in Germany
bore only faint resemblance to Jennerian vaccination. As new sources of cowpox could not
be casily found, its possible derivation from smallpox was tricd carly, although never attempted
by Jenner. In 1801, Dr. Gassner of Giinzberg in Bavaria is reputed to have successfully
inoculated smallpox virus onto the cow once in cleven attempts. In 1828, Dr. Sonderland
claimed to have infected cows from blankets which had been in contact with smallpox patients.
Thiele in 1839 and Ceely (1840) both produced artificial cowpox, which was used in large-scale
vaccination. Haccius (1892) gives a list of some twenty investigators, cight of whom made
successful inoculations of smallpox virus in the calf, which after two or three passages in the
calf, and five or six in humans, produced entirely normal vaccinations in children. Success
came to most of the investigators only after many attempts. Badcock is reputed to have made
five hundred attempts, over a period of twenty-five years, thirty-seven having been successful
(Copeman, 1898). Jenner himself suggested that some special traumatic factor was necessary,
cven for the transfer of cowpox from cow to cow. Copeman (1921) stated that smallpox virus
derived from inoculated smallpox in man was necessary, and that virus derived from natural
cascs of smallpox failed. He appears to have assumed this following his successful experiments
using variolation of the monkey as the source of his material for the calf, but he gives no proof.

Crookshank (1889), supporting thc work of the Commission of Lyons, believed that
vaccine derived from the inoculation of cows with smallpox was still smallpox virus. The
experiment was not continued long enough, and contamination of the site, or of the instru-
ments, did give rise to the persistence of smallpox virus, so that direct inoculation of the
scrapings gave rise to this discasc and not to cowpox. This also happened to Martin in 1860.
Badcock’s 1840 strain was used for over 14,000 vaccinations which never gave rise to an
infectious discase capable of spread from individual to individual, such as had occurred with
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every other strain of genuine smallpox virus used in variolation. The problem is further con-
fused in that cowpox lymph derived from the earlicst passage, when inoculated into man,
gives risc to a considerable amount of reaction, and occasionally some genceralization. Nobody
today scriously suggests that modern vaccinia strains arc variola virus.

The relationship between the viruses of variola major, variola minor, vaccinia and cowpox
has been studied by laboratory workers for a long time, from Blaxall (1923) and Gordon (1925)
to the more recent studies of Downie and his colleagues (Downic and Macdonald, 1950;
Downic and McCarthy, 1950; Downic, 1951)) and by Fenner (1958). Although variola major
and variola minor are so distinct epidemiologically, there was until recently no method of
detecting any difference between these viruses, whose antigenic structure appears to be almost
identical, but the work of Dinger (1956) and Helbert (1957) suggests that growth in the
chorioallantoic membrance may show a quantitive difference. Nizamuddin and Dumbell (19671)
describe a simple test which appears to differentiate clearly between a number of cpidemio-
loglcally distinct strains. Ten variola major strains produced lesions on the chorioallantois at
38-38-5° C. after 2 to 3 days’ incubation. Four strains of variola minor v1rus did not.

Cowpox virus recovered from accidentally infected man or from cows in “spontancous”
outbreaks can be clearly differentiated from current strains of vaccinia (Downie, 19394, b;
Fenner, 1948) on the characteristics of growth on the chorioallantois. It would scem possible
that even the so-called ““spontancous™ strains of cowpox which are recovered in England,
Holland and some other countrics today are derived from strains of vaccinia rather than from
smallpox, which was probably the origin of the cowpox scen in the time of Jenner. Perhaps a
clue to this lies in the white variants of cowpox grown on the chorioallantois described by
Downic and Haddock (1952) and van Tongeren (1952) and found again in the strains cxamined
extensively by Fenner (1958), as these closely resemble strains of vaccinia in some but not all
characteristics. Although some of the outbreaks of clinical cowpox in both animals and man
have been shown to be due to direct vaccinial inoculation of the animals, the source of spon-
tancous cowpox often cannot be discovered, and must be derived cither from previous clinical
cascs which have been missed, or from symptomless carricrs of virus in bovines or some other
animal. (Scc Chapter 8.)

Fenner (1958) states: “The variability in the characters of vaccinia strains, all of which are
undoubtedly vaccinia, is great, and there is no reason to belicve that we have traversed the
whole gambit of differences. Perhaps the only characteristics that are relatively constant arc
the antigenic structure, as determined by ncutralization and complement-fixation tests, the
morphology of the clementary body and the fact that all strains of vaccinia produce relatively
large pocks on the chorioallantoic membrane. Even in such properties as heat resistance and
the productlon of hacmagglutinin, strains were found which diftered profoundly from most
of the others.” This cvidence supports the view of many cpidemiologists, clinicians and others
mtimately concerned with smallpox over the last 100 years, that considerable variation exists
in the power of vaccinial strains to producc lasting immunity in man. Figures from India,
quoted by Thanawala (1956, 1959), showing high fatality rates in children under ten years
of age, with cvidence of having been successfully vaccinated, suggest that the immunity
produced must be of a very short duration. The virulence, or power to infect, so important in
revaccination, was shown by Rivers et al. (1939) to vary widely in three different strains, two
of them commercial vaccines used for public vaccination in the U.S.A. The information from
vaccine institutes is sometimes obscured by the pride which cach takes in its own product.
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The pedigrees of vaccinia strains in use today are very mixed. Most are claimed to be derived
from natural cowpox, or from smallpox, both variola major and variola minor. That used by
the Lister Institute is derived from a smallpox strain from Cologne, in the late nincteenth
century (McClean, 1949). Almost all strains have been in use since the end of the last century,
but some arc older. Onc at least, in use in Korea, is a recent strain, having been evolved from
smallpox virus by the Japanese about 1942. It is not uncommon for a vaccine institute to
import a strain of vaccinia and to usc it as secd virus mixed with the local strain. Fenner and
Comben’s work (1958) would suggest that new strains might be evolved in this way.

Repeated passage of the virus through the calf or other producing animal is usually con-
sidered to lead to loss of virulence, and many laboratories, either as a routine, or from time to
time, passage the virus in the mbblt monkey or in human beings, to rejuvenate the sced virus.
McClean (1955) considers human passage is unnccessary and possibly dangerous. There is
considerable lack of uniformity in policy in different institutions. In Bandoeng in Indonesia,
buffalo lymph has been used for many years without passaging the material in any other
animal. Field results obtained with this lymph, admittedly in a dricd form, suggest that its
potency is not as great as some others (Dixon, 1954). The Buddingh strain of virus used in
Texas for ninc years through 240 transfers in the chorioallantoic membrance showed loss of
potency, and was ultimatcly replaced by a new strain derived from calf lymph (Cook et al.,
1953), although other writers have claimed long usc of chick virus without loss of potency.

Commercial techniques in vaccine production vary in detail, but arc similar in general
principle. The animal is kept in quarantine, usually for a fortnight, and after an cxamination
to cnsurc that it is healthy, the skin is prepared by being shaved and washed with ether soap
and rinsed with sterile distilled water. This reduces the bacterial contamination. The cleansed
area is lightly scarified with a sterile, eight-bladed scarificr, and about 8 ml. of sced vaccine
arc applied to the scarificd arca (in the sheep). Each animal is then returned to a special pen,
and after a four-day incubation period, or when the operator considers he will get the maxi-
mum yield, the animal is killed, washed again, and the vaccinated area is curctted with a special
Volkmann’s spoon. A post-mortem cxamination is done, to ensure as far as possible that the
animal was healthy. The pulp, which is pale pink, because of slight blood contamination, can
be stored at — 10° C. for long periods, until required for further purification. At the Lister
Institute, McClean (1949) grinds the crude vaccine pulp with twice its weight of 1 per cent
solution of phenol in sterile distilled water, and allows this to stand at 22° C. for forty-cight
hours. Phenol greatly reduces the number of contaminating organisms. Glycerine, equal in
volume to the amount of phenol solution, is then added, so that the final concentration of
phenol is about o- 4 per cent. The lymph is then sieved and stored at below — 10° C. In recent
years, laboratories have also used penicillin, streptomycin and other antibiotics to reduce the
bacterial content below the minimum required by the therapeutic substances regulations of
different countries. The vaccine should not contain human pathogens, and hacmolytic
streptococci, Bacillus coli, tetanus and anthrax organisms arc specifically tested for. On the
other hand, absolute freedom from harmless contaminants is not essential; indeed, they may
have some synergistic effect on vaccinial growth. Although the virologists attending the
seminar on smallpox vaccination under the auspices of WHO at Lima in 1956 resolved
unanimously that vaccine lymph should be obtained with as low a bacterial count as possible,
I wonder whether the quest for absolutely pure virus suspensions is as valuable a contribution
to the prevention of smallpox as may appear at first sight.




122 CLINICAL VACCINATION

It should be noted that vaccine may contain other virus material derived from the animal,
such as that of foot-and-mouth discasc (Magnusson, 1930). To overcome these difficultics,
purified vaccinia suspensions have been prepared by Yaoi (1934) and others, and more recently
by L. H. Collicr (1952). Some involve the preparation of virus in the chorioallantoic mem-
branc of hen’s cggs (Rivers 1935), when a bacteria-free suspension can be obtained, or a
technique is used depending on fractional centrifugalization (Collier, 1952), or using bac-
tericidal substances. The sheep, used by Green at the Lister Institute during the 1914-18 war,
appears in many ways to be more satisfactory than the calf, and is cheaper (Topa, 1951),
and most of the world’s vaccine is still produced by animal inoculation. There seems to be

FiG. 164. Vaccinia virus in the cells of the Chorioallantois.

some reluctance to substitute cgg vaccine, although, in the opinion of some, the yield
appears to make it an cconomic proposition. Technically, it requires more skilled personnel
and supcrvision than animal inoculation, and there would appear to be a greater risk of con-
tamination with viruses pathogenic for man, although bacterial freedom can be readily
achieved.

The difficultics in maintaining glyccrinated lymph, particularly in tropical climatcs, led to
many cxperiments with other forms. Lanolated lymph was introduced at the end of the
nineteenth century, with varying degrees of success, but today is usually regarded as un-
satisfactory, although it has been used in parts of Africa quite recently (Blair, 1955).

Dried vaccine has been used since the time of Jenner to allow a carry-over between successive
scrics of arm-to-arm vaccinations. According to W.A. Collier (1952), dricd vaccine was officially
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recognized in Austria in 1836, and was commented on favourably by Scaton in 1868. Prior
to 1881, all methods had used natural drying, and protection from light, but Reissner (1881)
dricd the lymph in a desiccator. Tt appeared to be satisfactory not only in Europe, but was also
tricd in the tropics. From then on, a number of workers (Blaxall, 1902; Carini, 1906; Achalme
and Phisalix, 1909) all claim to have produced dried vaccine which would remain viable at
tropical temperatures for a month and sometimes as long as three months. Although claims
were often made of a high take rate, up to 85 per cent in prlmary vaccinations, these were often
doncon a very small number of cases, and success in revaccination was taken for granted, any
sort of reaction being regarded as positive. Many of the experimenters were satisfied with take
rates in primary vaccination of only 60 per cent, and it was rare to find any with a take ratc of
much above 80 per cent. Variation between different batches of lymph, dried by the same
process, scems to have been one of the main troubles, and although live virus might be present
for as long as ninc ycars as in Otten’s technique (W. A. Collicr, 1952), the normal primary
take rate was not above 85 per cent, and local doctors could produce a better response with
glycerinated lymph from the same source.

In 1952, L. H. Collicr dried a purified virus suspension in a peptone medium, and following
the WHO trials in 1952 of dried vaccines produced in different countries (Cockburn et al.,
1957), it was shown that this one, produced by the Lister Institute, gave a product which
satisfied all the requirements. Tested by Cross, Kaplan and McClean (1957) it is a considerable
advance, on anything previously used, and a description of the method of production is
given in full in Appendix 1 page 450. It is taken from the WHO report of the tenth World
Health Assembly. The vaccine remains potent at 37° C. for at lcast three months. In the
original trials carried out by Cockburn ez al. (1957) it was claimed that 100 per cent successtul
primary vaccination was obtained in adults, with vaccine containing 10* infective units(1.U.)
per ml. The scrics tested was relatively small, and primary vaccination in infants, although
not reported upon, would probably give a take rate of 96 to 98 per cent. Partly detcriorated
vaccine of 10% LU per ml. produced smaller lesions and a 50 per cent take rate, but Cross
(1959) has shown that these lesions, small when seen at the cighth day, are really delayed
normal vaccination, and the level of immunity, as judged by scrological tests, appears to be
satisfactory.

The importance of the time of vesiculation, rather than the time of vaccination, has been
repeatedly stressed in the past by Ricketts (1908), Marsden (1948) and others. The delay in
obtaining immunity from partly deteriorated lymph would be no serious disadvantage in
routinc primary vaccination, although it would be in attempting to control smallpox out-
breaks by expanding ring vaccination. No evidence has been presented to date of the power of
this vaccine to cffect revaccination, compared with glycerinated lymph. This is a far more
critical test, the importance of which I have stressed before.

Potency of vaccine is normally tested by comparison with a standard vaccine, in the pro-
duction of lesions on the scarified skin of the rabbit. More recently, pock-counting techniques
have been used, growing the virus on the chorioallantois. These methods are discussed by
McClean (1955), Westwood, Phipps and Boulter (1957) and Dumbell, Downic and Valentine
(1957). The WHO study (Cockburn et al., 1957) suggested that satisfactory smallpox vaccine,
from whatever source, should have a pock count of 108 L.U. per ml. Although the take rate
will be affected by the vaccination technique, in particular size and number of lesions, approved
vaccine should produce at least 95 per cent (plus or minus 3) insertion take rate of genuine
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Jennerian vesicles in infants over three months of age, and at Ieast 98 per cent (plus or minus 2)
take rate in known susceptible adults. For significant results, a suitable sample size for infants
is about 210, and a suitablc sample size for adults is about 190.

It scems unfortunate, as L have pointed out before (Dixon, 1954), that some laboratories have
little idea of the success or failure of their vaccine in practice. In some, small quantitics from
cach batch arc used in the routine vaccination of infants, but often little attention is paid to
this, and practically neverisa comparativc trial in revaccination performcd such as that done
by Rivers ¢t al. (1939). It is of intcrest that McClean (1950), commenting in the Bulletin of
Hygw;zc on the dried vaccine produced by Fasquelle complained that the only result recorded
was the take rate in human beings, and not the virus counts. Unfortunately we have no
laboratory tests which effectively measure the immunity level produced by vaccination against
smallpox, but it would scem there is room for more combined field and laboratory tests,
similar to that of Cockburn ¢t al. (1957) but on a larger scale, to try and determine which
vaccinial strains give a high level of immunity, and which have the property of overcoming
skin insusceptibility in giving cffective revaccination. Even allowing for the over-optimism of
the carly vaccinators, the literature of the last 150 ycars records many obscrvations of
experienced vaccinators that the vaccine and duration of immunity obtained in their day
appeared to be less satisfactory than in carlier times. We have consistently followed the path
of producing a morc elegant vaccine, but onc which need not necessarily produce such a
satisfactory level or duration of immunity.

Vaccine pulp of diffcrent kinds and concentrated virus suspensions, can be stored for long
periods at Jow temperatures. The life of glycerinated vaccine under different conditions of
storage is given by Sachs (1951) as follows:

Storage temperature Life
(a) Minus 10-20" C. (a) Twclve months from date of manufacture
(b) Refrigerator temperature, 2-10" C. (b) Fourteen days from date of issue
(¢) Cool, dark place {¢) Not more than seven days from date of issuc

It is important to remember that the manufacturers of lymph err considerably on the side
of safety, as they have their reputation to maintain. Vaccine should not be removed from cold
storage and allowed to remain at room temperature and then returned to store. This appears
to hasten deterioration. Exposure to hght is also harmful. Batches of lymph will sometimes
remain potent for a surprisingly long time, cven at room temperature, and hence the dangerous
opinion of some practitioners that lymph need not be stored under the conditions laid down in
the supplier’s instructions. It must be pointed out that some batches of lymph deteriorate
quite rapidly, and therefore the instructions are aimed at sccuring a margin of safety for all
batches. Successful vaccination has been obtained, even in tropical countries on a few indi-
viduals, with lymph that had been kept at room temperature for over a year, and the most
extreme example 1s a strain reported by Kaiser (19571), rcputcd to be able to withstand boiling.
A small number of virus particles appear able to remain alive under conditions adverse to the
majority. The great virtue of dricd lymph is its ability to withstand storage at ordinary
temperaturcs, and in the more modern ones at extremely high temperatures, 45° C. for over
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Dried vaccine, Bandoeng
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9. Dried vaccine, London, 100 doses,
to. Virus suspension, Tokyo.
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eight weeks, 37° C. for at least three months. Even this type of lymph should be stored at as
low a temperature as is practicable, and should not be exposed to light. It is very important to
appreciate that once dried vaccine is reconstituted, usually with glycerine saline, its life at full
potency is very short (as with ordinary glycerinated lymphy); under tropical conditions it may
not be more than a few days. Duc to the dangers in reconstitution of adding infection,
particularly under ficld conditions, it is desirable to regard reconstituted lymphs as having a
shorter life under the samc conditions as ordinary glycerinated lymph, and limiting its use
to the day of preparation.

Amongst clinicians, it is an almost universal opinion that during a smallpox outbreak, when
the lymph is being issued fairly rapidly from the producing centre, the later batches produce
a much greater take rate, particularly in adult revaccinations. The possibility of this is denied
by most laboratorics. One must admit that during an outbreak the clinicians may do their
vaccinations more conscicntiously, perhaps with larger inoculations, but it scems possible that
there are other factors affecting the avidity of lymph which are not revealed by the ordinary
tests carried out to satisfy the legal requirements in cach country. I feel there is room for further
investigation on the possible effects of long storage, even under conditions which to the
virologist appcar quite satisfactory.

In most countries, vaccinia virus is supplied to practitioners in glass capillary tubes. These arc
nominally sufficient for one vaccination, but even thosc issued in England, which are very fine,
can be used to vaccinate quite a large number, over twenty persons, if an economical technique
is used. In some countries the capillary tubes arc much larger, and may contain five or ten
“doses”. Metal tubes similar to those used for toothpaste, and ampoules and larger bottles
of various sizcs, contain quantitics rccommended for 25, 50 or 100 vaccinations, but in general
many more vaccinations can be done than the number quoted. The vaccine deteriorates at
room temperature, and therefore the size of the container should depend on the number of
vaccinations to be done. In general, the issue of lymph in very small containers, capillary tubes,
is probably the best, as this allows a small number to be taken from the refrigerator, and after
vaccinations are done, any unuscd can be thrown away, and not returned to the refrigerator.
If larger containers arc used, these may be satisfactory for the vaccination of large groups at a
time, but there is a real danger of the vaccinator, particularly if a medical auxiliary, keeping a
partly uscd ampoule from onc day to the next with, under tropical conditions, a serious decline
in activity. My survey of vaccination practice in some fourteen countries in the Western Pacific
and South-East Asian regions for WHO in 1954 showed that much of the failure of vaccination
was duc to the lack of appreciation by vaccinators of the rapid deterioration of lymph. In some
instances, this was aggravated by the size of the container in which the lymph was 1ssucd.

Failure to understand the situation was often duc to not appreciating that in the deterioration
of vaccinia suspensions sonic more resistant particles survive longer, and so give some positive
takes in primary vaccination, cven under adverse conditions. Unfortunately the negative
response in the remainder of individuals is taken to imply immunity, although they are often
susceptible to fully potent lymph, and so to smallpox.

TECHNIQUE

Although some immunity can be obtained by subcutancous inoculation, maximum
immunity and true Jennerian vaccination is only achieved by growing the virus in the
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cpidermis. It is cssential therefore that virus be applied by a suitable technique to living cells.
With live virus, an exact dosc is not necessary, although Jenner himsclf had no clear views on
this subject. Pearson, his contemporary, thought that in inoculated smallpox the quantity of
virus did not influence the severity of attack. On the other hand, Sutton and Dimsdale only
used a scratch an eighth of an inch long. Hime, writing in 1896, felt that the application of
much virus overcame any inherent protective mechanism, as is commonly scen in invasion
of the body in other ways, and belicved that increasing the arca of contact between the virus
and cells not only increased the chance of virus growth, but the degree and duration of
immunity.

There appears to be some evidence that the more virus that is applicd per unit area, the
greater the chance of success, and that vaccine suspensions with a large concentration of virus
particles appear to be more successful than those with few, particularly in revaccination, but
positive takes can occur with extremely weak concentrations, diluted to 1 in 500,000, and
inoculated on exceedingly small sites.

There is some variation in the susceptibility of diffcrent arcas of the skin. In revaccination of
partial immunes, using multiple sites, it is not uncommon to sce one take, with definite viral
growth, and the other two or three show an allergic response. Although the dosc of virus is
very small, increasing the bulk of the material applied, of allergens and possibly of contamin-
ating, non-pathogenic organisms, may act in increasing the chance of take.

The level of immunity obtained appears to be independent of the site, but successtul primary
Jennerian vaccination always lcaves a scar. Site thercfore has to be considered from a number
of aspects. The primary vaccination techniques described below will leave a minimal size scar
about a quarter of an inch in diameter, free from keloid formation, and although not a beauty
mark, it nced not be very disfiguring. A little artistry can be used in selecting the site, andifa
B.C.G. scar is also present, it is my practice to site the vaccination so that the two give a nicely
balanced appearance. If vaccination is done in infancy, the scar will grow to roughly double
the size of primary vaccination by the same technique in the adult. In old age, the scar tends to
become less distinct, particularly if foveation was originally absent. Decply foveated scars
never completely disappear.

In some countries it is increasingly difficult to find sites on the body where scars are not
exposed to view on some social occasion. The medical literature abounds with descriptions by
enthusiastic medical practitioncers of recently discovered *“ideal sites”. Almost every part of
the body appears to have been used at some time or another. At first appearing so advantageous,
these “new’” sites never seem to gain popularity, and their inventors return to what is almost
universally regarded as the best site, that is the outer aspect of the arm, about the level of the
deltoid insertion. It is convenient of access, without much laborious undressing, it is unlikely
to get knocked, and the sccondary lymphatic reaction appears to be minimal. It is, however,
a conspicuous place, and some prefer the inner aspect of the upper arm, or the flexor aspect
of the forcarm. The skin is particularly thin at these sitcs, and appears to give relatively small
reaction, although more likely to injury. Although the forcarm has never been particularly
popular in England, it is used considerably in some continental countrics, and for self-vac-
cination. In some parts of the world, the anterior abdominal wall is used. It has the advantage
that it is usually covered. The leg has also been a popular arca, but the upper part of the thigh
is particularly unsatisfactory as the skin is thick and the reaction tends to be much greater than
on the arm. The lower part of the thigh, particularly the outer aspect, and the lower leg, over
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the calf muscles, have also been used, with varying degrees of success, but both are liable to
injury. In a young infant, the solc of the foot is a satisfactory site, particularly from the point
of view of the scar.

Owing to much personal bias over cheice of site, it is not casy to prove the merits of one or
other in giving the lowest rate of complications. It is probably fair to say that, when complica-
tions arise, they are more inconvenient on some sites than on others. In some parts of the world,
due to habits in dress and tight clothing on the upper arm, the lower leg is used. The hand should
1ot be uscd for primary vaccination, as the reaction tends to be more severe than elsewhere,
although it might be used morc for the revaccination of smallpox contacts, as it appears
particularly receptive to virus growth. Vaccinial lesions sometimes occur on the hands in
workers in vaccine institutes, and on the hands of doctors doing large numbers of vaccinations,
who arc usually assumed to be immunc.

If, for no apparent rcason, primary vaccination repeatedly fails on one site, it will sometimes
succeed on another—for example, the opposite arm, or the forcarm instead of the upper arm.
Revaccination can be, and often is, done directly on the old scar, with the idea of preventing
a second. Howevecr, unless the revaccination is a long time after the primary, a permanent
visible scar is unlikely to result, and residual insusceptibility of the skin is likely to be higher
on and adjacent to the scar than in other arcas of the body. In the revaccination of smallpox
contacts, it is advisable to use the opposite arm to that on which the primary vaccination has
been done.

The procedure of growing vaccinia in the skin is not a surgical operation, and is not even
similar to subcutancous inoculation, and no antiseptics of any kind should be used, particularly
persistent oncs such as iodine or acriflavine, The sensitivity of vaccinia varies considerably,
but it is killed by a feeble antiseptic like potassium permanganate. In many countries it is still
the recommended practice to clean the skin with cther, acctone or spirit, assuming that this
will volatilize before the virus is applicd, but this may not always be so. Some advocate the
use of soap and water, but if this is donce too vigorously, damage can occur to the skin, and it
may encourage sccondary vaccinial lesions, and increase the reaction. No cleaning of the skin
is required in a person whose skin is normally clean. If the skin is really dirty, the person should
be asked to wash before presenting for vaceination.

The quantity of lymph required is very small. If put up in glass capillary tubes, it is my
practice to break off both ends of the tube, to tap the lymph to one end, and to apply the end
of the tube to the skin. By breaking the arca of surface tension, a small quantity of the lymph
will pass on to the skin.

It 1s not necessary to use a rubber bulb or teat to expel the lymph, unless it is particularly
glutinous. It is obviously not desirable for the operator to blow the lymph from the tube onto
the skin, although this still does occur. Apart from the risk of infection to those vaccinated,
the vaccinator may inoculate his or her own lip. A further disadvantage of this method is that
much surplus lymph will remain on the skin, requiring removal by a swab, to prevent it
contaminating the hands of the patient or some other person, with the risk of accidental
vaccinial lesions on the face or other part of the body. If the vaccine is in larger containers, it
may be applied dircct from the container, such as a lead-foil tube, or from an opened ampoule
by means of a glass rod or sterile orange-stick. The virus can then be introduced into the
living-cell layer by scratch, puncture or pressure, as described below.

Most vaccinators apply the lymph first to the skin, and make the puncture or scratch through
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it. I think this is easicr, but some make the scratch or puncture first, then apply and rub in with
the applicator. Minor variations in technique arc not important so long as the operator is
entirely satisfied that he is able to obtain a consistently high successful primary vaccination
rate in susceptible individuals.

A great varicty of instruments have been described with which to perform the scratch.
Much was claimed of them, but few have lasted; special vaccinaters, vaccinostyles, the point
of a scalpel or a knifc, and a variety of needles. I use a large, straight, triangular surgical cutting

needle of the Hagedorn type, No. 1.

FrG. 166. Vaccination, scratch technique. The third and
fourth fingers steady the hand.

The instrument does not want to be too sharp, as it will cut too deeply, but if very blunt,
greater pressure will be required. If vaccine is applied to the unbroken skin, no reaction will
occur. It is necessary to remove some of the cornified, keratinized layer, to allow access to
living cells. I point out to students, particularly to auxiliary vaccinators, the analogy of getting
through the skin of the onion to something which is succulent and alive. It does not matter
how this is achieved.

The oldest method, and one most frequently used, is the scratch technique, a single scratch
being made with the point of the instrument. The length of the scratch is important; the
longer it is, the greater will be the ultimate size of the vaccinial lesion. On the other hand, the
smaller the scratch, the greater the possibility that virus will not be introduced to a living-cell
area which will allow its growth. In routine primary vaccination, the scratch should not be
morc than onc-cighth of an inch long. This will give rise to a nearly circular, primary lesion,
about onc-quarter to three-cighths of an inch in diameter. If more certain attainment of
infection is required, it is far better to repeat the procedure on two or more sites of the arm
separated from one another by a distance of at least two inches, rather than to increase the size
of a single scratch, and so increasc the arca of a single vaccinial vesicle. Two or three seratches

K
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made parallel to one another and close together will again give rise to larger lesions, and this
technique, together with cross-hatching, where the scratches are multiple and done in two
directions at right angles to onc another, should be reserved for smallpox contacts and those
individuals who prove refractory to vaccination or revaccination by simpler methods.
Large vaccinial lesions are likely to give rise to much local discomfort, and arc more liable to
sccondary infection, and give risc to painful axillary adenitis (Fig. 166).

Another method much advocated is the multiple-pressure technique (Leake, 1927). The
needlc is held parallel to the stretched skin. Due to its clasticity, cach time pressurc is applied

F1c. 167. Multiple-pressure technique. The side of the Fi6. 168. Multiple-pressure technique.  Without
hand rests on the arm, and the hand is rocked. The moving the position of the hand, the ncedle is
necdle is pressed on to the stretched skin. rocked just clear of the skin.

the point enters, and on being raised strips up minute parts of the cornified layer (Figs. 167 and
168). Thirty such pressures have been advocated for a primary vaccination, but Rees (1948)
suggests that ten are enough. Mitman (1952) pointed out that in many instances even one
pressure will take. The multiple-pressure method is really a multiple-insertion technique,
using a very small arca for cach inscrtion. It is important, however, that the total arca on which
the needle is operated should not exceed one-cighth of an inch in diameter, otherwisc a large
coalescing lesion will result. It is therefore necessary for the operator’s hand to be resting on the
patient’s arm, and the pressures obtained by a rocking movement. The skin must also be
stretched, and this is not so casy to obtain in some arcas of the body. Even as recently as 19555,
one well-known textbook still suggested that application of the ncedle be made to an arca
between one-quarter and half an inch in diameter. This would give rise to a very large lesion,
similar to the cross-hatching technique of the older vaccinators.

Many other methods of vaccination have been described. In the multiple puncture, the
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needle is made to enter the skin, cither vertically, on the slant, or nearly parallel with the skin,
and a few superficial punctures arc made through a drop of lymph. A round-bodicd ncedle
is usually used for this purpose. The drill method is done with a single revolution of a ““drill”,
pressurc not being sufficient to draw blood. A variant of this is to use the broken end of the
capillary tubc, but this is unsatisfactory as small pieces of glass are quite likely to be left in the
skin. A small quantity of vaccine may be given by very superficial intradermal injection with
a finc needle, but a successful result appears to be produced from the virus growing at the skin
puncture, rather than from that in deeper tissues. Parish (1958) suggested using a Heaf gun,
but this scems unnccessarily complicated and would produce too large a lesion for primary
vaccination. Elisberg, McCown and Smadel (1956) have reported on the use of jet inoculation
for this purposc. Although vaccinations may be done very rapidly by this method in military
establishments, much of the virus injected is subcutancous, it uses a far greater quantity of
material and does not appear to possess any real advantage over a well-organized scratch or
multiple-pressure technique.

Simple as it may appear, it is difficult to get unbiased, accurate observations on different
techniques carried out under identical conditions. The enthusiast for one particular method
frequently docs this with considerable care and attention to detail, but other methods more
haphazardly, and often producing quite different size arcas of inoculation. It can be emphatically
stated that a scratch one-eighth of an inch long, and a multiple-pressure vaceination done on
anarca of onc-cighth of an inch in diameter, produce vaccination lesions identical in appearance,
with no difference in the local or general effects, or the character and size of the scar. Parish
(1958), however, praises and cites the advantages claimed for the multiple-pressure technique
as “complete absence of pain and bleeding, less general messiness, and a less risk of septic
infection, less severe and less painful reaction and smaller scars, and a larger number of takes
when the pressures are properly performed™. The severity and the question of painful reactions
arc related to the arca scarificd, and personal idiosyncrasy, whatever technique is used. The
question of messiness suggests that comparison is being made with small multiple-pressure
vaccinations and old-fashioned gross scratch methods. The subject of pain at opceration has
often been brought up, but from the experience of questioning over five hundred medical
students who had tested both the scratch and the multiple-pressure techniques on themselves,
it is clear that the scratch, done with a Hagedorn needle, and only one-cighth of an inch long,
is less painful than multiple-pressurcs. In young infants the scratch is practically painless, and
extremely rapid. It is unusual for the child to even notice that it is being done. The time that
the multiple-pressure takes to perform and the fact that it can be definitely felt does, T think,
worry the infant more.

The Ministry of Health (England and Wales) pamphlet on vaccination against smallpox,
1956, confuscs the issuc by suggesting that when there is no urgency, and it is desired to mini-
mize local and general reaction, the number of pressures in the multiple-pressure technique
should be reduced from thirty to ten or less, but does not explain that the pressures should be
done more or less on one spot, not greater than one-cighth of an inch in diameter, and the
difference between a few or many insertions is largely on the chance of them taking and not
on the arca of the vesicle or the amount of general reaction resulting therefrom. The larger
number of pressurcs increases the traumatic factor, and the speed of evolution, but when a
person is exposed to smallpox, which presumably is the acid test, the Ministry of Health
advises that the scratch technique be used. Which method produces the higher percentage
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of takes would appcar to be determined more by the attitude of the vaccinator than anything
else, although enthusiasts for one or other technique have produced figures to convince them-
selves, 1f nobody else.

Therc is no such thing as the right or perfect technique. One would agree with the views of
Scaton (1868, quoted by Marsden, 1946); ““A carcful man, who thoroughly understands his
work . . . will succeed best in the way to which he is most accustomed. So much depends on
habit, and if [ may say so, on trick of hand.”

It is almost universally stated in the textbooks that the operation should not draw blood.
In theory, blood is virucidal, and if vaccinations arc made very decp, there is the possibility of
the mechanical removal of the virus by the flow of blood. I have scen many vaccinations done
by non-medical vaccinators with very deep incisions in the skin, but they have been quite
successful. Goodall (1942) carricd out a small investigation which convinced him that the
presence of blood appeared to increase the chance of success rather than decreasc it, and Scaton
(1870) regarded it as essential. Administrative timidity in those countries where post-vaccinial
encephalitis has been common has encouraged similar techniques, and failure of vaccination
is often due to lack of determination of the operator, and to the virus not being applied decp
enough in the skin, rather than the reverse.

Little is gained by laying down very detailed administrative instructions. Far better to
educate students to take an intelligent interest in this subject, and for doctors to watch the
success rate of the operation, as this is the only measure of the value of their technique. In the
case of non-medical vaccinators, it may be necessary to lay down some instructions to follow,
but it is most important that supcrvisors personally check results, and do not rely on statistical
returns, as the safeguard of this practice.

If only a small quantity of lymph has been applied, after the scratch or multiple-pressures
have been done, no superfluous material will remain needing to be removed by swab. The
site is best left uncovercd, although in the tropics immediate direct sunlight on the arm may
inactivate the virus sufficiently to prevent growth. In some countrics, the intentional applica-
tion of lime-juice may interfere and prevent success. Virus enters the cells quite rapidly and
it would scem probable that, fifteen to thirty minutes after a vaccination has been done, it is
not possible to eradicate the virus by ordinary washing. Unless there are special circumstances,
such as a very dirty occupation, vaccinations should not have any dressing applied at the time
they are performed.

Although the development of a vaccinial lesion depends to a small extent on the technique,
it is largely determined by the presence or absence of specific immunity to vaccinia in the host.
In primary vaccination in a susceptible individual, no change normally occurs in the skin for
forty-eight hours. By the third day, a small papule has formed, and this enlarges, accompanied
by a small arca of erythema, until vesiculation commences about the fifth day. By the seventh
day, the normal period for a primary vaccination to be scen, a well-marked vesicle occurs,
white in colour with a slightly bluish tinge at the edge, as originally described by Jenner. The
centre is slightly depressed, although this will depend to some extent on the size of the lesion.
By the cighth or ninth day, the white colour has become yellowish, and a pustule is said to be
present, although it may contain no frank pus. The pustule will dry up from the centre out-
wards, until by the eleventh or twelfth day it has become a brown scab. This remains attached
to the skin, being shed about the twenty-first day, lecaving a pink, slightly depressed scar,
which ultimately assumes the normal skin colour. The basc of the scar is frequently covered
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Fi. 169. Minimum technique, primary, at F16. 170. Average technique, primary, at seven
seven days. days.
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Fig. r71. Minimum technique, primary, at Fig. 172. Average technique, primary, at nine
nine days. days.

Fic. 173. Minimum technique, primary, at Fic. 174. Average techmique, primary, at
twelve days. twelve days.
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Fi6. 175. Scratch and multiple pressure vesicles Fic. 176. Scratch and multiple pressure scabs at
at seven days. fourteen days.

There is no material difference in the rate of evolution
and the result of these two mcthods. If the scratch is
made slightly shorter, the lesions are identical in size.

Fic. 177. Allergic reaction at forty-cight hours FiG. 178. Soft papule at five days in a hyper-
in an immune person. Upper left, live sheep immune person who had been vaccinated
lymph; lower left, dead sheep lymph. Uppe over thirty times.

right, live calf lymph; lower right, dead calf
lymph. The same kind of reaction occurs
whether the lvimph is alive or dead.

F16. 179. Early allergic reaction at forty-cight FiG. 180. Revaccination after nine years. Accel-
hours. erated vesicle at seven days, the roof has
been removed by scratching. The lesion is
more superficial and has more erythema than
a primary.
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with small pits, and is said to be foveated. This was regarded years ago as cssential evidence of
a good vaccination scar. Secondary sepsis prevents this formation, and small and more super-
ficial vaccination lesions done today frequently leave smooth, non-foveated scars. Although
many statistical studics were made in the nineteenth century on the occurrence of smallpox
in those with good, foveated and those with “ poor””, non-foveated scars, it is recognized today
that foveation is not a necessary feature of successful vaccination. In persons with pigmented
skins, depigmentation first occurs, and may still be present after many years; in some there is
an increasc of pigment. The erythema surrounding the lesion varies considerably, but is
usually present from the late vesicular to the carly scab stage, and it may extend for about
two inches. Although the public and some inexperienced doctors regard this as evidence of
infection, it is probably local allergy to viral growth. Jenner and many of the early vaccinators
regarded an arca of intense erythema as a very good sign, indicating a good rcaction. Later
vaccinators (Hime, 1896) had complainced of the poor arcola as indicating feeble potency of
lymph. In some individuals, an area of intracuticular oedema may also occur, particularly in
those with fat, brawny arms. With minimal trauma vaccinations, cvolution is delayed by as
much as two or three days, so that by the seventh day a very small vesicle may be present, not
more than one-cighth inch (4 mm.) in diamecter, and this may not reach its maximum size
until the eleventh or twelfth day.

At about the seventh or eighth day, there is dissemination of virus from the primary lesion
in the skin. Accompanying the viraemia there may be a mild pyrexia, malaise and symptoms
not unlike thosc of influenza. It is common for the axillary glands to be slightly enlarged from
about the fifth day. The spleen is also enlarged, and may give rise to slight abdominal pain.
It is to be noticed that infants under the age of six months appear to show very much less
constitutional disturbance than adults, and frequently show no pyrexia between the cighth
and tenth days. On the other hand, although many adults arec made quite miserable by general
malaise accompanying vaccination, others, vaccinated by just the same technique, appear to
have no general symptoms at all. Buchanan and Laidlaw (1942), reporting on large-scale
vaccination at the Glasgow docks, presumably in those doing quite heavy manual work,
noted that vaccination or revaccination resulting in normal vesicular response only gave rise
to some constitutional upset in some 16 per cent. It was noticed that less than 3 per cent were
oft work on this account.

The care of the developing vaccinial lesion is simplicity itself. The basic principle should be
to leave it alonc. If the site can be left exposed and uncovered, the vaccination will pass through
its stages with the minimum of reaction. If the person is engaged in a very dirty occupation,
or if he is required to wear tight clothing which might produce friction of the lesion, the site
can be covered with a large picce of unmedicated lint or gauze, and this can be fixed to the skin
by the application of sticking plaster well away from the sitc of the lesion, that is, the plaster
should beapplied practicallyat the top of the shoulder, andat the clbow, to hold the large piece
in place. Otherwisc, a piece of lint or gauze can be tacked inside the clothing. Only under very
exceptional circumstances should an occlusive type of dressing be applicd, as this increases the
chance of scpsis and also of tetanus. It should be removed as soon as practicable.

Advice is frequently given that lesions should not be washed until the scab has become
detached. This is a quite unnccessary restriction. If the lesion is at the vesicular stage, attempts
to wash it will cause it to break. The fluid will escape and this is undesirable, although it will
not affect the development of immunity. Latcr, when the lesion is at the scab stage, it does
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not matter whether it is washed or not. Even if allowed to become wet, it will soon dry if
exposed to the air, and this can be assisted by the application of sterilized tale or dusting powder.
Application of antibiotics to the skin is undesirable. It will not alter the “pustulation” stage
of normal vaccination, and will have no effect or alter the appearance of the normal scar.
Frankly scptic lesions, which may increase the scarring, are very much less common than
popularly supposed and can be treated on their own merits.

Vaccination is not a blind immunological procedure. The operator is able to judge to a
considerable extent whether an immunity response has been obtained in his patient. For this,
as well as for certification purposes, it is necessary to sce the patient after primary vaccination
at the end of a week. The occurence of a typical Jennerian vesicle at the seventh day will allow
the opcrator to inform his patient that the vaccination has been successful, and that within a
further weck the individual will have a high degree of immunity against smallpox.

Unfortunately not every primary vaccination turns out in this way. First, and most
important, is the absence of any reaction at all. This should be regarded by the vaccinator as
failurc of technique or failure of lymph, and wor any failurc of the individual to react. The
vaccination should be repeated, when, in the vast majority of cases, a normal primary take
will occur. If the sccond vaccination should fail, then a third attempt should be made, this
time sclecting another site, the other arm or the forcarm, increasing the amount of trauma by
using a scratch technique, cross-hatching on an arca about a quarter of an inch in diameter.
If this still fails, it is most important to advise the patient that he appears ta be temporarily
insusceptible to vaccinia, but he must regard himsclf as being susceptible to smallpox. If there
is no urgency, it is advisable to make further attempts on the patient a month or two later,
when frequently, and for no apparent rcason, these “difficult” primary vaccinations take
without further ado. In countrics where smallpox, particularly variola minor, is endemic, a
number of individuals may be insusceptible to vaccinia as a result of sub-clinical attacks, or
even of clinical attacks which have left no scars, but which occurred in infancy and are
unknown to the patient.

In the case of adults with no history of a successful vaccination, examination of the body
may sometimes reveal unknown scars. Accidental vaccination, particularly on the face in a
child, may be the source of unsuspected immunity (Fig. 181).

Although routine primary vaccination of adults gives a very high take rate, the vaccination
of smallpox contacts lcads to a surprising number of primary vaccinations not taking at the
first attempt. Lyons and Dixon (1953) reported failure in 10 per cent. Napier and Insh (1942)
found twenty-nine out of ninety-two contacts could be successfully vaccinated after more
than onc attempt. It has long been recognized that the professional vaccinator, or vaccination
enthusiast, may achicve a ncar-100 per cent successful vaccination rate, whereas the casual
vaccinator will only succeed in about 8o per cent (Hime, 1896; Bousficld, 1955), but under the
threat of smallpox one would imagine that most doctors would pay great attention to detail.
It scems possible that some viral inhibition occurs in the patient, due to the emotional stress
of the moment. In a small number of obscrvations, 1 have found, in routine vaccination,
a highly nervous subject appears more likely to get a negative take with a minimal insertion
technique, but the matter requires further investigation. Under conditions of mass vaccination
of the general public, not smallpox contacts, the failure rate may be quite high, but this is
almost certainly duc to faulty technique of harassed vaccinators.

Very occasionally, what appcars to be a negative response at the seventh day may be a case
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of very delayed vaccinial growth, even papule formation not occurring before the eighth day,
and a vesicle not forming until the fourteenth or fiftcenth. When a repeat vaccination per-
formed on the seventh day is seen a’ week later, it is found that both the first and the sccond
vaccinations are growing, the sccond being slightly accelerated by the presence of the late-
developing original one.

Occasionally, a primary vaccination is inspected at the seventh day, and there is no vesicle,
but the patient states that some twenty-four hours after the operation was performed there
was redness of the skin, irritation, and formation of a small papule which had largely dis-
appearcd by the third or fourth day. This is an allergic responsc to the presence of vaccinia

Fic. 181. Scar from accidental vaccination on the chin—no history of vaccination to account
for vaccino-modification of smallpox.

virus or its medium, much more commonly scen in revaccination. It is most important to
assure the patient that in spite of the irritation and this appearance of activity, it does not mean
a successful reaction. It denotes sensitivity and not immunity. Failure is most likely to be duc
to poor-quality lymph of low titre, or inactivation by hcat or faulty storage. This allergic
response in a person thought to be unvaccinated may be duce to previous unknown contact
with smallpox, particularly variola minor, cowpox, or unknown vaccination, on normal or
unusual sites. It should be noted, however, that this reaction does occasionally occur in persons
who have not had any previous contact with the variola-vaccinia group. In spite of the
cvidence of the allergic response that some material is coming into contact with the tissues,
the operator should persist in repeating the vaccination. Even when fairly satisfied that
apparent insusceptibility is not due to failurc of technique, or of lymph, he should not give the
opinion that the individual is also insusceptible to smallpox, and should advise further attempts
at vaccination after an interval of a few months, Here 1 would strongly disagree with the
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practical implication of Ricketts” dictum: “If a person has been shown to be really insus-
ceptible to vaccinia, that fact is proof positive that he is insusceptible to smallpox.” Many
young nurses have died from smallpox because they were allowed in contact with the discase
after repeated failures of primary vaccination. One in the Glasgow outbreak in 1950 had been
unsuccessfully vaccinated six times.

Occasionally, a genuine primary shows more rapid evolution of the lesion—a vesicle at
the fourth day, smaller and more superficial than normal, and forming a scab by the eighth
or ninth day, and leaving a superficial or what the older writers would call a “poor”™ scar.
This would appear to be duc to some non-specific immunity reaction, and not rclated to the
vaccination technique. The duration of immunity, however, is probably less than after a
normal vaccination, and if there is any smallpox risk, particularly in nursing or medical staff,
revaccination should be done within six months.

In primary vaccination, therefore, a normal primary, accelerated primary or retarded
primary responsc, with characteristic vesicle formation, is cvidence of vaccinial infection and
resultant immunity. A negative or allergic response is not evidence of immunity.

The term “vaccinate” merely means the operation of inoculating virus, and is not synonym-
ous with the attainment of immunity. In the discussion in Chaptcr 14, on vaccination and small-
pox control, the cumbersome phrase “successful vaccination™ has to be used. The term
“repeat vaccination” should be used for all further attempts, if successful vaccination has not
been obtained. The term “revaccinate™ should be restricted to the inoculation of virus in
someone who has uncquivocal evidenee in the form of a scar of primary vaccination. Some confusion
may arisc in the future in differentiating these from B.C.G. scars; foveation, regarded
as characteristic of Jennerian vaccination scars, is often absent. The term “repeat revac-
cination” should be used for further immediate attempts, if the first revaccination fails.
Successful revaccination can be done many times in life, but onc can only be successtully
vaccinated once.

I have been at some pains to stress that the production of immunity against smallpox by
vaccination is obtained by growing the virus in the skin, and in this way 1t is different from
other immunological techniques, where the antigen is injected subcutancously or intra-
muscularly. In most other immunization procedures, immunity is casily boosted by a further
antigenic stimulus, sometimes very small. In revaccination, however, we come up against the
problem that residual immunity of the individual is also accompanied by residual insus-
ceptibility of the skin to new growth of virus, and without this there is little immunity
response. Unfortunately, immunity and residual insusceptibility of the skin do not run com-
pletely parallel, and although some individuals become susceptible to vaccinia beforc they
become susceptible to variola, in many the skin insusceptibility may be quite high when
immunity to a natural attack of smallpox is low; hence the importance of using vaccinia strains
with good invasive power.

Residual immunity may be so low that when revaccination is donc, a response almost
identical with primary vaccination occurs. This *“primary-type response”, as it should be
called, occurs in individuals who arc revaccinated after more than ten to fifteen years, and is
very common wherc the interval is over twenty-five years. There are, however, many excep-
tions. Some individuals do not give a primary-type response to revaccination, even after an

interval of a grcat many years, whercas in a few it occurs less than a year after primary
vaccination.
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Revaccination commonly gives rise to what is known as an ““accelerated lesion””. Although
some erythema at the site may occur earlier, Mitman (1952) pointed out that the acceleration
is in the cvolution of the lesion, papule to scab, and not in the incubation period, which may
be prolonged. The maximum growth of the vesicle may be achicved by the fifth or sixth day,
when the lesion will commence to dry up, the scab forming by the seventh or eighth day, and
this may be shed by the twelfth or thirteenth day. All degrees of acceleration are seen, and
although the vesicle can be described as Jennerian in type, it beconics more superficial, smaller,
is accompanied by less erythema, and there is a distinctly smaller chance of any secondary
infection occurring. The scar is quite superficial, without foveation, and, proportional to the
degree of acccleration, may be practically invisible after an interval of six months. Where the
skin is pigmented, depigmentation will occur, but to a lesser extent than after primary
vaccination.

At seven years of age about half the children revaccinated give a vesicular response of some
kind (Ministry of Health, 1928), at three years about 10 per cent, but at two years about o+ 5
per cent (Pinto, 1936).

When a greater degree of immunity remains, a truc Jennerian vesicle does not occur. An
abortive papule may be seen between the fourth and sixth day, but unfortunately in these
patients, sensitivity to the material is such that an allergic reaction will have occurred in the
first two or three days, making interpretation of the combined reaction difficult without daily
observation. If the immunity is still greater, no viral growth occurs, and the patient only
experiences an allergic response, with the development of a papule and erythema, reaching its
maximum within forty-eight hours, and obviously declining by the fourth day. Irritation is
frequently present, regarded by the patient, and also unfortunately sometimes by the doctor,
as a sign of ““take”, but this bears no relation whatsocver to an immunological response.

Marsden (1946) and many others have taught that an unequivocal vesicle must be the mini-
mum reaction for evidence of virus growth. Benenson (1950) showed that revaccination with
killed virus might in some instances produce carly vesicular response from which virus could
never be recovered. This occurred in nearly so per cent of immediate reactions to killed
vaccine, showing that the appearance of the lesion may be deceptive, although it is far removed
from a true Jennerian vesicle. The work of McCarthy et al. (1958) on the serological
responsc to revaccination suggests that roughly half of these immediate reactions may
stimulate immunity, but they were not able to differentiate on clinical grounds between
those that did and those that did not.

It is fairly gencrally agreed now that any reaction, whatever its appearance, which has
reached its maximum and is commencing to regress by the fourth day should be regarded as
an allergic and not an immunity-stimulating response. It is, however, rarely practicable to see
revaccinations on the second, third and fourth days, to determine whether the lesion is regress-
ing or not. It is certainly inadvisable to rely on the patient’s obscrvations. The practical out-
come of this has been the omission of the reading of a revaccination for international certificate
purposcs. This is a realistic alternative to the previous policy of certifying any reaction at all
as being positive, but places an important responsibility on the operator to ensure that a
revaccination has been done cfficiently and with potent lymph. In spite of the certificate
requirements, if a person is going to an arca of the world where there is a definite smallpox risk,
[ feel the doctor should revaccinate using three sites, inspect at the fourth day and at the end
of the week, and repeat revaccination if he has the slightest doubt. Revaccinations which show
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a definite scab at the seventh day have probably had true vesiculation, although some allcrglc
reactions can be scvere or be scratched, and produce a very similar appearance. Very occasion-
ally, an individual who has been revaccinated many times develops a rather soft papule, which
may still be present at the fifth day, although it is almost certainly allergic (Fig. 178).

Quite a lot can be learnt by repeating the revaccination. If the first response has not stimulated
immunity, the second revaccination may give a vesicular response of the normal or accelerated
kind, particularly if performed on two or threc sites, so proving the allergic nature of the first.
If, on the other hand, the second response is similar to the first, it will strengthen the view that
the individual posscsses sufficient immunity to prevent visible viral growth. It should not be
forgotten that some individuals will get a primary- or accelerated-type response at a third or
cven later attempt at revaccination. Although in a primary-type response in revaccination,
general and local reactions are likely to be as severe as a primary vaccination, particularly in
adults, the accelerated responsc is rarcly accompanied by general malaise, and the local symp-
toms arc much less marked. A completcly negative response should be regarded as failure of
technique. Many patients examined at the seventh day will state that they have had no reaction
at all, although staining at the site of the scratch suggests that an allergic responsc has occurred
which has not been noticed, or is denicd because of the commonly held view of the public
that failure to obtain a take is some peculiar virtue.

To avoid an unsightly scar, subcutancous vaccination has been advocated, but it is not
recognized for purposcs of the international certificate. Kaiser (1948) carried out experiments
with this technique, followed by normal vaccination after an interval of three months, and
thought that a high degree of immunity resulted, but no cxtensive trial of this method ever
seems to have been made in an arca with a high risk of smallpox. Hoft bauer (1951) describes
the reaction, and suggests that fever should occur between the fifth and twelfth days, and be
regarded as a confirmatory sign of success. The positive result is also indicated by the develop-
ment of an area of infiltration, with crythema of the overlying skin. It seldom exceeds two
inches (s cm.) in diameter, but may be more extensive and involve the shoulder and forcarm.
Occasionally there is a morbilliform or scarlatinaform rash. The results should be inspected
on the fourteenth day. In revaccination, many of these effects could occur with killed vaceine,
and thercfore the operator has no check on the potency of his material. Berger (1954) recorded
three cases of metastatic skin infection in 10,000 persons vaccinated by this method.

Attempts to usc a killed or inactivated vaccinia suspension have also been made. McClean
(1945) carried out trials of an alcoholized vaccinia suspension, but the response in rabbits was
very poor. Ramon, Richeau and Thiéry (1948) and Ramon (1951) carricd out experiments
with formalin-inactivated vaccine, but thesc have not been satisfactorily tested in human
beings, and do not appear likely to be successful. Collicr, McClean and Vallet (1955) experi-
mented with ultra-violet-irradiated vaccine, but this has not proved satisfactory in trials in
monkeys and rabbits.

I think it is fair to statc that at the present time there is no proven alternative to Jennerian
vaccination in achicving a high degree of immunity to smallpox.

GENERAL CONSIDERATIONS

In the absence of previous infection with smallpox or cowpox, man appears to be susceptible
to vaccinia at any age. It is possible to vaccinate a baby immediately it is born, and this may
be necessary if there is a smallpox risk. However, it is generally agreed that the take rate in
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new-born babies rarely exceeds 85 per cent (Donally and Nicholson, 1934; Dixon, 1954;
Bousticld, 1955). In some instances the take rate is very much lower, in the region of 30 to
45 per cent. Isaac (1934) recorded this sort of figure, but the lymph employed was kept in the
delivery room ata tempcerature of about 80° F. for at least two wecks, and up to forty different
persons performed the vaccinations. Small wonder that the take rate was low. Points of
interest about this particular investigation were that the vaccination reaction in prematures
was rather severe, although this is contrary to other observers, and that the reaction on the arm
gave slightly less-positive takes than when it was performed on the leg. The proportion of
takes in females was slightly greater than that in males. An interesting feature in new-born
vaccination is the absence of temperature reaction. No significant alteration occurs in the
weight, and no enlargement of the spleen can be detected, all tending to suggest that the new-
borninfantis peculiarly resistant to vaccinia, and when infection occurs, it produces a minimum
of constitutional disturbance. Therc is also a reduced skin susceptibility, as vaccine stored under
less than perfect conditions, although still producing a ncar-1oo per cent take rate in older
children or adults, will show a very significant reduction in vaccination take rate in the new-
born. Donally and Nicholson (1934) showed that the greater the traumatic effect of the vac-
cination technique, the higher the proportion of takes in the new-born. Monro (1764) failed to
variolate twelve infants two weeks old.

It is gencrally assumed that this insusceptibility is due to passive immunity obtained from
the mother, but the result of vaccination of new-born infants in places like Malaya soon after
a severe smallpox epidemic and large-scale vaccination appears little different from the
expericnce in England, amongst a population unexposed to smallpox, and where many of
the adults have not been vaccinated, even in infancy. Kellock (1889) found that insusceptibility
to vaccination at birth occurred in primiparac if they were vaccinated after the seventh month
of pregnancy, but not if they were vaccinated before. In the multiparac, immunity appeared
to be present if the mother was vaccinated after the fifth month. The reason for the failure in
about 15 per cent of infants born of unvaccinated or remotely vaccinated mothers would
scem to be something quite different. Possibly the case with which the young infant passes
through vaccination may be due to somec other factor in its defence mechanism, possibly the
properdin system. Doorschodt (1954) showed the presence of a vaccinia-ncutralizing sub-
stance, thermo-stable at 55° C., in the scra of unvaccinated infants, between three and six
months of age. Possibly the traumatic factor, such as the six or cight inscrtions of three centi-
metres long commonly done in Germany some cighty years ago, might well break down this
kind of resistance. Kempe and Benenson (1953) studied four infants found refractory to
repeated vaccination, in which a test vaccination later showed an allergic response. They
suggested that at the first vaccination, although apparently negative, an active-passive response
really occurred, duc to the high level of trans-placentally acquired immunity. However, in
one infant the first vaccination had been attempted at four months of age, in two at five
months, and in one at nine to ten months. For this phenomenon to have occurred, passive
immunity would have had to persist for a long time. Another explanation for these cases might
be that the first vaccination is immunologically successful without a primary lesion, an occur-
rence occasionally seen in variolation, where the presence of a general rash showed that
infection had taken place. In some infants, failure of vaccination at birth is followed by an
accelerated primary lesion a few months later. This is probably due to declining “natural”
insusceptibility rather than the presence of material antibodics, as passive immunity tends to
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increase the incubation period of the vaccinial lesion rather than the reverse. Although some
may be immunc to vaccinia and smallpox at birth and then become susceptible, it would scem
most dangerous to assume that all infants who give a negative response to primary vaccination
at birth do obtain any practical immunity.It would also be wise to regard the accelerated type of
reaction obtained at threc to four months as giving a shorter immunity than a normal vac-
cination, and if the infant lives in an arca with a smallpox risk, revaccination should be done
within a year.

Both Donally and Nicholson (1934) and Jelinek (1933) found a proportion—two out of six,
and five out of nincteen, respectively—of infants apparently successfully vaccinated at birth
gave a vesicular responsc to revaccination at periods between one and three months of age.
This result is different from adult experience, and would perhaps suggest that as new-born
infants do not appear to suffer from a vaccinial viraemia as an inherent part of the vaccination
process, the level and duration of immunity may be less. The relatively common experience
of severe smallpox in vaccinated children in those countries that carry out new-born vac-
cination also supports this. Although early reinfection with vaccinia can only be interpreted
as evidence of rapidly declining immunity, infants born in smallpox hospitals and successfully
vaccinated immediately after birth normally escape smallpox infection. On the other hand,
they are usually removed within a few wecks, and have ample opportunity to boost their
immunity in the natural way.

Because of these difficulties, the routine vaccination of infants should be postponed until
the end of the third month of life, when over 95 per cent primary take ratc at the first attempt
should be achicved, using a single insertion. On the other hand, if there is any real risk of small-
pox, vaccination can be done at an carlicr age, using a fairly vigorous technique, and at least
two insertions.

In the aged, vaccination may also fail, not because of persistentimmunity, but because of poor
tissuc response. It was also noted by Jenner and others that when a positive occurred, the vesicle
was poor, with little arcola. It scems probable that in these cases it may take longer for sufficient
immunity to develop to prevent smallpox—an important point if they arc contacts.

In the older books on vaccination, much attention was given to the desirability of ensuring
that the individual to be vaccinated was in a “perfectly healthy state”. This was probably
partly traditional, because it had been recommended when variolating, but it was highly
desirable in arm-to-arm vaccination, to cnsurc that onc’s future supply of lymph was from
healthy individuals. Although we arc far removed from the times when patients were prepared
by dicting and mild purgation, it is of intcrest that experimental studics in virus infection of
animals suggest that restriction of the dict may minimize the infection, and vaccinators for
many ycars have recognized that the fat, overfed and alcoholic adult frcqucntly has a very
severe reaction from primary vaccination, and sometimes also from revaccination done after
an interval of many ycars.

The Rolleston Committee (1928) reluctantly confirmed that strenuous exercise increases and
accelerates general and local cffects. Although the situation is stoically accepted, it would seem
to be a good policy to allow time off between the cighth and tenth day for nurses and other
personncl whom administrators hope will co-operate and undergo voluntary vaccination and
revaccination at appropriate intervals.

About sixty years ago, the textbooks still advised the avoidance of vaccination at the com-
mencement of menstruation. This may have been due to the reputation of variola virus in
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causing uterine hacmorrhage, but no evidence has been produced to suggest that there is any
need to take this physiological occurrence into account.

Vaccination lesions tend to develop more rapidly in warm weather, particularly in very hot
and damp climates, and are also affected by occlusive dressings and the amount of covering by

clothing.

CONTRA-INDICATIONS

It is as well to remember that vaccination has no virtue in itsclf. In thosc parts of the world
where the risk of smallpox is exceedingly remote, there is no need for vaccination of infants
or the general population, particularly in view of the relatively short period of absolute
immunity. This is discussed in Chapter 14.

Following the discovery of the effects of rubella on the foctus, there has been a renewed
interest in the subject of vaccinia and pregnancy. The opinion of Jenner (1798) that pregnancy
was no contra-indication to vaccination was reaffirmed as recently as 1949 (Bellows ¢t al.).
Recent work (MacArthur, 1952) has shown that although congenital defects of the kind
following rubella do not occur, there is a higher stillbirth ratc amongst women who have been
vaccinated in pregnancy, compared with thosc who have not. Compared with normal foctal
loss of 13 per cent (Randall ef al., 1950) MacArthur found the foctal loss was 24 per cent, a
significant difference. The foctal loss from vaccinia is in the first three months of pregnancy,
and thereforce will not affect the official statistics of stillbirths. In view of the fact that the virus
appears to disseminate widcly in the body, it scems undesirable to expose the foetus to the
chance of infection, unless it is absolutely necessary. It would thereforc appear prudent not to
vaccinate 2 woman during pregnancy at all, partlcularly durmg carly pregnancy, and to ask
this question of adults when they are presenting for vaccination. In well-controlled smallpox
outbreaks, pregnant women should not be vaccinated unless they are close Class 1 contacts
(sce p. 403). In countries where smallpox is more widespread, these risks have to be taken.
Where a woman is known to be pregnant and requires to be vaccinated for travel purposcs,
it is desirable to postpone the vaccination as far as possible to the later stages of pregnancy.
This may be done by vaccinating on board ship, rather than before departure. Shipping
and air lines have no right at law to make the issuc of tickets dependent on the presentation of
valid vaccination certificates. If there is a real smallpox risk, then pregnancy at any state is
no contra-indication.

In general, it is inadvisable to vaccinate a person who is suffering from some other disease,
as this may add to his miseries. There is no evidence that other discases interfere with the
devclopment of vaccinia, butif any complications, such as gencralization or encephalitis, should
occur, the operator may be blamed for lack of care. The exceptions are cowpox and smallpox.
In cowpox, vaccination will be unsuccessful after the full development of the vesicle, while in
smallpox, vaccination can be successful if performed during the incubation period, during
the initial syndrome, and for the first day or two of the rash. After this it will fail. Persons
with necoplasms, particularly lymphadenoma, may suffer from increased local spread, but
these persons also appear likely to suffer fatal attacks of smallpox if infected.

Although such a commonly performed operation as vaccination must coincide with the
development of many discascs, Lungstrom (1956) quoted three cases, including epilepsy,
imbecility and acutc appendicitis, with an unfavourable outcome, where, although vaccinia
was not causative, he felt that as a contributory factor it could not be ruled out. However, if
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there is a grave risk of variola major, vaccination must be done, without regard to the presence
of other diseascs.

Although it is relatively casy to postponce vaccination until an acute discasc is over, it is morc
difficule with chronic conditions. Primary vaccination, or revaccination after a lapse of many
years, can upsct clderly diabetics. During an outbreak, only Class 1 contacts should be vac-
cinated. If vaccination is required for diabetic doctors or nurses, the paticnt should remain off
work or be under supervision from the fifth until the twelfth day, after a primary vaccination,
or after a revaccination after a long interval. If the revaccination is fairly soon after a previous
successful response, no precautions need be taken.

Another group who have to be considered are the asthmatics, those who suffer from hay-
fever and other allergic conditions of more doubtful origin. If there isa definite risk of smallpox,
vaccination should be done, regardless of their asthmatic history. If they are known to be
senstitive to calf, sheep or egg protein, it should be possible to sclect material to which these
patients arc not allergic. Although Davidson and Davis (1943) report a number of cases of
mild generalized vaccinia which arose in patients with histories of allergic manifestations of
this kind, many thousands of people with similar historics have been vaccinated without any
harmful cffects. Patients with acute asthma should not be vaccinated unless there is a smallpox
risk. Primary vaccination may upsct some asthmatics, but probably no more so than other
minor infections, and there docs not scem to be any need to question cvery person about a
history of allergy.

If the individual is suffering from any septic condition of the skin, it is advisable to postpone
vaccination, not because sepsis will interfere with vaccinial growth, but because there is a
danger of auto-inoculation. In the face of a smallpox risk, vaccination should be performed,
and the sepsis treated with some antibiotic to which the organism is sensitive, as this will not
interfere with the development of vaccinia and immunity. Vaccination should be avoided in
paticnts with extensive burns, becausce there is a considerable risk of vaccinial infection of the
burned surface.

The active phases of psoriasis, lichen planus or chronic cczema are also contra-indications to
vaccination, In adults, such conditions arc very chronic, and a period of remission should be
chosen, but although there is a greater chance of gencralization, it must be admitted that many
persons suffering from these discases have been vaccinated without any harmful effect. In
many instances, the chronic skin condition improves dramatically during the vaccinial
reaction, only to recur when this has passed.

The skin condition of the very greatest importance, however, is infantile eczema. If infants
suffering from this condition are vaccinated, there is a considerable risk of generalized vaccinia
of the malignant and fatal kind (Fig. 140). It should be madec a rule that infants and young
children suffering from this condition should never be vaccinated unless there is an immediate
smallpox risk. On the other hand, it must be recorded that, in error or in ignorance, a number
of infants with infantile eczema have been vaccinated without any harmful effects occurring.
Unfortunatcly no figures arc available to really assess the risk. It scems unreasonable to
demand vaccination of such infants for travel purposes to or through countrics where the risk
of smallpox is practically nil. The alternative **explanatory letter” ought to be accepted. A
child with infantile eczema may also be accidentally infected, by contact with another indi-
vidual who has recently been vaccinated, or by indirect contact, through handling by the
same nurse. Multiple cases have occurred in children’s wards (Nimfer, 1936; Somerville et al.,
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1951). The eczematous child must be kept away from other members of the family who may
require vaccination, and morc ought to be done to tell people who are vaccinated that they
can be a source of infection to others.

The revaccination of a person who has alrcady had post-vaccinial encephalitis or the vac-
cination of a person who has previously had post-infectious or other forms of encephalitis
presents a problem. I have revaccinated a person who had suffered from post-vaccinial en-
cephalitis without any abnormal cffect, but Parle (1949) had a case in which some headache
and backache occurred within twenty-four hours along with an allergic reaction, but it scems
doubtful whether this was significant. In my opinion previous encephalitis is no contra-
indication to vaccination when the latter is really necessary. It has been suggested that patients
undergoing steroid treatment may react unfavourably to vaccination, and although there are
no reported accidents, it would appear prudent to consider the need for vaccination while
such therapy is in progress.

The Ministry of Health (England and Wales) advises that other inoculations should be
avoided within three weeks of vaccination, in the hope of reducing complications, particularly
post-vaccinial encephalitis. Presumably it is thought inadvisable to give a number of antigens
and a live virus at the same time, although this is given in other inoculation procedures, and in
former French territories in Africa immunization against smallpox and yellow fever were
given together by a scarification technique, possibly a measure of w(pcdlcncy rather than of
choice. It is on administrative rather than on immunological grounds that the recommenda-
tions generally advise giving yellow fever inoculation and vaccination scparatcly. It is con-
sidered that yellow fever can be given four days before a primary vaccination, but if the
latter is done first, then an interval of twenty-one days should occur before yellow fever
inoculation is given. In the case of infants under nine months of age, it is suggested that there
should be an interval of twenty-one days between yellow fever inoculation and vaccination,
no matter which is done first, as cases of encephalitis have followed yellow fever inoculations
at this age. However, it is suggcstcd that if the individual has previously been successfully
vaccinated against smallpox, and has a scar, then yellow fever immunization and revaccina-
tion may be carricd out at the same time. This is illogical, as many revaccinations in adults
after a long interval have constitutional effects as severe as those from primary vaccination.
In the light of our present limited knowledge of the interaction, if any, between the antigens,
dead or alive, it is better to avoid adding to the malaise from primary vaccination. When
required urgently, there would appear to be no real contra-indication to giving a number of
inoculations and vaccination simultancously.

COMPLICATIONS

The vesicle becomes pustular, a descriptive term, just before the scab forms, and many of
the older writers belicved that scpsis, in the sense of laudable pus, was present. This is
heightened by the appearance of the arcola, a somewhat fiery crythema, with a distinct edge,
not unhkc crympclas but it sccms probable that many of these lesions, as in smallpox, although
looking ““septic”, are devoid of bacterial contaminants, and only contain vaccinia virus and
cells. Due to the delicate nature of the vesicle roof, it is common, particularly in children, for
this to be ruptured, usually at the seventh or cighth day, and the lesion may then become
frankly septic. It seems probable that much of the sccondary infection in the past has been due
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to over-treatment, and the use of occlusive dressings. If the vaccinial lesions are large, par-
ticularly if multiple insertions coalesce, some secondary infection is almost incvitable, butin
the casc of modern primary vaccination, done with a minimum of trauma, sepsis is quite rare.
In older children, where the vaccinationssite is frequently knocked, the scab may separate early,
and somc infection of the unhealed site may result. At times, healing is delayed, particularly
if the area is large, and occasionally granulations occur. Bousquet (1848) called it the “red
tubercle”, and Morrow (1883) described it as the “raspberry sore”. These infections tend to

F1c. 182. Four inscrtions ncarly coalescing. chhnique
used about 1892.

occur more readily when the gencral hygienc and diet are deficient. Some ugly scars may
result from this type of chronic scpsis. Occasionally, true keloids may form on vaccination
scars, but this appears to be related to individual idiosyncrasy rather than to chronic sepsis.

Fifty years ago, when streptococcal infections were common and lethal, erysipelas occurred
as a complication to vaccination, and quite distinct from the normal erythema. Deaths un-
doubtedly occurred from this cause. Erysipelas is relatively rare and benign today, and it is
very unusual for it to be seen as a complication of vaccination. If the streptococcus regains some
of its virulence, it might casily occur more frequently.

Lymphangitis may occur from a vaccinial lesion. This again was much more common in
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the past, with large inoculation sites, and is rarcly scen today. Enlargement of the lymphatic
glands draining the sitc is a normal part of vaccinial reaction, and tends to appear about the
fifth day. Nurses and medical students notice their presence, but members of the general
public appear to complain far less frequently, and only then of a slight stiffness of the arm.
Only if there is frank sepsis in the lesion is there any possibility of the glands breaking down.
This is exceedingly rare today, although it was not uncommon in the nincteenth century.
The general nutrition then was often so poor that reaction against infection was very tardy.
Although scptic complications in vaccination arc probably often due to skin organisms being
introduced into the vaccinial lesion at about the seventh or eighth day, in the past, both with
arm-to-arm vaccination and with crude calf lymph, poor techniques and no sterilization
of instruments, it was possible for both streptococcal and staphylococcal infections to have
been introduced at the time the vaccination was performed.

Post-vaccinial tetanus may occur from infection of a neglected vaccination lesion with
tetanus bacilli. It may, however, follow a perfectly normal vaccination, and appears to occur
more frequently in countries where tetanus from other causes is relatively common. Rosen
and Jaworski (1949) point out that it may be mistaken for enccphalitis. Tetanus has been
caused by the application of unsatisfactory dressings, particularly felt bunion pads (McVail,
1925; Armstrong, 1925, 1929) or ordinary occlusive dressings (Savolainen, 1950). Cases did
not occur with human lymph, and were first recorded by the carly users of calf lymph.
Councilman (1907) stated that as many as five samples out of fifty-five showed the presence
of tetanus organisms. Under modern conditions, vaccine is adequatcly tested to exclude the
possibility of these organisms being present. Purificd vaccine suspensions further increase the
margin of safety.

Leprosy is reputed to have, and syphilis certainly has, occurred from arm-to-arm vaccina-
tion, but neither can be transmitted by animal lymph, or that produced in the chorioallantoic
membranc. [t is well known that positive scrological tests for syphilis may be obtained follow-
ing vaccination. Sellck et al. (1949) found about 10 per cent of primary vaccinations gave
positive results within twenty to thirty days. It rarely persisted for more than two months.

Anaphylactic shock is unknown in vaccination, because the dosc of material exposed to the
body tissue is so minute. As in other inoculations, persons occasionally faint, if they are par-
ticularly nervous or apprehensive. In a person extremely allergic to calf, sheep or cgg protein, an
immediate urticarial reaction may occur at the site, but the vaccination will proceed normally.

Allergic rashes occur, but appear to have been more frequent at the end of the last century,
particularly when calf lymph was first introduced. When mass vaccination was done in
Glasgow in 1942, amongst about half a million vaccinations the incidence was one in four
thousand, while in Edinburgh in 1944, amongst about a quarter of a million vaccinations, the
rate was one in five thousand. Chalke (193 1), however, saw fourteen cascs in 1,600 vaccinations,
but of the fourteen, ten had been defmitely exposed to smallpox infection, two had no such
history, while the remaining two were doubtful. The rashes were gcmrahzod macular-papular
morbilliform or urticarial in type, showing preference for the limbs, the face remaining
relatively free. The commonest time of appcarance was about the cleventh day, and all the
subjects had had primary vaccination and were between the ages of two and fourteen years.
Although it is easy to suggest that some of these rashes were really missed cases of abortive
smallpox, it scems possible that simultancous contact with variola virus might affect the
incidence. The incidence in Glasgow and Edinburgh is probably fairly accurate for non-contacts.

L
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There appears to be no evidence that thesc rashes arc associated with any particular batch or
type of smallpox vaccine. Although it is possible for the individual to be sensitive to sheep,
calf or egg protein, the fact that allergy can be shown in revaccination, using a killed suspen-
sion of washed virus particles (Craigic and Wishart, 1933), suggests that the reaction is a true
allergy to vaccinia. Although occurring most commonly about the eleventh day, these rashes
have been recorded from the fourth day onwards. Erythematous, morbilliform and urticarial
lesions occur, and may be local, around the vaccinial lesion, or distributed more widely on the

Frc. 183. Vaccinial crythema.

limbs, but more rarely on the face. The rash is often more marked on the vaccinated arm
than on the remainder of the body, particularly in the carly stages, although by the sccond
or third day this may be much less noticcable. In the case of Fig. 183, the patient, a very
doubtful smallpox contact, washed his whole body vigorously in a strong antiseptic, and this
probably precipitated the reaction of the skin, possibly determining its localization. It indi-
cates that in somc of these cascs other factors such as sensitivity to medicated dressings popular
years ago may also be implicated. Some of the morbilliform rashes arc very fleeting, and bear

a close resemblance to similar rashes which occur in some very mild attacks of smallpox in
the vaccinated.
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AUTOGENOUS VACCINATION

The older vaccinators, using the four-insertion technique, often intentionally auto-inoculated
a further site at the seventh day from one of the patient’s own successful vesicles, if all had not
taken. Today, autogenous vaccination is accidental.

If a vaccinated person immediately scratches the operation site, particularly where, due to a
poor technique, a large amount of lymph has been left on the skin, it is possible for the virus
to be picked up on the finger-nails and inoculated into other arcas, such as the corner of the

F16. 184. Accidental vaccination on the face and lower cyelid.

mouth and the lid margin. Other parts of the body may be affected, particularly if there is
existing skin discasc, although, in some, the apparently accidental infection of a very slight
chronic eczema may really be blood-borne (de Salles-Gomes ¢f al., 1955). Accidental auto-
genous vaccination tends to occur in young children rather than in infants, but is not un-
common in primary vaccination of adolescents (Figs. 184 and 185). It is important to avoid it
as simultancous vaccination will give a primary-type lesion and the formation of a permanent
scar, particularly undesirable on the face.

If the developing primary vaccination lesion at the fifth or sixth day is scratched, virus may
be inoculated on to other parts of the body, but the resulting lesions will be influenced by the
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developing immunity, and will be much smaller, and may abortat the papular or carly vesicular
stage, and arc unlikely to leave a scar. Auto-inoculation will not normally occur after the ninth
day(Cory, 1885), but if a minimal vaccination technique s being used, the slow evolution of the
lesion may permit auto-inoculation to the tenth or cleventh day, and occasionally even later.

If accidental inoculation occurs in the course of revaccination the sccondary site may be
small and insignificant, if the revaccination is also small, for it to pass unnoticed. Thesc

F16. 185. Accidental vaccination.

probably occur more frequently than is recorded as irritation is more common in revaccina-
tion. In this case, the secondary lesions will leave no scar, unless the revaccination has been
done after an interval of many years, when quite severe lesions may occur.

4 y 7

LOCAL ACCIDENTAL HETEROGENOUS VACCINATION

Just as a person may inoculate his own skin lesions with vaccinia virus, so this may occur
from the hand of a nursc infected with vaccinia from her own vaccination or from another
patient. It is not uncommon for the mother to infect a scratch on her finger from attending to
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the primary vaccination of her child. Superficial burns, cczema and other atopic skin discases
can be readily infected. Apart from possible serological abnormalities in the eczema cases, and
the slightly increased risk of gencralization from such large primaries, the immunity response
is normal, and should not endanger other than a bad-risk patient. In a laboratory infection in
the eye, Pittman ef al. (1947) stopped the growth of virus by X-ray trecatment next day and
for the following three days. Taylor (1957) reported an accidental vaccinial blepharitis in a
woman aged twenty-five vaccinated in infancy. Scvere reaction occurred, with residual
increased thickness of the upper lid and loss of lashes, in spite of local and systemic gamma-

globulin.

LOCAL SECONDARY VACCINIA

It is not uncommon with large primary lesions to get sccondary vaccinial lesions around the
primary. These daughter or satellite lesions were quite common in Jenner’s time, and would
appear to occur with strains which have an enhanced virulence, or are recently derived from
cowpox. In some instances these satellite lesions are due to local scratching and auto-inoculation
of virus left on the skin. The growth commences a little later than the parent lesion, but
matures morc rapidly so that, by about the tenth day, both the primary and the daughter
lesions appear to be at the same stage of development, although the latter are smaller. In many
cascs, the lesions are more widely dispersed, three to four inches away from the primary
lesion. In these, the daughter lesions do not appear until about the sixth to eighth day and arc
probably blood-borne, localizing in this area of skin due to the hyperaemia occasioned by the
primary lesion, or to dissemination along lymphatics. It scems possible that cleansing tech-
niques such as that reccommended by the Rolleston Committee (1928), of cleaning the skin
with spirit, which was vigorously rubbed in, might also increase the liability to this. The
lesions are much smaller, more superficial and some may not vesiculate at all, corresponding
to the abortive lesions in modified smallpox. By the thirteenth or fourteenth day, they will
be dry and scab-covered, and will accompany the progress of the primary. Although the
primary lesion will leave a well-marked scar, these daughter lesions will leave very superficial
pink areas or slight depigmentation, which may be invisible after six months.

BENIGN GENERALIZED VACCINIA

During a perfectly normal primary vaccination, between the sixth to ninth day, a secondary
cruption occurs simultancously on the face, body and limbs which at first sight is very like
modificd smallpox. Macules appear, turning rapidly into small papules which become vesicu-
lar. Although like normal vaccination lesions, they are usually much smaller, only one-cighth
to threc-sixtcenths of an inch in diameter, and more superficial, due to the concurrent develop-
ment of immunity in the individual from the primary vaccination. The lesions mature very
rapidly, so that after two or three days they have dried up, leaving small scabs. In some cascs,
the lesions are more abortive, and remain small, rather horny papules without true vesiculation.
In others the lesions are bigger and more closely resemble those of a mild smallpox. Secondary
sepsis does not occur, and when the scabs separate after a few days, there are small, superficial
scars, all traces of which will disappear in time. Gammaglobulin may accclerate the natural
dlsappcarancc of the lesions, but is not rcally worth giving, unless some continuance of forma-
tion suggests an abnormahty of scrum proteins. As alrcady discussed in the chapter on diagnosis
(Chapter 4), this type of generalized eruption does not have a typical smallpox distribution.
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F16. 186. Generalized vaccinia. Face
and legs of the same patient.
The absence of rash on the nose
is unlike smallpox.
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It is indiscriminate, and yet, contrary to chickenpox, the lesions are almost all at the same stage
of development. New crops have been known to occur for up to five or six weeks, but in
general the type of cropping in modified smallpox or in chickenpox does not occur. There
can be no doubt, however, that these are difficult to diagnosc, but fortunately the presence of
so many skin lesions makes it easy to obtain sufficient material for virus growth.

The reason for this dissemination is not known. If it were due to a delayed immunity
mechanism, one would expect a higher incidence in minimal vaccinations, but this does not
appear to be so. It docs not appear to be related to the use of a more vigorous technique.
Whereas in Edinburgh, amongst approximatcly 270,000 vaccinations, three cases of this kind
were scen (Clark, 1944), amongst approximately 500,000 vaccinations in Glasgow (Black,
1942), nonc of this type occurred. The Ministry of Health (England and Wales) reported
thirty-four accepted cases amongst approximately three and a quarter million vaccinations.
Marsden (1940) stated that these cases are rare in adults, and also following revaccination. In
experimental animals, stepping up the dose of virus, using certain strains such as the neuro-
lapine, or by giving the virus intravenously, generalized vaccinia can be made to occur fairly
regularly. On the other hand, in man the strain is constant, the portal of entry is through the
skin, the dosc is extremely small, and generalized vaccinia exceedingly rare. It appears therefore
that there is some failure in the individual, rather than in the dose, site or strain. Generalized
vaccinia, or at lcast metastatic lesions, are more common with subcutancous vaccination: 3 in
10,000 (Berger, 1954). Concurrence of generalized vaccinia and post-vaccinial encephalitis is
i Rolleston Committee (1930)
onc casc reported by Weichsel (1931), and one in a Tongan scen in Duncdin in 1957,

Caughey (1959).

MALIGNANT GENERALIZED VACCINIA

The second type of gencralized vaccinia is that already mentioned as most frequently occur-
ring in individuals with active infantile cczema, and occasionally in adults who have eczema
or some other skin discase. More rarely, there is a history of previous eczema or allergy, but
1o skin lesions are present at the time. The condition is often called cczema vaccinatum, and
has sometimes been called Kaposi’s varicelliform cruption. This description is not very apt,
as the rash more closely resembles variola than varicella, the possible reason for this anomaly
being that Kaposi, who first described the condition in 1887, belonged to the school of physi-
cians who regarded both variola and varicella as variants of the onc discase. Virological studies
have shown that this syndrome may result from infection of the skin, with the viruses of cither
vaccinia or herpes simplex

Due to the more widespread knowledge that it is most undesirable and may be dangerous
to vaccinate an infant with ecczema, most of the cases scen today occur in children who have
been accidentally infected with vaccinia. It is important to appreciate this, and not to assume
that in the absence of vaccination of the patient the virus involved is likely to be herpes simplex,
as this may delay the institution of therapy, with massive doses of gammaglobulin, which
holds out a better chance of recovery. Although sometimes there is a primary lesion on the
body at the site of entry of the virus, Davidson and Davis (1943) Lynch and Steeves (1947),
Fasal (1950), and Grist (1953) dcscrlbud gencralized vaccinia in allcrglc subjects with vesicular
manifestations, but without cczema. It scems possible that vaccinia virus may sometimes infect
via the respiratory tract, although under the normal circumstances of infection it is usually
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impossible to eliminate the greater likelihood of entry through the skin. It has been suggested
that the incubation period of the condition is five to nineteen days, but it is often difhicult to
assess this accuratcly. There is general enlargement of lymphatic glands, and the lesions
normally commence in the abnormal arcas of skin, but in this malignant form always involve
normal skin as well. Usually, largc arcas of the skin arc infected simultancously, with a uniform
development of the rash, not at all unlike that of malignant smallpox (see Fig. 140). Although
in some areas the rash may be confluent, in closcly adjoining arcas of skin there may be no

Frc. 187. Eczema vaccinatum.

+ rash at all, and the characteristic centrifugal distribution of smallpox is absent, although the
¢ rash may be more developed on the limbs than on the trunk. The abrupt change in density is
probably more characteristic than anything clse. Although the rash on the face at first sight
resembles smallpox, the absence of rash on the tip of the nose (scc Figs. 140, 186) compared
with the density on the checks rules this out. Although the rash tends to occur in one crop,
further lesions may appear during the next weck. If the patient recovers, there is severe scarring.
The mortality of genuine cases of this kind in children is exceedingly high, possibly in the
region of 80 per cent, although mortality figures of 40 per cent and even as low as 10 per cent
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have been quoted, but here the writers have included many mild cases of auto-inoculation on
an cczematous arca, without true gencralization in their serics, and have also included benign
generalized vaccinia, which has a good prognosis. In most scries of cases reported, it is notice-
able that the mortality is higher in those who have been accidentally infected than in indi-
viduals who have been vaccinated and who develop this form of generalization as a complica-
tion. In the case shown in Fig. 140, that reported by Good and McLachlan (1950), the child
complained of scvere headache; within four days the rash had spread over the body, toxaemia
was very severe, a confluent pustular mass covered the face from the eyes to the chin, there were
a few scattered circular pustules with a slightly indurated base on the forehead. Scalp, mouth
and cyes were clear of lesions. A semiconfluent pustular rash covered the extensor surface of
both forearms, and discrete lesions were present on the outer side of both upper arms. The
lesions on the extensor surface of the forearm much resembled variola, in that they were
circular and umbilicated, and had slightly indurated bascs. These lesions extended along the
backs of the hands to the fingers, but there were none on the palms. On the trunk were three
or four circular umbilicated pustules scattered across the shoulders, on the back, and two on
the chest, but nonc on the abdomen. There were several similar lesions on the genitals and on
the legs. The appearance and distribution of the lesions was similar to those on the arms. No
lesions were found on the soles of the feet. The temperature continued between 103 and
105°F. (39- 4 and 40-6°C.) and four days later signs of pneumonia appeared. The tem-
perature rose to 107°F. (41-6°C.) and the child died. Although generalized vaccinia is different
from the carly stage of vaccinia gangrenosa (scc below) in that the virus is blood-borne, it
scems probable that some defect in antibody and the immunity mechanism is responsible.
In a casc described by Lewis and Johnson (1957), no neutralizing antibodics were detected,
and although many of these cascs arc treated with large doscs of gammaglobulin, some appear
to respond while others do not. Martin (1954) points out that the globulin absent in cases
with agammaglobulinaemia is the gamma-two fraction, and antibodics may be associated
with other serum fractions. Hutchinson (1955) reported a case of agammaglobulinacmia, in
which a child had passed through an apparently normal vaccination, without any untoward
cffects.

PROGRESSIVE VACCINIA, VACCINIA GANGRENOSA

On very rare occasions, the growth of vaccinia virus in the skin is not halted at about the
cighth to tenth day by the development of antibodies and the cellular reaction against the virus.
The virus continues to grow for many wecks, producing large, destructive ulcers, the advancing
cdge being studded with typical primary-type vesicles, apparently growing in a fully sus-
ceptible skin. Although in the first few weceks the lesion may be limited to progress from the
primary site, towards the end of the condition, which may last as long as three or four months,
numerous sccondary lesions occur on the face and on other parts of the body, which arc most
probably blood-borne, but may also be inoculated, and these again have all the appearances
of primary vaccinations. Investigation of these cases, which unfortunately so often progress
to ultimate death (Figs. 188, 189 and 190), has shown that the condition is probably duc to
some abnormality of serum proteins interfering with immunity. The hypoglobulinaemia is,
in the opinion of Janeway and Gitlin (1957), a transient physiological stage of infancy, and this
may well account for some milder cases recovering suddenly, after a number of weeks of
progressive growth. It also makes difficult the assessment of the value of hyper-immune
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Fic. 188. Vaccinia gangrenosa, primary and satellite
lesions, three weeks after vaccination.

Fic. 189. Vaccinia gangrenosa, primary lesions five
weeks after vaccination.
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gammaglobulin, which undoubtedly should be given in these cascs, although in a number
~ there is practically a normal amount of gammaglobulin present in the serum (Galloway and

MacBean, 1958). In a casc reported by Barbero et al. (1955), gammaglobulin in a five-year-old
boy was within normal limits, but the serum contained no neutralizing antibodics against
vaccinia. In addition to skin lesions, a biopsy confirmed that vaccinial ostcomyelitis of the
metacarpal bones was present. Five doses of gammaglobulin derived from recently vaccina-
ted persons were given over a period of six wecks. Complete healing was only obtained some

Fi6. 190, Generalized vaccinia on the face, sccondary to
vaccinia gangrenosa, five weceks after vaccination.

four and a half months after the commencement of trecatment. It has been suggested (Lewis
and Johnson, 1957; Blake, 1958) that in some of these cases there is dysgammaglobulinacmia.
Somers (1957) suggests that agammaglobulinacmia may be an inherited sex-linked Mendelian
trait, but although the condition appears to be more frequent in males, it is by no means con-
fined to this sex. In spite of treatment with gammaglobulin in large doses (250 milligrams daily
for ninc days), cases often dic. The failure of this form of therapy supports the view that the
condition is not wholly duc to abnormality of gammaglobulin, as it has been shown that
some individuals who have agammaglobulinacmia have unknowingly been vaccinated, and
have had a perfectly normal, self-limiting infection (Hutchinson, 1955). Thereissome similarity
between this condition and foctal vaccinia. Although vaccinia gangrenosa is rare, cases are being
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reported from an increasing number of countries, and in view of the possibility of some being
due to an abnormality only likely to be present in carly infancy, particularly in premature
infants, it is a further point to be considered by those who advocate universal infant vac-
cination, irrespective of the risk of smallpox. It scems highly probable that a number of the
cases of so-called vaccinial syphilis of the nincteenth century, including the celebrated Leeds
casc, were really cases of vaccinia gangrenosa.

POST-VACCINIAL ENCEPHALITIS

This syndrome has always been called ** post-vaccinal encephalitis™ in British literature,
although vaccinial is probably more correct, as it occurs during an infection with vaccinia.
It is ““ post-vaccination” rather than ““post-vaccinial ”, in that the condition occurs most com-
monly about the tenth to twelfth day in the evolution of vaccinial infection. Although Heine
is credited with recording the first case in 1860, some claim that Sacco mentioned nervous
complications about 1810. As discussed in the chapter on the history of vaccination, it secms
just possible that the wild charges of change to a bovine personality, so beloved by the
carly anti-vaccinators, may have had a little substance if encephalitis and resultant personality
changes actually did occur. As the condition has occurred after human cowpox, it does not
scem impossible. In the carly days, many adults and older children would have had a primary
vaccination and mental changes if occurring might well have been detected, whercas later
in the century the majority would have been done on infants. The carliest uncquivocal case
is, according to the Rolleston Committee (1928), considered to be that scen by Comby
in France in 1905. The first recorded case in England occurred in July 1912, but the discase
did not become a recognized or admitted risk of vaccination until 1922, when a number of
cases occurred in England and in the Netherlands between 1923 and 1927. Many investiga-
tions were done, culminating in the special committee of the Ministry of Health in 1926.
Its findings (Rolleston ¢f al., 1928) and the problems of post-vaccinial encephalitis in relation
to vaccination policy and the control of endemic or cpidemic smallpox are discussed in
Chapter 14.

From the clinical point of view, the syndrome docs not differ from encephalitis following
some other infections. The incubation period, that is from the performance of vaccination, or
the date of infection of naturally acquired cowpox (Schreuder ¢f al., 1950) to the commence-
ment of the nervous symptoms, is about ten days in children, possibly slightly longer, cleven
to fourteen days in adults. In the majority of cascs, signs of cerebral, midbrain or medullary
lesions occur. In the remainder, about 20 per cent, it is predominantly a myelitis, with or
without symptoms of encephalitis. There is some variation in the clinical picturc in different
cases, and as they commonly occur singly the clinician is apt to emphasize onc or other aspect
of the picture, but the review of the committee of the Ministry of Health (1928) summarized
previous cascs in the literature and twenty-five new ones, and gave the following general
picture:

“The discasc is a disorder of the nervous system, in which the initial symptoms are headache,
vomiting, drowsiness and pyrexia, occurring usually about the tenth to twelfth day after
successful vaccination or revaccination. The onset is commonly sudden, and some of the cascs
in their subscquent courses appear to be indistinguishable clinically from encephalitis lethar-
gica” (which was cpidemic at the time). ““Some are mild, and apparently recover completely
in about a weck, whereas others develop extensive spastic paralysis, and pass rapidly into coma
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and dcath; paralysis is almost invariably of the upper neurone type. Between these extremes,

. severity and duration of the disease vary greatly. A paralytic casc may last for weeks, and

ultimately prove fatal from some intercurrent infection. Nearly one-half of the cascs terminate
fatally, and most of the deaths occur within a week of the onsct of the illness. The cardinal
symptoms, headache, vomiting, drowsincss and pyrexia, are very constantly present and
severe, and rarcly absent in mild cases. These may be the only symptoms present, cven in fatal
cases. Paralysis when it occurs is at first generally spastic in type, but later it may be flaccid.
It is uncertain whether the flaccidity is duc to an associated spinal lesion, or to lack of muscle
tone, dependent on the cerebral lesion. Paralysis may be extensive, but more commonly it is

" localised and may be transient; the occurrence of trismus has led to a diagnosis of tetanus.

Incontinence and retention of urine is common. Convulsions, gencral or localised, athetosis,
tremor and choreic movements have been observed. Irritability, photophobia and delirium
may occur, and in some cases severe pain, especially in the legs, arms and shoulders, has been

_ noticed. Cerebro-spinal fluid is commonly under pressure, but is sterile. Cell count shows a

moderate increase, chicfly of mononuclears. There may be a slight increasc in chloride content,
and sometimes sugar, but there are no featurcs which are diagnostic.” It scems probable that
cases with flaccid paralysis arc not as rare as supposed, and arc incorrectly diagnosed as polio-
myelitis (Linneweh and Ochme, 1958).

There have been three principal theories as to the cause of post-vaccinial encephalitis. The
first, that the vaccinia virus itself causes the encephalitis, was at one time supported by Blaxall,
because vaccinia virus could occasionally be recovered from the brain. Virus can be recovered
from many other tissucs of the body at this time, without giving risc to symptoms. Today,
nobody scriously considers that the vaccinia virus itself directly causes the pathological
condition.

The sccond theory is that there is activation of another virus carried by the individual. The
pyrexial attack caused by the vaccinial infection activates this latent virus to give rise to
cncephalitis, This theory assumes a similar mechanism to encephalitis following infectious
discase and other immunological stimuli, and is supported by the occurrence of more than
one casc in a family, and the high incidence in certain countrics. As no one has yet isolated
this virus, in spite of rapid advances in this ficld, this argument is much weaker than it was
a few years ago. Herpes simplex virus has been isolated from time to time, but it seems
much more likely to be a contaminant, as it is frequently found in human tissucs.

The third theory, which is one that has gained popularity over the past few years, is that
encephalitis is an allergic phenomenon. This is supported by some experimental work, but

_not by the cpidemiology. None of the theories satisty all the findings.

In the light of our ignorance of the cause of post-vaccinial encephalitis, treatment has to be
arbitrary. Anti-vaccinial serum was suggested by Horder in 1929. Béclére (193 1) recommended
the use of calf scrum instead of human scrum, and in the case reported by Anderson and
McKenzie (1942) anti-vaccinial horse serum was used, without a successful result. Davidson
and Thomas (1942) used pentothal sodium and convalescent human serum obtained three to
‘our weeks after vaccination but, although the case recovered, it would appear that the pento-
thal sodium was as important as the serum. Marsden (1943) pointed out that the scrum from
convalescent cascs of post-vaccinial encephalitis might be of more value than that derived
from ordinary vaccination, but its supply would obviously be difficult. There is no record of
its use. Fyfe and Fleming (1943) used serum of recently vaccinated persons in doses of 150 to
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200 c.c., and Ligterink (1951) treated a child with ACTH, 75 mgm. in the first twenty-four
hours in six divided doses, continuing in progressively diminishing doscs until 10 mgm. was
given on the cleventh day. This patient recovered. Nossel and Rabkin (1956) reported two
cases, onc following revaccination, which recovered following ACTH therapy. It is difficult
to understand the rationale of purcly anti-vaccinial scrum; in the majority of cases vaccination
has all the appearance of being normal, and there is no evidence of abnormality of scrum
protcin. ACTH therapy is based on the theory that the condition is an allergic vasculitis
(Miller, 1951). Duc to the rarity of the condition and the entirely unpredictable outcome of
the discase without any treatmient, the assessment of any remedy is extremely difficult. Cases
which appear to be moderatcly scverc may prove fatal, and others where the prognosis
appears to be hopeless make a dramatic recovery without treatment. The prognosis of these
cascs where myelitis is the predominant site of injury tends to be better than those with
encephalitis.

Focal epilepsy and varying degrees of hemiplegia have been recognized as commonly
following the acute attack and although it has often been stated that post-vaccinial en-
cephalitis Ieft no mental sequelac, of twelve cases traced, which were under the supervision
of the Andrews Committee, three were found to have mental changes. The Ministry of
Health Report (1928) described these as slight, but I think today they would be regarded as
very scrious disabilitics. O’Neill (1957) found that in post-infectious encephalitis, although
recovery seemed complete on discharge from hospital, a follow-up done some months later
showed that personality changes had often occurred. In the scrics presented by Miller (1953),
ninc out of twelve cases had psychiatric sequclac. I feel that this aspect of post-vaccinial
encephalitis has not been given the attention it deserves. In countries where vaccination is
compulsory, there is often great reluctance on the part of the authorities to admit that
post-vaccinial encephalitis occurs at all, and in some countrics private practitioners, having
dealt with thisunexpected complication of asimple procedure, arc unwilling to focusattention
on it by follow-up, which might well increase the chance of adverse criticism from the patient
or relatives. Although much is made of the factthat the incidence of post-vaccinial encephalitis
appears to be less in children under two years than in older children or adults, it is often for-
gotten, although pointed out by Conybeare (1948), that case mortality in infants under two
years of age is about 70 per cent, which is very much higher than in later childhood or adult
life, when the figure is approximately 40 per cent. Personality changes, however, are much
less likely to be noticed by the parents or the doctor. The Cpldumology in relation to vac-
cination policy is discussed in Chapter 14.

OTHER COMPLICATIONS

Vaccinial osteomyelitis may arisc insidiously, with little or no systemic upset, swelling of the
joint or temporary weakness of the limb being the only indication. It may therefore be con-
fused with poliomyelitis. It may remain undiagnosced in its carly stage, but deformity may arise
later from destruction of cpiphysial cartilage. Elliot (1959) described one case and reviewed
four carlier ones. All were one year or under in age. The X-ray showed bone destruction, in
his case, of both ends of the humerus with periosteal new bone formation. Lesions appear to
be associated with any joints of the body, and not related to the arm in which vaccination is
done, and must therefore be blood-borne. In one case (Barbero ¢t al., 1955) there was abnor-
mality of serum proteins, but this did not occur in the case reported by Elliot.
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Rosen (1949) pointed out that iritis and central serous rctmopathy occur as a complication of
vaccination, and considers that they have an allergic orlgm similar to encephalitis. He also
points out that vaccination sometimes appears to precipitate clinical manifestations in pre-
cxisting cye discase. Kisch (1958) reported a casc of Guillame Barré syndrome, apparently the
third recorded. Cangemi (1958) recorded a casc of acute pericarditis, apparently occurring
some twenty days after primary vaccination. This was thought to be of an allergic nature. A
great varicty of complications have been listed as occurring after vaccination, but many would
appear to be purcly chance association.




CHAPTER 8 \ Gowpox

Cowpox is the common name given by farmers in many parts of the world to any vesicular
or semi-vesicular eruption occurring on the udder or teats of the cow, and transmissible to
man, giving risc to cutancous lesions, usually on the hands. It was known before the time of
Jenner, but he described two conditions: genuine cowpox, which might well be called
Jenncrian cowpox, which gives immunity against smallpox, and spurious cowpox, including
what is now called ““milkers” nodes™, which gives no such immunity.

Confusion in tcrmmology, however, still cxists. Although milkers’ nodes is a well-
recognized condition in many parts of the world, particularly in Norway, where Danbolt
(1949) claims there are over 10,000 cascs a year, in the United States of America, mllkers nodes
is described by Nomland and McKee (1952) as being caused by “natural cowpox™ in cows, as
distinct from “genuine cowpox” of cows, giving risc to Jennerian cowpox in man. In New
Zealand, farmers and the medical profcssmn regard milkers’ nodcs as cowpox, but Jennerian
cowpox almost certainly docs not exist. Jennerian cowpox and milkers’ nodes arc both virus
infections, but there is no cross-immunity to one another.

Veterinary textbooks contain very little information on the subject, as it is of no economic
importance to the farmer, who regards it, at any rate in the cows, as trifling, and only slightly
reducing the milk output. He is usually not bothered by an outbreak and is not anxious for
an investigation to be made, for fear of having his milk supply stopped. Becker (1940) suggests
thatboth discases may be more common than is supposed, but the differential diagnosis between
these and foot-and-mouth discase, and from the coital vesicular exanthemata, is not always
casy. Most outbreaks are discovered because of the occurrence of human cases, not because of
detection by veterinary surgcons.

Jenncrian cowpox appeared to be fairly common in the carly nincteenth century, although
doubtless farmers did not pay any particular attention to it. During the following years,
writers frequently referred to the discase as being less common than previously. Ceely, in 1840,
thought that cowpox was not scen so commonly as forty or fifty years before. In England and
Wales onc outbreak was reported in cach of the years 1887, 1888 and 1902, two in 1903, three
in 1909, two in 1911, and onc in 1913, 1915 and 1919. Nine outbreaks appear to have been
recorded in the last twenty years in England and Wales, between 1938 and 1958. It would
seem that in the first fifty ycars of this century the incidence has probably not varied very much.
More outbreaks appear to occur in Holland, Dekking (1956) having isolated some thirty-six
strains in the last few years. Cascs have been reported from Germany, Poland, and Uruguay
and the United States of Amecrica, but the truc incidence is unknown.

Cowpox is of great interest because the virus producing it is so similar to vaccinia produced
in the laboratory for vaccination against smallpox, but there are a number of points of dif-
ference. Serological obscrvations made by Davis, James and Downice (1938) and by Downic
(1939b) show that although there is a very large antigenic overlap, there are minor antigenic




IN THE COW 161

Fic. 191. Early cowpox
lesions.

FiG. 192. Late cowpox
lesions.
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differences. Growth in the chorioallantois is also different. Cowpox virus produces epidermal
thickening, and there is less rapid necrosis of the epidermal cells, and a greater tendency to
involve deeper tissues, with a characteristic haecmorrhagic appearance (Downic, 1939a;
Dekking, 1950). In vaccinia, the lesions arc not normally hacmorrhagic. Downie and Haddock
(1952) and van Tongeren (1952) both found variants in cowpox in which hacmorrhagic lesions
do not occur, and which have many of the characteristics of vaccinia. In laboratory studies,
Fenner (1958) supports Lcdmghnn (193 s) and Downic (19394, b) in their conclusions that
cowpox is essentially a different virus from vaccinia.

The problem, however, is a complex one, and an examination of outbreaks of cowpox in
cattle reveals a number of points of interest. In an outbreak described by Reece (1921-2)
amongst cleven affected farms with 410 cows, 52 per cent of the animals were attacked. Forty-
four persons were employed as milkers, of whom no less than 5o per cent became infeceed
through attendance on farm animals. At one farm, forty out of forty-three cows became in-
fected, five out of six farm horses, and a pony, six out of seven of the milkers, and the boy
who was in sole attendance on the pony. Frenkel (1930) also reported a number of outbreaks,
having scen five in one year in Holland. In cach of these, all or nearly all of the milch cows in
cach herd were affected. Although this may be partly duc to the fact that infection is not
recognized in the herd until milkers are affected, and therefore infection may have been
present in the herd for a considerable time without any preventive measures being taken, it
would appear that cows arc very susceptible to this virus. All cows on a farm would not be
affected, if it were not for the fact that mode of infection isby milking. Cory (1898) wrote: “It
docs scem likcly, if cows were not milked and horses were not shod, their respective variolous
diseases would ccasc, as far as we can see, to exist.” The discase only appears in non-milch cows
and steers when very gross infection is present in the herd, and a poor level of husbandry. It
is of interest that cases of human cowpox do not arisc in slaughterhouse workers. This would
suggest that cowpox is not a natural discasc of bovines. The rarity of the condition, and the
very long periods of freedom in an arca, suggest that the reservoir of infection, wherever it
may be, is not in these animals. Although dried scabs from a casc of cowpox could under
optimal conditions contain live virus for many months, it scems unlikely that a pasture could
be infective for many years before giving rise to a new infection.

There would appear to be three possibilitics. The first, that cowpox virus is a natural virus,
the reservoir occurring in some other mammal or bird, where it produces symptomless
infection. In support of this, it can be stated that both cowpox and vaccinia are unusual in
the pox group of viruses in being capable of producing infection in a wide range of hosts.
They arc also both capable of producing variants. There would have to be some mode of
infection, possibly by the digestive tract in cattle, a mild gencral infection, with localization
on the skin of the udder, to producc local lesions capable of sccondary, mechanical transmission
through the herd, the whole cpisode being rather a rare infection or an unusual cvent in an
otherwise symptomless infection. There 1s always the possibility of infection transported from
this hypothetical source dircct to the cow’s udder, by flics. The presence of small sores on the
udder, common from milking, would be both attractive to flics and increase the chance of a
small amount of infective material being inoculated during milking. Although cows are very
susceptible to the virus, in some parts of the world calves used for the production of calf lymph
arc sometimes found to be refractory.

A second source of infection is from vaccinia virus, inoculated onto the udder from a person
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who has been recently vaccinated. Although Downie and Dumbell (1956) state that all the
recent outbreaks in England have been duc to “genuine” cowpox virus, Dekking (1956)
stated that in cight of the thirty-six outbreaks in Holland, vaccinia virus was apparently the
causc of clinical outbreaks of cowpox in both cattle and man. Similar outbrcaks have been
described (Boerner, 1923; Abente, 1949; Otte and Mockmann, 1955; Rozowski ¢t al.,
1956). In many of these cases the identification of the source, an original vaccination, is
uncquivocable, but in some the identification is based on laboratory differences between
vaccinia and cowpox. It sccms possible that present-day cowpox outbreaks in countries where
smallpox is not endemic, even those labelled genuine cowpox, on laboratory differentiation,
may be quite recently derived from vaccinia. It would scem that the official pox virus bovis
strain described by Fenner and Burnct (1957) and originally derived from a case of cowpox
in Brighton in 1938 may be in this category.

The third possibility is inoculation of the udder of the cow with smallpox virus, which
undergoes mutation, possibly not on first passage, but after a number of passages through
cows by way of the milker’s hands, so that ultimatcly a typical cowpox Iesion results. This is
the way that vaccinia virus is rcputcd to have been obtained from smallpox virus by many of
the older workers, and is discussed in the chapter on clinical vaccination. (Chapter 7).

Downic and Dumbell (1956) doubt very much if this did occur, and quotc more recent
unsuccessful attempts (Nelson, 1943; Buddingh, 1949; Downie, 1951) to change variola
virus into vaccinia. These investigators feel that as vaccinia is highly infectious for laboratory
animals, carlicr workers only infected their animals with vaccinia. However, the clinical
descriptions of the carly removes of this material to man suggest a virulence and clinical cffect
quite different from current strains of calf lymph, and I personally feel no reason to doubt
that some of these attempts were successful. Copeman (1921) claimed that although it was
extremely difficult to infect the calf dircetly from human smallpox of the ordinary variety,
it was quite easy to convey the inoculated form to the calf. Variolation had, however, dis-
appeared from many countrics before the middle of the nineteenth century, and was made
illegal in England after 1840. However, in view of the changes in smallpox virus that were
likely to occur by repeated passage, using the Dimsdale or Sutton technique of inoculation,
similar to the changes in virulence of vaccinia, seen in long-term arm-to-arm vaccination, it
does not seem unreasonable to supposc that changes in smallpox virus might occur, rendering
it better able to adapt itself directly onto the skin of the udder.

Another possibility is that the virus from the respiratory tract of the milker in the initial
stage of smallpox might be able to give rise to a symptomless gencral infection in the cow,
with occasional blood-borne localization on the udder, due to trauma in milking. In Jenner’s
day, outbreaks commonly were scen in the spring. Possibly the recently delivered cow is
unduly susceptible, but it might require a number of passages on the skin of the udder to pro-
duce a typical cowpox lesion. Respiratory virus from the milker could also contaminate small
abrasions on the udder of the cow. The close proximity of the milker'shead would undoubtedly
assist in this.

Laboratory cvidence doesnot help very much, variola, vaccinia and cowpox are very closely
related to one another. Although vaccinia and cowpox have common features of wide host
range, serologically variola is more closely related to vaccinia. On the other hand, vaccinia
shows considerable variations amongst its many strains, in tissue tropism and virulence.
“Genuine” cowpox virus appears more virulent for man than vaccinia, but vaccinia virus
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appears more virulent for cows than docs the “genuine” cowpox. This may be merely due
to the change from accustomed to an unaccustomed host.

From a practical point of view, the cause of many ““spontancous’ outbreaks of ](1111LI‘1311
cowpox in cattle still remains somewhat of a mystery. In England and Holland, where out-
breaks occur from time to time, sufficient infant vaccination is done to provide a source of
virus. On the other hand, in New Zealand. where cowpox does not occur, infant vaccination
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Fic. 193. Diagram showing possible origin and mechanism of spread in cowpox.

is only rarcly donc. Vaccinia could not of course have been the source in Jenner’s time, but
the cowpox virus of Jenner’s day might have shown differences in its laboratory characteristics
from current strains of cowpox, as the latter appears to from the current strains of vaccinia
used in the commercial preparation of smallpox vaccine. In my opinion, COWpPOX 1s not a
natural discase of bovines, and in Jenner’s day was derived from smallpox virus, whercas today
the infection will have come from vaccinia virus, cither by direct passage, or after passage
through bovines or other animals. It then assumes the “wild™ properties of pox virus bovis.

Cowpox may affect a number of domestic animals, of whlch thc most important is the
horse. Although Jenner imagined that the discase known as ““grease™ in horses was the source
of his cowpox in cows, as carly as 1800 Lupton of Thame pointed out that the discase of the
horse which was analagous to cowpox and was communicable to the cow was not the grease
but a discase regarded by harriers as widely different from it, to which they gave the name
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“scratchy heel”. This was apparently common in carthorses, having long hair on the lower
parts of the leg. The exudate from the lesions matted the hair and produced irritation,
causing the horse to rub one leg against the other. The chance of man being infected from
the horse appears to be very slight.

Control of cowpox in a herd is a veterinary problem. Suffice to say that removal of human
cases is important and the isolation and separate milking of infected from apparently unin-
fected animals. Good milking hygiene, and possibly the use of potassium and permanganate
solution, which has good virucidal propertics, should help.

Human cowpox lesions are not very common. They usually occur on the hands, forearms
and facc; but morec rarely on other parts of the body. The lesions occur onssites which are subject
to mild trauma. There is no evidence that the virus enters the unbroken skin. Once infection
has taken place, nothing may be seen for two or three days. A papule develops which enlarges,
becoming vesicular about the fourth to fifth day. By the seventh to cighth day the vesicle is
quite large and may be sccondarily infected duc to occupational injury. Considerable ocdema
of the surrounding parts may develop. Somctlmts there is much erysipeloid erythema. Cow-
pox lesions arising from ““spontancous™ cowpox in a herd appear to be more severe than
thosc following single passage of the vaccinia virus to the cow. Most cowpox lesions of both
virus types are more severe than routine vaccination lesions. This may be partly duc to the
larger arca of skin involved, but there also scems to be a greater reaction in the skin of the
hand, possibly duc to greater vascularity, mobility of the parts and restriction of swelling. Tt
is not without intcrest that when vaccination is accidentally performed on the hand, it appears
to take well, even in a person with considerable residual immunity (Horgan and Haseeb, 1944;
Lyons, 1954). The cowpox lesion passes through its stage of development like that of vaccinia,
apart from the more severe and more rapid reaction. The discharge often has a peculiar and
offensive smell, described by Jenner and noted by other obscrvers, including Laurence (1955).
The constitutional effects may be considerable, and arc usually greater than in vaccination.
The temperature will rise to over 100° F. (38 8° C.) and the patient may feel quite ill and show
signs of toxacmia. Epitrochlear and axilliary glands arc cnlarged, the latter more than in
vaccination. The scab will remain until about the twenty-first day, and a permanent scar will
remain, which will usually distinguish it from milkers’ nodes. Scarring on the hands, however,
as in smallpox, is likely to be of the rather superficial, non-pitted variety, which is scen more
clearly by exposing the hand to extremes of heat or cold. Scars on the lower arm or face,
particularly the latter, willleave foveated, depressed arcas, the same as vaccination. Vaccination
may modify the cowpox lesion, but it should be noted that quite severe attacks may occur
within six or scven years of a successful vaccination. Sccond attacks of cowpox after an interval
of years arc not uncommon. Bjérnberg and Bjornbcrg ([956) report the frequent occurrence
twenty-one days after cowpox of a secondary eruption, consisting of red and reddish-brown
papulcs on the hands, forcarms, and legs below the knees, accompanied by itching. Although
allergic cruptions occur in cowpox as in vaccination, other writers have not drawn attention
to this syndrome. Cowpox is usually regarded as a benign infection, but Jansen (1949) reported
a fatal casc of encephalitis following an attack of cowpox, and Leroy et al. (1952) reported
fatal gencralized cowpox sccondary to infantile cczema, and also cowpox lesions on the
mouth and tongue, associated with considerable toxaemia, including an crythema. Verlinde
(1951) also reported a case of generalized cowpox in a patient with infantile cczema.

The diagnosis of a cowpox lesion in man is based on its appearance, the time it has taken to
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Fig. 195. Healed cowpox lesion, nineteenth day, scab about to separate.
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grow in relation to its size and structure, and the vesicular nature, with the bluish tinge at the
cdge of the vesicle, as described by Jenner. The vesicle fluid will contain virus, and this can be
rcadily identified in the laboratory, as having the characteristics of cowpox or of vaccinia.
Antibodics should be detectable from the cighth to tenth day onwards, and retrospective
diagnosis is possible by scrological examination, assuming, of course, that the vaccinial history
is in keeping with the deductions made therefrom.

Treatment is entirely expectant unless secondary sepsis supervenes. Generalized cowpox in
infantile eczema can be treated with vaccinial gammaglobulin. Diagnosis is important, to

Fic. 196. Milkers’ nodes.

avoid accidental infection of other persons, particularly those suffering from cczema, and also
because on more than one occasion lesions of this nature have been subjected to surgery, in
the belief that they were of different origin. Largely because the lesions are on the hands,
human case-to-casce infection also occurs, in the family, in those who have had no contact
with bovines. Early diagnosis will prevent this, and also might prevent such widespread
infection in the herd (de Stoppelaar, 1953). If diagnosed carly, vaccination of other milkers will
give protection by the cighth day, and modification if infected some days before.
Occasionally a lesion appears on the hand of a milker that clinically has all the appearance
of a typical cowpox lesion, and yet inoculation of calves or other animals with the contents
of the vesicle fails to give risc to cowpox lesions, and subscquent vaccination of the patient
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three or four weeks later gives a perfectly normal vaccination reaction, although a person who
has had cowpox should be immunc. Reece (1921-2) cites a case of this nature in which he
noted that no infection of the herd was apparent at the same time. Such occurrences only
emphasize the difficulty facing the carly vaccinators in sclecting material.

An entirely different condition is called milkers’ nodes, and doubtless gave risc to confusion
in the carly days, as it still docs in some countries, duc to it also being colloquially known as

Fic. 197. Orf, lesion on the wrist about the sixth day.

cowpox. Milkers’ nodes in man is derived from a virus infection occurring on the udder of
the cow, producing small, papulo-vcsicular lesions. They are not like typical cowpox lesions
in that they are relatively chronic, and also tend to recur. Cowpox lesions themsclves, however,
can be considcerably altered by the trauma of milking. The infection in cattle is probably fairly
widespread. Danbolt (1949) suggested that there were over 10,000 cases a year in Norway,
and that Norwegian country doctors were all very well aware of milkers” nodes in man.
Cawley, Whitmore and Wheeler (1953)bcelieve that no more than twenty such cases have been
reported in the United States. The infection is very widespread in New Zealand, where it is
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regarded by the medical profession and the lay public as cowpox. The two infections are,
however, quite different, and as Berger (1955) showed, there is no cross-immunity between the
virus producing cowpox, and that producing milkers’ nodes.

In man, solitary or a small number of firm, bluish-red nodules develop on the fingers and
hands, after an incubation period of about four to eight days. The lesions progress very slowly,
and after several weeks there are small scabs over shallow ulcers. The condition usually lasts
from five to six weeks, and slowly heals, usually without sccondary infection, and leaves no
permancnt scar (Bonnicvic, 1937). Allergic rashes sometimes occur, and may be quite severe
(Danbolt, 1949), with diftusc ocdema of the hands and forcarms. The duration of immunity
is unknown, but in many countrics reinfection appears to be frequent. Sccondary cases in
human contacts, non-milkers, do not appear to occur. Treatment is symptomatic.

A further discasc likely to cause confusion in the diagnosis of cowpox is infection in man
with the virus of contagious pustular dermatitis of sheep. This condition, otherwise called
Orf, can arisc from handling infected sheep or sheepskins. After an incubation period of
three to four days, a papular Iesion occurs on the hand or wrist, particularly the latter. It grows
so that after three days the central white arca resembles a vesicle, but contains semi-solid
material. It is surrounded by a hyperacmic arca. The patient experiences no pain from the

lesion (Webster, 1957). The lesion gradually regresses without any treatment, and heals without
the formation of a scar (Fig. 197).




CHAPTER 9 | Pathogenesis and Immunity

PATHOGENESIS

Although accurate identification of the causative agent in smallpox has only been made
quite recently, many of the older clinicians and even laymen (Colman, 1722) had a fair idea
of the mode of infection and of spread within the body. “Ilately met with a treatise on the Small
Pox, wherein the Author advances this Rule of Maxim, ‘That all venomous Particles do first
cnter the Body thro’ the Pores of the Skin, and so croud into the Humours and Juices, and
thenee into the sanguine Parts. From hence he accounts why the Face and Hands and Feet are
usually fullest of Pocks, because those Parts of the Body are more open and exposed, for the
Admission or Entrance of those venomous Particles.”

“But if onc Hypothesis or other may be at all admitted, with this farther and most reasonable
Thought upon them, that these venomous Particles or Animalcules do also flow into our
Nostrils, Throatand Blood, by our Breath; then may they not give us a Reason, why the Small
Pox communicated by Incisions in the way of Inoculation, docs not produce so many Pock
and such a Flame and Corruption in the Body, as in the common Way of Infection it ordinarily
docs ? Because in this Way not so many enter, nor immediately into such Parts of Hazard and
Distress, as in the Nostrils, Throat and Inwards ?”’

In spite of rescarch work in the human and experimental ficlds many gaps in our knowledge
still exist today. It is perhaps idle for the cpidemiologist to speculate on the cause of events when
he has no proof, but medicine is becoming increasingly spccnhzod and the experimental
virologist may have little personal experience of smallpox in man so that field obscrvations
may perhaps be of value as a lead to experimental investigation.

The rather spectacular cruption has had much attention, so much, that many older writcrs,
although recognizing the existence of an initial phase, rather regarded it as prodromal in
character and spoke of the patient “having the smallpox”™ only from the time the rash appeared.
As late as 1892 there were clinicians who still regarded smallpox as purely a skin discase (Bird-
wood, 1891). Ricketts (1908) went to the other extreme and regarded the rash of smallpox
almost as a complication. He stated: *“The rash of smallpox is to the discasc as the broncho-
pncumonia of measles is to that discase.” In the light of his wide know]cdgc of the discase and
his masterly writings on such subjects as the distribution of the rash, this is a surprising statc-
ment, but perhapsitindicates the lengths to which Ricketts had to go to convinee contemporary
clinicians of the whole picture.

Smallpox and vaccinia viruses arc identical in appcarancc undcr the clectron microscope
and arc scen in dricd films as brlck—sh"tpcd objects about 200 < 300 millimicrons (Fig. 163).
In tissucs they may be cllipsoidal in shape.

Although the standard works on virology contain much on the effects of chemical and
physical agents on vaccinia virus, all strains do not behave the same, and purified laboratory
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suspensions react differently from commercial smallpox vaccines. Comparatlvdy lictle
work has been done on smallpox viruses and it seems wrong to assume, as is often done, that
their behaviour must be similar to vaccinia.

The virus is only derived directly or indirectly from human sources. The cpidemiological
aspects are discussed in Chapter 14. Although the public to some extent still regard smallpox
as contagious, the normal mode of infection is for the virus, suspended in the air in droplets
or in dust particles, to enter the respiratory tract. The cvidence is, however, only circumstantial,
but many records exist of a person’s only contact with smallp0\ being the brcathmg of air
contaminated with virus from a smallpox patient or from clothing. The virus can be ingested;
older writers relate cases of apparent infection by drinking water contaminated by smallpox
material, and variolation has occurred from individuals cating smallpox crusts (Eimer, 1853).
Although infection could theorctically arisc from infected food it is not a route of any practical
importance.

There is no evidence that smallpox virus enters through the conjunctiva, but the observations
of Papp, Molitor and Ory (1956) in mcasles, raiscs this possibility. That virus can enter through
an abrasion of the skin 1s well known and described under Variola Inoculata (Chapter 6), a
local lesion being produced at the site of inoculation which passcs through the stages of develop-
ment similar to the benign smallpox Iesion.

Whether the virus can enter the skin without producing a local lesion is more difficult to
verify. Some writers believed that this did not occur, although in experimental animals
(rabbits) vaccinia virus can apparently enter through the skin of the external auditory meatus
(Gordon, 1925). The older accounts of inoculation suggest that in some cases of inoculation a
primary lesion did not develop, although sccondary symptoms and rash did. In some, infection
was introduced so deeply as to be subcutancous and without a dermal lesion. Others might
have been infected by the respiratory tract. Whether this occurs in natural infection with
smallpox is not known but is a possible explanation of the shortened incubation period which
has been recorded in some cases.

From the moment the virus enters the body nothing is known of its whercabouts until its
presence in the blood-stream at the time of the onsct of the fever and symptoms of the initial
stage. It had been suggested by the older clinicians that a ““ primary ™ lesion would be found in
the lung, but in spite of much careful scarching by many pathologists in the nineteenth century
who had such a wealth of material, the ““proto vesicle”, as it was called, has never been dis-
covered. It is not without interest that in smallpox the tissue which shows practically no cffect
of virus infection is the lung, although modern cytological investigations have not been done.
The possibility of a different mechanism in hyper-immunes is discussed later.

In inoculation variola, as in vaccinia, a primary lesion occurs in the skin which reaches its
maximum devclopment just after the onset of genceral symptoms. Dissemination of virus
occurs, but only in variola docs it commonly produce secondary skin lesions.

It is tempting to assume and many writers have assumed that the pathogenesis of natural
smallpox is the same as that of variola inoculata, although, clinically, they arce so different. In
natural smallpox, infection of a group of susceptibles with variola major virus gives rise to a
high proportion of scvere cases with an overall case mortality of about 30 per cent, but in

variola inoculata using the variola major virus (although derived from the skin) the mortality
is less than 1 per cent. In the inoculated discase the infecting dose is probably many hundred
times the size of that experienced by the naturally infected patient who, records show, may
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have a fatal attack from only breathing for a few minutes the air of a room occupied by a
patient. When the virus in the form of crusts is introduced into the nosc a relatively mild
discasc results. The comparison is, however, made more difficult as, in the one, “respiratory”
virus infects the respiratory tract of the patient, whilst in the variolated, “skin” virus is
introduced to the patient through the skin or through the nosc.

[ have previously suggested (1948) that the virus extruded through the skin and shed in the
form of scabs may be different in some way from the virus exhaled from the respiratory tract
during the initial phase. As discussed in the chapter on cpidemiology, the epidemic potential
certainly scems different. Perhaps there is some difference in the ability of the skin virus and
the respiratory virus to grow at the sitc of primary development.

We have four possible combinations of source and route. (1) Respiratory virus can give rise
to the usual respiratory infection, or (2) it could be accidentally inoculated into the skin and
give risc to an inoculated type of smallpox. (3) Skin virus derived from scab dust can give risc
to respiratory infection, but my impression is that milder cascs resule, or (4) when inoculated
into the skin rclatively mild inoculated smallpox.

[ am well awarc that I have no proof of my suggestion that event (3) is different from cvent
(1). It is likely to prove difficult to clucidate this problem as many instances occur when infec-
tion could occur from cither source simultancously. Has respiratory virus a greater infective
potential for the respiratory tract and less for the skin, and skin virus a greater infective
potential for the skin than the respiratory tract ? It scems quite possible.

Fenner (1948) has shown that in ectromelia in mice, a discase closcly related to smallpox,
the virus introduced through the skin first multiplics at this sitc and after reaching a maximum
level infects the lymph glands. From here the infection passes into the blood-stream, whence
it is removed by the macrophages of the spleen and liver. Further multiplication occurs and
the virus is then again released into the blood-stream in large amounts. Focal infection of the
skin and other organs then follows and after further growth visible skin lesions are scen.

Fenner (1948), Downice (1951) and Bras (19520) consider the pathogenesis of cctromelia is a
valid model for smallpox, but it must be remembered that in cctromelia the normal route of
infection is through the skin, whereas in smallpox this is quite exceptional. In variola inocitlata,
as in vaccinia, the virus travels to the regional lvmph nodes which enlarge at the time the
primary lc310115 arc bacteriologically sterile. Fenner’s work on cctromeclia is most fascinating,
but I fecl that although his explanation of the pathogenesis of vaccinia and of variola inoculata
is probably correct, there are scrious gaps in our knowledge of the carly stages in natural
smallpox which arc important in understanding infectivity.

Although in ectromelia Fenner was able to sacrifice his animals and detect virus in the tissues
and in the blood at the various stages, we have no similar opportunity in man.

It is very exceptional, and the older writers with wide experience agree, for the patient to
have any symptoms, even slight malaise, during any part of the incubation period; so if there
1s a viracmia as the virus passes from upper respiratory tract cpithclial cells, possibly via the
glands to the liver and spleen, nothing occurs comparable with the viraemia of the initial
clinical stage.

Howecver, it is almost certain that great multiplication of virus occurs in the cclls in the
reticulo endothelial system in the liver and spleen and possibly also in other organs such as the
lung (Downice, 1951). The liver probably enlarges slightly ac this stage, but cannot be detected
clinically and gives rise to no symptoms.
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Figure 198 shows Fenner’s diagram of cvents in cctromeclia, and my own diagram is based
on this to suggest the course of events in vaccinia, variola inoculata and in natural smallpox.

‘We are hindered by having no convenient experimental animal which contracts smallpox
with a clinical syndromec similar to that occurring in man. Inoculation with smallpox and even
morc with vaccinia produces cffects so essentially different from the natural discasce that
experiments in this field should not be interpreted too freely.

As already mentioned, it is quite exceptional for any fever or fecling of malaise to occur
during the incubation pLI‘IOd Although the person may be mechanically infectious on the day
of infection, there is no epidemiological evidence that once invasion has occurred the respira-
tory tract remains infectious. The next event is a sudden viracmia, usually on the twelfth day
from the date of infection. Of all discases the incubation period of smallpox is perhaps the
most constant, and although the period of exposurc is only rarcly limited to a few minutcs,
over the years many cases have been recorded where this has actually occurred. In a very large
proportion of cascs the incubation period is then found to be closely around twelve days. More
frequently, and this applics particularly to the records of cases in the many outbreaks in the
nincteenth century, it may be impossible to decide which is the day of infection within three
or fourdays. Curschmann (1875) felt that in less than 1 per cent of cases could the time of infection
be determined exactly. Claims to incubation periods of nine or cight days, and cven by some
as short as five days, followed by normal clinical attacks, should be regarded with considerable
scepticism. It is possible for a person to have been infected at the normal time from an unknown
source, when itis remembered that the first known case is rarcly the first real case in an outbreak.
Incubation periods of nine or ten days have been recorded in patients with discases of the skin
(Eastwood, 1955), and although no primary lesion occurs it is possible that entry might be
through sites of abnormal skin. His cases, which were very mild, had concurrent vaccinia and
the pyrexia denoting onsct of attack may have been vaccinial not variolous. Conybeare (1939)
suggested that in vaccino-modified attacks perhaps there was some acceleration of primary
growth analagous to vaccination. In some cascs with shortened incubation periods the attack
is fulminating and this may be the reason for the different onsct. An alternative explanation
for these really exceptional cases would be the omission of one stage in the hypothetical scheme
of development of virus during the incubation period. This would seem feasible if there
were constitutional or immunological factors operating.

Even when variola sine eruptione occurs, the usual twelve-day incubation period is followed
by a brief viracmia, pyrexia and malaise with complete recovery within twenty-four hours
and no rash. Although this type of case has been recognized since de Haen's (1775) time, it is
also today somcwhat cuphemistically called ““illness of contact” (Conybeare, 1939; Boul
and Corfield, 1946). Although syndromes which might fit this description, with a twclve-
day incubation period, arc common, particularly in high-level immunes, another quite
different syndrome also appears to occur. After an incubation period sometimes of five to eight
days but also of eleven to fourteen days, the patient has a pyrexial attack, but rather less sudden
onsct, accompanied by signs of a “‘virus pncumonia’. Resolution is slow, and in some cases
convalescence protracted. The majority of these cases have been recorded in medical and
nursing personnel. If they occur singly, it is common, in spitc of the smallpox contact but
because of the vaccinial history, to assume that they are genuine virus pneumonia of unknown
etiology, which doubtless, as chance infections, they well may be. However, Howatt and
Arnott (1944) recorded seven cases occurring simultaneously in a military hospltal The
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clinical syndrome was that of a virus pneumonia which was supported by the X-ray appear-
ances. Pickford Marsden (personal communication) has also shown me the X-ray of a smallpox
contact who developed a *“ virus pneumonia’™ under similar circumstances. On the other hand,
in more than one case with which I am acquainted, in spite of a clinical diagnosis of virus
pneumonia in a smallpox contact, the X-ray appcarance was negative. In the cases described
by Conybeare (1939) where the incubation period scemed about seven days, at least one of
the cases was a frank smallpox (type 8) and the remainder had not been successfully vaccinated
for over three years. Respiratory symptoms were not noticed, and headache, backache, nausca
and vomiting—symptoms much morc characteristic of genuine smallpox—were present.

There therefore appear to be two possible syndromes: variola sine cruptione—with a pyrexial
attack of sudden onset accompanied by headache, backache, nausea, but no rash. This initial
stagc may last as long as three days or only a few hours, but is indistinguishable from the initial
phasc of smallpox where a scanty rash docs occur, but there is rapid recovery. The second syn-
drome, which at present is nameless, has a more insidious onsct, with respiratory rather than
toxacmic symptoms. The incubation period scems to be more variable generally shorter,
between four and ten days, and rarely, if ever, the full twelve days. The discase process is at a
diffcrent tempo, slower onsct and terminated by lysis with some persistence of symptoms for
many days, usually about two weeks.

The fact that so many of these cascs occur in medical and auxiliary medical personnel, where
the authenticity of old vaccination records, etc., can often be questioned, makes it difficult to
get accurate, unbiased accounts.

Three possibilities appear to cxist. Firstly, that isolated or even small outbreaks of virus
pncumonia have occurred by chance in those who happened to be smallpox contacts and are
rccognized in those individuals because they are under surveillance, although similar cases
might be occurring in the general population. Although this appears possible, there have been
occasions wherc, as in an army unit under surveillance, only those who came into contact with
smallpox developed any illness.

A sccond possibility, and on epidemiological evidence the most unlikely, is that the smallpox
virus itself infects the lung, giving risc to a smallpox pneumonia.

The third, and the most likely explanation, as it would also fit the shorter incubation period,
is that the smallpox virus enters the upper respiratory tract, multiplies and is liberated into the
blood-stream, and in hyper-immuncs is filtered out principally by the lung. An antigen-
antibody reaction occurs, and this gives risc to ocdema, to the clinical syndrome and X-ray
appcarances similar to a virus pncumonia.

To differentiate it from the “illness of contact”, with a definite twelve-day incubation
period, which is the samc as variola sine eruptione, this syndromc had perhaps better be given
a scparate name, such as ““smallpox pulmonary allcrgy . Although the problem is comphcated
by the fact that most of their contacts are also immuncs, there is no cvidence that these cases
are infectious to other people, and they can be nursed without any special precautions. The
occurrence of this syndrome makes one wonder whether some of the mild “bronchitis” seen
in some outbreaks of smallpox in the well-vaccinated might not have an allergic pulmonary
element superimposed on the normal virus cycle.

Variation in host susceptibility is often regarded as the reason for shorter or longer incubation
periods, but in smallpox there is no cvidence that the more severe infections tend to have
shorter incubation periods or the milder cases longer.
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Many claims have been made that the incubation period is often longer than twelve days;
thlrtccn fourteen and cven as long as seventeen days (Ricketts, 1908). Proof of this is usually
more difficult as a number of possibilitics can occur. Although the patient may only have had
contact on onc occasion, infection may really have been indirect, by respiratory infection from
the dust of the individual’s own clothing which was originally infected on the day of contact
with the casc; or the virus on entering the nose and throat remains dormant for a day or two
before entering the cells where actual multiplication can occur. It is commonly stated that in
variola minor there is a longer incubation period, but Marsden (1936), with great experience
of this discasc, states that no real evidence has been produced to substantiate this. The incubation
period in smallpox is, however, of more than theoretical importance as quarantine must
depend on it.

Duc to difficultics of this kind and to the general recognition of the rash as the most important
single sign of smallpox, many of the older clinicians counted the incubation period from infec-
tion to the day of the appearance of the rash. Although in epidemiological investigations
recording the day of appearance of the rash has some advantage in tracing ficld contacts, it is
unscientific, tends to lead to neglect of the important initial stage, and gives rise to just as many
difficultics as it attempts to avoid, as in the very severe types the onset of rash is ill defined,
and in the mildest type of smallpox no rash occurs.

At the end of the incubation period the virus is liberated from its final site of multiplication
in the reticulo-endothelial system, as a result of the bursting of infected cells. The virus shower
probably commences just before the sudden rise in temperature and onset of symptoms of
the initial phase. Blood culture is probably positive just before the onset of pyrexia, but only
recently with egg culture has a really practicable method of isolation been available and many
more obscrvations atc required. Vlrus is thus able to disseminate to all parts of the body with
the possible exception of the central nervous system, although Puntigam, Orth and Kabin
(1952) have identified by clectron microscopy vaccinia virus in the cerebrospinal fluid of
calves used in preparing calf lymph.

It is often stated that the explanation of the different types of smallpox is simply and solely
duc to the amount of virus liberated. This takes no account of the views of the clinicians over
two centurics, that in the fulminating and malignant types the initial phasc is different from
that of the bungn Even more telling is the existence of semi-confluent malignant types quite
distinct, and with a diffcrent prognosis from benign confluent and semi-confluent. The
positive blood culturc and presence of soluble antigen for some days in the malignant cases is
in contrast to the short duration of positive blood culture and absence of soluble antigen in the
benign. The reaction in the patient is so different that some different mechanism appears
probable.

The most spectacular effect is on the skin (Figs. 18-23, 32-37, 49-54 and §5-60). Councilman
(1904) suggested that the lesion in the skin occurs first in the epidermis. Using vaccinia and not
variola as a model, Ledingham (1924) concluded that the lesions were first formed in the
dermis. Bras (1952b), who carried out the most recent and possibly the most complete study
of the pathological findings of smallpox, has paid particular attention to the histology of the
skin lesions. Unfortunately he lost the opportunity of clarifying a number of points by trying
to classify the cases on an impossible system (Nothnagel, 189s): (1) variola vera discreta;
(2) variola vera confluens; (3) purpura variolosa; (4) variola pustulosa haemorrhagica. Bras states:
“A sub-division between variola vera discreta and confluens, however, was quite impracticable
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because nearly all patients of the variola vera group had discrete and confluent pocks at the
same time, the latter usually on the face.” (Of course, it is quite normal for confluent cascs to
have discrete lesions on some parts of the body.)

“Furthermore, it is sometimes impossible to determine whether a casc of variola pustulosa
haemorrhagica had started as a purpura variolosa or not. Again, hacmorrhage can be so slight
that classification of the casc as variola haemorrhagica was doubtful. For instance a paticnt can
have generalized variola vera eruptions but with hacmorrhages only on the back, in and under
the vesicles. Also when patients have been tied to the bed by the wrists and ankles because of
restlessness, hacmorrhages may be scen under these arcas, traumatic in origin.” A statc of con-
fusion which entirely supports my view that the word “hacmorrhagic™ should be deleted
from smallpox terminology.

Examination of the bricf clinical notes of his cascs shows that many called ““ purpsra vario-
fosa” are in fact typical malignant smallpox, and interpreting the histological ﬁndings by
reclassifying the cases shows that in fulmlnatmg and malignant smallpox there is **violent
hyperacmia of the corium vessels” which *is not limited to the sub-papillary network. The
deeper plexuses are simultancously affected, though the cutancous net is not. In addition there
are localized hacmorrhages between the collagen fibres of the stratum reticulare corrii, but
occasionally extravasation of erythrocytes occurs in the stracum papillare corrii or even in the
epidermis. The perivascular infiltrates are present though often masked by hacmorrhages.
Changes in the epidermis appear above the hacmorrhages in the corium. As a rule they are
not yet developed at the time of death” (presumably in the fulminating which dic in three to
five days; malignant cases usually dic between the tenth and fourteenth day), ““changes when
present assume cither the characteristics of reticular or of ballooning degeneration slightly
varied, however, from the aspect in variola vera” (benign case). *“ Reticulation is not restricted
to the middle and upper layers of the stratum spinosum but may also occur in the basal layer.
Small irregularly scattered epidermal cavitics may be formed, rarely a typical vesicle, with
surrounding zone of swollen cells as in variola vera. Leucocytic immigration in the epidermis
does not scem to have sufficient time to develop.”

I would suggest that it is not a question of time, but that there is an intense and persistent
leucopenia in the malignant case.

In benign smallpox (variola vera in Bras’s account) he finds no cffect on the corium except
perivascular infiltration round the sub-papillary vesscls, the effects in the uncomplicated lesion
being confined to the middle layer of the epidermis.

Bras fecls “that all types of smallpox, hacmorrhagic and non-hacmorrhagic, have no
essential differences™ and ““the usual clinical classification is cvidently founded only on a
different development of parts of this pattern™

The confusion which the “ usual clinical classification” produced, with the obvious mixing
of some of the cases of benign confluent with the malignant confluent, prevented Bras appre-
ciating these differences between malignant and benign. I feel, however, that this valuable
picce of work confirms the view that although the virus is obviously growing in the skin and
the histological changes amongst cells, to some extent, follow a ““common basic pattern”, the
differences between malignant and benign arc considerable and are in accordance with the
clinical findings (skin closc-ups, Figs. 1823, 32-37 and 49-54). In the malignant there is a
diffuse destructive process primarily in the dermis with little or no tissue reaction on the part
of the host. In the benign there is localization in the epidermis, a tissuc reaction and proliferation

N
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surrounding the arca of cells undergoing degeneration—an active defence mechanism.
Unfortunately, the study of post-mortem material can never give the complete picture of
changes in smallpox lesions as a large proportion of the milder types will not dic. Deaths occur,
with very few exceptions, at certain well-recognized times, cither in the first four or five days
of attack, between the tenth and fourteenth day, or from complications from the cighteenth
day onwards.

[t is generally agreed that the virus must reach the skin by way of the blood-stream. In the
malignant cases changes in the corium indicate its presence at this level before it occurs in the
epidermis, producing feeble vesiculation. The clinical effects already mentioned and illustrated
suggest that the virus is present in large arcas, possibly in all parts of the corium, and that
vesiculation is an added and perhaps almost chance phenomenon. In the benign cascs, as has
been scen, the skin in between the lesions appears completely normal, and as one passes down
the scalc of scverity to the milder cases it is almost certainly normal and free from virus. The
typical pock or virus colony in benign smallpox is most pmbwbl\ formed by a virus-leucocyte
cmbolus. Work on vaccinia (Smith, 1929) suggests that virus may become attached to cells
and infective material be absent from the plasma of rabbits within a few hours. The idea of
infective cmboli as the cause of the virus colony in the epidermal pock in smallpox is a very
old onc and was used by Ricketts to explain his theories of distribution referred to later.

The reason for the different type of reaction in malignant and benign cases has not been
explained. It is somctimes assumed that it is all a question of quantity of virus. In recent out-
breaks, however, virus has not always been recovered in greater quantity from the blood of
malignant cases than of the benign. In some malignant cases even when blood samples were
taken car]y the virus has only been recovered on subculture, whercas type 7 cascs have shown
a positive first culture. If in the malignant case at the time of the virus shower there was a
liberation of some toxic substances, possibly of the naturc of hyaluronidasc, this might assist
the virus to diffuse and grow in the dermis. At the same time, there is an intense agranulo-
cytosis and this might have something to do with the lack of localization.

As we have scen, the malignant lesions are in the true dermis; in the benign more superficial.
Although in unmodified smallpox the discrete (type 6) and mild (type 7) attacks may have
progrcsswc]v fewer lesions, they are similar in size and depth, but in those with partial
immunity the lesions are morce superficial so that in a mild (type 7) in the unvaccinated a few
normal depth lesions will occur, wherceas a vaccino-modified (type 6) will have more numerous
lesions but they will be more superficial. Once again the simple explanation that the mere
amount of virus libcrated determines the rash does not satisfy.

Why the vaccino-modified rash, particularly the later lesions, should be so superficial
(Figs. 59-64) is not known. Virus is disscminated through an appreciable layer in the cpidermis
and in intercellular spaces. Possibly at the lower levels it is unable to grow owing to the effect
of antibodics, whercas the more superficial virus particles are unaffected. What is also very
noticeable is that the superficial lesions are much less liable to sccondary infection with
pyogenic organisms. The older writers recognized that one of the most beneficial effects of
some residual vaceinial immunity was in saving the patient from the risk of septic complica-
tions even if the rash was fairly cxtensive, and this was also one of the virtues of variola inoculata.
Ledingham in 1924 showed that in vaccinia the action of contaminating cocci was “stultified
if the virus was rendered impotent by neutralization with anti-vaccinial serum”. Possibly a
similar mechanism operates in man.
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Ledingham also noted that in experimental animals oedema around the Iesions was necessary
to induce active sccondary infection. In human smallpox oedema occurs when there are large
lesions, particularly on the face, in benign confluent and semi-confluent. In the vaccino-
moc}l)iﬁed, however, due to the superficial nature of the lesions, cuticular oedema is very slight
or absent.

Fic. 199. Decp destruction of sebaccous glands and
formation of a pit.

The vast majority of smallpox patients who recover from the discase and who were pre-
viously healthy arc left with no scquelac save scarring but, particularly in the female, this is of
great importance.

Although the scars may appcar as profusc on the hands or arms as on the face, the character
is diffcrent, thosc on the latter, particularly on the nosc and checks, being much deeper.
When the cascs, however, are scen a year later the difference is even more striking. Whercas
on the hands and arms the scar sitcs may be difficult to sce and pass unnoticed by the
casual obscrver, the scars on the face arc morce pronounced than when the patient left
hospital; a fact frequently ignored by the hospital doctor assessing the effects of treatment
on scarring.
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Bras (19524a) recorded his studies on the differences in the scars on the face and other parts of
the body and pointed out that although the sebaccous glands seem to be specifically picked out
in smallpox, a fact recognized by other observers (Petzholdt, 1836), their relative paucity on
other parts of the body means that, in spitc of destruction of the gland and subsequent fibrosis,
the end-resultis practically invisible. On the face, however, the sebaceous glands are particularly
numerous, closcly set and relatively large and destruction here results in deep fibrotic pits
(Fig. 199) in spitc of the vascularity of the face and its particular abilicy in tissue repair.
Bras was also convinced that sccondqrw infection of the lesions played little if any part in the
causc of permanent scars in smallpov, a view [ entirely support (1948). Very ugly keloidal
scars may be scen on the face following smallpox, complicated by chronic impetiginous
lesions on the site of the smallpox ones (Fig. 85), but these are really the scars of chronic skin
sepsis and are unrelated to the scbaccous glands and could be prevented by chemotherapy it
not by adequate hygiene and nursing. I have scen some of these cases in Cambodia following
mild attacks of smallpox where practically no smallpox scars were present. As mentioned in
the chapter on variola inoculata, cven when the secondary rash was quite profuse the more
superficial nature of the lesions and the escape of the sebaceous glands often meant that the
inoculated person had no appreciable permanent scarring except at the inoculation site. In
generalized vaccinia of the benign type, scarring is also invisible after a year. On the other hand,
accidental vaccination of the face or other part concurrent with a primary vaccination will
give risc to a permancent scar on the secondary site.

The characteristic distributions of the acute exanthems has always fascinated writers
and smallpox is no exception. It has been recognized for many hundreds of years that the
density of the rash was greater on certain parts of the bodv and that this might be determined
by mild irritation or injury. Colman wrote in 1722: “It "has 1011g been noted—the face and
hands and feet arc usually fullest of pocks because those parts of the body are more open and
exposed.” Ricketts (1908) scems to have been the first clinician to point out the centrifugal
naturc of the rash and the gradual change in density from the centre to the periphery.

Ricketts claimed that the production of lesions on sites of trauma was duc to vascular stasis
allowing virus-leucocyte embnli to adhere to the capillary walls, so allowing viral growth.
If the trauma was very slight, no effect might be produced, and if it was very severe with
considerable hyperacmia, capillary circulation might be increased and the normal or less than
normal number of lesions might be produced. In my experience, malignant cases do not show
this phenomenon to any great extent and the depth of the lesion may account for it. The theory
is neither proved or disproved, but is certainly the best explanation of the very characteristic
clinical findings.

Ricketts developed his theory further to account for the variation on certain anatomical
parts. For instance, it is common for the foot to have less rash than the hand. The dorsum of
the foot is much more affected than the plantar aspect. If, however, the person is a great walker,
particularly in tight shocs, then the rash on the sole of the foot may be confluent, even in
variola minor (Fig. 129). The centrifugal distribution on the limbs is particularly well shown
in children (Fig. 80), who presumably usc all four limbs fairly vigorously, but in the adult,
particularly those in sedentary occupations, the arms are much more affected than the legs.
When a patient is bedridden the legs may be scarcely affected at all, even in discrete or semi-
confluent cases. It has been noted that the hemiplegic has much less rash on the paralysed limbs.
From similar observations Ricketts assumed that the normal smallpox rash must be determined
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by the same intrinsic causes that determine the varicties, ““the operative causes are manifold;
but the most potent factors are exposure to air and friction with clothing and to their efficacy
cevery case of smallpox is a testimonial” (Ricketts, 1908) (Figs. 133, 134, 138).

Ricketts proceeded, by an analysis of the extent of the rash on the head, face and arms, trunk,
ctc., to show that the most mobile parts and the extensor surfaces are most heavily affected,
thosc parts protected by clothes and immobile the least. All this is borne out in practice. If,
however, this is the real cause, why is it that in vaccino-modified smallpox where the patient
is less ill and more mobile during the initial and carly cruptive stage, and may in fact continue
at work, the centrifugal characteristic of the rash is less well shown than in the morc incapaci-
tated cascs. It is in the very mild ambulant cases that all the lesions may be on the trunk.
Although in Europeans the rash undoubtedly tends to occur on those parts of the body which are
unprotected by clothing, there arce in the world many people who wear no clothes at all. Small-
pox in these people has, however, the same characteristic distribution as in Europeans (Fig. 84).

Another point, which rather spoils the explanation, is the fact that trauma will affect
chickenpox lesions in a similar way, yet the normal rash of chickenpox is quite different. It is
particularly unfortunate for those who hold the view that the pathogenesis of variola and
vaccinia are the same, that in generalized vaccinia the skin lesions do nor follow the characteristic
pattern of the smallpox distribution.

Although [ feel that Ricketts’ theory as to the cause of the centrifugal distribution is not valid,
we arc indced grateful to him for his clear enunciation of the principles of diagnosis bascd on
the characteristic distribution and not on the appearance of the individual lesions which are
alleged to be diagnostic. As Galen wrote about A.D. 131, “no cause can become efficient without
an aptitude of the body ™. We know something of the factors affecting this aptitude, but we
still do not know the cause.

IMMUNITY

The immunity mechanism in smallpox is imperfectly understood although much can be
deduced from the study of the discase, particularly in persons possessing residual immunity
from previous successful vaccination. As a result of observations of this nature [ put forward
some idcas on the immunity mechanism in smallpox (1948). As little has been published since
to add to the subject, the following account is largely based on the previous description.

Any theory of immunity must attempt to explain:

(a) the different clinical types of the discase, including malignant and benign, and the rashes
associated with them;

(b) the variation and extent and maturation of the rash, such as the distinction between few
lesions with normal maturation and many lesions with accelerated maturation;

() modification of the rash in type and rate of maturation associated with previous successful
vaccination;

(d) the mechanism of the immunity produced by vaccination, including concurrent
vaccinia and variola.

There appear to be three distinct components: anti-invasion, anti-dissemination, and local
skin immunity.

Anti-invasion immunity determines whether or not the virus entering the nose and throat
multiplies in some part of the respiratory tract and after further stages of development
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produces the initial fever, the primary clinical syndrome. This immunity factor determines
whether or not active infection will occur and in “immunes” is at a sufficiently high level
to prevent tissuc invasion. Possibly it is a local cellular immunity of the respiratory mucous
membrane. It may allow an individual to carry virus for a few hours in a purely mechanical
way and so infect contacts, although the individual docs not subsequently show any signs
of a clinical attack. This type of immunity occurs in those with a recent successful vaccin-
ation, but it declines relatively quickly, while other forms of immunity may still be present.
On the other hand, this cellular resistance to infection must also be present in those individ-
uals who arc apparently immunc to smallpox as they suffer no attack on repeated exposure
to respiratory virus, but who can be successfully vaccinated subscquently. This latter infection
is, of course, introduced through the skin.

The loss of anti-invasion immunity accounts for types 7, 8 and 9 occurring in persons
successfully vaccinated some three to ten years previously. Following a natural attack of small-
pox this component is more persistent, in some individuals lasting for a great many yecars,
even for life, but as sccondary attacks occur, it must decline in the same way as that induced by
vaccination. Variolation scems to occupy a middle position, the immunity component being
more lasting than that derived from vaccinia, but less than that following a natural attack.
Anti-invasion immunity scems to be a fairly independent factor, and from the practical angle
is complete or absent, resulting in resistance or active infection. This is supported by the fact
that the initial syndrome is no less scvere in variola sine eruptione than in many of the more
severe types. There is also no characteristic difference in initial syndrome in variola minor
where the majority of infections will be mild. It is to be noted that length of the incubation
period does not scem to be affected.

In all types of smallpox a viracmia coincides with the onset of the initial phase. Whereas in
the fulminating and malignant the viracmia continucs for some days, “soaking™ the tissues
with virus, at the other end of the scale in variola sine cruptione, it is short, possibly lasting only
a few hours, and the patient may feel perfectly normal within twenty-four hours.

Until serial blood virus counts can be made on patients in the viracmic stage of the different
kinds of smallpox, onc can only hazard a guess at what is happening from the appearance of
the skin and from the general condition of the patient, the pyrexia, malaise, cte. Judging from
the number of lesions in the skin there would appear to be no great difference between the
intensity of the viracmia in the malignant confluent and in the benign confluent. On the
other hand, in the malignant semi-confluent the viracmia is less intense although of longer
duration than in the benign confluent, and this is supported by the very scanty laboratory
cvidence available at present, that the blood in malignant semi-confluent may not show very
profuse growth of virus. As discussed later, the cffects may be due to some toxic action or
some immunity characteristic of the skin.

It is postulated that another immunity factor, the anti-dissemination factor comes into play,
and in some way neutralizes virus. It might be argued that no such factor is necessary, the
intensity of viraemia determining all, or that skin immunity can account for the differences,
the skin, in some cases, being sufﬁcmntly immunc to prevent growth of virus. However, in
clinical practice we sce one patient who has a few lesions of normal size and rate of matura-
tion and another who has a large number of lesions which are abortive and mature rapidly
like an accelerated vaccination although the initial attack appears identical. This suggests that
two distinct factors must be present, an anti-dissemination factor and a skin immunity factor.
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In variola minor in which the pathogenesis would appear to be identical with variola major,
we have a similar and not always milder initial phase followed by a feeble growth of virus
colonies in the skin. Either the primary growth cycle provides less virus, which is unlikely from
clinical and blood culture observations, or the virus is neutralized by a natural anti-dissemination
immunity factor present in most individuals or is less able to grow in the skin. The rare,
extremely susceptible person, as in other discases, may get a severe type of attack. This natural
level of anti-dissemination factor is sufficient to cope with the relatively feeble variola minor
virus, but only in a small proportion of individuals aftected with variola major virus. If it is
sufficient to ncutralize all the virus, there is no rash. Even variola major sine eruptione can
occur in the unvaccinated person.

The anti-dissemination factor is produced by vaccination and, as it wancs, types 7, 8 and 9
occur. It persists in some individuals, however, for a very long time, fifty or sixty ycars,
although in others it may disappcar quite quickly. Why there should be such variation is not
known, and this is further discussed in the chapter on clinical vaccination (Chapter 7).

Whercas only a small proportion of unvaccinated persons possess significant anti-invasion
immunity, a larger proportion possess some degree of anti-dissemination immunity resulting
in benign-type lesions from confluent to sine eruptione following infection with variola major
virus and the discrete and mild lesions following infection with variola minor virus.

The skin immunity factor is independent of the other factors and appears to be low in the
vast majority of people as confirmed by the ability to successfully vaccinate or variolate nearly
100 per cent of a previously unexposed population. However, the newborn infant appears

slightly less susceptible, as greater trauma is necessary to both successtully vaccinate or

variolate (Monro, 1764). There is also the small but extremcly important group in which
repeated vaccination fails, but the individual proves to be susceptible to “natural” smallpox.
It has been frequently noticed that persons who are refractory to vaccination over a period
of many ycars may become susceptible, as shown by an apparently normal primary vaccina-
tion after numecrous failures. In countries where smallpox is endemic observations of this
kind arc affected by the possibility of previous sub-clinical infection producing immunity.
Fortunatcly, this cvidence has been obtained in countries where smallpox is rare.

Malignant cases, apart from their severity, are of peculiar interest from an immunological
point of view. It is well-recognized that malignant cascs occur with undue frequency in those
vaccinated some twenty or thirty years previously.

Malignant cases also appear to occur with greater frequency in those persons who are
insusceptible to vaccination on a number of occasions.

From limited personal observations of family outbreaks, malignant cases scem to occur
amongst persons of the same physical type. Although the literature on second attacks of small-
pox is most difficult to interpret, they are most likely to be of two kinds, very mild, or ful-
minating or malignant. This paradoxical effect causes much doubt of the facts when they are
presented.

It would scem that factors conducive to the occurrence of malignant cases may be natural
or acquired. Although anti-invasion and anti-dissemination factors will be minimal, it secems
possible that some skin insusceptibility—some factor hindering localization and growth of
virus in the skin—might be present. The minimal mortality from natural smallpox, obscrved
before both variolation and vaccination were introduced, is in the age-group five to fifteen,
and suggests that perhaps some hormonal factors may determine the apparent frequency of
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malignant types over the age of twenty years whether vaccinated or not. From a practical
point of view the story of repeated failure to vaccinate successfully, followed by a malignant
attack, is as common as it is tragic.

It secms possible that where an individual has previously come into contact with variola or
vaccinia virus in a new infection there may be interference in the development of the virus
at some stage, particularly the blocking of certain more susceptible tissucs and some deviation
from the site of primary multiplication. Perhaps all the virus is then filtered out by tissues such
as the lung, and this gives risc to gross antigen-antibody reaction, producing dysfunction in
the lung and giving risc to the “virus pncumonia syndrome™, better called “smallpox pul-
monary allergy”

Although the mild types of smallpox can occur in the unvaccinated and the course of infec-
tion must thercby be determined by some natural form of immunity, types 6 and more
frequently 7 and 8 arce very common in the vaccinated with alteration not only in the number
of lesions, but in their maturation in the skin. As mentioned in the clinical chapters, occasionally,
after a quite “normal” initial stage, a person may have a profuse cruption which does not
procced beyond the papular stage. This sudden abortion of the lesions is quite dramatic and
can only be explained by a rapid immunological response in the skin of a previously sensitized
person. As previously discussed under pathogencsis, the superficial granulomatous lesions in
the vaccino-modified do not occur in unmodified smallpox, cven in variola major in the
unvaccinated when there are only a few lesions. Some immunity factor in the skin must be
the causc of this reaction. In some individuals it is very persistent.

When vaccination or variolation is pcrformcd virus inoculated into the skin, grows
in this tissue first and not until relatively late in the development of the vesicle, about the
ninth day, arc antibodics present in sufficient amount to prevent further infection with
vaccinia or with smallpox virus entering the respiratory tract.

There is some variation in different individuals but immunity of practical valuc is established
much carlicr than the maximum scrological response which is delayed for about three to
four weeks.

Immunity, sufficient to modify the eruption, occurs before immunity is sufficient to prevent
an attack (Wilkinson, 1942). In Tripolitania (1948), twenty-one cases vaccinated successfully
after contact with smallpox between the first and fifth days of the incubation period were of
types 6, 7 and 8, whercas in thirty-one cases where vaccination was performed between the
sixth and tenth days, cleven were types 2 and 3 and there were five deaths.

It scems that anti-invasion and anti-dissemination immunity may be completely lost,
whereas the skin immunity factor probably never declines quite to the level in the unvaccinated
subject; although in practice many revaccinations after twenty or thirty years do have all the
appearances of a primary infection.

According to Ricketts, positive vaccination can occur in smallpox cven when done on the
sccond and third day of the eruption. Although this is possible, with acccleration of the vac-
cinial lesions similar to the effect of further vaccinating during the course of a developing
primary vaccination, [ would suggest that some of these apparent vaccination responses may
be accelerated variola lesions on the vaccination site. On the other hand, there is probably
complete dissociation between the anti-invasion, anti-dissemination and the skin immunity
factors. This would allow trans-cutancous vaccinial infection to proceed independently of the
general variola infection, at any rate for a short time. As far as can be determined, once vesi-
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culation has occurred in the skin, that is by the fourth or fifth day of the rash, successful vac-
cination will be impossible. Previous successful vaccination which does not usually modify
the initial fever causes considerable changes in the affnity of the skin even when dissemination
is fairly widespread, as in type 6. More rapid maturation of the skin lesions occurs, showing a
sensitized skin i immunity mechanism. All variations arc scen, down to the abortive casc where
the lesions may not become vesicular.

Entry of the virus through the skin as in vaccination or variolation is likely to produce
immunological changes of different type and magnitude from thosc produced in the natural
discasc with entry of virus through the respiratory tract. The course of events in inoculated
smallpox and also in generalized vaccinia suggests that, depending on the type of infective
agent and the level of immunity of the host, the inoculated discase can approach closer and
closer to the natural discase, but a transcutancous infection will always be different from a
respiratory one. In successful vaccination the natural susceptibility of the skin to virus is
ncutralized by a successful take not only at the site of the lesions but to a lesser extent over
the whole skin surface.

A person whose skin has always been refractory to vaccinia by regular failure to obtain a
successful vaccination with good lymph, is not necessarily insusceptible to smallpox. If infected,
the discasc is usually of types 1, 2 and 3, or 7, 8 and 9. In some individuals the skin is apparently
highly susceptible to vaccinia, produces a primary-type lesion even within one year of a
typical primary vaccination, but we do not know whether this susceptibility to vaccinia
parallds susceptibility to smallpox. Ricketts belicved it did, but [ feel that although parallelism
exists in a fair proportion of individuals a great many exceptions occur. The problem has
been oversimplified by assuming that the pathogenesis and immunological process in vaccinia
and in natural smallpox arc the same.

Successful vaccination may not, however, result in the skin affinity being neutralized com-
pletely in all parts of the body. The skin may be refractory to further virus at the site of the
primary inoculation, but successful vaccination may occur accidentally on other parts of the
body such as the hand (Horgan and Hasceb, 1944). A revaccination on the arm may fail to take
and the individual may subsequently come into contact with smallpox without apparently
becoming infected but may sull be susceptible to vaccination on a more receptive site such
as the finger (Lyons, 1954).

Immunity factors can be summarized as follows.:

Anti-invasion factor. Determines infection or not. Occasionally present naturally. The factor
first lost as effect of successful vaccination wanes.

Anti-dissemination factor. Natural or acquired from vaccination, the latter lost more slowly
than anti-invasion, but more quickly than skin immunity. Affects the number of skin
lesions. In mahgnant cases other causes present, possibly a “spreading” factor, hormonal
factors or abnormal state of the skin.

Local skin immunity. Occasionally natural, more frequently acquired from vaccination
previously or concurrent—causes lesions to be more superficial, mature rapidly or even
abort in the papular stage.

The three immunity factors deduced from clinical observations have not been proved to
exist by laboratory investigations.
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Becausc of its case of handling and growth, vaccinia virus has been used as a model for a
great amount of study on antigens.

It has been shown by Craigie (1932) that vaccinia has two antigens, one heat labile (L),
being destroyed at a temperature of 60°C., and the other heat stable (S.). These two antigens
part of a complex L.S. antigen is apparently specific for vaccinia and variola viruses and is
the basis of the scrological test. There is also another antigen, which is nuclco-protein
(N.P.). Haemagglutins arc also present (Nagler, 1944; Nutt and Gilding, 1944), apparently
distinct from the L.S. antigen (Chu, 1948).

All these antigens are present in vaccinia, COWPOX, variola major and variola minor viruscs,
and in vitroserological tests show no defmite antigenic differences between them, although minor
differences could be demonstrated by the use of absorbed scra (Downic and McCarthy,
1950).

Downie (1951) has surveyed the evidence concerning antibodies against variola and vaccinia.
Complement-fixing antibody and anti-hacmolysins are laboratory “‘indicators” which are
not directly related to immunity to natural infection. This factor can be measured to some
extent by virus neutralization shown by the reduction of the pock count in the chorioallantois.
Although it had been hoped that this technique might at least give us a practical method of
mecasuring an individual’s protection against smallpox, Downie (1951) quotes a casc of mild
smallpox in a nurse vaccinated two years before in whom a considerable titre of this neutralizing
antibody was present in a specimen of blood taken just before she was cxposed to infection.

In a small serics of persons who had had smallpox one to cight years previously, Downice
found complement-fixing antibody was absent and anti-haemagglutin low, whereas neu-
tralizing antibody remained high. Similarly, following vaccination the maximum levels arc
attained at three to four wecks, although not so high as after smallpox. After a year comple-
ment-fixing antibody and anti-agglutinin arc usually absent, whilst virus-neutralizing antibody
is still present, although showing much variation in different individuals. Downic (1951) is
forced to conclude that some at present clusive factor of avidity must account for the dis-
crepancies between quantity and quality of antibody in preventing smallpox infection. We
must therefore admit that we have no method at present of measuring the immunity of an
individual to smallpox cither basically or following vaccination, other than the traditional
mecthod of deduction from the imperfect picture of the response to vaccination or revaccina-
tion. The practical aspects of this subject arc referred to both under laboratory diagnosis of
smallpox and under field problems in vaccination.

Failure to obtain a successful vaccination after repeated attempts with good lymph and a
good technique in a person who has never had a successful vaccination means a skin, at least,
temporarily, insusceptible to vaccinia, but not necessarily any immunity to natural mfcctwn with
smallpox. Failure to obtain a successful vaccination in persons with a good primary scar
although using good lymph and technique, even when done more than twice, does not
prove they are immune, a]though this is probable. The fact that persons show an active
infection with vaccinia on revaccination, although indicating skin susceptibility, docs not
prove that at the time they would necessarily have been susceptible to variola, although
it is often assumed by patients.

Much of the difficulty in national and international vaccination procedure is due to our
inability to measure the degree of immunity against smallpox possessed by an individual at
any time.
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History of Smallpox,

CHAPTER 10
Variola Major and Variola Minor

In attempting to trace the history of smallpox, it is necessary to interpret accounts by many
writers, who although using well-known terms rarely give sufficient clinical description to
allow onc to be certain of the real identity of the discasc. At all times contemporary writers
assumed that their readers would be familiar with the discase they named, but there is no
guarantec that such a discase is the same condition in diffcrent countries, or at different
periods of history. Duc to the widespread practice of borrowing medical knowledge, par-
ticularly from Arabic sources, it is probable that the name smallpox was applied to a local
discase which appeared to best fit it, although it might have been cntirely absent from the
particular community. Smallpox is particularly difficult to study, due to the confusion
with chickenpox, which existed in some parts of the world until the late nincteenth
century.

The nomenclature is confusing. The first accurate description of the diseasc was given by
Rhazes, physician to the hospital of Bagdhad, who dicd about a.p. 923 or 930. As the diseasc
did not occur in either Greeee or Rome, there is no original Greek or Latin word for it. When
Rhazes’ writings in Arabic were translated into Greek, smallpox was rendered “loimic”
disease, and when tranlated into Latin the corresponding term was “pestis”, a word often
used with a much wider meaning. The word “variola” was first used by Marius in A.D. 569,
but may nothave been applied to smallpox atall, as there is no clinical description. Constantinus
Africanus (1020-87), who translated some of the Arabic medical works into Latin, first uses
the term variola for the discase described by Rhazes. The present Anglo-Saxon word “small-
pox " is derived from ““pocca”, a bag or pouch, whercas the word “variola™ is thought to
have been derived from the Latin word ““varius”, which means spotted, or from ““varus”,
which means a pimple. Although in A.p. 961 the word “variola™ and “poc”™ or “pocca”
were uscd together, this does not prove that the discase named was the same as that described
by Rhazes. Creighton (1891) takes great pains to show that, in the sixteenth century, “les
pocs’ in French might refer to “la petite vérole”, which was taken to mean smallpox, or to
the “great pocks™ or syphilis. Similarly in many English accounts the word ““pockes” is fre-
quently used, and only subsequently with the appearance of syphilis have writers conveniently
prefixed it with the word “small”. In Latin, smallpox was somictimes described as ““variola
minuta’’, the pustules being small as compared with boils, or more particularly with the bubos
which accompaniced true plague. The French also called smallpox ““poquote”. The German
names “‘pocken’ and “blattern” are borrowed respectively from the Dutch “pocke”, meaning
a pocket or purse, and the German “blatte”, meaning a blister. The German prefix “klein”,
as with the French “petit”, came into usc after the appearance of syphilis in Europe in 1494.

In describing smallpox, Rhazes stated that hardly anyone escaped having it, and when in
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the tenth century this was translated into Greek, it was rendered “every man is born liable to
t”". Isaac the Jew, who lived in the ninth century, thought the discase was inevitable, as it was
a process of purification of the child from the retention of menstrual blood during pregnancy.
Rhazes belicved it was a process natural to children, because the blood is like new wine and
must ferment. It is difficult to appreciate that the inevitability of some discases was at this time
regarded as an almost physiological event, like the cruption of tecth. In more recent times we
have scen some sections of the population accepta discharging car as being a normal occurrence.
European physicians, however, reading the Greek or Latin translation of Rhazes, were morc
than likely to think that measles and chickenpox, being so common in infancy, would fit the
description well enough, and so give rise to the statement that smallpox and measles were
common conditions in childhood and of no consequence.

Between 8co and 1400 the terms “variola”, “vayrola”, “veyrola”, “vayrora”, “variolas”,
and “morbis varicus” were used at various timces. Confusion, however, was common, as
Creighton (1891) points out. Phacr, writing The Re giment of Life in 1553, talks of smallpox and
mecasles, but translates “variolac™ as ““yec measles” and “morbilli”, ““called of us ye smallpox.
They are but of one naturce and proceed of one cause.” In an English-Latin glossary of 1570
by Levins, ~“ye maysilles™ is translated by “ variolac™

Much has been written on the history of smallpox, including complete works, such as the
History of Smallpox by Moore (1815), the History of Inoculation by Woodville (1796), and
extensive chapters in books by Hirsch (1883), McVail (1893), and more recently by Goodall
(1934) and Rolleston (1937). Many others have written on this subject, often drawing on
Moorc’s original source material. Creighton (1891, 1894) investigated much of this and also
thoroughly reappraised the original work, and devoted a large amount of space to the history
of smallpox in his classic History of Epidemics in Britain. Although much of the later history is
coloured by his anti-vaccination views, his survey of the carly history constitutes a standard
work on the subject. I have drawn ﬁcdy from many sources, and have attempted to reassess
some from a twenticth-century viewpoint, but much is a matter of opinion rather than fact.
The inherent probability of any occurrence tends the closer to zero the further in time we get
away from it.

The origin of smallpox is unknown. The frontispicce to this book is a picture of the mummi-
fied head of Rameses V, ¢. 1160 B.c. His death was thought to have been due to smallpox by
Elliott Smith (1912), Ruffer (1921) and Warren Dawson (1953), and my own examination of
the large photographs of the mummified body and head leads me to support this view. Moore
(1815) stated that smallpox was known in China in the Tcheou dynasty, 1122 B.c., the Chinese
name for the malady being ““tai-tou”. Inoculation was first described about 590 B.c. in the
Sung dynasty, using nasal implantation of virus from seeds. According to Holwell (1767),
the discase had been present in India for many thousands of years, and according to von
Schrétter (1919), evidence of variolation was contained in a Sanskrit text ““Sacteya” attributed
to Dhanwantari. In the Brahmin mythologics a special god, Kakurani, was recognized for this
diseasc. Smallpox appears to have been present in India from the carliest times, and also in
China for ncarly as long. Although this might suggest that smallpox had its origin in Eastern
Asia, it should be remembered that many parts of the world have no literaturc as old.

The most striking thing about smallpox is its absence from the books of the Old and New
Testaments, and also from the literature of the Greeks and Romans. Such a serious disease as
variola major is very unlikely to have escaped a description by Hippocrates if it existed. It is

.
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possible that the obscervations on Rameses V arc wrong. On the other hand, smallpox is a
discase in which there is no carricr state, and if communications were poor, it would be quite
casy for it to dic out. The extremely slow pace of sea travel, because of the absence of the
mariner’s compass, meant that smallpox could not be casily spread by sea. It was more likely
by land, where relatively large migrating groups could travel. It seems possible that Alexander
the Great’s army which travelled down the Indus was attacked by smallpox: “as the scab
attacked the bodies of the soldiers and spread by contagion.” It could, of course, have been
scabies or some other skin discasc. The fact that it was not brought back to Asia Minor suggests
that it was something that could burn itsclf out.

Although some think that the description given by Ko Hung (a.p. 265-313) in his Handbook
of Emergencies is smallpox, it would scem to be more like impetigo. The discase described by
Euscbius occurring in Syria in A.p. 302 and recorded by Willan (1821) sounds more genuine.
“It was characterized by a dangerous cruption which unlike the true plaguc spread over the
whole body and which also affected the cyes and often resulted in loss of sight, which had the
cffect of protecting against a sccond attack of the same disorder, and whose cruption was,
according to a later writer, accompaniced by a very offensive smell.”

The next appearance of a discase regarded as smallpox was recorded in Arabia during the
clephant war of A.D. 569, when infection was thought to have been brought from Abyssinia.
An outbreak occurred amongst troops at the sicge of Mecca, illustrated by the story: “Large
birds appeared, which dropped stones the size of a pea on to the persons, and they were
killed.” This has usually been interpreted to suggest that some skin condition occurred.
Abraha and the remains of the army fled, and he himself died from the discase, and “as they
brought him along the retreat, his limbs fell off picce by picce, and as often as a picce fell off,
matter and blood came forth”. This might well be a description of the shedding of the skin in
malignant smallpox. There was, however, considerable confusion between smallpox and
measles. Both could produce a high mortality when occurring in a new population. Bruce of
Kinnaird quotes a manuscript of El Hamesy, Travels to discover the Source of the Nile, in
which he states that smallpox and mcasles broke out in Arabia and almost destroyed the army
of Abraha. The story of the birds was thought to have been added later, to boost Mahomet and
to make the whole occurrence appear a miracle, as a large army of Abyssinians was unable to
take Mccca, which was held by a handful of frightened citizens (Creighton). Infection was
thought to have spread from Arabia into Egypt in 572, or, according to Gibbon, in $69. This
fits in with the first writings on smallpox, by Aaron of Alexandria, who apparently flourished
during the life of Mahomet. Although we have no direct accounts of Aaron, he was quoted
extensively by Rhazes some three hundred years later.

At the beginning of the seventh century, Chosroes the Persian invaded the Roman Empire,
and overran Palestine and Egypt, and this doubtless increased the likelihood of the introduction
of smallpox in this arca. In 622 Mahomet collected the wandering tribes against the surrounding
nations, and very large numbers died, many as the result of discase. The Arabs carried their
wars castwards along the North African coast. Three of the carly caliphs were apparently
pitted with smallpox; two had a white spot in cach of their cyes. In 647 Tripoli was captured,
and the conquest continued westwards. One source of smallpox in Europe was through Spain,
by its conquest by the Moors in 710. In 731 the Moors crossed the Pyrences and invaded France.
Much discasc was recorded about this time under the general title of plague. Even true bubonic
plaguc was sometimes called pustular plague, which further confused the issue.
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It scems probable, however, that the discase was alrcady present in Europe, as the often-
quoted account of Gregory of Tours in §81 indicates. Willan translates the description as
follows: “A person, after being seized with a violent fever, was covered all over with vesicles
and small pustules. The vesicles were hard, white, unyiclding and very painful. If the patient
survived to their maturation, they broke and began to discharge, when the pain was greatly
increased by the adhesion of the clothes to the body. The lady of Count Eborin whilc labouring
under this pest was so covered with the vesicles that neither her hands nor fect, nor any part
of the body remained exempt, nor cven her cyes were wholly closed up by them.” The
description would fit smallpox well, but the discase was not given a special name, although
Willan (1821) thought that it was likely to be the same as an epidemic referred to by Marius,
the Bishop of Avenche, in A.p. 70, to which the name “variola’ had been given. However,
no clinical description exists to show what sort of discasc this really was.

Smallpox is thought (McVail, 1893) to have existed in Ircland under the native names of
“bolgach™ and “ galar breac™ and was first recorded in A.p. 675 and atintervals over a number
of years until 778. No clinical descriptions appear, however, to cxist, and although both terms
arc still used in Ireland today to describe smallpox, this does not prove that the name has always
been applied to the same discase.
