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Table 1.2). On the other hand, Sarkar et al.
(1972), in a series of 170 cases observed in
Calcutta during the years 1963-1969, record-
ed no cases of haemorrhagic-type smallpox
among 81 patients who had been vaccinated
but did note 32 cases among 89 unvaccinated
subjects.

Early Haemorrhagic-Type Smallpox

With minor changes, descriptions of eatly
and late haemorrhagic-type smallpox, and
statistical data relating to them, are taken
from Rao (1972). There is no point in trying
to distinguish a “pre-eruptive” stage in this
subtype, since death usually occurred before
the focal rash had time to develop. The onset
was sudden and the high fever was ac-
companied by severe headache and backache
which often persisted until the patient died.
Patients looked very sick and were restless,
anxious and pale. On the 2nd day of fever the
whole body was suffused with a generalized
erythema, and petechiae and areas of ecchy-
mosis appeared (Plate 1.22A and C). Subcon-
junctival haemorrhage was the most common
(Plate 1.22B), but haemorrhages occurred
from many sites (Table 1.6). On the 3rd day of
the disease, the whole skin exhibited a finely
textured matted surface and was velvety to
the touch (Plate 1.23A and B), and 24 hours
later it resembled dark-purple velvet, a feature
seen most clearly in fair-skinned patients.

Patients showed signs of severe toxaemia,
and became restless, breathless, and com-
plained of heaviness and pain in the chest.
Ricketts (1908) described and illustrated a
characteristic expression of the face, with the

features immobile, the lines of expression
obliterated, the cheeks relaxed, the lips full
and parted and the eyelids drooping-—an
expression of profound prostration. He also
spoke of a fetid odour of the breath that was
common to the toxaemic state in most cases of
very severe smallpox, whether they were
haemorrhagic, flat or confluent ordinary in
type. Death occurred rather suddenly on
about the 6th day of fever, patients usually
remaining conscious until the end. Clinical
observation and postmortem studies (Bras,
1952a) revealed that these patients did not die
of haemorrhage, but they showed evidence of
heart failure and sometimes oedema of the
lungs. If the patient survived a few days
longer, the superficial layers of the skin
became raised and fluid collected underneath,
forming large blebs containing serous or sero-
sanguinous fluid, which ruptured after slight
trauma, leaving extensive raw areas.

As was true for haemorrhagic-type small-
pox in general, the early haemorrhagic sub-
type was more common in adults, 889 of all
cases in Rao’s series being in persons over 14
years of age. Two-thirds of his cases were in
women, pregnant women being especially
susceptible. Of all the smallpox cases occur-
ring in pregnant women in the Madras series,
169, were of this subtype, compared with
only 0.99 among non-pregnant females and
0.8%, among males in the age group 15-44
years. If a vaccinated person contracted
haemorrhagic-type smallpox the outcome
was not influenced by the prior vaccination;
indeed, Rao (1972) states that a few cases of
fatal early haemorrhagic-type smallpox oc-
curred even among persons who had recently
been successfully revaccinated.

Table 1.6. Frequency of haemorrhages (percentages of cases) in different anatomical sites in early and late

haemorrhagic-type smallpox2

Early Late

Site or symptom haemorrhagic type haemorrhagic type
(72 cases) (128 cases)

Skin 85 16
Conjunctiva 65 52
Haematuria 25 29
Gums 20 29
Haemoptysis 12 30
Melaena 10 8
Epistaxis 2 3
Haematemesis } 4
Vagina (women only) 80 58

2 Based on Rao (1972).
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Late Haemorrhagic-Type Smallpox

This form was differentiated from early
haemorrhagic-type smallpox by the occur-
rence of haemorrhages after the appearance of
the rash. The pre-eruptive stage lasted for 3—4
days, the temperature being about 40 °C, with
severe toxaemic symptoms like those de-
scribed for early haemorrhagic-type smallpox,
which continued unabated even after the
appearance of the rash. The lesions, which
started as macules, soon became papules but
thereafter matured very slowly. They some-
times showed haemorrhages into their bases,
which gave them a “flat” appearance (Plate
1.23C). Bras (1952a) noted that sections of
such lesions showed that often the bleeding
actually occurred in the corium beneath the
pustules rather than in the pustules
themselves.

Bleeding occurred in various mucous mem-
branes, although somewhat less frequently
than in early haemorrhagic-type smallpox
(Table 1.6). If the haemorrhagic focal lesions
were “flat”, they did not evolve beyond the
vesicular stage but then flattened out and
became black. In about 159, of Rao’s cases
they matured into pustules, which followed
the same course as in ordinary-type smallpox.
In these cases there were no haemorrhages
into the lesions, but only into mucous
membranes.

The majority of cases of late haemorrhagic-
type smallpox were fatal (see Table 1.2), death
occurring between the 8th and the 10th day.
Cases with flat lesions had a higher fatality
rate than those with raised pustular lesions.
Among the patients who survived, the haem-
orrhages gradually resolved during a pro-
longed convalescence. However, in the few
survivors among cases with the flat type of
lesions, scabs usually formed sooner, resulting
in only superficial scarring.

Of cases in the Madras series, 809, occurred
in persons over 14 years old. Unlike the
situation with early haemorrhagic-type
smallpox, there was little difference in fre-
quency between men and women, although
pregnant women were slightly more suscept-
ible. In Rao’s series, of all pregnant women
with smallpox, 69, had the late haemorrhagic
type, compared with 29 of non-pregnant
females and 2.19%, of males in the age group
15-44 years. As with early haemorrhagic-type
smallpox, Rao observed cases among persons
who had apparently been successfully vaccin-
ated, not only in infancy but also at later ages.

Haemorrhagic-type smallpox was primar-
ily due to defects in the response to infection
by individual patients. It was very rare in
variola minor (see below), but epidemiolog-
ical evidence suggested that viral strains of
unusual virulence were not the main cause of
haemorrhagic-type smallpox. For example,
Rao (1972) noted that there had not been a
single haemorrhagic-type case among the
contacts of 385 cases of haemorrhagic-type
smallpox in Madras, although many of these
contacts had contracted other forms of small-
pox; this was an even longer series than that
analysed in Table 1.2. Postmortem studies
(Bras, 1952a) excluded concomitant bacterial
infection as a precipitating factor. As will be
shown in a later section, these cases were
characterized by high and sustained viraemia,
severe depletion of platelets and a poorly
developed humoral immune response.

VARIOLA MINOR

This variety of smallpox differed greatly
from variola major in its spectrum of severity
and in its case-fatality rates—about 19
compared with about 209,

Clinical Coutrse

The most comprehensive account of the
symptomatology of this disease was provided
by Marsden (1936). His observations were
based on 13686 cases (most of which he
examined personally) that occurred in
London between 1928 and 1934. The descrip-
tion which follows is drawn largely from that
source, supplemented by the accounts of
MacCallum & Moody (1921), Jong (1956) and
Noble et al. (1970), and the extensive field
experience of epidemiologists working in
Brazil, Ethiopia and Somalia during the
smallpox eradication programmes in those
countries. .

Almost all cases of variola minor would
have been classified as discrete ordinary- or
modified-type smallpox, but in any individual
case it was impossible to determine whether
the disease was variola major or variola minor.
The diagnosis depended on the assessment of
the clinical severity of the outbreak; if there
were no deaths or only one among 50 or so
patients the disease was usually variola minor.
Data on the pre-eruptive stage were provided
by Marsden, who saw only about 19, of his
cases at this stage, and MacCallum & Moody
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Plate 1.25. James Pickford Marsden (1900-1977).
Formerly Deputy Medical Superintendent, River
Hospitals (London County Council), Dartford, Kent,
England. He described a series of 13686 cases of

variola minor in outbreaks in London between 1928
and 1934.

(1921), who saw many of the 2333 cases in
their Jamaican series during the early stages of
the disease. The onset was sudden, with a fever
of 40 °C, severe headache and backache and
sometimes vomiting. Marsden recorded the
occurrence of pre-eruptive rashes in 48 of the
cases he saw during this stage; there were
typical erythematous prodromal rashes in 37
cases. MacCallum & Moody recorded no such
rashes in their mainly dark-skinned patients.
The constitutional symptoms of the estab-
lished disease were usually much less severe
than those in cases of variola major with a
comparable rash (Plate 1.24). The toxaemia
so evident in variola major rarely occurred,
and patients with extensive skin rashes were
often ambulant. The individual lesions were
smaller than those of variola major, so that
Marsden was able to count more than 500
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lesions on the faces of 295 of his patients
without these producing confluence, as
would have been expected in variola major.
Both MacCallum & Moody and Jong noted
that the early vesicles and early pustules were
unilocular and were not umbilicated, a clini-
cal finding that was supported by histological
examination of biopsy material. The sequence
of appearance, the distribution and the nature
of the skin lesions were similar to those
described earlier for variola major, but their
evolution was often more rapid. The eruption
became vesicular on the 3rd day after the
appearance of the first papules, and within 24
hours had become pustular. Early crusting
was established on the 6th or 7th day of rash.

Cases of variola minor could not be classi-
fied according to Rao’s scheme (see Table 1.1)
because of the smaller size and more rapid
evolution of the skin lesions. Indeed, the vast
majority would have been classified as “modi-
fied-type smallpox”, which would clearly be a
misnomer. Marsden grouped his cases accord-
ing to the criteria formulated by Ricketts
(1893) (Table 1.7). He noted that many of
those classified as “discrete” would have been
confluent in variola major; none was de-
scribed as flat-type smallpox.

In keeping with the reduced severity and
the more rapid evolution of the rash, secon-
dary fever was rare, occurring in most of the
more severe cases but, in Marsden’s exper-
ience, in only 0.139, of those with fewer than
100 lesions on the face, a group which
included 879, of the cases in his series. Both
MacCallum & Moody and Jong noted the
absence in variola minor of the characteristic
fetid odour of variola major.

Haemorrhagic-type cases did occur in var-
iola minor, but they were extremely rare.
Marsden recorded 3 cases, one of which
recovered; Tigre et al. (1973) describe a fatal
case in a 4-year-old boy infected in Argentina
in 1970 and refer to 4 others observed in
Brazil; Rodrigues-da-Silva et al. (1963) re-
corded 1 case which survived, and Moody
(1922) recorded 2 fatal cases, both in pregnant

Table I.7. Classification of clinical type of cases of variola minora

Number Percentage
Haemorrhagic or toxic 3 0.02
Confluent on face 19 0.13
Discrete; > 500 pocks on face 295 2.16
Discrete; 100-500 pocks on face | 484 10.84
Discrete; < 100 pocks on face 11885 86.85

2 Based on Marsden (1936).
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women, among 2912 cases of variola minor in
an epidemic in Jamaica in 1920-1921.
There were 150 pregnant women in Mars-
den’s series but he commented only on the
effects on the fetus, described below, and not
on the severity of disease in the mother. The
mortality in the Jamaica outbreak described
by MacCallum & Moody (1921) was 0.49/,
but of the 5 women who died 4 were 6 or 7
months pregnant and all of them displayed a
“marked tendency to haemorrhage”.

Variola Sine Eruptione and Subclinical
Infection

In a susceptible population the host resis-
tance to any infection has a Gaussian distribu-
tion. The data on variola major (see Table 1.2)
suggest that there would be few cases of
variola sine eruptione and subclinical infec-
tion in unvaccinated persons exposed to this
infection; however, many more such cases
might be expected to occur in variola minor
(Table 1.7). Data on the occurrence of such
infections are difficult to find, but observa-
tions made in Brazil during the 1960s support
this view. Positive titres of complement-
fixing antibody were found in 6 asymptomat-
ic contacts of children with overt variola
minor; most of the contacts had not been
vaccinated more recently than 20 years before
(Rodrigues-da-Silvaetal., 1963).In a carefully
studied ward outbreak, Salles-Gomes et al.
(1965) observed positive complement-fixing
and sometimes haemagglutinin-inhibiting
antibody responses among 13 contacts ex-
posed to overt variola minor. Four of these
cases occurred in previously fully susceptible
patients who had never had variola or been
vaccinated.

SMALLPOX ACQUIRED BY UNUSUAL
ROUTES OF INFECTION

Inoculation Variola and Variolation

Under unusual conditions, smallpox could
be accidentally acquired through inoculation.
Such cases sometimes occurred among nurs-
ing mothers and among those engaged in
postmortem work (Lyons & Dixon, 1953),
and cutaneous infections were recorded in an
outbreak among lace-workers (Boobbyer,
1894). Marsden (1936) recorded 50 cases of
accidental smallpox inoculation in variola
minor and noted that the lesions of inocula-

tion were usually recognized by their larger
size and more advanced development than the
other elements of the focal rash.

Much more common, however, was the
practice of deliberately inoculating variola
virus into the skin, practised since ancient
times in Africa and India and in China
(where, however, infection was usually pro-
duced by nasal insufflation) and on a large
scale in some parts of Europe and North
Americaduring the 18th century (see Chapter
06). Variolation continued to be practised in
many parts of Africa and in Afghanistan and
Pakistan until quite recent times, and the
spread from variolated individuals was an
important source of smallpox in Afghanistan
and Ethiopia up to the time of eradication in
1973 and 1976 respectively.

The technique of cutaneous variolation has
varied at different times and in different
places. Detailed descriptions of the methods
used during the 18th century in France and
other countries of Europe and in North
America can be found in Miller (1957) and
Razzell (1977b); methods used more recently
in Africa and Asia are described in Chapters
14 and 21.

Clinical picture

The clinical picture of inoculation small-
pox was influenced by several factors. Inocu-
lation carried out after the manner of modern
vaccination produced a local skin lesion that
first appeared as a small papule on the 3rd day
after the operation. It grew in size and became
vesicular by the 5th day, and by the 8th or 9th
day there was a large pustular lesion with
much surrounding erythema and oedema (see
Chapter 6, Plates 6.1-6.3). Fever and constitu-
tional symptoms corresponding to the pre-
eruptive stage of ordinary-type smallpox
began on the 8th day and often lasted for only
2 or 3 days (Fig. 1.3). There were usually a
number of secondary lesions around the
primary lesion (see Plates 6.1-6.3), and the
generalized rash began on the 9th day on the
face, often consisting of very scanty macules,
which rapidly became vesicular. Subsequent
lesions sometimes appeared over the next 3 or
4 days and evolved more rapidly than in
smallpox acquired by the respiratory route.
Even in the few cases that had a large number
of secondary pustules (which in inoculation
smallpox amounted to as many as 300-1000),
the lesions matured more rapidly than in
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Fig. 1.3, The clinical course of moderately severe ordinary-type variola major in an unvaccinated subject (A);
inoculation smallpox (variolation) in an unvaccinated subject (B); and primary vaccination (C). (Temperature
records from an illustration in Hime (1896) with modified wording.)

ordinary-type smallpox, so that scabbing oc-
curred 3 or 4 days earlier and the lesions, being
more superficial, gave rise to less scarring. By
the 18th or 19th day most of the scabs, except
for the lesions on the palms of the hands and
the soles of the feet, had been shed.

Neither haemorrhagic- nor flat-type small-
pox seems to have been recorded as a sequel to
variolation, at least in European and North
American practice. This may have been due to
the professional interests of the inoculators
and their concern to be exempt from any
possible blame for deaths that occurred; but,
in any event, it was the practice to avoid
inoculating especially susceptible persons—
pregnant women, children under 2 years of
age and the aged and infirm.

Apart from the primary skin lesion, most
cases, like those of naturally acquired inocula-
tion smallpox, appeared to fall into the
category of modified-type smallpox. Cases
with only a primary skin lesion, 1 or 2 days of
fever and no rash—variola sine eruptione—

were said to be not uncommon. Rao himself
suffered from such an infection (Rao, 1972).
Because of the smaller number of lesions
and their more rapid maturation, cases of
inoculation smallpox were less infectious, and
were infectious for shorter periods, than those
of smallpox acquired by the respiratory route.
Nevertheless, they often did initiate smallpox
in unvaccinated (and unvariolated) contacts,
both in 18th century practice in Europe and
North America and in recent times in Af-
ghanistan and Ethiopia. Such contact cases
were no different from those associated with
other epidemics due to whatever strain hap-
pened to have been used for variolation.

Severity

In the hands of some of the famous British
practitioners of variolation (e.g., the Sut-
tons—see Razzell, 1977b) the severity of
smallpox due to variolation appears to have
been low and the mortality less than 29.
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In their day only variola major virus was
circulating in Great Britain and some contact
cases acquired severe and sometimes fatal
smallpox ; the explanation for the mild nature
of smallpox after variolation lay with the age
and health of the inoculated subjects, the
route of inoculation and the small dose
usually employed.

In Ethiopia, where variolation was prac-
tised until 1976, the virus used during the last
few decades was variola minor and inocula-
tion smallpox was correspondingly mild;
nevertheless, it was an important source of
outbreaks during the latter part of the eradi-
cation campaign in that country (see Chapter

21).

Congenital Smallpox

The effects of pregnancy on the clinical
coutse of smallpox in the mother are discussed
later in this chapter. Infection of the fetus
depended on the growth of the virus in the
placenta and its subsequent release into the
cord blood. Its frequency was uncertain, since
most pregnant women suffering from variola
major aborted during the pre-eruptive fever.
Occasionally babies born of mothers suffering
from smallpox developed symptoms after
birth; Rao (1972) records 10 such cases
among 116 live births. In these babies, all of
whom died, the fever-to-fever interval was 9—
12 days. Among the offspring of 84 women
who suffered from haemorrhagic-type small-
pox (all with intense and sustained viraemia)
none of the 21 children born alive developed
clinically recognizable congenital smallpox,
but 17 of them died in less than 72 hours—too
soon for a diagnosis to be made.

The baby was infected in half of 34
pregnancies in which the mother was infected
with variola minor during late pregnancy
(Marsden & Greenfield, 1934). Usually the
infection was acquited 7 utero, at the time of
the mothet’s viraemia; the incubation period
then appeared to be 8-9 days, as in inoculation
smallpox. If the fetus escaped infection during
that time the infant might become infected at
birth or later in the neonatal period, especially
if the mother’s rash was then at an early stage
of development. If the mother carried the
fetus to term, the newborn infant was usually
temporarily immune from smallpox because
of maternal antibodies.

Fetal variola was a rare occurrence, report-
ed only in variola minor. In some cases

(MacCallum & Moody, 1921; Ribeiro et al,,
1965) the fetus sustained an attack of small-
pox in atero and was subsequently born alive,
having been infected at the time the mother
had the disease 2 or 3 months before birth.
More often (for example in 8 of the 20
pregnant women in the series described by
MacCallum & Moody (1921)) abortion oc-
curred and the macerated fetus was marked
with scars from an attack of variola minor
sustained 7 utero.

Nowhere in the scientific literature is there
a reliable reference to the occurrence of
congenital defects caused by smallpox or
vaccination in a pregnant woman. Since the
usual viral causes of congenital defects are
non-cytocidal viruses, whereas variola and
vaccinia viruses are both cytocidal, this is not
unexpected.

EFFECTS OF VACCINATION ON THE
CLINICAL COURSE OF SMALLPOX

The most important effect of vaccination
was the protection of the subject from small-
pox, but prior vaccination, even many years
before, usually influenced the course of the
disease in persons who did show symptoms.
The situation in individual subjects depended
on a variety of factors, some relating to the
host: genetic resistance, physiological state,
and interval since vaccination or revaccina-
tion; some to the vaccine and its mode of
delivery: the strain of vaccinia virus used, the
potency of the vaccine and the inoculation
procedure employed; and, finally, of course,
whether the infection was due to variola
major or variola minor virus. Further, it was
the general practice to vaccinate or revaccin-
ate contacts; some of these individuals
were incubating smallpox at the time of
vaccination.

Successful vaccination within 5 years of
exposure provided a high level of protection
against smallpox. When vaccination had been
petformed more than 20 years before expo-
sure there was sometimes no residual immun-
ity and the course of the disease was similar to
that seen in unvaccinated subjects, although
even then the outcome, examined statistical-
ly, was modified (Hanna, 1913).

Although its most important effect was the
prevention of infection, vaccination also in-
fluenced the frequency of different clinical
types of smallpox among persons who did
contract the disease (see Table 1.2). Not only



1. CLINICAL FEATURES 43

was modified-type smallpox much more com-
mon among vaccinated patients (25.3%, com-
pared with 2.19 in Rao’s series), but a larger
proportion of ordinary-type cases was classi-
fied as discrete (83.5%, compared with
47.40,) and flat-type cases were less common
(1.39 compared with 6.7%). However, Rao
(1972) and Guha Mazumder et al. (1975)
reported that, among those who got smallpox,
haemorrhagic-type smallpox was slightly
more common among vaccinated than among
unvaccinated subjects (see Table 1.2 and
below). Not all investigators agreed with this
view ; for example, Sarkar et al. (1972) report-
ed that in a series of 170 cases no cases of
haemorrhagic-type smallpox occurred among
vaccinated persons, but 32 cases occurred in
unvaccinated subjects. Except in modified-
type smallpox, which was hardly ever fatal,
and haemorrhagic-type, which was almost
always fatal, the case-fatality rates were lower
in vaccinated than in unvaccinated patients
(see Table 1.2).

Vaccination resulted in the modification of
three aspects: the toxaemia (and correspond-
ingly the case-fatality rate), the number of
lesions, and the character and evolution of the
rash. The waning of vaccine protection
against these manifestations did not occur
uniformly.

Effects of Vaccination on Toxaemia

The initial constitutional symptoms of
smallpox were associated with the replication
of variola virus during the incubation period,
the end of which was marked by the sudden
onset of fever and headache that accompan-
ied the secondary viraemia. In some cases
vaccine protection had little apparent
effect on symptoms of fever and headache at
the end of the incubation period, but no skin
lesions developed; the patient was said to
have suffered from variola sine eruptione,
which was occasionally associated with pneu-
monitis. Sometimes the pre-eruptive stage in
vaccinated subjects was accompanied by a
fleeting erythematous rash that particularly
affected the flexures.

The more toxic forms of smallpox, except
for the haemorrhagic type, were much less
common in vaccinated than in unvaccinated
subjects (see Table 1.2).

Effects of Vaccination on the Number of
Lesions

The skin lesions were initiated by the
infection of dermal capillaries by virus re-
leased into the circulation during the secon-
dary viraemia (see Chapter 3). Prior vaccina-
tion usually reduced the level of viraemia and
thus the opportunity for skin lesions to
develop; variola sine eruptione occurred
mainly in vaccinated persons, and confluent
lesions were much less common among vac-
cinated subjects. In Rao’s series 16.59, of
vaccinated patients who had ordinary-type
smallpox were classified as confluent or semi-
confluent, compared with 52.69%; of unvac-
cinated patients.

Effects of Vaccination on the Character
and Evolution of the Rash

In some cases of smallpox in vaccinated
subjects the character and rate of evolution of
the rash differed from the usual pattern,
presumably because of the anamnestic re-
sponse initiated by infection with variola
virus in the vaccinated subject. The individual
lesions were more superficial and hence did
not have the “shotty” feel, and their edges
were often irregular. Umbilication and locu-
lation were not found in these superficial
lesions, which resembled those of chickenpox.
Often the modified lesions were very small,
but they could vary quite considerably in size
in any particular area of skin (Plate 1.19C). In
fair-skinned subjects the red areola around the
pustules was often more pronounced—presu-
mably an allergic manifestation. In many
vaccinated subjects the rash also evolved more
rapidly so that the lesions passed through the
stages of macule, vesicle and pustule in 3 or 4
days instead of 7 or 8. On the other hand,
many field workers found no such differences
in symptomatology, apart from a greater
frequency of cases of ordinary-type smallpox
with few skin lesions. Smallpox in vaccinated
subjects who did contract the disease was no
different in other respects from that found in
unvaccinated patients. Mack et al. (1970), in
cases with similar lesion density, found no
differences that could be related to vaccina-
tion status in the length of the pre-eruptive
stage, the rate of maturation of skin lesions,
the occurrence of corneal lesions, the case-
fatality rate or the prevalence of residual
pockmarks.
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Effects of Vaccination in Variola Minor

In Marsden’s series, variola minor occurred
in 1756 patients who showed evidence of
having been successfully vaccinated, out of a
total of 13 6806 cases. In only 2 of these was
there evidence of vaccination within the
previous 5 years and in only 7 within the
previous 10 years ; the great majority had been
vaccinated 20 or more years earlier. In an
epidemic in the Netherlands, Jong (1956)
found no cases in persons vaccinated less than
30 years before, and, in Brazil, Suzart de
Carvalho Filho et al. (1970) found a vaccine-
efficacy ratio of 949, regardless of the
interval since previous vaccination (see
Chapter 12). Vaccination thus provided very
good protection against variola minor, a
conclusion which is in keeping with the
experience of epidemiologists working in
Ethiopia and Somalia during the global
smallpox eradication programme.

LABORATORY FINDINGS

Laboratory observations on cases of small-
pox will be described in Chapter 3, as part of
an attempt to build up a coherent picture of
the pathogenesis of the disease. However, it is
useful to examine some of the results here in
the context of the symptomatology of
smallpox.

Virological Observations

The principal value of the laboratory,
without which it would have been impossible
confidently to certify global smallpox eradica-
tion, was the demonstration of the presence or
absence of variola virus in vesicle fluid and
‘crusts from suspected cases of smallpox (see
below). This section reviews virological find-
ings made on cases of smallpox which may
help to explain the clinical signs and
symptoms.

Viraemia

According to the model for the pathogene-
sis of variola developed in Chapter 3, there
was an early transient viraemia soon after
infection. The virus then replicated in the
lymph nodes, spleen and bone marrow until
just before the onset of symptoms, which was
associated with secondary viraemia. All the

reported observations of viraemia in smallpox
relate to this “secondary” viraemia.

Precise observations were never made on
the distribution of variola virions among the
various components of the blood (plasma,
leukocytes and erythrocytes) ; by analogy with
other poxvirus infections viraemia would
have been expected to be primarily cell-
associated (see Chapter 3). However, most
observations that were made on the blood of
smallpox patients utilized either serum or
lysed whole blood, the material being in-
oculated either into monkeys (Kyrle &
Morawetz, 1915) or on the chorioallantoic
membrane of chick embryos (Downie et al,
1950, 1953, 1969b; Mitra et al, 1966). In
haemorrhagic-type smallpox both serum and
lysed blood gave positive results; it is possible
that viraemia might have been detected more
readily in cases of ordinary-type smallpox if
separated leukocytes had been examined.

However, the general pattern appears to
have been consistent. Although viraemia
must always have occurred, virus was only
rarely recovered from the blood or serum
from cases of ordinary-type smallpox. Downie
et al. (1950, 1953) and Mitra et al. (19606)
recorded one or two positive results out of
many attempts in such cases and then only in
the early days of the disease. The picture in
haemorrhagic-type smallpox was quite diffet-
ent. Virus was readily recovered from the
blood of all cases, the titres were usually high,
as determined by titration on the chorioallan-
toic membrane of chick embryos (Downie et
al, 1953, 1969b; Mitra et al., 1966; Sarkar et
al., 1969), and viraemia usually persisted until
the patient died. Downie et al. (1969b) noted
that viraemia was consistently much higher
in cases of early than of late haemorrhagic-
type smallpox. Patients with haemorrhagic-
type smallpox usually also had soluble anti-
gens in their bloodstream (antigenaemia), the
level of which was roughly correlated with
the level of the viraemia. Although few
opportunities occurred for its practical use,
the demonstration of antigen in the serum
provided a useful and rapid laboratory diag-
nostic test for haemorrhagic-type smallpox, a
disease in which the differential diagnosis was
extremely difficult, especially in non-endemic
countries, in which it would rarely have
been suspected.

Thus haemorrhagic-type smallpox appears
to have been associated with overwhelming
infection and the continued release of virus
from infected cells into the bloodstream; in
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other cases demonsttable viraemia was usually
restricted to the pre-eruptive and early erup-
tive stages of the disease.

Skin

Variola virus could be readily demon-
strated in the skin lesions of all cases of
smallpox, from the eatliest stages of the rash
until the scabs separated. The large amount of
virus in the vesicle fluid was eventually
included within the scabs. However, because
virus in the scabs was associated with large
flakes of inspissated material it appeared to be
relatively unimportant as a source of infectiv-
ity for contacts, compared with virus in the
oropharyngeal secretions (see Chapter 4). In
spite of the absence of vesicles or pustules, the
skin of cases of haemorrhagic-type smallpox
contained very large numbers of virions.

Oral and pharyngeal mucous membranes

The earliest focal lesions in smallpox oc-
curred in the oropharynx, and instead of
forming papules and vesicles, as in the skin,
these lesions soon ulcerated and thus liberated
large amounts of virus into the saliva. This
was the major source of infectious virus as
far as the transmission of smallpox was con-
cerned (see Chapter 4).

Conjunctiva

Patients with smallpox sometimes had
conjunctivitis. Virus could be readily recov-
ered from the conjunctival swabs of patients
in whom conjunctivitis developed early in the
course of the disease, but usually not from
convalescent patients who developed con-
junctivitis (Dekking et al.,, 1967 ; Kempe et al,,
1969; Sarkar et al, 1973a). The occasional
appearance of variolous conjunctivitis at or
before the onset of fever suggested to Kempe
et al. (1969) that the conjunctiva may have
been the portal of entry in these cases.

Urine

The interpretation of the results of testing
urine for virus was difficult, since patients
often had pustules on the skin near the
urethral orifice, and catheterization, had it
been possible to do this aseptically, was not
ethically justifiable. However, viruria was
recorded by all investigators who tested the
urine from cases of variola major. Positive

results were recorded by Downie et al. (1965a)
in 17 out of 34 specimens, and by Sarkar et al.
(1973a) in 21 out of 39. The viruria was
greater in degree and more persistent in
severe cases (haemorrhagic-type smallpox and
those with a confluent rash) than in milder
cases. No virus was detected in the urine of
some cases whose severity was comparable to
that of cases with viruria.

Serological Observations

The immune response in generalized ortho-
poxvirus infections (including smallpox) is
described in Chapter 3; this section summar-
izes information on the correlation between
various serological responses and the clinical
severity of smallpox, to the extent that such
information is available. Unfortunately, there
is an almost complete lack of data on cell-
mediated immunity in smallpox, an immune
response that was probably of critical impor-
tance in the pathogenesis and immunopatho-
logy of the disease.

The most comprehensive studies on the
serological responses in cases of smallpox are
those reported by Downie et al. (1969a,b) on
ordinary-type and haemorrhagic-type small-
pox, using haemagglutination-inhibition,
complement-fixation, gel-precipitation and
neutralization tests. In most cases of non-fatal
ordinary-type smallpox, antibody was de-
tected by haemagglutination-inhibition and
neutralization tests between the 6th and 8th
days after the onset; by complement fixation
and gel precipitation about 2 days later (Fig.
1.4). The antibody response was slower and
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Fig. 1.4. Percentages of positive antibody titres

obtained at various times after the onset of ordinary-
type variola major, by 4 types of serological test,
in 151 subjects of whom 127 had been vaccinated,
usually many years before. (From Downie et al.,
1969%a.)
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the titres were lower in early haemorrhagic-
type smallpox than in other cases (Sarkar et al,,
1967, 1969), but Downie et al. (1969b) found
haemagglutinin-inhibiting antibodies in
most cases of haemorrhagic-type smallpox,
although both neutralizing and complement-
fixing antibodies were at much [ower levels or
absent in such cases.

As might be expected, antibodies usually
appeared earlier and reached higher levels in
vaccinated than in unvaccinated patients
(Downie & McCarthy, 1958).

Haematological Observations

The blood picture in smallpox varied
according to the nature of the case and the
stage of the disease. In most cases thete was
little change in the red blood cell count, but
during the eruptive stage the numbers of
granular leukocytes usually fell and a relative
and absolute increase in the numbers of
lymphocytes occurred. The granulocytopenia
was often reversed during the late pustular
stage, perhaps because of secondary infection
of the skin lesions in some cases.

In early haemorrhagic-type smallpox there
was often a striking change in the blood
picture, which Ikeda (1925) considered to be
of diagnostic value. Pathological forms of
normoblasts with basophil stippling or poly-
chromatophilia were common; the total

leukocyte count was increased by 30-409,,
with a marked augmentation in the numbers
of lymphocytes and monocytes; and the
presence of myelocytes and myeloblasts sug-
gested an intense stimulation of the bone
marrow. In contrast to the rise in the number
of platelets found after the vesicular stage in
many other cases of smallpox, Ikeda disco-
vered that there was a marked and progress-
ive thrombocytopenia in haemorrhagic-type
smallpox, the number of circulating platelets
often falling to a very low level.

Sarkar et al. (1968) compared the concen-
trations of various serum proteins in 28 sera
from cases of smallpox of different clinical
severity with those of an equal number of
normal subjects. The total proteins were
unchanged, but albumin was diminished and
globulin increased, the increase being asso-
ciated with fractions o, and 9. There was no
correlation between the concentrations of any
of these proteins and the level of haemagglu-
tinin-inhibiting antibodies.

More detailed studies of the pathophysio-
logy of bleeding were carried out on patients
in Madras and reported by McKenzie et al.
(1965) and Roberts et al. (1965). Their find-
ings in relation to vascular integrity, platelet
function and blood coagulation are summar-
ized in Table 1.8, which illustrates the gen-
erality of impaired functions in haem-
orrhagic smallpox, especially evident in the
early type. In contrast to lkeda (1925), these

Table 1.8. Results of tests for platelet function, vascular integrity and blood coagulation in smallpox?

Ordinary- Haemorrhagic-type smallpox
Test type (35 patients)
smallpox
(8 patients) Early Late

Bleeding time (lvy):

0-9 minutes {normal) 7 0 0

10-19 minutes 0 0 2

>20 minutes | 12 21
Tourniquet test:

Negative 8 0 7

Positive 0 i3 17
Clot retraction:

Good 7 0 0

Poor 2 [3 7

Nil 0 5 18
Venous clotting time:

0-9 minutes (normal) 8 3 7

10~14 minutes 0 6 13

220 minutes 0 3 5
Euglobulin fibrinolysin test:

1.5-3 hours (normal) 2 2 3

4 hours 6 ) 6

25 hours { 8 9
Platelet count per mm?3 <20000 to <20000 to <20000 to

(range) (normal: 275 000 + 100 000) 303 000 128 000 138 000

2 Based on McKenzie et al. {1965).




1. CLINICAL FEATURES 47

investigators found that many patients with
smallpox but with no clinical evidence of
haemorrhage had moderate to severe throm-
bocytopenia but usually no other coagulation
defect. Patients with late haemorrhagic-type
smallpox had severe thrombocytopenia and
some had a mild to moderate decrease in
prothrombin and a moderate decrease in
accelerator globulin. As expected, the cases of
early haemorrhagic-type smallpox were char-
acterized by multiple defects, with significant
and specific coagulation defects in addition to
severe thrombocytopenia. All had an elevated
thrombin time and a total absence of accelet-
ator globulin, which the authors ascribed to
disseminated intravascular coagulation. At
autopsy such cases showed disseminated in-
travascular thrombosis involving small ves-
sels in many organs.

COMPLICATIONS

Complications of two kinds occurred in
smallpox. One group was due either directly
or indirectly to viral activity in an unusual
site, the other to secondary bacterial infection.

The Skin

As noted earlier, pustulation was patt of the
natural sequence of development of the skin
lesions in smallpox. However, in most coun-
tries in the days before antibiotics were
available and, even recently, in those in which
hygiene was poor and such treatment not
obtainable, secondary bacterial infection of
the skin lesions often occurred, sometimes to
an extent that Ricketts (1908) described as
“thousands of boils”. In pre-antibiotic days
septic complications also occurred in variola
minot ; Marsden (1936) recorded the presence
of boils in 3.65%, and of septic dermatitis in
2.3°, of his series of cases. Even higher
percentages of these complications were seen
in the Ogaden desert during the late stages of
the eradication programme in Somalia (Jezek
et al., 1981).

Ocular System

Mild conjunctivitis, occurring early in the
course of the disease, or at the time of the
eruption if there were lesions on the eyelids,
was essentially part of the acute disease and
not a complication. Sometimes it was the only

symptom (Dekking et al., 1967). Pocks often
occurred on the margins of the eyelids but not
on the avascular cornea. Often there was
much swelling of the eyelids (see Plate 1.13),
which made it difficult to open the eyes.
Dixon (1962) suggests that it was this swell-
ing, rather than keratitis or corneal ulcera-
tion, that accounted for the frequent refer-
ences in the old non-technical literature that a
person was “blind with smallpox”. Corneal
ulceration and sometimes keratitis did occur
in smallpox. These complications were com-
mon in haemorrhagic-type smallpox, but
were of relatively minor importance because
such patients soon died. In ordinary-type
smallpox corneal ulceration occurred at about
the end of the 2nd week of illness, beginning
at the corneal margin. Sometimes the ulcers
healed rapidly and there was only a trivial
opacity; on other occasions there was severe
corneal scarring. Both Dixon (1962) and Rao
(1972) note that keratitis and corneal ulcera-
tion were far more common in malnourished
children than in the well nourished; for this
reason these conditions continued to be more
important complications in developing coun-
tries than in the more prosperous industrial-
ized countries. Mack et al. (1970) reported
that 28 out of 405 patients examined within 6
weeks of onset in a rural setting in Pakistani
Punjab had corneal lesions, which occurred
mostly in patients with confluent or semicon-
fluent rashes. Three out of 11 patients seen a
year later had permanent ocular lesions, and 4
other instances of permanent lesions were
observed in 148 cases in whom lesions had not
originally been seen. The overall rate of
residual corneal opacity in those surviving
smallpox was 4.49%,. Corneal ulcers occurred
in 19 of cases in Rao’s series (excluding
haemorrhagic-type smallpox) and keratitis in
about 0.259.

Joints and Bones

Arthritis, associated with involvement of
the bones of the joints, was a relatively
common complication of smallpox, occurring
in 1.7%, of cases in Rao’s series, usually in
children. Cockshott & MacGregor (1958) and
Cockshott (1965) reviewed the condition,
which they called “osteomyelitis variolosa”,
and described a series of cases observed in
Nigeria. More recently, Gupta & Srivasta
(1973) reviewed the X-ray features of 20 cases
observed in India. The elbow was the most
commonly affected joint and symmetrical
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Plate 1.26. Osteomyelitis variolosa in an unvacci-
nated Nigerian child. Joint symptoms appeared | week
after the onset of rash and affected both elbows. A:
External appearance, showing hypopigmented spots of
healed exanthem and swollen elbows. B: X-ray
appearances. (From Cockshott & MacGregor, 1958.)

bilateral joint involvement was frequent
(Plate 1.26). Although secondary bacterial
infection sometimes occutred, the disease was
primarily due to viral infection of the meta-
physes of growing bones. The primary bone
lesion was probably a proliferating arteritis,
which led to fibrosis, necrosis and bone
resorption (Eeckels et al,, 1964).

This complication usually occurred late in
the course of the disease, after the 15th day,
and was accompanied by a brief recurtence of

fever during the scabbing stage. Because of
the severity of smallpox itself, and the insid-
ious nature of the bone and joint involve-
ment, cases were often missed during the
attack, and only recognized as probably hav-
ing been due to smallpox years afterwards
because of a variety of bone defects for which
there were no other explanations (Gupta &
Srivasta, 1973).

Respiratory System

Rao (1972) regarded respiratory compli-
cations as common in severe smallpox, espe-
cially in the unvaccinated. However, the
symptoms he describes, bronchitis and
pneumonitis, are better regarded as part of the
normal disease syndrome than as complica-
tions. Pulmonary oedema was fairly common
in haemorrhagic- and flat-type smallpox.
Bronchopneumonia due to secondary bac-
terial infection sometimes occurred and
could be serious in debilitated patients. In
his long series of cases of variola minor,
Marsden (1936) recorded only 7 cases of
bronchopneumonia.

Although sometimes responsible for death,
pulmonary complications were usually fol-
lowed by complete recovery. However, cough-
ing could have serious epidemiological con-
sequences, if it occurred during the 1st week
of disease, when the oral secretions wete most
highly infectious (see Chapter 4). A.R. Rao
(personal communication, 1981) regarded
cough associated with the sticky mucus of
bronchitis as a relatively common symptom,
especially in unvaccinated individuals. How-
ever, its epidemiological consequences were
reduced if, as in the majority of cases, it did
not become evident before about the 10th day
of disease. Epidemiologists engaged in the
global smallpox eradication programme re-
garded cough as a rare symptom in smallpox.

Gastrointestinal System

Apart from vomiting and, less commonly,
diarrhoea during the pre-eruptive stage, gas-
trointestinal symptoms were rare. Diarrhoea
sometimes occurted in the 2nd week and
acute dilatation of the stomach was observed,
especially in infants, though only rarely (Rao,
1972). Extensive viral infection of the intes-
tinal mucous membrane occurred in some
severe cases, especially in flat-type smallpox.
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In such cases, which were usually fatal,
portions of the mucous membrane were
passed as a tubular cast.

Genitourinary System

Orchitis was uncommon (0.19 in Rao’s
series) and usually unilateral. This observa-
tion casts doubt on the suggestion of Phadke
et al. (1973) that smallpox was the single
most important etiological factor in obstruc-
tive azoospermia in India.

In haemorrhagic-type smallpox, bleeding
into the pelvis of the kidney sometimes
produced haematuria (see Table 1.6).

Central Nervous System

Encephalitis was a relatively common com-
plication of smallpox (about 1 in 500 cases in
variola major (Rao, 1972) and 1 in 2000 cases
in variola minor (Marsden, 1936)). It usually
appeared between the 6th and the 10th day,
when the rash was in the papular or vesicular
stage. Encephalitis contributed little to the
case-fatality rate of variola major but was
an important factor in the few deaths
which occurred in variola minor. Recovery,
although sometimes slow, was usually
complete.

According to a detailed review by Marsden
& Hurst (1932), the symptomatology and the
pathological findings in fatal cases of en-
cephalitis associated with variola minor were
indistinguishable from those of the encepha-
lomyelitis which occasionally occurs after
vaccination or in the late stages of measles.
Clinical details are described in Chapter 7, for
although it was a much rarer complication
(in Madras, for example, 1 in 500 cases of
smallpox and 1 in 100 000 cases of primary
vaccination (Rao, 1972)), postinfection en-
cephalitis was a much more significant
feature of vaccination than of smallpox, since
it was then the result of medical intervention
in an otherwise healthy subject rather than a
rare complication of a severe disease.

SEQUELAE

In order of their frequency the sequelae
seen in persons who recovered from smallpox
were facial pockmarks, blindness, and limb
deformities.

Pockmarks

During the first few months after recovery
from smallpox the sites of the scabs were
abnormally pigmented, hypopigmented in
dark-skinned persons and red or hyperpig-
mented in fair-skinned subjects (Plate 1.27A
and B). As the skin regained its normal
pigmentation, most cases of variola major, but
few of variola minor, were seen to have pitted
scars, called pockmarks, in the sites of some of
the pustular skin lesions. These were de-
pressed scars 2 mm or more in diameter,
usually circular and varying in number from
one (which would be difficult to ascribe to
smallpox) to several hundreds (Plate 1.27C
and D). They resulted from fibrosis in the
dermis, and were much more common on the
face because of the greater frequency of large
sebaceous glands in the skin of the face (Bras,
1952b). Although the rash occurred on the
scalp as well, relatively few pockmarks were
seen there. In ordinary-type variola major the
rash affected the sebaceous glands severely
(Bras, 1952b) and permanent facial pock-
marks occurred in 65-809, of survivors
(Mack et al, 1970; Jezek et al, 1978d). The
sebaceous glands were not affected in flat-
type smallpox and the few patients who
survived this type of infection were rarely
severely pockmarked.

When secondary bacterial infection of the
pustules occurred the resulting scarring was
often more severe and the scars more irregular
in shape than after an uncomplicated rash.

In variola minor the rash, though some-
times profuse, comprised shallow lesions that
were usually restricted to the epidermis and
only rarely involved the sebaceous glands—
hence pockmarks were much less common in
such cases. For example, Marsden (1936)
recorded depressed scars in only 0.7%/ of his
series of cases, although hyperpigmentation
was present In about 119, of these fait-
skinned subjects at the time of their discharge
from hospital. Among persons with more
deeply pigmented skins, hypopigmented
spots sometimes occurred on the face or
elsewhere for several months after recovery
(Jezek & Hardjotanojo, 1980) but eventually
disappeared.

The observation of facial pockmarks was an
important epidemiological tool in smallpox
eradication programmes in countries in
which the disease was due to variola major,
but in those in which variola minor prevailed
pockmarking was too infrequent for such
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surveys to be of epidemiological value (see
Chapters 4 and 24).

Blindness

Corneal scarring with consequent blind-
ness sometimes followed the keratitis or
corneal ulceration which was a rare complica-
tion of smallpox (though less uncommon in
malnourished individuals). As Dixon (1962)
commented, “Every writer on smallpox over
the last 150 years has pointed out that in his
experience the amount of blindness due to
smallpox was much less than that quoted by
previous authors”. The explanation is prob-
ably that the authors quoted were almost
always writing of conditions in Europe.
During the last 150 years the level of nourish-
ment and hygiene rose steadily among those
who formed the subject of these publications,
and, as remarked earlier, keratitis, corneal
ulceration and corneal scarring rarely oc-
curred in well-nourished patients. Blindness
following smallpox remained a serious al-
though uncommon complication in poorer
countries (Plate 1.27C and D). Rao (1972)
noted 60 patients with keratitis andjor cor-
neal ulcer, of whom 24 had loss of vision in
one eye and 1 in both eyes—an incidence of
blindness of 0.45%, among 5459 survivors.
In Bangladesh, Hughes (WHO/SE/78.101)
found blindness in 0.9 and corneal opacities
inan additional 2.19/ of patients examined 1—
2 years after recovery from smallpox. All 4
cases of blindness and 7 of the 9 cases of
corneal scarring occurred in unvaccinated
subjects.

Limb Deformities

As has been described earlier, osteomyelitis
and arthritis were not uncommon complica-
tions of smallpox. Many cases resolved with-
out permanent deformity. Because of the
severity of the disease itself and the mild
symptoms of joint involvement, skeletal
manifestations were often missed during the
acute infection and recognized years later in
the form of bone shortening, flail joints,
subluxations and gross bone deformities
(Gupta & Srivasta, 1973).

PROGNOSIS OF VARIOLA MAJOR

The prognosis of a case of smallpox had to
be evaluated in terms of the likelihood of
death and the possibilities of serious sequelae.
In both respects, the prognosis of variola
minor was almost invariably good; the vast
majority of patients recovered and even facial
pockmarks were an uncommon sequel. It is
therefore necessary to consider the prognosis
only in terms of variola major. As will be
further elaborated in Chapter 2, there were
geographical variations in the virulence of
variola major virus, in terms of the usual case-
fatality rates in different parts of the world,
which during the period of the Intensified
Smallpox Eradication Programme (see
Chapter 10) seemed to be uniformly high in
the Indian subcontinent and adjacent parts of
western Asia and rather lower in Indonesia
and western, central and eastern Africa.

Calculation of Case-Fatality Rates

How representative were hospital-based data?

The calculation of the case-fatality rate in
smallpox was not a straightforward matter.
Most data (e.g., Rao, 1972; Guha Mazumder
et al, 1975) were based on series of cases
treated in hospitals; the question arises of
how representative of the total spectrum of
cases were those admitted to hospital. Rao’s
(1972) series was probably representative of
cases in Madras; in a personal communication
(1981) this author states that between 1961
and 1969, 80-90° of all cases in Madras were
admitted to the city’s Infectious Diseases
Hospital, the proportion between 1965 and
1969 being almost 1009.

This was not true of other areas, especially
where rural populations were involved. Ko-
plan et al. (1978) investigated this problem in
Bangladesh, from which smallpox had been
eliminated in 1970 only to be reintroduced by
refugees returning from India in 1972. Table
1.9 compares the age- and sex-specific case-fa-
tality rates pertaining to 346 cases admitted to
the Dhaka Infectious Diseases Hospital dut-
ing the period March 1972 to April 1973 with
those of 502 non-hospitalized cases diagnosed
by specially trained surveillance teams in a
rural area in the Noakhali District in south
central Bangladesh during the period July
1972 to February 1973. The age and sex
distributions of the two sets of data are very
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Table 1.9. Age- and sex-specific case-fatality rates of 346 hospitalized smallpox patients and 502 non-
hospitalized rural smallpox cases in Bangladesh?

Male Female Total
Age group (years) Case- Case- Case-
Number fatalicy Number fatality Number fatality
rate (%) rate (%) rate {%)
Dhaka Infectious
Diseases Hospital:
0-4 49 59 39 67 88 63
5-14 41 39 41 34 82 37
15-34 90 54 43 47 133 52
35-54 28 50 1 55 39 51
255 3 67 o 100 4 75
Total 211 52 135 50 346 51
Noakhali District:
0-4 47 34 45 33 9 34
5-14 68 18 82 13 150 15
15-34 98 18 45 18 143 8
35-54 41 24 42 21 83 23
255 14 29 20 15 34 21
Total 268 22 234 20 502 21

3 Based on Koplan et al. (1978).

similar; when the rates were applied to a
standard Bengali population the overall case-
fatality rates were only changed from 519 to
529, for the hospitalized patients and from
219, to 239, for the village patients, a highly
significant difference between the two sets of
data.

The explanation is complex and lies in a
number of factors which would probably
differ in importance in different places, but
which must always be borne in mind when
considering case-fatality rates based on hospi-
talized series of cases in countries in which
smallpox was endemic. In Bangladesh, hospi-

tal admission reflected a high proportion of
patients who were too ill to travel back to
their villages or too sick to hide their illness
within the community, whereas the village
data essentially referred to every case in the
community.

Effects of Immunity

Immunity after an attack of smallpox

A person who had recovered from smallpox
had a high degree of immunity to reinfection,
which usually lasted throughout life, but

Table 1.10. Protection against challenge vaccination with vaccinia virus among persons who had recovered

from smallpox2

Number
test vaccinated

. Major
Time since attack of smallpox N reaction (%)b
) Number
scar€
<6 months .. 214 0
6-12 months + 609 6
- 629 19
12 months
(variola minor) - 65¢€ 63
<5 years s4f 8
6-11 years 156f 50
12-17 years gef 50
> 18 years 1of 78

3 Variola major unless otherwise indicated.

b Major reaction = primary type of reaction with vesicle | week after vaccination; or, more commonly, revaccination type, with vesicular
or pustular lesion or area of induration surrounding a central scab or ulcer, after 6-8 days.

€. . = data not recorded.

9 Data from Zikmund et al. (1978).
€ Data from Jeiek et al. (1981).
fData from Vichniakov (1968).




52 SMALLPOX AND ITS ERADICATION

second attacks did occasionally occur. Rao
(1972) noted about 1 repeat attack per 1000
cases, the average interval between the attacks
being 15-20 years. This refers to clinical
disease, confirmed by laboratory investiga-
tion, in pockmarked persons. Serological ex-
amination of exposed contacts would prob-
ably have revealed that second subclinical
infections were much more common; sub-
clinical infection was not uncommon in
vaccinated contacts (Heiner et al, 1971a).
However, subclinical infections were of little
epidemiological importance, except as boost-
ers of immunity, since subjects with such
infections did not transmit them.

Another measure of the persistence of
resistance following smallpox was provided
by determining the response of persons
known to have had smallpox to challenge
vaccination with vaccinia virus. Interpreta-
tion of the results (Table 1.10) is complicated
by the fact that many of those who had had
variola major had also been vaccinated, a
procedure which enhanced immunity to chal-
lenge vaccination (Zikmund et al, 1978). A
substantial proportion of persons exhibited a
major response to vaccination as eatly as 1
year after recovery from variola minor, and
even after variola major resistance to chal-
lenge vaccination was low in half the subjects
tested 6-11 years after recovery from the
disease. In variola major immunity to chal-
lenge vaccination persisted for much longer
in those who had had a severe attack of
smallpox than in those who had suffered only
a mild attack (Vichniakov, 1968). As far as
heterologous immunity is concerned, it ap-
pears that vaccination protected against natu-
rally transmitted smallpox (see below and
Chapter 7) rather more effectively than small-
pox modified the response to vaccination.
This may have been mainly due to the dose of
virus and the manner of its implantation: a
large dose introduced into the skin in vaccina-
tion and a small dose implanted on the
respiratory mucosa in smallpox.

Immunity after vaccination

The effects of vaccination on preventing
infection will be discussed in Chapters 7 and
11; here we are concerned with the effects of
vaccination and/or revaccination on the se-
verity of smallpox in vaccinated persons who
did contract the disease. There are several
difficulties in evaluating these effects. There
were some patients who said that they had

been vaccinated (or revaccinated) but had no
scar; Rao (1972) classed these as “unsuccess-
fully vaccinated”. However, even in Madras
some of these persons may have been success-
fully vaccinated, with vaccine of low potency
applied over a small area of skin, leaving no
scar ; such misdiagnoses of vaccination status
may account for the difference in prognosis
between the “unvaccinated” and the “unsuc-
cessfully vaccinated” in Rao’s data (case-
fatality rates in ordinary-type smallpox of
36.99, and 27.29, respectively). Among those
with a vaccination scar there were other
problems. First, did the scar really result from
the replication of vaccinia virus in the skin?
Secondary infection without viral replication
could cause scars, especially when the rotary
lancet was used with an unsatisfactory liquid
vaccine. Secondly, how long ago did the last
successful vaccination (or revaccination) occur?
These questions could not always be accurate-
ly answered, but it is important to bear them
in mind when considering the effects of
vaccination on the prognosis of smallpox.
Finally, the studies of Heiner et al. (1971a)
showed that in endemic areas subclinical
infection with variola virus occurred rather
frequently among vaccinated persons, thus
boosting their immunity.

Data published by Hanna (1913) from an
outbreak of variola major in Liverpool, Eng-
land, in 1902-1903, illustrate clearly the
ameliorating effect of childhood vaccination
on the severity of smallpox (Table 1.11).
There was a striking difference between
vaccinated and unvaccinated patients in all
age groups, both in the spectrum of severity
and in case-fatality rates. Protection waned
with age—i.e., with increasing intervals since
vaccination—but was substantial even in
those aged more than 50 years.

Rao’s data (see Table 1.2) confirm the
extent of the protection against death pro-
vided by vaccination ; the overall case-fatality
rates in vaccinated and unvaccinated (includ-
ing “unsuccessfully vaccinated”) persons in
his series were 6.39, and 35.59 respectively.

Hanna’s conclusions on the duration of
protection against death provided by vaccina-
tion, in those who got smallpox, is confirmed
by data collected by Mack (1972), who
analysed 680 cases of variola major occurring
after importations of the disease into Europe
and Canada during the period 1950-1971
(Table 1.12). The case-fatality rate was 529/
in unvaccinated persons, 1.49( in those vac-
cinated 0-10 years before exposure, and only




1. CLINICAL FEATURES 53

Table I.11. Effect of vaccination in infancy on the severity and case-fatality rates in variola major, according
to age groups?
Severi Total
A Vaccinati everity Number of
ge Broup _ac.qrf\auon Mild Mod S deaths Number of Case-fatality
(years) in infancy i oderate evere cases rate (%)
0-4 + 7 0 0 0 7 0
- 6 24 25 25 55 45.0
5-14 + 85 I 0 0 96 0
- 15 34 8 6 57 10.5
15-29 + 338 91l 7 3 436 0.7
- 12 41 19 10 72 13.9
30-49 + 226 101 22 13 349 3.7
- [ 8 15 13 24 54.2
250 + 30 21 4 3 55 5.5
- 3 3 6 6 12 50.0
All ages + 686 224 33 28 943 3.0
- 37 110 73 60 220 272
Total 723 334 106 88 1163 7.6

2 Data from an outbreak in Liverpool, England, in 1902-1903, analysed by Hanna (1913).

Table I.12. Age and vaccination status of cases of variola major occurring after importations into western

countries during the period 1950-1971 2

Total
Number of cases (deaths) by age group (years)
Successfully vaccinated Number of Case-
0-9 10-49 >50 Unknown cases fatality
(deaths) rate (%)
Never 30 (12) 37 (18) 11 (10) 1 (1) 79 (41) 52
Only after exposure 20 (4) 4] (13) 9 (3) 0 70 (20) 29
0-10 years before exposure 18 (0) 48 (1) 5 (0) 1 (0) 72 (1) 1.4
11-20 years before exposure 0 40 (3) 3 (0) 0 43 (3) 7
>20 years before exposure 0 187 (8) 96 (25) 14 (0) 297 (33) 1l
Unknown 24 (2) 50 (5) 24 (5) 21 (0) 119 (11) 9
Total 92 (18) 403 (47) 148 (43) 37 (1) 680 (109) 16

2 Based on Mack (1972).

119, in those vaccinated over 20 years before
exposure. The contrast is even more striking if
only the age group 10-49 years is considered :
a case-fatality rate of 499, in the unvacci-
nated and one of 4.3% in those vaccinated
over 20 years earlier.

Before 1967 it was a common practice in
India, as it had earlier been in Great Britain
and elsewhere, to make several insertions of
vaccinia virus at adjacent sites. Early in the
Intensified Smallpox Eradication Programme
it was decided that vaccination should rou-
tinely be carried out on one site only (see
Chapter 11), but some older data suggested
that there was a correlation between protec-
tion and scar area (allowing for changes in the
area with growth) andj/or the number of
insertions. For example, Hanna (1913) report-

ed that the mildest attacks of smallpox
occurred in those with the largest scar areas,
while at all ages the average scar areas of
vaccinated contacts who did not get smallpox
was substantially larger than in those who did.
Likewise, Rao (1972) reported a case-fatality
rate of 16.4%, among 79 cases of ordinary-
type smallpox in persons aged 0-9 years with
only 1 scar, compared with no deaths among
70 cases in comparable individuals with 2, 3
or 4 scars.

Passive immunity

Apart from reports of the deliberate use of
anti-orthopoxvirus serum for serotherapy,
some information has been gathered on the
effects of passive immunity resulting from the
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Table 1.13. Age-specific case-fatality rates of smallpox in unvaccinated persons in India

India, 1974-19752b

Madras, 1961-19695:¢

Age groups Number of f:::aasllet-y Number of f::r.aasli-y
(years) cases rate (%) cases rate (%)
0-4 725 45.7 2091 41.7
5-9 605 15.5 708 222
10-14 292 5.8 154 147
15-19 72 15.3 143 22.4
20-29 15 22.6 260 39.2
30-39 78 23.1 91 44.0
40-44 .. .. 32 37.0
40-49 39 30.8 .. ..
=45 .. .. 55 6l1.5
50-59 26 26.9 . ..
=60 19 316
Total 1 971 26.5 3544 35.5

2 Data collected from 4 endemic and 2 low Incidence states (Basu et al., 1979).

.. = data not recorded.
€ Hospitalized patients in Madras (Rao, 1972).

vaccination of pregnant women during the
incubation period of smallpox on the resis-
tance of the fetus and the newborn child.
Pregnant women were particulatly suscept-
ible to the effects of smallpox (see below), and
abortion often occurred. Nevertheless, it was
found that some women who had been
vaccinated during the incubation period of
their attack went to term and bore live babies
who were usually resistant to smallpox, presu-
mably because of passive immunization.

Effects of Age

Smallpox affected persons of all ages; the
age incidence of the disease in endemic
countries reflected the particular epidemi-
ological characteristics of the population at
the time (see Chapter 4). Some relevant data
on the relation of age to prognosis in cases of
variola major occurring in unvaccinated sub-
jects are provided in Tables 1.9 and 1.11;
additional statistics from India are shown in
Table 1.13 and data for Pakistan are given by
Mack et al. (1970). All these figures accord
with the general impressions of most epide-
miologists with extensive experience of small-
pox and are consistent with the usual pattern
of age-related susceptibility to death from
acute infectious diseases (Burnet, 1952). Mor-
tality was very high (usually over 409,) in
infants, fell to its lowest level in children, and
then rose with increasing age. The low case-
fatality rate in unvaccinated children is sig-
nificant in that the famous variolators in
Great Britain during the 18th century, such as

the Suttons, selected healthy children for this
procedure (Razzell, 1977b), which may partly
account for the low mortality it caused.

Such deaths as did occur in variola minor
were predominantly in very young children.
Suzart de Carvalho Filho et al. (1970) record-
ed an overall case-fatality rate of 0.89, in
Brazil in 1968-1969, but the rate was 16.79,
among patients aged less than 3 months and
29, in the age group 3-12 months (see
Chapter 12, Table 12.16).

Effects of Pregnancy

It is universally agreed that smallpox was
more severe in pregnant women than in non-
pregnant women or in men, irrespective of
vaccination status. Table 1.14 sets forth the
distribution of clinical types of smallpox in
Rao’s series, in pregnant and non-pregnant
women and in men in the age group 15-44
years, according to vaccination status. Al-
though pregnant women constituted only
11.69%, of the series, 509, of the cases of
haemorrhagic-type smallpox occurred among
them, mostly in women who had been vaccin-
ated in infancy ; indeed, aimost one-quarter of
all cases of smallpox in pregnant women were
of the haemorrhagic type. Flat-type smallpox
was over twice as common among pregnant
women (3.49%, compared with 1.59%,) whereas
modified-type smallpox was less than half as
frequent (9.49, compared with 21.29%)).

The effects of smallpox on the fetus or the
newborn infant were also severe (Table 1.15)
but congenital smallpox was not often diag-
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Table 1.14. Distribution of principal clinical types of smallpox in pregnant and non-pregnant women and in
men in the age-group 15-44 years, as related to vaccination status?

Clinical type (number of cases)

Vaccination status Pregnancy Number
status of cases Ordinary Flat Haemf:r- Modified
rhagic
Unvaccinated Pregnant women 10 5 [} 5 0
Men and non-pregnant
women 38 36 | | 0
Unsuccessfully Pregnant women 60 39 3 8 0
vaccinated Men and non-pregnant
women 416 365 8 28 S
With primary Pregnant women 299 198 10 58 33
vaccination Men and non-pregnant
scars women 2364 1712 24 54 574
With primary Pregnant women 13 7 0 3 3
and revaccina- Men and non-pregnant
tion scars women 100 59 0 2 39
Total Pregnant women 382 (11.6%) 249 (65.2%) 13 (3.4%) 84 (22.0%) 36 (9.4%)
Men and non-pregnant
women 2918 (88.4%) 2172 (74.4%) 43 (1.5%) 85 (2.9%) 618 (21.2%)

3 Based on Rao (1972).

b Excludes 29 persons glven primary vaccination after exposure; 2 pregnant women among these had ordinary-type smallpox.

Table I.15. The effect of smallpox on the outcome of pregnancy?

Clinical type
Ordinary Flat Haemorrhagic Modified

Number of cases? 251 (14%) 13 (85%) 84 (94%) 36 (0%)
Died before termination of pregnancy 4 3 29 0
Pregnancies ended during the course

of the disease: € 125 (51%) 9 (90%) 54 (98%) 9 (25%)

Abortions 33 0 19 0

Stillbirths (premature) 12 | 9 |

Stillbirths (full term) 4 0 5 0

Live births (premature) 26 2 6 [

Live births (full term) 50 6 15 7

2 Based on Rao (1972).
Figures in brackets indicate case-fatality rates.
CFigures in brackets indicate percentages of cases.

nosed among those born alive. Ten cases were
recognized among the live births in Rao’s
series, but because their mothers had died
many infants also died within a few days of
birth and it was not determined whether they
had smallpox or not. Smallpox caused prema-
ture termination of the pregnancy in 759, of
women who got the disease during the early
weeks of pregnancy and in 609, of those who
contracted it after the fetus had become viable
but before it had reached full term.

Clinical Type of Disease

Whether flat- or haemorrhagic-type small-
pox developed in particular persons depended

to some extent on the physiological factors
just discussed, but clinical type provided
much the best basis for the prognosis of
individual cases. Haemorrhagic- and flat-type
smallpox were almost always fatal and among
cases of ordinary-type smallpox the extent of
the rash (confluent, semiconfluent or dis-
crete) was of prognostic value. Modified-type
smallpox was very rarely fatal.

DIFFERENTIAL DIAGNOSIS

The problems involved in the diagnosis of
smallpox during an epidemic or in a situation
in which the disease was endemic were of a
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different nature from those in suspected
importations into non-endemic countries or
regions. There were three elements in the
diagnosis: clinical, epidemiological, and la-
boratory. No one diagnostic approach was
always sufficient in itself. The clinical diagno-
sis of ordinary-type smallpox after the rash
had developed was not difficult, and most
cases were of this kind. But there were often
patients in whom an accurate diagnosis could
not be made on clinical grounds alone, at any
rate at the first examination, early in the
course of the disease. In such cases the epi-
demiological circumstances of the suspected
case often provided a valuable lead. Nor was it
wise to trust implicitly a positive report from
the laboratory, if it ran counter to clinical and
epidemiological evidence. Like everyone else,
laboratory workers sometimes made mistakes,
and clerical errors were always a possibility.

The clinical diagnosis of the great majority
of cases of smallpox rested on the character-
istic features of the pre-eruptive fever, the
order of appearance of the rash (first on the
face, then on the forearms, trunk and lower
limbs), the evolution of the individual lesions,
from macule to vesicle and pustule, and the
appearance and feel of the vesicle and pustule.
Furthermore, the lesions on any particular
part of the body were all at more or less the
same stage of development. The distribution
of the skin lesions was also of great diagnostic
value, with relatively few lesions on the trunk
but many on the face and arms (more on the
extensor than the flexor surfaces) and on the
lower limbs, and on the palms of the hands
and the soles of the feet. The major difficulties
in differential diagnosis of ordinary-type
smallpox arose in cases modified by vaccina-
tion, in which the lesions were often sparse
and abnormal in appearance and underwent
an accelerated course of evolution.

The diagnosis of flat-type smallpox was
also relatively straightforward, but haemor-
rhagic-type smallpox, especially the early sub-
type and both forms in the early stages, was
usually impossible to diagnose without labor-
atory assistance, and the diagnosis was often
missed in non-endemic situations in which
smallpox was not thought of by the attendant
physician.

Diagnosis of smallpox in the pre-eruptive
stage was impossible on clinical grounds
alone, although it would have been suspected
if epidemiological considerations (exposure
toa known case, lack of vaccination) had been
suggestive. The differential diagnosis of

smallpox at this stage of the disease will
therefore not be discussed here.

Ordinary- and Flat-Type Smallpox

The diseases involved in the differential
diagnosis of ordinary- and flat-type smallpox
were essentially those causing fever with rash.

Human monkeypox

Although a rare disease, human monkey-
pox ranks first among the diseases that might
be confused with smallpox, because differen-
tial diagnosis was impossible on clinical
grounds alone, although gross lymphadeno-
pathy was found in most cases of monkeypox
and not in smallpox (see Chapter 29). In the
field, diagnosis depended on the occurrence
of a disease indistinguishable from ordinary-
type smallpox in the appropriate epidemi-
ological situation: a particular geographical
area (western and central Africa), no endemic
smallpox, and the appropriate environmental
surroundings (a small village in a tropical rain
forest). Laboratory confirmation was essen-
tial, either by recovery of the virus from lesion
material or retrospectively by appropriate
serological tests.

Chickenpox

This disease of world-wide occurrence was
the single most important infection to be
considered in the differential diagnosis and
was particularly important in three circum-
stances: in countries in which variola minor
was endemic, in vaccinated individuals, and
in situations in which chickenpox occurred
rather frequently in adults, often as a severe
disease, as in several parts of India. For
example, in post-eradication searches in India
in 1976, 639%, of the “suspected smallpox”
cases were in fact cases of chickenpox (Jezek
et al, 1978e).

In the usual case of chickenpox the nature,
distribution and evolution of the rash are
quite distinctive (Plate 1.28). The skin lesions
in chickenpox are much more superficial than
they were in smallpox. They appear in “crops”
so that at any time lesions of various ages may
be found on the same part of the body and
their distribution 1s “centripetal” (denser on
the trunk than the face and extremities)
rather than “centrifugal”, as in smallpox.
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Plate 1.27. Sequelae of smallpox. Shortly after recovery the sites of pustules are usually depigmented
in dark-skinned subjects (A) or red in fair-skinned subjects (B). Most cases of variola major leave
facial pock marks, which may be deeply pigmented (C); blindness is a rare complication (C and D).
(B from Herrlich et al., 1967.)
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