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Occupationally-acquired smallpox in an IgM-deficient
health worker

L. B. BRILLIANT,1 JAMES H. NAKANO,2 TAKASHI KITAMURA, 3 L. N. HODAKEVIC, 4 &
P. B. BHARUCHA 5

A 21-year-oldIndian who workedasa vaccinatorin thesmallpoxprogrammedeveloped
an atypical case of variola major despite several previous, successful vaccinations. The
clinical course of the disease was unusual, as there were two distinctly separate "crops" of
smallpox. The disease began less than one month after a successful vaccination, which
therefore gave the briefestperiod ofprotection recordedfor this reliable immunization. The
patient wasfound to have a virtually complete IgM deficiency with normal levels of circu-
lating antibody against orthopox virus.

This paper describes a case of smallpox which began
less than one month after a successful vaccination.
The period of protection afforded by most immuniz-
ations can vary, but smallpox vaccination is generally
regarded as one of the most effective (1-3). The
briefest period of immunity previously reported
concerned a nurse who developed an attenuated form
of smallpox 5 months after a successful vaccination
(4). Although in the present case the investigation was
hampered by field conditions and the premature death
of the patient, we have attempted to investigate the
reasons for his retarded immunological response.

CASE REPORT

Clinical history
A 21-year-old Indian male, a Santhali aboriginal

from Chota Nagpur in the North Indian state of
Bihar, was employed as a vaccinator in the Chota
Nagpur smallpox eradication programme in July
1974. He was vaccinated one week before he began
work. For the next three months, he was in daily
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contact with smallpox patients. Twice during this
period, in August and on 20 September 1974, he self-
administered smallpox vaccine while demonstrating
its safety to local villagers. All three vaccinations were
successful, leaving scars on the left forearm. The
patient also bore double scars from his primary
vaccination on his left upper arm, and other sets
of double scars on his left forearm. Double vacci-
nations had been routinely given in India until 1973 as
insurance against vaccination failure.
On 8 October 1974, he developed a fever; six days

later a maculopapular rash appeared on his left fore-
arm, consisting of 50 raised 0.5-cm lesions in a circle of
15-cm radius around the site of his most recent vaccin-
ation. These lesions, however, were uncharacteristic
of smallpox and five days after their appearance, they
involuted. Meanwhile, on 16 October, a second crop
of lesions, more typical of smallpox, appeared on the
patient's entire body with the classical centrifugal
distribution of smallpox.

Because of his occupation, the patient was
examined in the field nearly every day from 14
October by smallpox epidemiologists. However, it
was not until the appearance of the centrifugal rash
that smallpox was suspected and the patient was
transported to the infectious disease unit ofTata Main
Hospital on 19 October.

Routine laboratory tests performed on admission
revealed the following: haemoglobin, 135 g/litre;
erythrocytes, 4.12 x 1012/litre; leukocytes, 11 x 109/
litre, with 80% neutrophils, 15% lymphocytes, 5%
monocytes, and no eosinophils. Fasting blood glucose
was 4.4 mmol/litre and blood urea was 12.5 mmol/
litre; urine and stool showed no abnormalities. SGOT
(EC 2.6.1.1) was 40, SGPT (EC 2.6.1.2) was 32, and
alkaline phosphatase (EC 3.1.3.1) was 7.7 King-
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Armstrong units. The patient reported that there was
no known history of cancer or immunological
deficiency in his family. He had never before been
seriously ill except for occasional recurrent bouts of
upper respiratory illness.
On admission (Fig. 1) the patient was febrile and

appeared quite ill. Liver and spleen were not enlarged,
and there was no lymphadenopathy. The lesions
progressed rapidly to become deep firm vesicles (in
contrast to the superficial vesicles of the first crop) and
then through pustular and scab stages. By 26 October
the patient had made a significant recovery and looked
well. Most of the lesions had dried and a few scabs had
fallen. A "challenge" vaccination given on the twelfth
day after onset of rash did not take.a
By 5 November, the patient had recovered and was

discharged (Fig. 2). Slightly over one month later, on
12 December 1974, the patient returned complaining
of fever and was found to have a right lower-lobe
pneumonia. Liver studies were normal and no
evidence of malignancy was found. He responded well
to penicillin and was discharged. His recovery was
uneventful, but an underlying immunological
deficiency was suspected.
On 10 March 1975 a team of scientists from the

Japanese National Institute of Health (NIH) visited
Patna, the main city of Bihar, with a portable field
laboratory, and additional investigations were carried
out on the patient. This was the last opportunity for
medical examination, however, as the patient died on
17 February 1976 from unrelated causes.

LABORATORY MATERIALS AND METHODS

Specimens were collected over many months and at
several different locations, i.e., in the village where the
patient became ill, in Tata Main Hospital, and in the
Japanese NIH field station.

Vesicular exudate and scabs. Scab material and
exudates of vesicles present at the time of hospitaliz-
ation were sent to the World Health Organization in
Geneva for investigation. These specimens were for-
warded to the WHO reference laboratory at the
Center for Disease Control, Atlanta (CDC).

Sera. Specimens of blood were collected about 45,
56, and 145 days after the onset of the rash.

Virological and serological methods. Exudates and
scabs were examined by electron micr6scopy, the agar
gel precipitation test, and virus isolation on chicken
embryo chorioallantoic membrane (CAM); sera were
tested for haemagglutination inhibition (HI), comple-

a ZIGMUND, V. ET AL. Contribution to the problem ofchallenge
vaccination. Unpublished document WHO/SE/76. 87, 1976.

ment fixation, and neutralization. The methods used
for performing these tests at CDC have been described
by Nakano (5).

Neutralization tests were also performed at the
National Institute of Health, Tokyo, by a variola
focus-reduction method with HeLa cells, as described
by Kitamura & Shinjo (6-9).

Serum immunoglobulins were assayed at the CDC
by the single-radial-immunodiffusion method des-
cribed by Mancini et al. (10). At the NIH in Tokyo,
the Ouchterlony double-diffusion procedure (11) was
performed with goat sera against human immuno-
globulin fractions supplied by Hyland Laboratories,
and single-radial-immunodiffusion was done by the
method of Mancini et al (10).
Serum protein concentrations were assayed at the

CDC by microzone and electrophoresis procedures
with cellulose acetate (12).

Complement activity was assayed by the haemolytic
assay of complement described by Mayer (13). The
haemolytic complement activity is measured at 50%
haemolysis and is expressed as haemolytic dose per ml
(HD5o/ml).

Isohaemagglutinin. The detection of isohaemag-
glutinin by serum grouping with typeA and B cells and
the titration of the isohaemagglutinin were performed
as described in the Technical Manual of the American
Association of Blood Banks (14).

Blood typing was done at the NIH in Tokyo.

RESULTS

Virological results

Vesicular fluid collected on 19 October 1974 was
examined by electron microscopy and was found to
contain poxvirus particles. The fluid gave positive
precipitation in agar gel against an antivaccinia virus
rabbit serum. Variola virus was isolated and identified
at CDC on chorioallantoic membranes of 12-day-old
chicken embryos.

Serological results

The serum collected on 12 December 1974 (two
months after the onset of the rash) had the following
antibody titres at CDC: haemagglutinin inhibition,
640; neutralization, 1024; complement fixation, 64
against vaccinia virus antigen, 8 against varicella virus
antigen, and less than 8 against herpes simplex virus.
The serum collected on 10 March 1975 (five months
after onset of rash) and tested at NIH in Tokyo had
neutralization titres against variola virus of 380 (with
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serum stored at -80 °C and not inactivated) and 185
(with serum inactivated at 56 C' for 30 min.).

Serum protein assays
The protein concentrations of the patient's serum

on admission to the Tata Main Hospital were not
remarkable. The serum proteins from blood collected
on 12 December Xwere determined at CDC and demon-
strated a definite hypergammaglobulinaemia (serum
albumin 37 g/litre, serum globulin 52 g/litre, total
protein 89 g/litre). Haemolysis of the specimens
during shipment may have contributed to the
relatively high values for the total proteins and alpha2 -
globulin, which was 16 g/litre.
The serum with hypergammaglobulinaemia was

tested at CDC by the single-radial-immunodiffusion
(.Mancini) test to quantify the immunoglobulins, and
was found to contain a high level of IgG, a normal
level of IgA, and a low level of IgM (Table 1). The
results for serum collected from the patient on 10
March and tested at NIH, Tokyo, were similar to
those obtained at CDC. The same serum also tested by
double-diffusion at NIH, Tokvo, was found to have
virtually no IgM (Fig. 3) but normal IgG fractions
(heavy and light chains, Fab and Fc), IgA, and IgD.

Isohaemagglutinin

The patient's serum collected on 12 December
haemagglutinated A1 cells (2 +) and A2 cells (1 +), but
did not haemagglutinate B cells. The titre of the
isohaemagglutinin against A, cells vwas 1: 16. The red
blood cells vwere type B.

Complement activity
The complement activity of serum from the patient,

expressed as haemolytic doses at 5007o haemolysis per
ml (HD50/ml), was compared with that of guinea pig
serum (lyophilized, Toshiba Lot No. 101 18) and the

sera of four other Indian smallpox patients collected
by the Japanese NIH field team in March 1975 in
Bihar. These five sera were collected under similar
circumstances, stored at -85 °C for three years and
then analysed in 1979 in Tokyo. The patient's comple-
ment activity (99.8 HD50/ml) was less than that of
guinea pig serum (200 HD50/ml) and was within the
range of values found in the other smallpox patients
67.2-181.8 HD50/ml).

DISCLUSSION

Immunology

Repeated major dermal reactions to smallpox vacci-
nation at intervals as short as a few weeks, followed by
systemic smallpox infection only one month after an
apparently successful revaccination, suggest a
constitutional abnormality in the patient's immune
system. Although there are no previous reports of
smallpox in persons with an altered immune capa-
bility, cases of progressive vaccinia in immunologi-
cally deficient individuals have been reported
(15-18). Most severe vaccinia cases apparently occur
in individuals with depression of both antibody and
cell-mediated immunity, but at least one author
reports that some patients who develop fatal pro-
gressive vaccinia may have immune systems that are
apparently normal (16). According to Koplan &
Marton (19), depression of either humoral or cellular
immunity can lead to abnormal reaction to vacci-
nation, but disease states with significant alterations
in the cellular immune system most frequently pre-
dispose an individual to progressive vaccinia.

In the present case the findings of adequate levels of
circulating antibody against vaccinia and variola
viruses rule out acquired agammaglobulinaemia. The
patient apparently was able to respond to vaccinia

Table 1. The patient's immunoglobulin levels as measured by single radial immunodiffusion (Mancini) test

Specimen 1 a Specimen 2b Normal range

g litre IU l litrec g litre IU litre

>19860 2.47x10

2 510 1.76 x 10

300 3.5 x 104

22100 2.57x10-

1880 1.12x10

<20 < 1.2 x 10'

6 000- 14 000 7.4- 17.4 x 10

1 000-4 000 7.0-28.1 x 10-

500-2 000 5.9-23.6 x 10-

a Collected 2 months after onset of rash and tested at CDC.
b Collected 5 months after onset of rash and tested at NIH.
c International Units (IU) calculated according to Maddison et al (26).

Immunoglobulin

IgG

IgA

IgM

g litre IU litre
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antigen by antibody production, but did not retain
"immunological memory" and treated each sub-
sequent vaccination as a new challenge. Unlike most
cases of vaccinia reported in infants with deficiency of
their cellular immune systems (17, 20), this patient did
not develop progressive vaccinia. This suggests that he
probably did not have a complete cellular immune
deficiency, but he may have had a partial cellular
immune deficiency, common variable unclassifiable
immune deficiency disease, or other combined form
of immune deficiency.
The only significant immune deficiency found in

the patient was a very low level of IgM. Chendra et al.
(21) reported seven infants who developed generalized
nonprogressive vaccinia after smallpox vaccination
and recovered completely on symptomatic therapy.
Their serum IgM and IgA levels were significantly
lower than those of a control population. Faulk et al.
(22) reported an 8+-month-old infant having no serum
IgM, a slightly lower than normal serum IgG level, and
a normal serum IgA level, who had experienced
recurrent Pseudomonas infections. Unlike the case
described here, both of these subjects were infants,
and their immune defects were noticed early in life.

Stoelinga et al. (23) reported severe recurrent infec-
tions in a 14-year-old white male who had virtually no
serum IgM. Hobbs (24) grouped patients with IgM
deficiency into those whose deficiency was secondary
to another disease and those with primary isolated
IgM deficiency. The deficiency in the primary group
was believed to be of genetic origin and was found in
other members of the family. Furthermore, in primary
isolated IgM deficiency, the patient should have
normal levels of IgG and IgA, normal complement,
and normal phagocytes or T lymphocytes. Our patient
did not have subnormal IgG and IgA levels and had no
apparent defects of complement. Data on his cellular
immunity were insufficient, but since he did not
develop progressive vaccinia, he probably did not
have total cell-mediated immune deficiency, although
he may have had a partial deficiency.

Pathogenesis

Since our patient worked in infected villages, he
probably had an unusua!ly intense exposure to

smallpox virus. The prolonged fever (1 I days as
opposed to the usual 2-3 days) may have been
misleading, but the occurrence of two crops of lesions
was most unusual. The second crop appeared to be
typical of vaccinia-modified systemic smallpox; the
first crop, however, may have been related to percu-
taneous transmission of the variola virus, leading
to secondary haematogenous dissemination. It is
possible that the repeatedly vaccinated forearm of the
IgM deficient young man became contaminated by
physical contact with a case of smallpox. It is also
possible that the vaccination needle itself was
contaminated with variola virus, resulting in
variolationb followed by systemic smallpox. There are
no published reports of a syndrome akin to
progressive vaccinia which might follow variolation in
immune deficient individuals; however the present
case may have been due to such a syndrome.

It was not unusual during the Indian vaccination
campaign for a single bifurcated needle to be used on
many vaccinees. Scab specimens were frequently lifted
from smallpox patients for shipping to WHO refer-
ence laboratories, and vaccinators, under field
conditions, often found the same bifurcated needle to
be a convenient instrument for lifting the scabs. Thus
needles being used to vaccinate could occasionally
become contaminated with variola virus.

This patient was one of the last cases of variola
major in the world. With the global eradication of
smallpox, many questions about the pathogenesis and
immunological responses to this disease will remain
unanswered.

b Variolation is a method of immunizing against smallpox with live
variola virus and was used in many countries before Jennerian
vaccination (1, 25). Seven or eight days after variolation, before the
appearance of constitutional symptoms, local lesions resembling
typical smallpox rash develop at the site (I ).

c The WHO reference laboratories in Moscow and at CDC have
both received confusing specimens because of this practice. CDC
received at least 3 specimens from patients with chickenpox or other
non-smallpox diseases which were apparently contaminated in the
field with variola sirus. In December 1973, in Madhya Pradesh, India,
adjoining the area where the present case occurred, an epidemiologist
ins estigated an outbreak of sniallpox in which several cases occurred
on the same day, 7 days after the subjects had been vaccinated by the
same saccinator, and discovered that all had been vaccinated with one
bifurcated needle. This same needle had been contaminated earlier by
using it to lift a scab from a smallpox patient (E. Costa, personal
communication, 1974),
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Fig. 3. A double diffusion test plate showing the qualitative lack of IgM in P. 104 (the present patient), compared with four
other smallpox patients. Anti-lgM (j.-chain) supplied by Hyland Laboratories (Cat. No. 71-211, Lot. N. 821 N001AA).
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RESUME

VARIOLE CONTRACTtE PROFESSIONNELLEMENT CHEZ UN AGENT SANITAIRE
PRESENTANT UN DEFICIT EN IgM

Un homme de 21 ans, ne A Chota Nagpur dans l'Etat
de Bihar au nord de l'Inde et membre de la tribu aborigene
des Santhali, a ete employe comme vaccinateur dans le
programme d'eradication de la variole A Chota Nagpur. II
avait e vaccine peu apres sa naissance et plusieurs fois au
cours de son enfance et de son adolescence. De plus, il a e
vaccine une semaine avant de devenir vaccinateur et encore
deux fois au cours des trois mois suivants. I1 a eu des
reactions tres importantes, laissant une cicatrice apres
chaque vaccination.
Peu apres la derniere vaccination, il a presente de la fievre

puis, au bout de quelques jours, une eruption maculo-
papuleuse autour du point de la derniere vaccination. Deux
jours apres est apparue une seconde eruption, plus typique
de la variole et interessant tout le corps. Dans le liquide des
vesicules, recueilli trois jours apres le debut de la seconde
eruption, on a trouve au microscope electronique un
poxvirus qui a e identifie par culture sur membrane
chorio-allantoidienne d'embryon de poulet comme du virus
variolique.

Le sang recueilli 56 jours apres le debut de 1'eruption avait
un titre de 1:640 en inhibition de l'hemagglutination, de
1: 1024 en neutralisation et de 1:64 en fixation du comple-
ment en presence de l'antigene du virus vaccinal. Ces titres
ne plaident pas en faveur d'une hypogammaglobulinemie.
L'analyse des globulines a revele que le serum contenait des
concentrations elevees d'IgG, normales de IgA, mais
tres basses d'IgM. L'activite du complement de ce serum
etait apparemment normale. L'isohemagglutinine contre les
cellules A1 avait un titre de 1: 16; les erythrocytes du malade
appartenaient au groupe sanguin B.
La cause exacte du caractere insolite de I'affection

observee chez ce malade par suite des infections causees par
le virus de la vaccine et celui de la variole n'a pas pu etre
definie, mais le deficit en IgM et un eventuel deficit partiel
de l'immunite cellulaire peuvent avoir joue un role dans le
phenomene.
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