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Antibody-mediated  (B-cell) im-
munity, cell-mediated (T-cell) im-
munity, phagocytic function and
complement-mediated lysis are four
major components of the immune
system, which defend against bacte-
rial, viral, fungal, protozoal and
neoplastic agents. A deficiency in
one or more of these systems may
lead to local and systemic recurrent
pyogenic or viral infections and
growth failure.! Because of the ex-
traordinary variability of immuno-
logical defects and dysfunctions, the
majority of patients with immuno-
deficiency cannot yet be classified
unequivocally and so they are
grouped under the heading of vari-
able immunodificiency.?” In this
communication we describe the
case of a seven-year-old boy with
progressive neutropenia due to
maturation arrest at the myelocyte
level, very low serum IgG and IgA
levels, and the absence of secretory
IgA. He had recurrent attacks of
sinopulmonary and urinary tract in-
fections, repeated enteritis due to
enteropathogenic E. Coli infection
and persistent intestinal infestations
with Giardia lamblia and E. histo-
Iytica. He developed terminal IgM
gammopathy and ultimately died
of candidiasis of the oral cavity and
bronchial tree. As far as we know,
this is the first documented case of

SUMMARY This report describes in detail an unusual variant of a
common variable immunodeficiency disease in a seven-year-old boy.
The unique features were progressive neutropenia due to defective
myelopoiesis, serum IgG and IgA deficiencies, defective immunoglobulin
light-chain synthesis, absence of secretory IgA and IgM gammopathy.
He had been born healthy, but following a thermal injury at the age of
1% years, he suffered recurrent attacks of sinopulmonary and urinary
tract infections, enteritis due to enteropathogenic £. coli, Giardia lamblia
and E. histolytica, developed pulmonary tuberculosis and died of deep
mycotic infection of the oral cavity and obstruction of the bronchial
tree. The cause of the defective myelopoiesis could not be determined,
but it might have been due to prolonged sulphomamide therapy admin-
istered for controlling his persistent urinary tract infection due to para-

phymosis.
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a rare variety of immune deficiency
disease reported from the Indian
subcontinent.516

CHRONOLOGICAL CASE
HISTORY

The patient was born in 1975 by
planned caesarean section. His pa-
rents had been married for 18 years.
His birth weight was 6 lbs. The
child had a normal development
and weight gain. He had no adverse
reaction following birth to vaccina-
tions against smallpox, triple anti-
gen and poliomyelitis; however, he
had not been immunised against
tuberculosis. He had paraphimo-

sis since birth, which caused per-
sistent urinary tract infections
(UTI) from the age of six months.
Trimethoprim — sulphamethoxazole
was being' administered for a
long time to control his UTIL
He had no other complaints ex-
cept minor gastroenteritis at the
time of teething and had an un-
complicated attack of measles at
one year of age. When he was 1%
years old (1977), he suffered a

*From the Bacteriology Department, Govind
Ballabh Pant Hospital, Paediatrics Department,
Maulana Azad Medical College, and Armed
Forces Transfusion Centre, Delhi Cantonment,
Delhi, India.
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thermal injury of his left hand. An
indiginous ointment was applied to
it, but the injury did not heal and
became extensively infected.
Thereafter, the patient developed
a high fever and was treated with
co-trimoxazole for 15 days along
with the local application of fra-
mycetin. Since then he continued to
have repeated attacks of diarrhoea,
vomiting, tonsillitis, ear discharge,
pneumonia and recurrent UTI. (This
marked his first crisis) (Fig. 1). He
developed dehydration due to the
diarrhoea which was caused by
enteropathogenic E. Coli; he was
treated with gentamicin. In 1978,
when the patient was 22 years old,
he was given a course of chloram-
phenicol to control his fever.
Thereafter, he had epistaxis and
lost weight. This was his second
crisis (Fig. 1), which continued
until 1980.

In 1979 he was hospitalised for
high-grade fever (39.9°C), became
unconscious, developed diarrhoea,
vomiting, nasal bleeding, ear dis-
charge. bronchopneumonia and UTI.
He was treated with co-trimoxazole,
erythromycin, penicillin and
amoxycillin. A peripheral blood
examination showed neutropenia.
A bone marrow biopsy revealed the
arrest of maturation of neutrophils
at the myelocyte level (Fig. 2).

Since then the child continued to
have repeated attacks of high fever,
tonsillitis and cervical lymphadeno-
pathy. In February 1980 leukaemia
was wrongly diagnosed: he was
given prednisolone and leukoran
for two days only. He rapidly lost
weight: developed diarrhoea and
high fever, which subsided after the
administration of cloxacillin and
amoxyecillin. An immunodeficiency
disease was suspected. Serum im-
munoglobulin estimation showed
IeG and IgA deficiency, but a
normal IgM level (Fig. 1). Secreto-
ry lgA could not be detected in the
saliva or stool. The patient was fed
daily 20 ml of fresh human colo-
strum for five months. Injections
of immunoglobulins (total 10 ml)
were given over a period of six
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Fig. 1 Shows the clinical stages of illness. The haematological, immunological and
other routine investigations as well as the treatment given to the patient are shown.
Stool and urine tests among other routine investigations were performed for detect-
ing bacteria and parasites etc. Body weights were recorded. Treatments given to the
patient are shown chronologically ( [ ). The abcissa shows the period of illness
and the number of crises (# ).  The hatched area (“wwww\) shows periods of
continuous illness.
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Fig. 2 The bone marrow (8 February 1980) was normocellular and normoblastic, The
myeloid-to-erythroid cell ratio was 1.5:1. Reaction was normoblastic. There was an
increase in the number of lymphocytes (33%). Myelopoiesis was arrested at the mye-
locyte stage, leading to neutropenia. The myelocytes were large and there were
nuclear and cytoplasmic vacuolations. Megakaryocytes were adequate. Erythropoie-
sis was normal. No parasites were observed. The patient was given a corticosteroid
stimulation test and peripheral blood examinations were performed every four hours,
i.e. at 0, 4 and 8 and thereafter at 21 hours. At O hour the readings were: TLC
3,200/mm?, DLC : P 2 L 78, M3, E4; at 4 hours; TLC 3100/mm?, DLC: P 17, L 76,
M3 E4: at 8 hours, TLC 3100/mm?®, DLC: p 16, L 81, M3, E nil; at 21 hours: TLC
5600/mm?, DLC: P 11, L 83, M3 E 3.
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months (Fig. 1). Thenceforth the
patient showed an improvement in
health and he gained weight. He re-
mained well for 12 months but had
his third crisis in February 1981
(Fig. 1). He developed high grade
fever, started bleeding nasally, be-
came unconscious and developed
pneumonia when he was rehospita-
lised (Fig. 3). He lost weight and
was given gentamicin injections for
10 days but did not show any im-
provement. A tuberculin test was
positive for the first time. Antitu-
berculosis treatment (rifampicin and
isonicotinic acid hydrazide) was
started in February 1981 and was
continued until May 1982 (Fig. 1).
With this treatment the patient im-
proved considerably, but still con-
tinued to have mild to moderate
fever every other month, which was
controlled by chemotherapy and
antibiotics. During this period he
was also given immunoglobulin in-
jections (total 15 ml). The anti-
tubercular treatment was discon-
tinued in May 1982, when the pa-
tient had a fourth crisis (Fig. 1). He
developed high-grade fever (39.9°C)

and breathlessness, which were con-
trolled by co-trimoxazole and sal-
butamol. In June 1982, the patient
was taken to a sacred place and was
given water to drink from a holy
tank. Thereafter, he developed a vio-
lent fifth crisis (Fig. 1). He develop-
ed high-grade fever (41.2°C), tonsilli-
tis, cervical lymphadenopathy, ear-
ache, swollen gums and oral thrush.
His teeth decayed. His spleen be-
came palpable. His condition dete-
riorated and he rapidly lost weight.
A second bone marrow biopsy con-
firmed the earlier diagnosis of arrest
of maturation of neutrophils at the
myelocyte level (Fig. 2). However,
the crisis was controlled by the in-
travenous injection of gentamicin
and cloxacillin, the oral application
of mycostatin, the injection of im-
munoglobulin (total 4 ml), the
daily feeding, with fresh colostrum
(20 ml), daily intravenous injection
of vitamin B;;, (1 mg) and oral

folic acid therapy. He was discharg-
ed from the hospital, but within six
days of discharge, he was rehospita-
lised with the sixth and last crisis
(Fig. 1).

He had high-grade fever

Fig. 3 Chest radiograph (February 1981) shows evidence of pneumonia.
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(39.9°C), cervical lymphadenopathy,
oral thrush (due to Candida) and
gingivitis. Then he developed renal
failure, Ludwig’s angina, swelling
of the face, neck and testes, and
distention of the abdomen. The
child was semicomatose and deve-
loped throat infection due to E.
Coli, Klebsiella and B. proteus. Peri-
pheral blood examination showed
leucopenia and neutropenia. Myelo-
cytes appeared in the peripheral
blood. A radiograph of his chest
showed atelectasis of the right
lower lobe. The liver was palpable
3 cm below the costal margin. The
patient developed terminal jaundice
and died.

FAMILY HISTORY

The father and sister of the pa-
tient were healthy, but his mother
had bronchial asthma since she was
20 years of age. Her asthma had
been controlled by bronchodilator
drugs, prednisolone and aminophyl-
line (theophylline ethylene diamine).
The patient’s maternal grandmother
and maternal great-grand mother
had also bronchial asthma. One of
the patient’s maternal aunts died of
pneumonia at the age of 1% years;
she had had recurrent attacks of
pneumonia and growth failure.
One maternal uncle of the patient
died at the age of two years due to
a brain tumour. The serum immu-
noglobulin and complement levels
as well as the T- and B-cell counts
of the patient’s father. mother and
sister were all within normal limits.
There was no history of consan-
guineous marriage.

Special investigations and immuno-
logical tests and management (Fig.
1):

The chronological investigations
performed and the treatments ad-
ministered are shown in Figure 1.
The child had his first crisis in 1977
and a subsequent episode in 1978.
During the time between the crises,
the patient was chronically ill
(shown by the shaded area in the
abcissa of the accompanying graph).
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The ensuing attacks were more fre-
quent and the child began to lose
weight progressively. His total
leukocyte count gradually decreas-
ed from 1977 onward; the haemo-
globulin level was moderately low,
Both of these parameters showed
some increase between the second
and third episodes. Interestingly
there was a parallel increase in body
weight, a rise in the percentage of
neutrophils, a concomitant fall in
the erythrocyte sedimentation rate,
and an increase in the haemoglo-
bin level,

The child had not been given
BCG wvaccination during infancy
and, until 1980, he was tuberculin-
unresponsive. However, in 1981,
he showed positivity to a tubercu-
lin test and had consolidation in
his lung, which was suggestive of
tuberculosis. He was dinitro-chlo-
robenzene (DNCB)-responsive. The
terminal rise of the leukocyte count
and haemoglobin level were due
to fresh blood and buffy coat trans-
fusions (treatment I).

After feeding of colostrum (20
ml daily) (treatment A) and sub-
sequent intramuscular injections of
immunoglobulin (25 mg/kg/week)
(treatment B), the child gained
weight (20 kg); he became active
and had regular bowel movements
(Fig. 1). His condition stabilised
following the antituberculosis treat-
ment (treatment C) and immuno-
globulin injections (treatment D).
Repeated stool examinations from
1977 to 1981 (special investigations
a, b, ¢, d, f and g, Fig. 1) showed
persistent enteropathogenic E. Coli
(untypable) infection, E. histolytica
(vegetative form) and Giardia lamb-
lia (cyst) infestations, as well as
the presence of red blood cells
(RBCs) and pus cells. The intes-
tinal infections were resistant to all
conventional antibiotic and anti-
parasitic treatments. However, they
could be eradicated with prolonged
metronidazole therapy (treatment
E) along with colostrum feeding
(treatments A and G). It is note-
worthy to mention here that secre-
tory IgA could not be detected in

his saliva and stool (special investiga-
tion d, Fig. 1). Since birth, the child
had paraphymosis and had been suf-
fering from persistent UTI from
1977 until the time of his death. His
urine showed albumin, pus cells,
RBCs, granular casts, £. Coli and
B. proteus (special investigations a,
f, i and j, Fig. 1). In the end, he de-
veloped renal and hepatic failure,
infection of the mastoid bone due
to Pseudomonas, E. Coli and
Streptococcus, fungal granuloma of
the hard palate leading to palate
perforation and terminal candidia-
sis of the bronchial tree resulting in
bronchial obstruction. Antifungal
drugs such as mycostatin and naza-
rol (50 mg) orally were given daily
(treatment H, Fig. 1). Although
the child had been suffering from
repeated and persistent infections
of the respiratory, gastrointestinal
and urinary tracts since 1977, his
immune deficiency state was diag-
nosed for the first time in 1980,
when his serum IgA and IgG levels
were found to be very low (both
less than 8 mg/dl) (special investiga-
tion Number ¢, Fig. 1). However,
at that time he had an adequate
serum IgM level (134 mg/dl) (spe-
cial investigation ¢, Fig. 1). The
serum levels of IgG and IgA in-
creased after the injections of im-
munoglobulin (treatments B, D and
F) (Fig. 1), but those rises were
not sustained. Curiously there was
a progressive rise in the serum IgM
level, which was 400 mg/dl at the
time of his death (special investiga-
tion k, Fig. 1). The slight terminal
rise in the serum IgG (100 mg/dl)
and IgA (95 mg/dl) levels was prob-
ably due to the transfusions of
fresh blood (three units), plasma
(one unit), buffy coat (three units),
the intramuscular injection of im-
munoglobulin and the administra-
tion of gentamicin, cloxacillin and
ampicillin (treatment 1). The
percentage of neutrophils progres-
sively decreased during the period
from 1977 to 1980, but the level
increased a little following immu-
noglobulin therapy (treatments B
and D). His neutropenia did not re-
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spond to vitamin B-12 injection and
oral folic acid therapy (treatment
H). His blood B-cell percentage
(tested in 1981) was adequate
(23%), but his T-cell percentage was
low (23%) and the null cell percent-
age was 54 per cent, A tuberculin
test was negative in 1980 (special
investigation d, Fig. 1), but later it
became positive (special investiga-
tion f, Fig. 1). A chest radiograph
showed right lung consolidation,
but his sputum did not show the
presence of acid-fast bacilli.

The patient had a light chain-de-
fect. The K (kappa) chain was not
detected in his serum and the A
(lambda) chain level was low (spe-
cial investigation e, Fig. 1). His
natural antibody levels (A.S.O. titre
and blood group iso-agglutinins)
were within normal limits (special
investigation b, Fig. 1). He showed
immune Schick test and high titre
(1:8,192) antibody against E. his-
tolytica (special investigation e, Fig.
1). The low serum C3 (20 mg/dl)
and C4 (8 mg/dl) levels in 1980-
1981 (special investigation e, Fig.
1) and high circulatory immune
complex at the terminal stage (0.09
mg/dl) (special investigation k, Fig.
1) could have been due to comple-
ment activation by various infec-
tious agents and circulatory
immune complex formation. The
appearance of serum antinuclear
factor during 1980 and 1982 (spe-
cial investigations e and k, Fig. 1)
might have been due to the impair-
ment of suppressor T-cell function
and the dysfunction of the thymic
micro-environment leading to the
loss of immune homeostasis.'”>*®
At the time of death, the patient’s
serum C3 level increased to 112
mg/dl (special investigation k, Fig.
1)

Two bone marrow biopsies, one
performed in 1980 and the other
in 1982, showed adequate ery-
thropoiesis, lymphopoiesis, throm-

bopoiesis, but defective myelo-
poiesis (Fig. 2). Peripheral blood
pictures seen on several occa-

sions were parallel to that of the
bone marrow histology and showed
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Fig. 4 A peripheral blood smear during terminal illness shows juvenile and hyperseg-

mented neutrophils, suggestive of vitamin B, , deficiency.

normocytic and mild hypochromic
RBCs. The patient never became
severely anaemic; his platelets were
always adequate, but his neutro-
phil counts were very low and there
was compensatory lymphocytosis
(special investigation ¢, Fig. 1). A
corticosteroid stimulation test con-
firmed the existence of defective
myelopoiesis (Fig. 2). Terminally,
his RBCs showed mild to moderate
microcytosis and hypochromia;
polymorphonuclear leukocytes
showed hypersegmentation which
was suggestive of vitamin B-12 de-
ficiency (Fig. 4); platelets were
adequate and 2% myelocytes were
seen in peripheral blood. Jaundice
developed at the time of death.
Serum bilirubin was 7.6 mg/dl;
SGOT and SGPT were 150 and 280
units respectively. Australia antigen
was not found. Coombs test was
negative. Renal failure started and
the blood urea level increased from
65 mg/dl to 130 mg/dl. Serum crea-
tinine was 2 mg/dl; serum electro-
cytes were Na 140 mMol/1; K3
mMol/1. Terminal fever was in the
range of 39°C to 37°C.

DISCUSSION

Neutropenia with hypoglobu-
linaemia in infants and children has

been reported. About 50 per cent
of those young patients have had
familial and sex-linked recessive
transmission; the same syndrome
may occur in both sexes, but with
no evidence of genetic transmission.
In these patients, there is an un-
usual history of frequent bacterial
infection and death occurring
during the first few years of life.
The spleen may be slightly enlarg-
ed. Neutropenia is moderate to
severe and may be associated with
compensatory monocytosis in some
patients. Usually there is an in-
crease in the number of neutrophils
in response to infection. There is
an abundance of early myeloid
forms in bone marrow. The serum
IgG and IgA levels are low, but that
of 1gM is high. Neutropenia may
disappear after administering an in-
jection of immunoglobulin, which
suggests the possibility of a plasma
factor deficiency being responsible
for neutropenia. Leukocytotoxic
factors, such as leukocyte auto-
antibody, will accelerate the
removal of granulocytes from the
blood and eventually produce bone
marrow exhaustion.” Most cases of
agammaglobulinaemia with immu-
noglobulin-bearing B-lymphocytes
have a similar history of recurrent
infections beginning several years
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after birth.?°

The clinical features of our pa-
tient were somewhat similar to
those described by the above
authors. The patient was born
healthy and had a normal develop-
ment until he reached the age of 1%
years. Thereafter, he began suf-
fering from recurrent infections.
His family history was unremark-
able for immunodeficiency and
auto-immune disease. However,
there was a history of infant death,
malignancy and atopic diseases in
the family.

A history of smallpox vaccina-
tion during infancy without any
adverse reaction as well as an un-
complicated attack of measles at
the age of one year suggested that
the patient had intact thymic func-
tions and could mount cell-mediat-
ed immunity at that time. This
observation gets further support
from the fact that he responded to
DNCB at the beginning of his treat-
ment and showed tuberculin
conversion in 1981. Thereafter, his
T-cell count decreased consider-
ably; he developed pulmonary
tuberculosis which responded to an-
tituberculosis treatment. During his
terminal illness in 1982, when he
was DNCB-unresponsive, he suc-
cumbed to an overwhelming deep
mycotic infection of the oral cavity
and bronchial tree. Thus, at the
onset of illness in 1977, our patient
might have had a functioning cellu-
lar immune system, but thereafter,
because of progressive neutropenia,
he developed recurrent attacks of
severe, uncommon, suppurative,
sinopulmonary and urinary tract in-
fections due to pathogenic as well
as opportunistic micro-organisms.
As a result of the repeated infec-
tions, his cellular immunity was ex-
hausted, leading to terminal deep
mycosis and death.

Geha et al?*! reported 19 cases of
common variable agammaglobuli-
naemia, 15 of which had either
normal or increased B-cell counts.
The percentage (23%) of B cells in
our patient was within normal
limits. Thus the low level of IgG
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and IgA, and the normal level of
IgM in the serum of our patient
might have been due to the inhibi-
tion of B-cell differentiation?* (M-
G- A switch hypothesis) because of
the presence of suppressor T cells.
Waldman et al/*® demonstrated T-
suppressor cells in five out of eight
cases of common variable hypogam-
maglobulinaemia. We, however,
had not studied T-cell subsets in
our patient.

Besides the remarkable dysgam-
maglobulinaemia that this patient
had had, another spectacular find-
ing was progressive leukopenia and
neutropenia. This might have re-
sulted in decreased phagocytosis
and the killing of bacteria,®* lead-
ing to the persistent, usually sup-
purative infections of the respira-
tory and urinary tracts. This prob-
ably exhausted the patient’s T-cell
immunity, leading to terminal deep
mycotic infection.

We do not know the exact cause
of this neutropenia. The child had
paraphimosis since birth. He had
repeated urinary tract infections
and was given co-trimoxazole and
chloramphenicol repatedly for a
very long time. We believe that the
persistently defective myelopoiesis
in our patient might have been
iatrogenic and the profoundly low
serum IgG and IgA levels might have
been congenital. There are reports
that certain drugs, notably pheny-
toin sodium and penicillamine, can
induce selective IgA deficiency.?®

During his early life, the child
was probably protected by the
umbrella of maternal IgG that he
had inherited transplacentally,
When he was 1% vyears old, he suf-
fered a burn injury on one of his
limbs and it became badly infected.
The healing of the injury was delay-
ed probably owing to the absence
of his own IgG. Although he had
an adequate serum IgM level, it was
mostly intravascular. Thereafter he
had six moderate to severe crises
due to sinopulmonary infections.

Because of the lack of informa-
tion on definite patterns and
causes, we have classified the im-

mune deficiency state of our pa-
tient within a variable immune de-
ficiency group, which presumably
includes many syndromes. Includ-
ed in this group are patients pre-
viously classified as having con-
genital, non-x-linked, hypogamma-
globulinaemia, primary dysgamma-
globulinaemia (of both childhood
and adult life) and acquired prima-
ry hypogammaglobulinaemia. But
the striking disorders associated
with the dysgammaglobulinaemia in
our patient were defective myelo-
poiesis and the absence of gut-asso-
ciated IgA deficiency. As far as we
know, the three aforementioned de-
ficiencies found in our patient have
been documented for the first time.

The presence of serum antinu-
clear factor, abnormal immunoglo-
bulin concentrations with IgM (K)
proteinaemia, a history of recurrent
infections, growth failure and the
death of his aunt during infancy as
well as a history of malignancy in
his uncle suggested a hereditary in-
fluence.?® However, it was not pos-
sible to make detailed studied of
gene defects of the Gm and InV
markers in the immunoglobulin
synthesis in the family members.

Hobbs has described eight types
of dysgammaglobulinaemia.  Ac-
cording to his description, the dys-
gammaglobulinaemia in our patient
was the rarest form: Type 11.25 The
absence of a K-chain in our patient
is interesting. In normal indivi-
duals, the K/ X ratio of serum im-
munoglobulins has been reported to
show an almost constant value,
which differs among races. A dis-
proportionate K/A ratio and even
the absence of a K-chain have been
reported to occur in various forms
of primary immunodeficiency dis-
eases with diarrhoea and recurrent
respiratory infections.?® On this
basis, a light chain-deficiency is
viewed as a variant of common
variable hypogammaglobulinae-
mia.?’

Childhood M-proteinaemia has
been associated mostly with immu-
nodeficiencies. Terminally, our pa-
tient had developed IgM (k) M-pro-
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tein. Similar monoclonal gammo-
pathy had been described earlier
in  Wiskott-Aldrich  syndrome,
severe combined immunodeficiency
and Nezalof syndrome.?® Our pa-
tient would appear to fit the pat-
tern of immunoglobulin deficiency,
with an increased level of IgM in
the WHO classification.?® Goldstein
et al*® have described acquired
hyper-IgM syndrome with necrotis-
ing granuloma, which could be re-
constituted by  gammaglobulin
therapy without complication. The
immunoglobulin abnormalities re-
cognised in our patient were of an
extreme variety, similar to a dis-
proportionate K/A ratio, imbalance
of the immunoglobulin classes and
an absence of gut-associated IgA. In
our patient, the temporary impro-
velopment in neutropenia following
the injection of immunoglobulin
(Fig. 1), was described earlier.”
However, the exact mechanism of
improvement is not known.

Our patient had recurrent, crip-
pling sinopulmonary and gut infec-
tions and had no detectable secre-
tory IgA. As no means exist for
providing secretory IgA antibody to
his mucous membranes, -we decided
to administer fresh colostrum, the
freeding of which showed some
benefit (Fig. 1). Colostrum and
breast milk appeared to provide
important immune defenses for the
IgA-deprived gastrointestinal tract
of the child.?°
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