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Serum levels of IgG, IgA and IgM were found to be either normal or
elevated in PCM patients, with no relation to the degree of protein-calorie
depletion, the percentage of white cells and plasmocytoid lymphocytes in
peripheral blood, or the prognosis. The IgG rose in a child developing
mumps even though his diet was only sufficient for nitrogen equilibrium.
These results still do not elucidate the discrepancy that exists between
elevated immunoglobulin fractions and the high mortality rate asso-
ciated with the presence of infection in protein—calorie malnutrition.
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INCREASED susceptibility to many infec-
tions in protein—-calorie malnourished chil-
dren is a well-known phenomenon.? 2 In turn,
these infections are important, not only as
precipitants of kwashiorkor,¢ but also as
contributors to the high fatality rate in this
disease.?:

The abundance of assessments of the capac-
ity of children with protein-calorie malnutri-
tion (PCM) to form humoral antibodies, as
tested by challenge with attenuated viral and
bacterial vaccines, has given variable results.
For example, Brown and Katz 7 found no anti-
body response following yellow fever vaccine.
Impaired responses to mumps vaccine and to
diphtheria toxoid have been reported,®? but
to typhoid and oral poliomyelitis vaccines the
serologic responses have been normal.” 1% 11 ¢
should be noted that these studies were done
in coincidence with the giving of adequate
protein therapy, and hence the responses ob-
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served may reflect the antibody-forming capac-
ity of rapidly changing organisms during nu-
tritional recovery rather than in static malnu-
trition. In PCM the rate of synthesis of
gamma globulin does not seem to be im-
paired.’? In fact, its synthesis is greatly in-
creased when a superimposed infection is
present, in contrast to a simultaneous decrease
in the synthesis of albumin.?? Little informa-
tion is available concerning the pattern of the
other serum immunoglobulins in PCM.

The investigations here described deal with
the serum immunoglobulins in protein-
calorie malnourished children before protein
repletion was initiated. The basic question
was whether immunoglobulin deficiency
might be implicated in the high morbidity
and mortality rates associated with infection
in PCM.

Subjects

The investigations were carried out with 25
children suffering from PCM (“malnourished
group”) as determined by accepted clinical
characteristics—poor dietary history, wasting,
edema, skin and hair changes, apathy.?

The children were patients either in
INCAP’s Clinical Center or in the Pediatrics
Ward of the Guatemala General Hospital.
They were studied within 72 hours' of ad-
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mission, before an adequate protein intake
was started. In age they ranged from 1 year
and 6 months to 5 years and 11 months.
Height and weight features of these children
are shown in Table 1.

The percentage of expected weight for
height has been selected as an index of caloric
depletion, 100 per cent corresponding to the
Boston 50th percentile. The mean value of
all cases on admission was 899, + 23.6 (I
S.D.), but if minimum weight is used (after
clinical edema has disappeared), the mean
value changes to 769, = 3.9 (1 S.D.). This last
figure was accurately obtained only in 13
children studied at INCAP’s Clinical Center.

Twelve out of these 13 children were
studied again by strict clinical and biochemi-
cal criteria once their nutritional recovery
had been achieved. These children constitute
the “recovered group.”

Controls

Fourteen children served as ‘“control
group.” These children came from families of
low socioeconomic status and had the same
age distribution as the patients. These con-
trols, regular attenders at a day-care nursery,
were selected according to the following cri-
teria: normal growth pattern during the pre-
vious three months, absence of known clinical
infection, no recent immunizations.

Methods

Venous blood samples were used for hema-
tologic studies, including peripheral blood
smears. Standard biochemical methods were
used to assess nutritional status. Total serum

protein was determined by refractometry.!4
Serum-protein electrophoresis was performed
on cellulose acetate strips. Serum for immuno-
globulin determinations was rapidly separated
and kept frozen until assayed by the radial
immunodiffusion technique.’®* Hyland’s Im-
muno-Plates and immunoglobulin standards
were utilized in this study (Hyland Labora-
tories, Los Angeles, California).

Single determinations were done on most of
the samples. Random duplicates of the stand-
ards and samples gave a coefficient of varia-
tion from 5 to 15 per cent.

The patient’s 24-hour urinary creatinine ex-
cretion, compared with that excreted by a
normal child of the same height, independent
of age, served as an index of protein deple-
tion. This index indirectly reflects muscle
mass which in itself represents approxi-
mately 43 per cent of total protein mass, and
is referred to as the creatinine/height index
(CHI).IG' 17

Children suffering from PCM were treated
according to our standard therapeutic regi-
mens,*8 utilizing casein supplemented with
methionine as the source of protein. A level
of 0.7 Gm. of protein/Kg./day was provided
for a period of 7 to 10 days, and then in-
creased gradually to 3 or 4 Gm./Kg./day.
Clinical histories were kept of recent previous
infections, and detailed progress records of
those that occurred during their hospitaliza-
tion. Bacteriologic studies and serum im-
munoglobulin determinations were performed
simultaneously in a few patients. Parasito-
logic examinations [or ova and parasites were

TABLE 1. Clinical and Biochemical Characleristics of the Malnourished, Recovered,
and Control Children Studied

% Expected Creatinine/
Age in Weight for % Height Total Serum Height
Group Months Height for Age Proteins Index
Malnourished 36 + 15.3* 89 4= 23.6 86 £+ 6.3 4.07 3= 0.53* 0.54 £ 0.15
(25)** (25) (25) (25)** (19)
Recovered 36 + 12.5 104 7.6 88 + 5.1 7.40 4= 0.56 0.96 & 0.08
(12) (12) (12) (12) (12)
Controls 45 + 11.8 106 = 6.5 92 + 2.3 7.18 = 0.64 0.96 = 0.04
(14) (14) (14) (13) (13)
* Average £ 1 S.D.
** Number of cases.
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and control children.
made in stools collected from all patients. are always above 0.85; they usually reach 1.0

Chest x-rays were taken upon admission.
After the clinical edema had disappeared
(usually 10-18 days after initiation of an ade-
quate diet) a tuberculin test was applied to
all children. None of the patients showed
evidence of granulomatous disease.

Results

Although indices of adequate protein nutri-
tion are scarce and difficult to assess, two
parameters were selected for this purpose
(Table 2). The first parameter was the level
of total serum proteins. This was found to be
definitely depressed in the “malnourished
group” and normal in the other two groups.
The average serum albumin levels were 1.78,
421 and 4.06 Gm./100 ml, respectively, for
the malnourished, recovered and control
groups.

The second parameter was the creatinine/
height index (CHI).*®1" Normal values in

this study, as in others carried out at INCAP,'"
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when full nutritional recovery is attained,
and from then onwards remain close to this
figure. The CHI in every one of our malnour-
ished children was below 0.70 with an average
value of 0.54.

No direct relation was found between the
CHI (creatinine/height index) and the serum
levels of immunoglobulin fractions IgG, IgA,
and IgM.

No significant differences were found
among the three groups—malnourished, re-
covered, control—with respect to IgG and
IgM values (Fig. 1). Five of the 25 mal-
nourished patients studied had IgM levels
above 150 mg./100 ml., including one child
(PC-210) who had 600 mg./100 ml. and was in
adequate hydration when tested.

Patients with severe diarrhea had the high-
est values of both IgM and IgA serum im-
munoglobulins.

Between the malnourished group and the
normal controls a significant statistical differ-
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TaBLE 2. Servwm Immunoglobulins in the Groups
of Children Studied

Immunoglobulins
Group IgG IgA TgM
Malnourished 1,201 £ 465 203 =98 126 £ 118
(25) (25)*1 (25)
Recovered 1,210 & 456 130 £ 87 97 + 44
(12) (12)* (12)
Controls 977 £ 136 83 =40 04 + 30
(14) (1Hf (14

* p < 0.05 within groups.
T # < 0.001 within groups.

ence in regard to IgA levels (p < 0.001) was
observed. The diflerences in levels between
malnourished and recovered children was also
significant (p < 0.05). No significant differ-
ence in levels was observed between recovered
and normal children. Figure 2 compares the
IgA values for these Guatemalan children
with values reported for healthy Scandinavian
children.1®

When the children with PCM were divided
into two groups according to their age:
below or above 36 months, the mean serum
immunoglobulin fractions of the two groups
did not differ significantly. Age, therefore,
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does not explain the results obtained. The
values for the 86 per cent of the normal con-
trol children in our study fall within 2 §.D. of
the mean values reported for normal Scandi-
navian children * (Fig. 2).

Three cases were studied serially (Table 3).
Throughout, patient 196 had a constant in-
crease in the IgA fraction. The last deter-
mination, done one week after a lactose load
test of four days duration, demonstrated lac-
tose intolerance. Patient 198 maintained high
levels of IgA throughout the first 62 days of
hospitalization and had severe diarrhea dur-
ing the first week after admission even when
given a lactose- and gluten-free diet. Child
216 was studied at more frequent intervals
during the first two weeks of hospitalization;
parotitis was obvious on the fifth day, and the
IgG level rose rapidly even while dietary
protein was given in amounts which only al-
low nitrogen equilibrium. Clinically, this pa-
tient behaved as an otherwise normal child,
had high fever four days after the onset of
parotitis and developed no complications.

Three of our malnourished patients had a
fatal coursc. Patient 183 died as a conse-
quence of electrolyte imbalance and severe
lactic acidosis eight days after admission; pa-

g ® PCM children

O Normal controls

= 2 8.D,

—+— MEAN

" Normal Scandinavian
children

A G E

FiG. 2. Serum IgA levels in protein-calorie
controls, compared with healthy Scandinavian

Berg, T.: Acta Paed. Seand. 56: 572-579, 1067.)
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malnourished children and noimal Guatemalan
children. (Adapted from Johansson, D. O. and
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TABLE 3. Longiiudinal Studies

Immunoglobulins
Total
Days of Serum Serum IgG IgA IgM
Hospital Respiratory Other Proteins Albumin

Code Stay Diarrhea Infection Diseases (Gm.%) (Gm.%) (mg.%)

196 1 + 0 Herpes 3.3 1.53 820 148 78
simplex
28 0 0 0 71 4.04 1,050 122 140
65 0 + Fever 5.1 3.04 1,350 215 58
120 Lactose 0 0 6.9 4.60 1,175 200 41
intolerance
198 1 ++ + 3.6 1.73 2,050 360 65
45 0 0 7.9 4.94 1,400 173 120
62 0 0 8.1 5.36 980 280 100
216 1 4+ 0 Conjunctivitis 3.1 1.32 890 171 136
3 + 0 Conjunctivitis 3.2 1.40 890 160 104
8 + 0 Mumps 4.5 1.64 1,450 304 180
18 0 0 6.4 3.17 1,530 163 166
tient 184 died without 48 hours from severe Discussion

bronchopneumonia, and patient 213 died af-
ter 12 days of hospitalization from severe gen-
eralized septicemia caused by Pseudomonas
aeruginosa. None of these fatal cases had
subnormal levels in any of the immunoglobu-
lin fractions that were measured.

Total white blood cell and differential
counts in 14 of the malnourished children,
done upon admission and simultaneously with
the chemistry studies, showed no positive cor-
relations between the percentage of any of the
white cells, including the abnormal circulat-
ing plasmocytoid lymphocytes and the three
immunoglobulin fractions studied.

In bacteriologic investigations of those pa-
tients with severe diarrhea or with suspected
generalized sepsis, Salmonella was found in
the stools of two with severe gastrointestinal
symptoms, and Pseudomona aeruginosa grew
in culture samples taken from the skin, blood
and feces of patient 213. No relation was
found between the highest rectal temperature
observed during the first week of admission
and the level of any of the Ig fractions. Of
interest, however, is that none of the patients
had severe hypothermia (a common sign in
septicemia).

Intestinal parasites, when present, were
usually the combination of helminths and
protozoa. Neither severe infections nor a sig-
nificant relation between the immunoglobulin
levels and the parasitic load were observed.
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With rare exceptions, children with PCM
are either incubating or harboring clinical or
subclinical infections of varied etiology. This
would explain the stimulation for an in-
creased rate of synthesis of serum immuno-
globulin in some PCM patients, as observed
by Cohen and Hansen,'? and ourselves. Fur-
thermore, these rises suggest that the high
incidence of infection associated with PCM is
not a consequence of immunologic deficiency
as measured by levels of IgG, IgA and IgM in
serum.

The significantly higher-than-normal levels
of serum IgA observed in this and other series
of malnourished children, as recently re-
ported,® 2% 21 have not yet been adequately
explained. The elevations in some of the mal-
absorptive and the diarrheal disorders,?? could
be related to repetitive gastrointestinal in-
sults, which are of common occurrence in
children with PCM. An abnormal permeabil-
ity of the gastrointestinal mucosa, if present,
could facilitate the entry into the blood
stream of the IgA secreted by the plasma cells
in the lamina propria. Immunofluorescence
studies of biopsies of gastrointestinal mucosa
in celiac disease have revealed an increased
number of plasma cells infiltrating the lamina
propria, the majority of them staining with
antisera to IgA and a few with antisera to
IgG and IgM.? Morphologic studies of duo-
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denal and rectal biopsies in PCM children
have shown lymphoid and plasma cell infiltra-
tions of the lamina propria, which do not en-
tirely disappear with nutritional recovery.?* If
these plasma cells are producing IgA, as is the
case in celiac disease,?s this may help explain
the rise of serum IgA levels in PCM. The per-
sistence of the high IgA levels after nutri-
tional recovery, could similarly reflect what is
occurring in the intestinal mucosa.

In a recently reported study of serum im-
munoglobulin levels # in malnourished chil-
dren, the control group consisted of children
from rural communities where PCM and in-
termittent diarrhea are prevalent. These sub-
jects had neither clinical nor biochemical
evidence of malnutrition, but their serum IgA
values were similar to those of the “recovered”
patients in our present study and differ signif-
icantly from values in children with PCM.
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