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1. INTRODUCT ION

Buck et al., (1969, 1971) reported the recovery of microfilariae of Onchogerca volvulus in
the urine of between 1l to 34% of the residents of Ouli Bangala, a village in southern Chad
where onchocerciasis wag hyperendemic, The following differences were found between patients
with onchocercal microfilaruria and residents with onchocerciasis but without the urinary
manifestations, In the microfilaruria group infection intensity was heavier; onchocercomata
were more fraquent; significantly more persons had inguinal lymphadenopathy; their weight/
height ratios and antibedy titres in haemagglutination tests with O. velivulus antigen were
lower; laovels of serum glutamie~oxalacetic transaminase were increased; the degree of lympho=
cytosis in differential counts of leucocytes was less pronounced; and their permanent
residences were located at greater proximity to the breeding sites of Simulium damnosum, the
only vector of onchocerciasis in the area, Among the many endemic digeases and infections
were malaria, schistosomiasis mansoni and haematobium, loiasis, infections with Dipetalonema
perstans and Wuchereria bancrofti. 0f these, two were statistically asseciated with oncho~
cercal microfilaruria, malarjiz parasitaemia in adults and frequency of infections with Loa loa,
[n exploratory examinations of immunoglobulin levels in serum samples kept frozen at —-80°C, it
was noted that the residents with the urinary manifestations had excessively high levels of
IgG and TgA but a relative deficiency of IgD when compared with control subjects who had
onchocerciasis but no microfilaruria. The present report describes the results of comparative
studies of immuncglobulins betwesn geographically different villages in the Republic of Chad,

Z, MATERIALE AND METHODS

The population samplee examined were drawn from five villages in the Republic ol Chad,
namely, Djimtile at 12° 50 N 1at;tude and 14° EO#E longitude mear the mouth of the Chari river
at Lake Chad; JLuli Bangala at 7° 5 N and 15° 50 ¥ in the southernmost part of eastern Chad;

UUdIHl at &° 40 N and 174 4% E in the south~gcentral parts of the country; Boum Khe%ir at

10" 10 N and 19" 2§ E at the northern shore of Lake Iro; and Fayva~Largeau at 17° 45 N and

19° 18 E, an oasis in the Sahara, and the administrative seat for the huge prefecture of
Tibesti~Borkou-~Ennedi, The predominant disease patterns in these places had many similarities,
hut also differences. Malaria (falciparum and walariae) was hyperendemic in all communities
hut the Saharan town; schistosomiasis was found in Djimtile, Ouli Bangala and Quarai;
infections with Entamgebas histolytic¢a and Giardia lamblia and with some of the non=pathogenic
protozon were detected in all places. Infections with Ascaris lumbricoides and Trichuris
frichiura were infrequent in all communities while occasional cases of infections with Taenia
saginata were found throughout, Among the observed differences between the places were the
frequency of antibodies to ticke~borne typhus (maximum in Djiimtile), the oeccurrence of oncho-
cerciasis (Ouli Bangala), differences in the prevalence of microfilarial infections other than
Q. volvilus (maximum in Quarai), hyperendemic yaws in Boum Kkhebir, and tuberculosis and
amcebiagsis (maximum in Faya~Largesau). All communities derived thetr livelihood from subsizw
tence larming with the exception of the Sazharan population where many families were engaged in
geasonal caravan trade as well as in work on date plantations,

The population samples inciuded in the study are composed of twe major parts. The first
i% based on matching each of the originally found microfilaruria patients in Ouli Bangala
(N = 32) with & ¢ontrol partner of the same sex and age in each wvillage, The control set in
Lhe village of Duli Bangalas was doubled by matching two subjects for each case, Matching was
achieved by the following technigque, From the total populations of each village as determined
in 2 house to house ¢ensus (Buck et al, 1970) control persons for each case of microfilaruria
were selected at random from the ¢orresponding sex and 10-year age—group. After selection af
the controls, their serum samples (stored at -BO“C) wore identifted and subsamples withdrawn
for determination of immunoglobulins.




WHO /ONCHO /72, 89
WHO /PDI /72.3
page 3

The second population sample ingluded all persons that were part of the follow-up study
in Culi Bangala conducted exactly three years after the original comprehensive epidemiological
investigations in the same village (Buck et al. 19707, Rather than the total village, the
second sample included only village residents who lived in the vieinity of the Lim river and
whose infectiohs were known to be heavy and clinical manifestations of onchogerciasis severed.
Comparisons for differences in immunoglobulin levels were made between the cases of onchocercal
micrafilaruria and all ethers with a confirmed diagnosis of onchocerciasis bhut with negative
urine specimens. The methods used for census taking, as well as for the protocols of the
physical examinations, laboratory tests and mathods of ahalysis of the data were described in
detail in a previous publication (Buck et al. 1970),

IaaG,
The plates used ware purchased from a commercial company (Meloy Laboratories,
Virginia 22151), Wells in the plates were filled with capillary pipettes. Unknowns and a
standard reference serum (in serial twofold dilution) were tested simultanecusly. Using the
results obtained with the diluted reference serum, a curve was plotted on semiwlog graph paper.
Ig levels in the unknown sera Were calculated from this curve. The ingubation times and
temperatures are listed below:

Iga, IgM, and IgD levels were determined by a quantitative immunodiffusion methed,
ing., Springfield,

Immunoglobulin Hours Temperature
1gG 16-18 a4 c
IgA 15-18 Room temperature
ipgM 24-48 Room temperature
IgDh 1824 Room temperature

The norms? ranges for human immunoglobuling for the method are shown helow:

tmmunoglobulin mg/m12 mgh 1.u/ml?
IgG 7.7-11.3 770=1 130 98-144
I1gA 0.8=2.,0 BOm200 59169
[gM O 9= 7 H0=170 108~=201
gD OmO, 3 O=30 0=200
-

a

- mgﬁml pased on primary purified protein standards
prepared by the commercial company. Range reflects one
standard deviation from the mean.

b
2 International units based on World Health Organization
fResearch Stendards for Human Immunoglobuling. (Rowe et al,
19703,

Tests for IgE were performed in The O"Neill Memorial Research Laboratories, The Good
Samaritan Hospital, Baltimore, Maryland by Dr Kimishige Ishizalia, The methods used have been
previously described (Johansson, 1967),

Normal serum levels are thought to be €i000 I,U./ml.
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3.  RESULTS

3.1 Comparison of immunoglobulin levels between villages

Levels of immunoglobulins G, M and E in African populations are knewn te be significantly
higher than those found in caucasians of corresponding age and sex (Johansson et al., 1968;
Turner & Voller, 1966; McFarlane & Voller, 1866; Rowe et al, 1968: Crane et al. 1971;
Cappuceinelli et al. 1871), In contrast, excesgsive levels of IgA and IgD have been ohserved
onty sporadically (Howe et al, 1988}, It has heen mentioned that there is a certain danger
in making comparigons between these entirely different populations, especially for defining
ranges of "normal" immunoglobulin levels uging the values from industrialized countries as
slandards of health (Turner & Valler, 1986}, In the present study, comparisong between
different villages and segments of the population of Chad were made by the use of a standardized
mean index for éach individual immuncglobulin class, This index determines the relative
deviations from the country mean for individual villages or for patients with certain diseases
and infectious states. By combining the standardized indices of diftferent immunoglobulin
classes in a single graph they can then be viewed together and evaluated in & fashion similar
to the appraisal of differential counts of leukocytes or of serum protein fractiens,
Standardized mean indices were determined as follows, First, overall means were calculated
for each individual immunoglobulin as shown in Table 1. Each of these means was given the
reldative value of 1.0 as the standard, regardless of the large differences in concentrations
that exist between the individual Ig classcs, By eombining the four immuncglobulinsg (G, A,
M, 3} i1 is possible to draw a symmetrical fipure, j.e. a square as shown in Fig, 1,
Computation of the ratio: Ig mesn of an individual community &+ overall mean of Ig c¢lags,
yields weighled and standardized mean indices that can then be plotted on the corresponding
axis of the square designated for a particular immunoglobulin,

Perugal of Table 1 shows that the mean levels for IgG and IgM are very high by American
slandards but those for IgA and IgD fall within the range accepted as normal, It is a truism
to make the general statemen! that the observed elevatiohs are probably due to the abundance
of infections by different parasites (Cappuccinelli et al, 197la, b). The differences hetween
the matched samples frowm the Chadian villages, as well as those between onchocerciasis patients
with and without microfilaruria, are summarized in Fig, 1. On one extreme thereo 15 Culi
Bangala with excessively high IgG and I1gA and lo a lesser degree IgM levels and on the other
extreme is Faya targeau with the lowest levels of these immunoglobulins but with the highest
concentration of [gh. Indeed, the immunogiobulin constellation in the latter community where
malaria, schistogomirsis and filarial infections are rare resembles the one usually chserved
in caucasians.

3.2  Compurisons between onchogerciasis patients with and without microfilaruria

The results of the follow-up study for onchocerciasis in Quli Bangala are summgrized in
Tubile 2, There is a tondency for IgG, I1pgA and IgM levels to increase with age. Thizs Lrend
is not apparent fer the other two immunoglobulin classcs (IgD and IgR). Statistically
gignificant zex differences with male preponderance were abserved for IgG and IgA; IgM levels
were higher in females (Rowe et al, 19068). The observed dissimilarities of IgD and IgE were
without statistical significance in the sample size examined,

The findings for residents with and without onchocercal microfilaruria are summarized in
Table 3 and Fig. 2, As indicated by the graph, the shapes of the quadrangles are similar to
Lhose observed in the comparison of the matched samples, In addition to the already discusged
regional differences, there is also a striking discrepancy in immuncglobulin concentrations
hetween the residents of Ouli Bangala who had or did not have microfilaruria, Again, the
findings are similar in the two studies, They indicate that the occurrence of onchocercal
miorofilaruria is associated with excessive 126G and Igh levels but also with relatively low
concentrations of [gD.




WHO /ONCHO/72 . 89
WHO /PDI /72.3
page 5

3.3 Infection intensity and immunoglobulin levels

An analysis for association between the levels of the various immuneoglebulins revealed a
negative correlation (r « 0,2) between IgG and IgD for both sexes and in &ach age=-group
{(Table 4), This is different from the findings of Rowe et al. (1968) who reported that there
was no mutual relationship between immunoglobulin levels in Gambian adults, There iz evidence
that both the mean and the variance of immunoglobuling G and M increase with age (Rowe et al.
1968), High variance might indicate the existence of two subpopulations whose immunoglobulin
levels tend to segregate in opposite directionhs. To obtain ¢lues in support of this
assumption, the following analysis was made independently for the males and females in the
follow=up study in Culi Bahgalsa. In this villapge onchocerciasis has been the dominating
endemic diseasea, infection intengity was determined by skin snips and found to increase with
age (Buck et al. 1962). Individuals in each of three age—-groups, i.e. €10, 10-292 and 30+ were
divided into two classes according to their microfilaria counts in skin snips, All persons
with microfilaria counts excesding the age-specific mean were classified as "severe” infections
and those with lower counts ag ""light" infections. In both groups of persons the means
increased with age but at a different scale, Fig, 3 shows the age-specific mean valueg for
individual immunoglobulin clagses separately for the "severe" and "light" infections. The
increases of IgA and IgM levels with age were similar in the two groups but were different for
I1gti and IgDh, The IzG means of persons with "light" infections show the typical age pattern
while those of the "severe" group started with higher values in children bLut remained at
approximately the same level in older age. The opposite tendency was observed for the Igh
concentration, There was again a clear separation of the severe from the light infections
with reverscd age patterns, Results siwmilgr to those shown in Fig, 3 for the males were found
slso in the females of the population sample.

3.4 Immuinogleobulin E and combined infection with Schistogsoms mansoni and Unchocerca volvulus

Extremely high IgE levels are frequently found in rural African populations (Johansson
et &l. 1968; Cappuccinelli, 1971b). Our follow=up study in the village of (Quli Bangala
included analyses for assogiation between elevated IgE concentrations and infections with
5. mansoni (45% prevalence) and 0. volvulus (heloendemic), the two most important endemic
diseases in the village. Table 5 shows the results in persons with single and combined
infections. Because all individuals with eggs of 5. mansoni alse had onchocerciasis, it was
not possible to determine IgE levels for single infections with §. manhsgoni, The highest IgE
concentrations were observed for combined infections, The findings supgest that of the two
endemic infections, schistosomiasis had the greater influence on the IgE levels, but the
observed differences are not statistically significant,

A combined test for association between IgE levels, reactivity in immedizte—-Llype skin
tests with 8, mansoni antigen and presence or absence of schistosome eggs in stool specimens,
was made by Cochran's method (1934). The results are shown in Table 6, The IgE cong¢entration
was hiphest in persons who passed schistosome eggs and had a positive skinm test, Interestingly,
skin reactivity te schistosome antigen per se was not found to be associated with excessive
elevalion of IgE levels, Significant differences were observed only for the within group
comparisen of persons with positive skin tests who did or did not excrete schistosome eggs at
the time of their examination.

4, DISCUSSIONS

Levels of individual immunoglobulin classes are affected differently and independentily
by disease processes and infections (McGregor et al, 1970). Therefore, comparisons of immuno-—
2lobulin patterns in populations must be congerned with the evaluation of the entire constele
lation of immunoglobulins. This can be facilitated by computing standardized mean indices for
which the standard value of 1.0 ¢can be computed separately for large areas or peoples with
basically similar disegse patterns and ethnic composition, Plotting of the indices derived
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from specific study populations on & diagram outlining the relative "norms' for an entire area
will easily depict specific differences in immunoglebulin patterns that may exist.

Ameng the Chadian villages the regidents of Ouli Bangala had the most pronounced devia-
Ltions of immunoglobulin levels from the country norm, In this village of Laka tribesmen, a
variety of abnormal results from immunglegical tests have been observed.  They include wide-
spread anergy to tuberculing (Buck ot al, 1969, 1970), lack of detectable HA antibodies to
0. volwvulus antigen in persons with severe onchocerciasis (Puck et al. 1969, 1971), deficient
sensitivity of the complement fixation test for schistosomiasis (Buck & Andersen, 1972) and =
low desree of serological responses to yellow fever vaccine (Buek et al, 1970), There iz ho
satisfactory explanation for the differont age patterns of IgG and Igh in persons with severe
and mild onchocerciasis (Fig. 3). The severe group had lower weight/height ratios, a higher
praportion of persons with elevated SGOT levels, higher microfilaria coumts in skin ships but
lowar antibody titres in HA tests with O, volvulus amd Dirofilaria immitis antigens. Their
nutritional state was inferior, onchocercal microfilaruria more frequent and inguinal lympha-
denopathy a common complication,

In contrast, IgE levels were not affected by ejither infection intensity or clinical
severity ol onchocerciasis, A combined analysis for association between IgE concentration
and presence of mansonian schistosomiasis and oncheocerciasis revealed that the presence of
egps of 3. mansoni combined with a reactive skin test to the antigen of this fluke gave the
highest degree of correlation,

3. SUMMARY

(1) A graphigal method for evaluating immunoglobulin patterns is described.

.

{27 Excessively high levels of Tgl, TgA and IgM accompanied by relatively low JgD concentra-
tions were found to be associated with severe onchocerciasis complicated by microfilaruria.

(3 Comparative studies of IgG, IgA, IgM and Igh levels between persons with severe and mild
anchocerciasis classified on the basis of microefilaria counts in skin snips revealed different
age patterns, The natural increase of Igl levels with age was not found in the group with
severe infections; while IgD concentrations continued te rise from the youngest to the oldest
HER=CTOUp.,

(4) An analysis for sssociation hetween IgE levelszs, presence of onchocerciasis (skin snipsa)

and schistosomiasis (eggs in stool} and reactivity in the skin test for schistosomiasis showed
the highest degree of correlation hetween IgHE and presence of schistosome eggs accompanied by

reactivity in the skin test with adult antigen of 5. mansoni.
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TABLE 1.  IMMUNOGLOBULIN G, A, M AND D MEAN LEVELS AMONG
32 RESIDENTS WITH ONCHOCERCAL MICROFILARURIA AND
CONTROI, SUBJECTS OF THE SAME AND OTHER CHADIAN VILLAGES
MATCHED FOR AGE AND SEX!

immunoglobulin mean levels in mgh
Village No.
G A M D
Diimtilo
32 1 852 153.6 255.0 9,9
(Lake Chad)
Ouli Bangala
(8W Chad)
Microfilaruria pts 32 3 028 198.4 273.9 7.4
Control subjeqts G4 2 732 176,0 303.5 10,6
uarai .
2 2 235 150. 275.4 8.2
(5. Central Chad) 3 3 4
; hir .
Houm Knebir 32 2 348 147.2 277.0 11.1
(lake Iro)
Faye-Largeau 32 1 468 147.8 186.2 12.3
(Sahara)
Twtal 224 2 341 1684 2 266.8 10,0

For cach case with microfilaruria conirol partners of the same age
and seX were selected in each willage from the list of the cengus data,
After meloction, the correspending sera were identified and analysed, In
Ouli Bangala two matched conilrols were drawn at random for each microfila-

TUria Ccase,
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TABLE 3, TMMUNOGLOBULIN MEAN LEVELS AMONG LOCAL RESIDENTS OF QULI BANGALA
WITH AND WITHOUT MICROFILARURIA, FOLLOW=UP JULY 1970

1gG TgA igM Igh
(mean mg#) (mean mg%) (mean meth) (mean mgh)

Without microfilaruria : a a
(94 subjects) 2 850 171~ 332.9 10.3 .
With microfilaruria a 2
(42 subjects) 2 980 212.8 339,5 7.8
Normal range
600~1 200 50=-240 50=150 0=30

{114 subjects)

a
— Btatistically significant at P = 0,05,

TABLE 4, CORRELATION BETWEEN IMMUNOGLOBULIN G AND
IgA, TgM, IgD AND IgE LEVELS AMONG MALESZ

T !
IgG versus A Versus M Versus D Varsus E

Ape No. b 5
rE rE r— r— !
|

-8 10 0.18 0,44 =0,.34 0.33

10=29 31 0. 30 0.0 -0,03 .19
30+ 30 (3,08 0,03 -0, 27 0,36 I
fotal | 71 0.13 0.08 ~0,174 0.28 J

% Female sample: N = 65; Ip0 versug Igh r = —.198,

Correlation coefficient r,

TARLE 5. IgE LEVELS FOR INDIVIDUALS WITH AND WITHOUT
MICROFTLARIAE OF ONCHOCERCA VOLVULUS [N SKIN SNIP AND
EGGS OF SCHISTOSOMA MANSONI TN SINGLE STOOL SPECIMENS

No. IgE mean !
i i SE
in group in ngﬂml
A, Neither eggs nor - 6 085 1 833
microfilariae
B. Microfilariae only 66 & 626 737
C. Microfilariae and eggsE 44 g 134 291

a \ .
— There were ng persons who had eggs but no microfilariae,




TABLE &,

EGGE OF BCHISTOS0MA MANSONT

VILLAGE OF QULI BANGALA
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TEST FOR ASS0CIATION BETWEEN IMMUNOGLOBULIN £ SERUM LEVELS,
REACTIVITY IN SKIN TESTS WITH 5. MANSONI ANTIGEN, AND PRESENCE QF

Deviation of immunoglobulin §
level from group meand
+ - Total IgE mean
(%) ng/ml
Skin test reactive
epgs: prasent 12 (753.0) 4 16 11 333
absent 8 (23.3) 6 34 3 841
All skin tests reactive 20 (40.0) 30 50 7 662
Skin test non=-reactive
€gEs: present 5 (35,7) o 14 8 053
sbsent 9 (36,00 16 25 7 964
|_ Al skin tests non-reactive 14 (35.49) 25 39 7 998
a *i !
=~ 7810 ng per ml,
Sp T h i 3 hi Fti
Test c¢riterion begree o sul o Chl P
freedom squares Square
Skin test reaglive eggs + versus - 1 2,88 12,2 0,001
Skin tesl nen-reaclive epps + Versus - 1 0. 000073 0.0003 | +0.5
5kin test reasciive versus non-reactive 1 3,03687 0.158 +0. 5
Total 3 2,919 12.4 0.01




Fig. 1 STANDARDIZED MEAN INDICES FOR IMMUNOGLOBULINS G, A, M AND D IN 32 CASES OF ONCHOCERCAL
MICROFILARURIA AND CONTROL SUBJECTS IN FIVE VILLAGES MATCHED FOR AGE AND SEX
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Fig. 2 STANDARDIZED MEAN INDICES FOR IMMUNOGLOBULINS G, A,
M AND D IN 42 RESIDENTS OF OULI BANGALA WITH ONCHOCERCAL
MICROFILARURIA AND 94 RESIDENTS WITH ONCHOCERCIASIS
WITHOUT URINARY COMPLICATIONS
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Fig. 3 AGE SPECIFIC MEAN VALUES OF IgG, A, M AND D IN PERSONS WITH
ONCHOCERCIASIS WITH ""SEVERE'' INFECTIONS (SKIN SNIP COUNTS

ABOVE GROUP MEAN } AND "LIGHT'" INFECTIONS (SKIN SNIP COUNTS
BELOW GROUP MEAN )
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