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S u m m a r y 
In this study, the cf fcc ts of infestation (with Schistosoma 
haematobium or hookworm) during host ageing on the serum 
levels of circulating immune complexes (CIC), C3, IgG, IgA 
and IgM were examined in residents of Omi dam area of Kogi 
state, Nigeria. S. haemalobium-infestcd and hookworm-infested 
individuals showed no significant alteration in the levels of CIC, 
C3, IgG, IgA and IgM in comparison with controls. These lev-
els were the same in infested subjects and controls even when 
the patients were pooled. Infested old people had the same con-
centrations of serum CIC, C3 IgG and IgM in comparison with 
infested young people but IgA levels were higher in the aged 
group (t=2.100; P<0.05); and were significantly correlated with 
age (r=0.301; P<0.05). No significant increase in CIC levels 
with rising age (r=0.123; /*>0.20) was observed in the overall-
all population of infested subjects; and infestation in old age 
did not alter CIC, C3, IgG, IgA and IgM levels in comparison 
with uninfestcd young people. For the uninfested, IgG, IgA 
and IgM values were similar in the aged and the young but the 
levels of CIC were higher (t=2.156; P<0.05; r=0.280; P<0.05) 
and C3 lower (t=3.313; P<0.01; r=-0.236; /^>0.10) in the aged. 
The results of this study suggest that the elevated CIC levels 
found in old people is age-related; and that the contribution of 
parasitic infestation to these raised levels is uncertain. 

K e y w o r d s : CIC, C3, Immunoglobulins. Schistosoma 
haematobium. Hookworm, Ageing. 

Resume 
Lcs cffccts d'infcction du schistosome hemetobum durant 1 age 
adultc sur lcs taux du scrum des complexes immunitairc 
circullant dans le corps (C3, IgG, IgA & IgM) etaient examines 
chcz des residents d 'Omidan dans la province de Kogi au 
Nigeria. Lcs individus du S hemotobum et des Vas n ' avaicnt 
aucunc alteration significative du taux de C3, IgA, IgM compares 
au groupc de controle. Ces taux etaient egaux aux 2 groupes. 
La difference d 'age n'avait aucun effect sur Ies concentrations 
du scrum du CIC, C3, IgM , Ig G , amis lcs taux du IgA etaient 
plus elcves chez lcs plus ages (t=2.1, P<0.005) et correlaicnt 
significativcmcnt avee 1 age ( r= 0.301, P<0.05). II n 'y avait pas 
d 'augmentation significative du CIC avee l 'agmcntation ( 
r=0.123, P>0.20) chcz ces subjects infcctds. La jeuncsse non 
infcct£s avait des valeurs du IgA , IgG , IgM simmilairc a ceux 
des plus ages mais certains CIC etaient cleves ( t=2.156* 
P<0.005; r=0.280 * P<0.05) et unevalcur faiblcdeC3 (t=3.313; 
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P<0.001, r=0 .216 'P>0 .10 ) Ces r£sultats suggerent que 
Pelcvation du taux du CIC cchz lcs plus ag6s est lie a Page et la 
constitution des infection parasitologiqucs a ccttc agmentation 
rcste incertain. 

Introduction 
Immune responsiveness declines with increasing age [1J. For 
instance, those who show an absence of delayed cutaneous hy-
persensitivity have been observed to have a much higher risk of 
impending death compared to those with a positive skin response 
[2]. The decline in immune response with age is not an invari-
able occurrencc as almost one-third of the healthy elderly have 
immunological functions at levels seen in younger age groups 
[3]. Many parasitic infestations are also known to be accompa-
nied by immunodcprcssion [4]. There is an increase in the lev-
els of CIC in the healthy elderly compared to young controls 
[5,6]. This may be due partly to the vulnerability of old people 
to infestation. Immune complexes suppress immune responses 
[7,8]. CIC induccd immunodcprcssion is one way parasitic in-
festations arc thought to produce lowered immune responsive-
ness. Indeed, acute schistosomiasis involves immune complex 
formation [9] and lesions due to complexes of specific anti-
parasite antibodies and parasite antigens occur in a variety of 
parasitic diseases [10]. This study examines the effect of age-
ing on the immune response to Schistosoma haematobium and 
hookworm by measuring CIC, C3 and immunoglobulins G, A 
and M levels in residents of Omi dam area of Kogi State, Nige-

Subjects and methods 
Background of subjects and sample collection 
Samples for this study were obtained from residents of the vil-
lages of Omi and Ogga, both loeated near Omi dam in Yagba 
West Local Government Area of Kogi State, Nigeria. Omi vil-
lage is by Omi dam and Ogga is an outlay about two kilometers 
cast of the dam. The two villages, with a population of 7500 
and 10,000 respectively, were chosen because of their close-
ness to the dam. The people of these rural communities are peas-
ant farmers and petty traders. Most of the adult population at 
home did not receive formal education while the children of 
school age attend primary schools loeated in the villages. In all, 
29 people infested with 5". haematobium (mean age: 18.7±19.7; 
range: 7 -80 years old), and 10 with hookworm (mean age: 
60.3±26.8; range: 11-90 years old) were studied. Thirty-four 
apparently healthy individuals (mean age: 47.7±28.7; range: 5-
80 years old) from the two communities, who were long term 
residents, served as controls. Thirteen other hookworm infested 
people (aged 59.2±26.5; range: 23-100 years) from the two vil-
lages who had only CIC measurements but no C3 or immuno-
globulin estimation, were included in the study. These samples 
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were obtained from a total of 153 villagers studied (age range: 
5-100 years). The samples that were excluded from analysis 
were from those infested with other parasites. Those who had 
no ova or parasite in their stool and urine, and were otherwise 
healthy, were 58. Thirty-four of these had the five parameters 
studied done on them while only CIC was measured in the re-
maining 24 samples. Six individuals were doubly infested with 
both parasite. Informed consent was obtained from the commu-
nity leaders before embarking on the project. 

Blood sample (3.0ml) collected from each subject 
(between 8.00 and 13.00 GMT) was separated by ccntrifuga-
tion after clotting and retraction, and the scrum stored at -20"C 
until analysed. Urine (about 15ml) and stool samples collected 
in the morning hours before leaving for farm or market (usually 
between 6.00 and 7.00 GMT) were also supplied by each par-
ticipant and preserved with 10% formaldehyde until they were 
examined. Those infested were proved posi t ive for S. 
haematobium eggs in urine or for hookwomi ova in stool; and 
had no other severe or chronic disorders. About 10ml of urine 
was centrifugcd at 300 xG for 5 minutes and a drop of the de-
posit examined under covcrslip on a microscope slide with x 10 
and x40 objectives. A small portion of stool sample was first 
emulsified in 1 drop of saline and if necessary also in 1 drop of 
1% Lugol's iodine on a microscope slide and then examined 
under a coverslip with x 10 and x40 objectives. Differential leu-
cocyte counts were performed on the subjects who were also 
screened for malaria parasitacmia and filariasis (Wuchereria 
bancrofti) on the same Lcishman-stained thin blood film. 

Laboratory investigations 
CIC were measured by the polyethylene glycol (PEG) precipi-
tation method (11). Scrum samples stored at -20°C and thawed 
only once were diluted 1:3 with borate buffer (pH 8.4). 0.22ml 
of each diluted serum was added to 2.0ml of 4.166% PEG 6000 
solution and mixed thoroughly. A blank was set up for each 
diluted serum by mixing 2.0ml of borate buffer with 0.22ml of 
the diluted scrum. Incubation was for one hour at 30"C. The 
optical densities were read at 450nm in a spectrophotometer 
against blank. The concentration of CIC in each sample was 
read off a standard immune complex calibration curve prepared 
as described by Ilaskova et al. (I 1 ]. 

Scrum C3 and immunoglobulins G, A and M levels 
were estimated by the single radial immunodiffusion technique 
[12] using commercial monospecific antiscra (Serotcc, Oxford, 
England) to human C3c, IgG, IgA and IgM respectively. The 
levels of the immunoglobulins were measured against serum 
standards (The Binding Site, Birmingham. England) obtained 
from the laboratory of Dr. D. Catty of the Department of Infec-
tion. The Medical School, University of Birmingham, Birming-
ham, United Kingdom. C3 levels were measured against a 
pooled scrum standard obtained from nine adult blood donors 
in Ilorin, Nigeria. 

Subjects >35 but <65 years of age were excluded in 
the age-related comparisons in Tables 5-7 because they were 
too few in number for any meaningful statistical analysis. 

Data analysis 
Significance of differences between mean values was assessed 
by students* t-tcst. P-valucs less than 0.05 were regarded as 
significant. Effects of ageing on CIC. C3, IgG. IgA and IgM 
levels in infestation and in health were examined by determin-

ing the coefficient of correlation (r) for each of these param-
eters with age. 

Results 
Lcishman-stained thin blood films, after extensive search, re-
vealed that 50% of all schistosome and/or hookworm infested 
individuals studied and 51.6% of control individuals had as-
ymptomatic scanty malaria parasitacmia. This asymptomatic 
condi t ion was found in 40 .9% of those in fes ted wi th S. 
haematobium and 75% of those infested with hookworm. No 
filarial worms were found in Lcishman-stained thin blood films 
in any of the subjects studied including infested and control 
individuals. The mean concentrations of CIC, C3 and immu-
noglobulins G, A and M obtained in S. haematobium infested 
and uninfested individuals residing near Omi dam are displayed 
in Table 1. 

Tab le 1: Mean (±ls.d) scrum concentrations of CIC, C3, 
IgG, IgA and IgM in S. haematobium infested and uninfested 
individuals (>35 years old) residing near Omi dam 

Subjects CIC(g/I) C3 IgG(g/l) lgA(g/l) IgM(gfl) 
% pooled std 

Infested 0.34±0.27 112.3±23.1 26.26±6.49 2.51±1.10 l.32±1.24 
Subjects n=25 n=24 n=20 n=24 n=24 
Uninfested 0.30±018 1II 8± 18.0 24.91 ±5.93 3.I0±1.71 0.90±0.52 
Subjects n=13 n=l3 n=7 n= 13 n=I3 
t 0.544 0.073 0.506 1.124 1.442 
P >0.20 >0 20 >0.20 >0.20 >0.10 

The mean (ils.d) age of infested subjects was 11.3±3.0 years and 
for uninfested subjects: J3.5±7.3 years; with no significant age 
difference between the two groups (f= 1.072: F> 0.20). 

There were no significant alterations in the levels of 
these components due to infestation with S. haematobium. The 
mean concentrations of the components obtained in hookworm 
infested and uninfested individuals residing in the study area 
are shown in Table 2 with no differences between them. 

Tab le 2: Mcan(±ls.d) scrum concentrations of CIC. C3. IgG. IgA 
and IgM in hookworm infested and uninfested individuals (>65 yrs 
old) residing near Omi dam. 

Subjects CIC(g/l) C3 IgG(g/l) lgA(g/l) lgM(g/l) 
% pooled std 

Infested 0.39±0.36 100.7±24.4 26.73±5.98 4.14±1.S9 l . 7 l ± l 36 
Subjects n = l 5 n=7 n=5 n=7 n=7 
Uninfested 0.45±0.20 87.3±22.5 24.84±8.43 4.28± 1.75 1.23±0.5S 
Subjects n= 17 n=17 n=14 n= 17 n=15 
t 0.572 1.250 0.540 0.16S 1 990 
P >0.20 >0.20 >0.20 >0 20 >0.20 

The mean (ils.d) age of infested subjects was 75.9± 11.4years and 
Jar uninfested subjects: 72.1 ±7.5 years; with no significant age 
difference between the two groups (r= 1.09S; P> 0.20) 

There was accident with one of the samples for CIC determina-
tion. Table 3 compares the mean values of the five parameters 
between infested and uninfested aged subjects and found no 
significant differences. Similar results were obtained between 
infested and uninfested young subjects (Table 4). 
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Table 3: Comparison of mean (±ls.d) scrum concentration 
of ClC,C3,IgG,IgA and IgM between infested (with S.haema-
tobium and/or hookworm) and uninfcsted aged individual 
(>65 years old) residing near Omi dam 

Subjec ts C!C(g/ l ) C 3 lgG(g/l) IgA(g/l) lgM(g/l) 
% pooled std 

Infested 0 4 6 1 0 42 101 3125 .6 27 3715.34 3.69+1.77 1.35+1.15 
Subjects n = 2 0 n = l 2 n=7 n = l 2 n=12 
Uninfcs ted 0 45+0 20 87 .3122 .5 24 .8418.43 4 .28+1.76 1.23+0.58 
Subjec ts n=17 n=17 n=14 n=17 n=15 
t 0 .095 1.524 0.836 0.886 1.330 
P >0 .20 >0 .10 >0.20 >0 .20 >0.20 

The two aged subject groups were of similar mean ages 
(r= 1. I38,P>020 

Table 4: Comparison of mean (±Is.d) scrum concentration of 
CIC. C3 , IgG, IgA a n d l g M be tween in fe s t ed (wi th 
S haematobium and/or hookworm) and uninfcsted young indi-
viduals (< 35 years old) residing near Omi dam 

Subjec t s CIC(g/ l ) C 3 lgG(g/l) 
% pooled std 

IgA(g/l) IgM(g/l) 

Infested 0 .36±0 .26 111.4122.3 25.37+7.74 2 .54± l .08 I .32±I .18 
Subjec ts n=35 n = 3 0 n=25 n=30 n=30 
Uninfcs ted 0 3010 .18 111.8±18.0 24.91+5.93 3.10±1.71 0.90±0.52 
Subjec t s n = 1 3 n= 13 n=7 n=13 n= l 3 
t 0 .902 0 .062 0.169 1.090 1.625 
P >0 .20 >0 .10 >0.20 >0.20 >0.10 

The two young subject groups were of similar mean ages (t= 0.040; 
r> 0.20). 

relation analysis showed that the rise in CIC levels with in-
creasing age was not significant (r=0.123; /*>().20) in the over-
all population (n=57) of infested subjects analysed. Exccpt for 
IgA, there was also no significant correlation with age in the 
levels of the other parameters in infested individuals - C3: r=-
0.270; P>0.05; IgG: r=0.110; />>0.20; IgA: r=0.301; P<0.05; 
IgM: r=0.101; P>0.20. The levels of CIC, C3, IgG, IgA and 
IgM were not altered by the combined cffccts of old age and 
infestation (Table 6). Table 7 presents age-related changes in 
the values of CIC, C3, IgG, IgA and IgM in apparently healthy 
uninfcsted people in the study area. 

Table 6: Mean (ils.d) scrum concentrations of CIC, C3, IgG. and 
IgM in S. haematobium and/or hookworm infested aged and 
uninfestcd young individuals. 

Subjects CIC(g/l) C3 IgG(g/l) 
% pooled std 

IgA(g/l) IgM(g/I) 

Infested 0.4610.42 101.3125.6 27.3715.34 3.6911.77 1.3511.15 
n=7 n=12 n=12 aged n=20 n=12 

(74.117.5 
range: 65-90 
years 
Uninfestcd 0.3610.18 111.8118.0 24.9115.93 3 .1011 .710 .9010 .52 
young n = I 3 n = ! 3 n=7 n=13 n=13 
(13.517.3 
range: 5-35 
years) 
t 1.509 1.177 0.816 0.846 1.244 

> 0 . 1 0 > 0 . 2 0 >0.20 >0.20 > 0 . 2 0 

Subject >35 but < years of age were too few for meaningful statistical 
analysis, and were therefore excluded. 

Table 5: Mean (± Is.d) serum concentrations of CIC, C3, 
IgG, IgA and IgM in S. haematobium and/or hookworm 
infested ages and young individuals residing near Omi dam 

Table7: Mean (ils.d) scrum concentrations of CIC, C3, IgG, and 
IgM in uninfcsted aged and young individuals residing near 
Omi dam.. 

Subjec t s ClC(g / l ) C 3 lgG(g/l) 
% pooled std 

IgA(g/l) lgM(g/l) 

Infested 0 .46+0.42 101.3125.6 27.37+5.34 3.69+1.77 1.3511.15 
aged n = 2 0 n = l 2 n=7 n= 12 n=12 
(74 .117 .5 
range: 65-90 
years 
Infested 0 .3610 .26 111.4122.3 25 .3717.74 2 .5411.08 1.3211.18 
young n=35 n=30 n=25 n=30 n=30 
(11 .813.2 
range 5-35 
years) 
t 0.964 1.197 0.786 2.100 0.076 
P >0.20 >0 .20 >0.20 >0.05 >0.20 

Subjects CIC(g/l) C3 IgG(g/l) 
% pooled std 

IgA(g/l) IgM(g/l) 

Infested 0.4510.20 87.3122.5 24.8418.43 4 .2811.76 123510.58 
n=17 n=14 n=17 n=I5 aged n=17 

(72.117.5 
range: 65-90 
years) 
Uninfestcd 0.36+0.18 111.8118.0 24.9115.93 3.1011.71 0.90+0.52 
young n = l 3 n= 13 n=7 n=13 n=13 
(13.5+7.3 
range: 5-35 
years) 
t 2.156 3.313 0.022 1.850 1.588 

>0.05 >0.01 >0.20 >0.05 >0.10 

Subjects >35 but <65 years of age were too few (2) for meaningful 
statistical analysis, and were therefore excluded, correlation of the 
parameters with age. using the total sample (n= 57) of infested indi-
viduals including those aged >35 but <65 years, gave the following 
CIC. r=0.123; P>0.20; C3: 0.270. P>0.05; IgG: r=0. 110; P>0.20; 
IgA r= 0.301; P>0 05; IgM: r= 0.101. P>0.20 

Subject > 35 but < 65 years of age were too few for meaningful statis-
tical analysis, and were therefore excluded. Correlation of the param-
eters with age. using the total sample of uninfcsted individual includ-
ing those aged >35 but 65 years, gave the following: CIC: r= 0.280; 
P<0.05,C3: r= 0.236; P>0.10; IgG: r=0.060; P>0.20; IgA: r=0.I68; 
P>0.20; IgM: r= 0.273; P>0.10. 

Age-related effects of infestation with S. haematobium 
and/or hookworm on CIC, C3, IgG, IgA and IgM arc shown in 
Tabic 5. Mean scrum IgA levels were higher in infested aged 
people in comparison with infested young subjects. Other pa-
rameters had similar mean values between the two groups. Cor-

Similar mean values were obtained for the immunoglobulins 
but CIC levels were higher (t=2.156; ^<0.05) and C3 lower 
(t=3.313; P<0.01) in the apparently healthy aged. CIC levels 
showed significant correlation (r=0.280, n=58, /><0.05) with 
age. Correlation of age with CIC excluding the 24 healthy indi-
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viduals who had only CIC estimation gave r=0.312; P>0.05. 
The other parameters studied showed no significant correlation 
with age in healthy people - C3: r=-0.236; P>0.10; IgG: r=0.060; 
P>0.20; IgA: r=0.168; P>0.20; IgM: r=0.273; />>0.10. 

Discussion 
Consequent on the immunodcprcssion of infection [4,13-15] 
and old age [3] it can be cxpccted that the levels of circulating 
immune complexes and other immunologic indices are altered 
during infection and ageing. In this study, in an cndcmic envi-
ronment, infestation with S. haematobium or hookworm did 
not affcct scrum CIC, C3 and immunoglobulins G, A and M 
concentrations in comparison with residents found uninfested 
at the time of sample collection. These results do not rule out 
the possibility of differences in the types of immune complexes 
(IgG or IgM) or in the relative proportion of IgG isotypes. The 
result is surprising, especially given the production of circulat-
ing an t igens f rom schis tosomes [16]. However , T cell 
hyporcsponsivencss with both Thl and Th2 cytokines down-
regulated was found in active schistosome rc-infcstation in com-
parison with controls who had recovered from infestation with 
the parasite two years before [ 15]. This may lead to the produc-
tion of only small amounts of antibody. 

Although acute schistosomiasis involves immune 
complex formation [9], this study could not demonstrate any 
significant increase in the levels of CIC, as a result of these 
infestations, over cndcmic controls. The complexes respon-
sible for the lesions of parasitic infestations [10] may be bigger 
complexes than the ones that circulatc [4], and may thus be 
subject to phagocytic clearance. The unaltered C3 levels ob-
served suggest that immune complex-associated complement 
consumption is unlikely in these infestations. A lack of signifi-
cant alteration in all three classcs of immunoglobulins studied 
differs from previous reports which indicated elevated IgA and 
IgG [17] and reduced IgM [18] levels in schistosomiasis. The 
reason why the immunoglobulin levels remained unaltered in 
infestation with S. haematobium or hookworm in the present 
study is not obvious but it does not exclude the possibility of 
changcs in the levels of parasite-specific antibodies Splitting 
infested and uninfested groups on the basis of one urine or stool 
sample as was done in this study may have only revealed infes-
tation-free spell in the controls; and an assumption that the whole 
population was infested would explain the lack of differences 
between groups in the parameters studied. 

Infested old people had similar CIC levels to those 
found in infested young individuals, and the values did not show 
significant correlation with age in these infested subjects. How-
ever, uninfested aged subjects had significantly higher mean 
CIC levels compared to the uninfested young, and these levels 
correlated significantly with age. This result agrees with the 
general belief that CIC levels are increased during ageing [5.6]. 
The failure to find significant difference in CIC levels between 
infested old and infested young people or the uninfested young 
controls suggests that age per sc is responsible for elevated lev-
els found in old people. It was believed that elevated immune 
complcx concentrations in sera from old subjects could result 
from the vulnerability of old people to infestation or from the 
age-associatcd increase in the prevalence of auto antibodies [6]. 
The observations made above suggest that age may be a princi-
pal contributor to elevated CIC levels in old age; and that the 
role of parasitic infestation in this condition is uncertain. 

Significantly higher mean serum IgA level obtained 
in the infested aged compared to infested young control group 

may be age-related as IgA tends to increase with age [19] . In -
deed, IgA showed significant correlation with age in i n f e s t ed 
subjects in this study. However, similar serum IgA c o n c e n t r a -
tions were obtained in healthy aged and uninfes ted y o u n g i n d i -
viduals; and IgA did not correlate with age in hea l thy s u b j e c t s 
It is not clear why C3 levels were significantly reduced in h e a l t h y 
aged compared to healthy young controls. It is no t l ike ly t ha t 
complement activation was responsible for the r e d u c t i o n a s 
apparently healthy individuals were involved. It is p o s s i b l e 
that there is diminished C3 production with age; e s p e c i a l l y a s 
C3 showed negative correlation with age in in fes ted a s w e l l a s 
uninfested subjects in this study, but these were not s t a t i s t i ca l ly 
significant. 
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