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SUMMARY

 

In sub-Saharan Africa, chronic hepatosplenomegaly, with

palpable firm/hard organ consistency, is common, particularly

among school-aged children. This morbidity can be caused by

long-term exposure to malaria, or by 

 

Schistosoma mansoni

 

,

and it is exacerbated when these two occur together. Although

immunological mechanisms probably underlie the pathogenic

process, these mechanisms have not been identified, nor is it known

whether the two parasites augment the same mechanisms or

induce unrelated processes that nonetheless have additive or

synergistic effects. Kenyan primary schoolchildren, living in a

malaria/schistosomiasis co-transmission area, participated

in cross-sectional parasitological and clinical studies in which

circulating immune modulator levels were also measured. Plasma

IL-12p70, sTNF-RII, IL-10 and IL-13 levels correlated with

relative exposure to malaria, and with hepatosplenomegaly.

Soluble-TNF-RII and IL-10 were higher in children infected

with 

 

S. mansoni

 

. Hepatosplenomegaly caused by chronic expo-

sure to malaria was clearly associated with increased circulating

levels of pro-inflammatory mediators, with higher levels of regu-

latory modulators, and with tissue repair cytokines, perhaps being

required to control the inflammatory response. The higher levels

of regulatory modulators amongst 

 

S. mansoni

 

 infected children,

compared to those without detectable 

 

S. mansoni 

 

and malarial

infections, but exposed to malaria, suggest that 

 

S. mansoni

 

infection may augment the underlying inflammatory reaction.
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INTRODUCTION

 

There are three different levels of immunity to malaria that
protect against: severe malaria; mild but symptomatic malaria;
or parasitaemia. The latter level of protection being incomplete,
with many adults living in endemic areas remaining susceptible
to asymptomatic parasitaemia (1). The balance between trans-
mission rates and the development of immunity results in different
age-related patterns in the incidence of morbidity. One type of
morbidity associated with malaria is hepatomegaly, which in
the majority of cases resolves substantially within 2 weeks of
treatment (2,3). Splenomegaly caused by acute malaria also
usually resolves once the infection has been cleared (4), with
regression of splenomegaly occurring with similar kinetics to
the resolution of hepatomegaly (2). However, when malaria
infections are persistent, or when there is insufficient time
between infections for hepatosplenomegaly to fully resolve,
chronic hepatosplenomegaly can occur (4).

Age-prevalence curves of hepatomegaly and splenomegaly
follow the pattern of the age-prevalence curve for malaria parasi-
taemia; and hepatosplenomegaly, rather than enlargement of one
but not the other organ is common. In hepatosplenomegaly
of school-aged children, the liver and spleen are often of a firm
to hard consistency and considerably enlarged (5). Early
histological studies, based on hepatic needle biopsies, show
that among children with firm to hard hepatomegaly, there is
coarse fibrosis around the periportal tracts, lymphocyte infiltra-
tions in the hepatic sinusoids and hyperplasia of the Kupffer
cells (6,7); indicating that hepatomegaly, like splenomegaly
which is attributable to reticuloendothelial and lymphoid
hyperplasia (8), is due to chronic inflammation.

 

Correspondence

 

: Shona Wilson, Department of Pathology, 
University of Cambridge, Tennis Court Road, Cambridge CB2 
1QP, UK (e-mail: sw320@cam.ac.uk).
Re-use of this article is permitted in accordance with the Creative 
Commons Deed, Attribution 2·5, which does not permit 
commercial exploitation.

 

Received: 29 July 2008 

Accepted for publication: 22 September 2008



 

© 2009 The Authors

 

65

 

Journal compilation © 2009 Blackwell Publishing Ltd, 

 

Parasite Immunology

 

, 

 

31

 

, 64–71

 

Volume 31, Number 2, February 2009 Co-infection induced inflammatory HS

 

As development of immunity to malaria parasitaemia does
not develop until late adolescence, school-aged children have
ongoing chronic exposure to malaria and often carry low-level,
apparently asymptomatic infections, but hepatosplenomegaly
is commonly observed in this age group. In areas where

 

Schistosoma mansoni

 

 is endemic, it is in this same age group
that schistosomiasis infection intensity and the prevalence and
extent of 

 

S. mansoni

 

 associated hepatosplenomegaly, also
peak (9–11). In school-aged children, 

 

S. mansoni 

 

associated
hepatosplenomegaly is often seen in the absence of  gross,
ultrasound detectable, periportal fibrosis (12,13), a type of
morbidity more common in adults as it results from prolonged
pro-fibrotic responses to infection (14). However, the child-
hood form of hepatosplenomegaly can also have significant
pathological consequences including dilation of  portal
veins indicating increases in portal pressure, and stunting of
growth (13,15). It has been proposed that this form of mainly
childhood hepatosplenomegaly is caused by chronic inflamma-
tion (11) and it has a similar clinical presentation to hepat-
osplenomegaly caused by chronic exposure to malaria, in
that, in both cases, organs are firm to hard upon palpation
(13). The two causes of hepatosplenomegaly were originally
thought to have a confounding relationship (9,16), however,
there is now evidence that there is an additive or synergistic
effect, and that chronic co-exposure to the two parasites can
result in both greater prevalence of  hepatosplenomegaly
(17,18) and a greater extent of organ enlargement (19,20).

As hepatosplenomegaly associated with chronic exposure
to malaria and with 

 

S. mansoni 

 

infection may both be caused
by inflammation, one explanation for the observed exacer-
bation of hepatosplenomegaly among school-aged children
who are co-exposed, is an augmentation of common under-
lying immune mechanisms. Two studies report on the influ-
ence of 

 

S. haematobium 

 

and malaria co-infection on levels
of circulating immune regulators; with levels of IFN

 

γ

 

 and
sTNF-RII being elevated in co-infected children, either in
comparison with children who had blood smear detectable
malaria but not detectable 

 

S. haematobium 

 

eggs (21), or in
comparison with children who had detectable 

 

S. haemato-

bium 

 

eggs but not blood smear detectable malaria (22).
These studies therefore indicate that a pro-inflammatory
response, and accompanying down regulatory mechanisms,
may be greater in co-infected children than in children
infected with either malaria or 

 

S. haematobium 

 

but not
the other. If  a similar exacerbation of a pro-inflammatory
response exists in the relationship between 

 

S. mansoni 

 

and
malaria in school-aged children, this may be contributing
to hepatosplenomegaly. Here we address this question by
examining the levels circulating immune mediators in
Kenyan school children in relation to chronic exposure
to malaria, active 

 

S. mansoni 

 

infection and clinical presen-
tation with hepatosplenomegaly.

 

MATERIALS AND METHODS

 

Study population

 

Children attending two neighbouring primary schools in
Makueni District, Kenya participated in a cross-sectional
morbidity study. The study area, of 10 by 6 km, has previ-
ously been described in detail (23). At the eastern end of the
study area, malaria and 

 

S. mansoni 

 

are both transmitted.
In the west, malaria but not 

 

S. mansoni 

 

is transmitted. 221
children who attended Yumbuni Primary, in the west of the
study area and 228 children, who attended Matangini
Primary, in the east of the study area, participated in the
study. The age range of the participating children was 4–
17 years, with a mean age of 12 years.

 

Parasitology and serology

 

Five stool samples were collected on separate occasions
from each participating child. Two 50 mg kato katz slides
(24) were prepared from each stool sample for 

 

S. mansoni

 

egg counts. The egg counts used in the analysis were the
average of the ten counts. 8·6% of children attending Yum-
buni Primary and 67·1% of children attending Matangini
Primary had detectable 

 

S. mansoni 

 

eggs. Amongst those
positive for 

 

S. mansoni

 

, the egg count ranged from 2 to 1356
eggs per gram of stool (epg), with a median infection inten-
sity of 33·7 epg. Blood smears were prepared and examined
for malaria parasitaemia at the time of the clinical examina-
tions. Prevalence of microscopy detectable 

 

Plasmodium fal-

ciparum 

 

infection was 20·3%. Plasma samples were assayed
in triplicate by ELISA for Pfs-IgG3 levels, a marker that
accounts both for age-related and geographically-related
increases in exposure to malaria, as previously described (23).

 

Clinical examination

 

Each child was examined clinically by palpation for enlarged
livers and spleens in the supine position as previously
described in detail (13). An organ was considered enlarged
if  it was palpable more than 2 cm below the costal line.
Findings were grouped into four categories for analysis: no
organomegaly, firm/hard splenomegaly, firm/hard hepato-
megaly or firm/hard hepatosplenomegaly. Children with soft
organ enlargement were removed from analysis as these
were possibly due to an acute malaria infection (4), which
was not the morbidity of interest. No attempt was made to
clinically assess the upper margin of either organ and there-
fore the spans of the organs were not measured. Measure-
ments were taken from the costal margin to the organ edge
in order to assess extent of enlargement. Clinical measure-
ments of palpable left liver lobes, taken in the mid-sternal
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line, were classed into an ordinal variable: no enlargement
(0–2 cm), moderate enlargement (3–5 cm) and substantial
enlargement (> 5 cm). The spleen was classed as not
enlarged if  clinical measurements, taken in either the
mid-axillary line or the mid-clavicular line, were 0–2 cm;
moderately enlarged if  either measurement was 2–4 cm and
substantially enlarged if  either measurement was > 4 cm.

 

Cytokine assays

 

TNF

 

α

 

, IFN

 

γ

 

, IL-4, IL-5, IL-13 and IL-10 were measured
by capture ELISA, using matched pair Ab sets (Pharmin-
gen, San Diego, CA), as previously described (25). IL-12p70
and IL-6 were also measured using matched pair antibody
sets: capture Ab clones 20C2 and MQ2-13A5 and detecting
antibody clones C8·6 and MQ2-39C3, respectively (Pharmin-
gen). IL-12p40 was measured using capture clone C8·3
(Pharmingen) and the same detecting antibody clone as
IL-12p70. sTNF-RII was assayed using a matched antibody
pair: capture antibody clone 22210 and a polyclonal goat
detecting antibody (R&D systems, Minneapolis, USA). Latent
TGF

 

β

 

 was acid treated prior to being assayed with 1 

 

μ

 

L 1 

 

m

 

HCL per 4 

 

μ

 

L sample. Samples were incubated at room
temperature for 10 min and neutralized with 1 

 

μ

 

L 1·2 

 

m

 

 NaOH/
0·5 

 

m

 

 Hepes/per each 1 

 

μ

 

L 1 

 

m

 

 HCl added. TGF

 

β

 

 was assayed
using a matched antibody pair: capture antibody clone 9016
and a chick IgY polyclonal detecting antibody (R&D Sys-
tems). For each cytokine, duplicate plasma samples were
assayed in the presence of 5 

 

μ

 

L PBS/0·03% Tween 20/10%
mouse sera/10% rat sera/10% goat sera (all sera purchased
from Serotec, Oxford, UK) to prevent binding of heterophil
antibodies. Optical densities were calibrated to standard curves
measured by detection of known concentrations of  recom-
binant cytokines, purchased from the same company as
the antibody matched pairs, as previously described (25).

 

Treatment and ethical considerations

 

The purpose of the study was carefully explained to mem-
bers of the communities and informed consent was obtained
from the parents or guardians of all children. All children who
attended Matangini Primary School, and children who attended
Yumbuni Primary School and had detectable 

 

S. mansoni

 

eggs, were treated with a single dose of praziquantel. Any cases
of clinical malaria were treated by a local nurse, as were
minor ailments. The study was approved by the Kenya
Medical Research Institute national ethical review committee.

 

Statistical analysis

 

Non-parametric techniques were used to analyse the data.
Comparisons of levels between two groups was carried out

using Mann-Whitney 

 

U

 

-tests, and between three or more
groups using Kruskal–Wallis test, followed by Mann-Whitney

 

U

 

-test 

 

post hoc

 

 analysis. Significance levels of 

 

post hoc

 

 analyses
are indicated on the relevant figure. Correlation co-efficients
were calculated using Spearman’s Rank Correlation.

 

RESULTS

 

Plasma cytokines and parasitological measurements

 

The levels of none of the plasma cytokines measured were
significantly correlated with 

 

S. mansoni 

 

infection intensities
(data not shown). The levels of  sTNF-RII (

 

P

 

 = 0·004),
IL-10 (

 

P

 

 = 0·018) and IL-5 (

 

P

 

 = 0·043) were significant
for comparisons between children with neither, one or other
single infection or co-infected children (Table 1). 

 

Post hoc

 

analysis indicated that levels of  sTNF-RII (

 

P

 

 = 0·005),
IL-10 (

 

P

 

 = 0·020), IL-5 (

 

P

 

 = 0·027) were significantly higher
among children who were co-infected with 

 

S. mansoni 

 

and

 

P. falciparum

 

, compared with levels among children who
had neither infection. Levels of  sTNF-RII (

 

P

 

 = 0·008),
IL-10 (

 

P

 

 = 0·011) and IL-5 (

 

P

 

 = 0·025) were also significantly
higher in children with 

 

S. mansoni 

 

infection without 

 

P.

falciparum 

 

infections, compared with children with neither
infection. Only plasma levels of sTNF-RII were higher among
children who were 

 

P. falciparum 

 

positive but 

 

S. mansoni

 

negative, compared with children with neither infection.
There were no significant differences in the levels of any of
the cytokines between children with one or other infection,
or co-infected children. Levels of IL-12p70, IL-10, sTNF-
RII, IL-4 and IL-13 were correlated with Pfs-IgG3 levels
(Table 1). Levels of IL-12p40 were also significantly corre-
lated with Pfs-IgG3 levels; however, the correlation co-efficient
was low, indicating that this association was weak.

 

Plasma cytokines and presence of organomegaly

 

The associations between plasma cytokines and clinical
measurements were analysed separately for children with
and without 

 

S. mansoni 

 

infections. The levels of four circu-
lating immune mediators were found to differ significantly
between children in the different clinical groups for both

 

S. mansoni 

 

positive (

 

Sm 

 

pos) and negative (

 

Sm 

 

neg) children
(Figure 1): IL-12p70 (

 

Sm 

 

neg: 

 

P

 

 = 0·001; 

 

Sm 

 

pos: 

 

P

 

 = 0·011),
IL-10 (

 

Sm 

 

neg: 

 

P 

 

< 0·001; 

 

Sm 

 

pos: 

 

P 

 

< 0·001), IL-13 (

 

Sm

 

neg: 

 

P

 

 = 0·04; 

 

Sm 

 

pos: 

 

P

 

 = 0·018) and sTNF-RII (

 

Sm 

 

neg:

 

P 

 

< 0·001; 

 

Sm 

 

pos: 

 

P 

 

< 0·001). Mann-Whitney 

 

post hoc

 

analysis indicated that those who had hepatosplenomegaly,
had significantly higher levels of all four of these cytokines
than the children who had no organomegaly, or those with
hepatomegaly-only. Levels of circulating IL-10 were signifi-
cantly higher in children who had splenomegaly-only than
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in children who had hepatomegaly-only. Levels of sTNF-
RII were also significantly higher for children with splenom-
egaly-only, compared with children with hepatomegaly-only,
but this was only significant for children who were 

 

S. mansoni

 

negative. These four mediators therefore appear to be
associated with splenomegaly.

The levels of IL-4 (

 

P

 

 = 0·024) and IL-5 (

 

P

 

 = 0·049) were
also found to differ significantly between different clinical
grouping of organomegaly, but only among children who
were 

 

S. mansoni

 

 positive (Figure 1). Mann-Whitney 

 

post hoc

 

analysis indicated that the level of  circulating IL-4 was
significantly higher in children who had splenomegaly,
compared to children who had no organomegaly. This
was irrespective of whether or not the children also had
hepatomegaly. Levels of circulating IL-5 were significantly
higher in the children who presented with hepatomegaly-only
or hepatosplenomegaly, compared with the children who
had splenomegaly-only.

 

Plasma cytokines and extent of hepatomegaly

 

For 

 

S. mansoni 

 

negative children, only IL-13 (P = 0·013)
differed significantly between children with differing extents

of liver enlargement. Post hoc analysis indicated that the
children who had moderate and substantial hepatomegaly
had significantly higher levels of circulating IL-13 than the
children with no hepatomegaly. This relationship was not
significant amongst children who were S. mansoni positive,
although there was a trend for increased levels of circulating
IL-13 in children with moderate and substantial hepato-
megaly (Figure 2).

Circulating levels of IL-10 (P = 0·002) and IL-5 (P = 0·011)
differed significantly between children with differing extents
of left liver lobe enlargement among those who were S. man-

soni positive, and IL-12p70 was of borderline significance
(P = 0·05), so post hoc analysis was conducted. IL-12p70
and IL-10 were both linearly related to liver enlargement,
with the children who presented with substantial hepatome-
galy having significantly higher levels of both cytokines than
children who had no hepatomegaly. The children with
moderate hepatomegaly also had significantly higher
levels of  IL-10 compared with those who presented with
no hepatomegaly (Figure 2). IL-5 was not linearly related
to extent of  the left liver lobe enlargement (Figure 2), as
post hoc analysis indicated that children who had moderate
hepatomegaly, but not those who presented with substantial

Table 1 Levels of plasma cytokines in relation to parasitological markers

Sm negative Sm negative Sm positive Sm positive
Pfs-IgG3Pf negative Pf positive Pf negative Pf positive

IL-12p40 143·75 170·08 128·30 150·80 0·099*
(55.87, 296·98) (62·63, 380·47) (40·26, 251·99) (54·47, 319·85)

IL-12p70 5·47 2·45 8·76 12·00 0·291***
(0, 30·85) (0, 18·97) (0, 36·76) (0·79, 112·99)

TNFα 66·46 60·51 77·58 36·98 0·030
(6·44, 167·97) (0, 205·96) (0, 205·14) (0, 99·53)

IFNγ 10·73 12·63 11·02 10·85 0·081
(4·54, 19·71) (5·82, 19·59) (5·42, 18·70) (6·11, 17·35)

sTNF-RII 6166 7579* 7357** 7954** 0·316***
(4394, 8743) (5131, 10803) (5240, 9772) (6432, 10046)

IL-10 6·76 9·42 9·97* 7·57* 0·357***
(0·92, 13·83) (1·99, 18·58) (3·12, 20·48) (5·19, 17·77)

TGFβ 15779 11565 18454 19635 –0·075
(10124, 24996) (9107, 20411) (10731, 31446) (11459, 29460)

IL-6 44·57 54·48 50·16 81·96 0·049
(23·40, 92·14) (32·13, 116·91) (16·50, 97·82) (37·38, 168·69)

IL-5 4·79 6·09 8·23* 7·69* 0·033
(0·38, 14·14) (0·67, 13·14) (2·34, 15·91) (2·60, 21·83)

IL-4 13·81 14·44 16·02 12·72 0·259***
(7·24, 26·80) (6·55, 24·37) (8·97, 28·33) (8·07, 20·05)

IL-13 6·67 8·00 9·53 10·65 0·208***
(0, 19·98) (0·02, 19·16) (0·29, 22·80) (0·21, 40·14)

Shown are the medians and interquartile ranges of levels of plasma cytokines for children who were negative for both S. mansoni and 
P. falciparum infections, infected with one but not the other parasite or were co-infected. Also shown are the Spearman’s Rank correlation 
co-efficients between levels of plasma cytokines and Pfs-IgG3 levels. *Significance levels of comparisons with children with neither infection 
and of correlations with Pfs-IgG3 levels: *P < 0·05, **P < 0·01, ***P < 0·001.
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hepatomegaly, had significantly higher levels of circulating
IL-5 than those who presented with no hepatomegaly.

Plasma cytokines and extent of splenomegaly

The levels of the four circulating immune mediators signifi-
cantly associated with hepatosplenomegaly were all also
significantly associated with the extent of spleen enlargement
for both S. mansoni negative and positive children: IL-12p70
(Sm neg: P < 0·001; Sm pos: P = 0·006), IL-10 (Sm neg:
P < 0·001; Sm pos: P < 0·001), IL-13 (Sm neg: P = 0·003;
Sm pos: P = 0·017) and sTNF-RII (Sm neg: P < 0·001;
Sm pos: P < 0·001). For both children who were S. mansoni

negative and positive, those who presented with moderate
or substantial splenomegaly had significantly higher levels
of all four cytokines than those with no enlargement of the
spleen (Figure 3). For S. mansoni positive children, those
presenting with substantial splenomegaly also had significantly

higher levels of circulating IL-10 than those who presented
with moderate splenomegaly. Among children who were
S. mansoni positive, levels of IL-13 were significantly higher
for children with moderate splenomegaly compared with
those with no splenomegaly.

For S. mansoni negative children, there was a negative
relationship between extent of spleen enlargement and levels
of TGFβ1 (P < 0·001); those with no enlargement, and those
with moderate splenomegaly had significantly higher levels
of circulating total TGFβ1 than those who presented with
substantial splenomegaly. A similar trend was observed for
children who were S. mansoni positive (Figure 3), but this
was not significant (P = 0·233).

Three circulating cytokines, IL-6 (P = 0·014), IL-4
(P = 0·026) and IL-5 (P = 0·023), were found to be associ-
ated with extent of spleen enlargement of S. mansoni posi-
tive children but not for S. mansoni negative children.
Circulating levels of IL-4 were linearly related with the extent
of  spleen enlargement, as children with either moderate
or substantial splenomegaly had significantly higher levels
of circulating IL-4 than those who had no splenomegaly.
Circulating levels of  neither IL-5 nor IL-6 had a linear
relationship with the extent of spleen enlargement. Levels of
circulating IL-6 were significantly higher in children who
presented with moderate enlargement of the spleen, but not

Figure 1 Levels of circulating immune mediators by clinical 
groupings of organomegaly. Shown are the levels of cytokines 
which were significantly different between clinical groupings of 
organomegaly: neither liver nor spleen enlargement, S, spleen 
enlargement; H, liver enlargement; HS, hepatosplenomegaly. 
Outliers were removed. *Significantly different from children with 
hepatosplenomegaly. +Significantly different from children with 
spleen enlargement. $Significantly different from children with liver 
enlargement. $/*/+P < 0·05, **/++ < 0·001, ***/+++P < 0·001.

Figure 2 Levels of circulating immune mediators by extent of 
liver enlargement. Shown are the levels of cytokines that were 
significantly different between groups representing differing extents 
of liver enlargement. Outliers were removed. *Significantly different 
from children with substantial spleen enlargement (> 5 cm). 
+Significantly different from children with moderate spleen 
enlargement (3–5 cm). */+P < 0·05, **/++P < 0·001, 
***/+++P < 0·001.
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those who had substantially enlarged spleens, compared
to those who had no enlargement of the spleen (Figure 3).
Levels of circulating IL-5 were lowest for children with
moderate enlargement of the spleen, as both children with
no enlargement of the spleen and those with substantial
enlargement of the spleen, had significantly higher levels of
circulating of IL-5.

DISCUSSION

Hepatosplenomegaly among school-aged children has been
shown to be exacerbated where malaria and schistosomiasis

are co-transmitted (17,19,20), and has pathological con-
sequences, with associated dilation of the portal vein indica-
ting increases in portal pressure, and stunting of growth
both being reported (13,15). Hepatosplenomegaly associated
with each of  these infections is thought to be immune
mediated. Here it was shown that chronic exposure to
malaria maybe triggering a pro-inflammatory response, as
IL-12p70 – a strong inducer of an inflammatory response
(26) – was correlated with levels of Pfs-IgG3, a marker of
chronic exposure to malaria (23). Levels of IL-12p70 were
associated with presentation with hepatosplenomegaly,
suggesting that IL-12p70 driven mechanisms could be con-
tributing to the inflammation that is causing organomegaly.

Circulating levels of the classical markers of an inflammatory
response, TNFα and IFNγ, may not have been significantly
associated with hepatosplenomegaly as they have short-range
activity within the tissues of the liver and spleen. It has been
shown that Kuppfer cells of children chronically exposed to
malaria are increased in number and enlarged (7), and these
tissue bound macrophages, if  activated, are a possible source
of TNFα. The immune system, does though, appear to be
mounting a response to control inflammation, as levels of
sTNF-RII – a neutralizer of TNFα immunoactivity (27),
the shedding of which from human cell lines is induced by
TNFα itself  (28) – were correlated with Pfs-IgG3. Levels of
sTNF-RII were also associated with presentation with hepato-
splenomegaly. In vitro studies show that control of TNFα
production during malaria infections is partly mediated by
IL-10 (29,30) and levels of circulating IL-10 were signifi-
cantly correlated with Pfs-IgG3 levels and presentation with
hepatosplenomegaly. Another regulatory immune mediator,
TGFβ1, was however, found to be negatively associated with
spleen measurements of children who did not have detecta-
ble S. mansoni eggs. This could be due to thrombocytopenia
caused by increased platelet removal by the enlarged spleens,
as the levels of TGFβ1 substantially reflect the levels released
from platelets during venipuncture and the processing of the
blood samples (31).

Although IL-12p70 levels were not higher in children with
detectable S. mansoni eggs, the levels of the immune regula-
tors that control a pro-inflammatory response were higher,
as shown by sTNF-RII and IL-10. IL-10 is known to play
a role in regulation of human immune responses to schisto-
somes (32) and previously we have observed that IL-10 levels
positively correlate with S. mansoni infection intensities
(LC Kenty, unpublished results). Others have also reported
that levels of circulating IL-10 are higher in S. mansoni and
P. falciparum co-infected adults in comparison with adults
solely infected with P. falciparum (21). The role of both
schistosome infection and malaria infection in the induction
of sTNF-RII shedding, is corroborated by the increase in
this immune mediator in the plasma of children co-infected

Figure 3 Levels of circulating immune mediators by extent of 
spleen enlargement. Shown are the levels of cytokines that were 
significantly different between groups representing differing extents 
of spleen enlargement. Outliers were removed. *Significantly 
different from children with substantial spleen enlargement 
(> 4 cm). +Significantly different from children with moderate 
spleen enlargement (3–4 cm). */+P < 0·05, **/++P < 0·001, 
***/+++P < 0·001.
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with P. falciparum and S. haematobium in comparison with
children who had either of the infections alone (21,22).
Schistosoma mansoni and malaria associated hepatosplenome-
galy in school-aged children in Makueni District, has
previously been shown to be associated with increased levels
of sTNF-RII (33). The increased production of IL-13, an
archetypal Th2 cytokine with pro-fibrotic properties (34), by
children with greater exposure to malaria, and its associa-
tion with hepatosplenomegaly may be due to the necessity
to repair tissue damage caused by an inflammatory response.

The circulating levels of IL-6 and IL-5 were found to have
statistically significant relationships with hepatosplenomeg-
aly, but in a non-linear fashion. Children who have blood
smear detectable malaria have been found to have higher
levels of IL-6, compared with children who do not have
blood smear detectable malaria infections (35,36) and
circulating IL-5 levels were elevated in children who had
detectable S. mansoni eggs. The associations between
hepatosplenomegaly and these two cytokines could therefore
reflect the effects of underlying parasitology, rather than a
direct association with organomegaly.

Whether the exacerbation of  hepatosplenomegaly by
co-exposure to S. mansoni infection (20) was an amplification
of the malaria driven inflammation due to cross-reactivity,
or was due to the additive effects of additional anti-schistosome
inflammatory responses, cannot be determined from plasma
cytokine levels. Exacerbation could be additive due to
granulomatous inflammation around trapped eggs, or another
mechanism could be that both malaria parasites and adult
S. mansoni worm make haemozoin (37) as a waste product
of their digestion of the host haemoglobin. Haemazoin is
phagocytosed by cells of the reticuloendithelial system and
can trigger an inflammatory response (38–40). Inflammation
around haemozoin loaded cells has been associated with
malaria induced hepatomegaly (7). It is not known whether
S. mansoni derived haemozoin can also drive an inflamma-
tory response. However, it demonstrates a possible simple
additive effect of  schistosomiasis and malaria that does
not necessarily require complex immunological interactions
between the host’s responses to these two parasites.

To conclude, it is known that long-term exposure to
malaria causes chronic enlargement of the liver and the
spleen and here the levels of  three cytokines, IL-12p70,
IL-10 and IL-13, and levels of sTNF-RII were found to be
associated with both hepatosplenomegaly and exposure
to malaria. The elevated levels of  IL-12p70 indicate a
pro-inflammatory mechanism, and these are accompanied
by higher levels of IL-10 and sTNF-RII, necessary as a
down-regulatory mechanism of the inflammatory response.
The role of IL-13 is less clear, however, it could be released
in order to repair tissue damage caused by an inflammatory
response. Children with S. mansoni infection, and exposed

to malarial infections, had higher circulating levels of IL-10
and sTNF-RII, than those who did not have S. mansoni

infections, and were exposed to but were negative for malarial
infections by microscopy. These elevated levels of  the
regulatory molecules indicate that the exacerbation of
hepatosplenomegaly, and associated pathological consequ-
ences, in S. mansoni and malaria co-exposure, could be due
to an augmentation of the inflammatory response within the
liver and spleen.
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