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Abstract

This review examines coinfection of selected species of Schisto-
soma with bacteria, protozoa and helminths and focuses on the
effects of the coinfection on the hosts. The review is based mainly
on tables that contain the salient information on the coinfecting
organisms in vertebrate hosts. Further explanation and clarification
of the tables are given in the text. A table is also provided that gives
synoptic information on the 37 species in the 19 genera considered
in this review. Coinfection studies with Schistosoma species and
the other organisms were considered in six tables plus the accom-
panying text. Considerations of the Schistosoma interactions with
another species of organism include studies on coinfection with
Plasmodium, with protozoa other than Plasmodium; with Salmo-
nella, with bacteria other than Salmonella; and with Fasciola, with
helminths other than Fasciola.

Numerous factors were found to influence the effects of
coinfection on the vertebrate host, including organisms and hosts
used in the studies, order and time interval between the first and
the second infection, studies on natural versus experimental hosts,
dosage of the infectious agents, strains and pedigrees of the para-
sites, age of hosts at time of exposure to the infectious agents and
age of hosts at the time of necropsy. Overall, a prior infection with
Schistosoma, particularly a patent infection, often has an effect on
the subsequent infection by a protozoan, bacterium or other hel-
minth. In relatively few cases, a prior infection with Schistosoma
decreased the severity of the subsequent infection as with Helico-
bacter pylori, Fasciola hepatica, Echinostoma or Plasmodium, the
latter only exhibiting this behaviour when coinfected with Schisto-
soma haematobium. More often, however, a prior infection with
Schistosoma increased the severity of the second infection as with
Leishmania, Toxoplasma gondii, Entamoeba histolytica, Staphylo-
coccus aureus or Salmonella. In some of these coinfection studies,
the increased severity of the subsequent infection was associated
with a specific, prolonged form of the disease in humans, which has
implications for patient treatment and recovery. Additional
research is needed, particularly on Schistosoma coinfections
which currently have a small body of research and are current
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problems in human populations. Examples of such Schistosoma
interactions include the genera of Mycobacteria, Leishmania,
Staphylococcus, Necator and Strongyloides. Hopefully, future stud-
ies will elucidate valuable new information on the interesting
subject of coinfection of Schistosoma with other organisms.

1.1. INTRODUCTION

This review examines coinfection of selected species of Schistosoma with
various other organisms, that is, helminths, protozoa and bacteria. We
originally intended to examine coinfection interactions of schistosomes
with viruses, but because of the voluminous literature on that topic, we
have excluded such information from this review. The schistosomes are
water-borne digeneans of global concern. Species in the genus Schistosoma
have been well studied in terms of single infections in their vertebrate
hosts, but less information on schistosomes coinfected with other organ-
isms is available. In this review, we examine the salient studies that link
species of schistosomes with protozoa, bacteria and other helminths.

Areas of concern in our review include infections in the wild and also
experimental infections in the laboratory. Important aspects of our review
include the interactions of the schistosome of concern with the coinfecting
organism in terms of physiological, immunological, ecological and epide-
miological consequences. Important to these studies are factors such as
the order of infection, that is, was the host first infected by the schistosome
or the other organism. The time sequence when known between the first
and the second infection is given. Results of coinfection within the host
are considered to determine the effects of such infection on the pathoge-
nicity of the host. We also address the issue of whether the coinfection
increased, decreased or had no effect on the severity of the infection in the
host. The implications of the above concerns are important in both human
and veterinary medicine.

Our review has numerous tables as in Fried and Abruzzi (2010), and
tabular information is followed by text to clarify and extend the informa-
tion in the tables. We emphasize coinfection events between the schisto-
some of interest and a single other organism, that is, another helminth,
protozoan or bacterium. Numerous studies exist on polyparasitism
(multiparasitism) in which naturally infected hosts are infected with
three or more parasites. Such studies are not included in this review
unless they relate directly or tangentially to an examination of the rela-
tionship of two coinfecting organisms in a host. Case reports, when
relevant, are also referred to in the text. The effects of larval parasite
dosage on coinfection are not included in this review. In experimental
studies, the larval dosage cannot always be correlated with the number of
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parasites recovered in the host; also, many authors have failed to provide
such information in their original papers. The effect of parasite dosage is
usually unknown in natural coinfection studies.

The literature in our tables ranges from January 1, 1972 to March 1,
2011. Helminthological Abstracts (1972-to date) and ISI Web of Science
(1975-to date) were searched in multiple ways: firstly, broadly using the
general terms with the truncation symbol “*” to pick up variant endings:
(interact* or coinfect™ or co-infect* or concomitant* or concurrent® or ““mixed
infect*™” or “’double infect*’) and schistosom*. Additional studies were iden-
tified by searching for pairs, such as ““schistosom™ and fasciol*”. Studies
identified this way were checked for references to other publications
within our time period. All English language papers were examined in
full. Some earlier reviews on coinfections helped us decide what should
be covered in our review; the most important earlier reviews were those
of Graham (2002), Cox (2001), Chieffi (1992) and Christensen et al. (1987).
Additional reviews were noted as relevant to the section under review.
All specific entries in each table except Table 1.1 are in reverse chronolog-
ical order and are numbered accordingly beginning with number 1. The
text of our chapter refers to the entry numbers and summarizes major
trends in the coinfection interactions between the organisms of interest.
We concentrated on the major effect of each pairing on the vertebrate host
in comparison to the relevant control group. Coinfection studies that were
mainly serologic, chemotherapeutic or used for vaccine development
were not included in our review; we have not included studies that
examined the effects of worm self- versus cross-fertilization in coinfected
hosts.

Most readers will be familiar with the organisms discussed in this
review. However, Table 1.1 provides a brief synopsis of the highlights of
organisms covered in Tables 1.2-1.7. Further information on these organ-
isms can be obtained from introductory texts on parasitology and micro-
biology or by using pertinent web sites.

1.2. COINFECTION OF SPECIES OF SCHISTOSOMA AND
PLASMODIUM

This section is concerned with coinfection studies on species of Schisto-
soma and Plasmodium. A total of 32 papers were selected for inclusion in
Table 1.2. Of these, 13 were experimental studies using mice as hosts
(entry numbers 1, 5, 8, 11, 18, 24-26, 28-32) and the remaining 19 papers
described naturally occurring coinfections in human populations (entry
numbers 24, 6,7, 9, 10, 12-17, 19-23, 27). The organisms studied in these
papers were two species of Schistosoma and five species of Plasmodium.
Both Schistosoma species, S. mansoni and S. haematobium, and three of the
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Plasmodium species, P. falciparum, P. malarine and P. chabaudi, infect
humans. The remaining two malaria species, P. berghei and P. yoelii, are
causative agents of murine malaria and were used in the mouse studies in
addition to P. chabaudi. No papers were found on other species of Schis-
tosoma or Plasmodium such as S. japonicum or P. vivax as coinfective agents.

1.2.1. Animal studies

All experimental studies were conducted on mice and used S. mansoni,
and all but two experimental studies (entry numbers 29, 32) examined a
species of Schistosoma followed by coinfection with a Plasmodium species.
Typically, mice with a single Plasmodium infection served as controls.
Overall, the differences in the effect of the coinfection on the host
appeared to depend upon the species of Plasmodium, location of the
malarial infection within the host and strain of mouse used.

The five studies using P. chabaudi infections were done on either C57 or
CBA mice. In the two studies using C57 mice (entry numbers 24, 25),
coinfection clearly increased the malaria parasitaemia and mortality of
the host. In the three studies using CBA mice (entry numbers 26, 28, 29),
parasitaemia was decreased in the host. Two of six studies using P. berghei
(entry numbers 11, 18) showed that the interaction increased malaria
parasitaemia and mortality when a patent or chronic infection of
S. mansoni was followed by P. berghei. In one study (entry number 30),
the author concluded that there was no effect of the coinfection, but
examination of the data presented in the author’s tables indicated that
the coinfected hosts ended the experiment with increased splenomegaly
and decreased haemoglobin levels compared to the mice infected singly
with Plasmodium. Alternatively, two studies noted that coinfected mice
had reduced severity of cerebral malaria (entry numbers 1, 5) (see Fig. 1.1,
from Bucher et al., 2011), both of which followed patent infection with
S. mansoni. This protective effect did not prevent severe disease or death
(entry number 1) from other aspects of malaria in the coinfected animals
and appeared to be correlated with a Th2 response (entry number 5).

In accord with some of the findings on P. berghei, results from work on
P. yoelii (entry numbers 8, 28) found that coinfection increased parasitae-
mia and mortality in the experimental hosts. An increase in spleen size
was also observed (entry number 8). A variety of mouse strains were used
in the S. mansoni-P. berghei studies and also in the S. mansoni-P. yoelii
studies, and no clear patterns in terms of possible interactions with the
hosts were apparent. Interestingly, the only study (entry number 28) that
found no effect on the host from a S. mansoni—P. berghei coinfection used a
CBA mouse strain as the host, though the same study found an effect with
a S. mansoni—P. yoelii interaction using the same CBA mouse strain. Two
studies showed that there was no effect on the host in regard to
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FIGURE 1.1 Histomorphology of brain sections of Plasmodium berghei ANKA-infected
C57BL/6 mice on day 6 after challenge. (A) Brain section of a Schistosoma mansoni—P.
berghei coinfected mouse showing a healthy uninfected blood vessel. (B and C) Brain
sections of a P. berghei mono-infected animal showing (B) mononuclear cell accumula-
tion and sequestration and (C) a microhaemorrhage (arrow). Sections stained with H&E.
Magnification, 400 x. Reproduced with permission from Bucher et al. (2011).

parasitaemia or cerebral malaria when coinfection with P. chabaudi,
P. berghei or P. yoelii occurred following a pre-patent S. mansoni infection
(entry numbers 5, 28). One study (entry number 26) indicated a delayed
antibody response and higher parasitaemia in mice coinfected with
P. chabaudi following pre-patent S. mansoni infection when compared with
mice coinfected with P. chabaudi following a patent S. mansoni infection,
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though parasitaemia levels in the coinfected hosts were still lower than in
mice with single Plasmodium infection (entry number 26).

Several papers concluded that timing (entry numbers 5, 8, 26) with
respect to the establishment of the S. mansoni infection as well as the
malaria parasite load (entry number 5) was important. When infection
with S. mansoni followed P. chabaudi in CBA mice (entry number 29), a
decrease in parasitaemia was found. One study (entry number 32) exam-
ined mice concurrently infected with P. berghei and S. mansoni and found
that coinfected hosts had suppressed granuloma formation in the lungs
compared to mice with a single S. mansoni infection.

1.2.2. Human studies

All studies that examined naturally occurring coinfection in humans
indicated that coinfection with schistosome and malaria organisms has
an effect on the host, both in terms of pathology and in terms of immuno-
logical response. The direction of this response seems to depend on the
species of schistosome and the worm burden, host age and malaria para-
sitaemia. Little can be inferred based on the order of coinfection since
such information was unknown in all but one study (entry number 13).
Eight papers examined the cytokine response with P. falciparum coinfec-
tion: five with S. haematobium (entry numbers 2, 7, 13, 17, 23) and three
with S. mansoni (entry numbers 6, 9, 20). All but two (entry numbers 17,
21) of these studies were done on children 19 years or younger, with most
children under 15 years of age.

All but 1 (entry number 22) of the 10 studies on S. haematobium in
humans (entry numbers 2, 7, 13-17, 22, 23, 27) examined the effect of
coinfection with P. falciparum. Studies that examined the pathological
effects on the host found that coinfected hosts had decreased parasitaemia,
deferred time to malaria attacks or decreased severity, and higher haemo-
globin counts than those without an underlying S. haematobium infection
(entry numbers 7, 14-16, 22). One study noted that the effect was only
found in young children (entry number 16) or those children with a
relatively light worm burden (entry number 15). Though the malaria
species was not identified, decreased splenomegaly was also observed in
coinfected humans in another study (entry number 22). Five of the
S. haematobium—P. falciparum studies examined immunological effects
(entry numbers 2, 7, 13, 16, 17). Three of these studies noted an age effect
on the immune response, with young children (typically between 4 and
8 years old) showing different patterns than older children in their cyto-
kine responses (entry numbers 13, 16, 17). Overall, the studies indicated
that coinfection with S. haematobium probably mediated the incidence
and severity of infection with P. falciparum (entry numbers 7, 13-17, 22),
possibly in an age-dependent manner (entry numbers 13, 16, 17).
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Five of 19 human studies examined the effects of S. mansoni coinfection
with P. falciparum (entry numbers 6, 9, 10, 19, 20). One additional study
used an undetermined species of Plasmodium (entry number 21). All stud-
ies with S. mansoni found a detrimental effect of the coinfection on the host,
with increased malaria attacks (entry numbers 10, 19) or increased host
hepatomegaly and splenomegaly (entry numbers 9, 20, 21). An age effect
was also observed in one study (entry number 10), in which children
under the age of five had higher levels of parasitaemia than older children.
Increased egg load of S. mansoni was also associated with increased
malaria attacks, but not in a simple linear relationship (entry number 19).
Aspects of the cytokine response were examined in two studies, which
concluded that lower T lymphocyte subsets may be related to differential
morbidity or the course of infection (entry number 6) and higher levels of
IL10, IL12p70, IL 13 and sTNFR11 may be associated with inflammatory
responses in the liver and spleen (entry number 9).

The remaining studies examined S. mansoni and S. haematobium coin-
fections with P. falciparum (entry numbers 3, 4) or failed to identify the
species of Schistosoma or Plasmodium (entry number 12) used. These stud-
ies showed similar results to the S. mansoni-P. falciparum findings noted
above, with coinfected hosts experiencing increased anaemia and para-
sitaemia. Several reviews discussed immunological and pathological
aspects of helminth interactions with Plasmodium (e.g. Brooker et al.,
2007; Hartgers and Yazdanbakhsh, 2006; Helmby, 2007; Nacher, 2008).
Some prevalence studies and case reports documented this coinfection in
children (e.g. Mazigo et al.,, 2010; Midzi et al., 2008), particularly the
exacerbation of hepatosplenomegaly when coinfected with S. mansoni
and Plasmodium (e.g. Wilson et al., 2007, 2010).

1.3. COINFECTION OF SCHISTOSOMA SPECIES WITH
PROTOZOANS OTHER THAN IN THE GENUS
PLASMODIUM

This section covers coinfection with species of Schistosoma and protozoans
other than those in the genus Plasmodium. Twenty nine studies were
included in Table 1.3; they examined coinfection between species of
Schistosoma and four protozoans other than Plasmodium. The studies
examined were Leishmania (entry numbers 1-9), Toxoplasma (entry num-
bers 10-18), Entamoeba (entry numbers 19-25) and Trypanosoma (entry
numbers 26-29). Although most studies involved S. mansoni (entry num-
bers 1-20, 22-29), two also examined S. haematobium (entry number 11)
and S. japonicum (entry number 21), and one examined S. bovis (entry
number 27), a non-human form. The coinfection pairs are arranged in the
table in the order listed above and discussed in the following sections.
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1.3.1. Leishmania

All studies on Schistosoma—Leishmania coinfections (entry numbers 1-9)
were experimental studies on mice (entry numbers 1-3, 9) or hamsters
(entry numbers 4-8) and examined a schistosome infection followed by
coinfection with Leishmania. Three species of Leishmania were used: two
with L. major (entry numbers 2, 3), one with L. mexicana (entry number 9),
and six with L. donovani (entry numbers 1, 4-8). The studies differed in
that they examined 2- (entry number 2), 4- (entry numbers 4-8), or 8-week
(entry numbers 1, 3, 9) intervals between coinfections.

In most studies, prior infection with S. mansoni allowed the subsequent
coinfection with Leishmania to develop earlier, become more pronounced,
or persist longer than in hosts with single Leishmania infection (entry
numbers 1, 2, 4-6, 9). These effects appeared to depend on the interval
between coinfection. The greatest pathological effects occurred when
Leishmania coinfection followed a patent schistosome infection, increasing
the parasite burden from L. donovani in both the liver and the spleen (entry
number 1); changes were also observed in the liver, lungs and heart when
coinfection occurred after a 4-week interval (entry numbers 5, 6). One
study hypothesized that the granuloma response by S. mansoni formed a
discrete niche that facilitated the intracellular survival of Leishmania organ-
isms (entry number 1). Another study proposed that the effect was due to
the early establishment of a strong Th2 cytokine response by prior infec-
tion with S. mansoni, which modulated the later Thl-based response to
Leishmania (entry number 2). There have been a few case reports of this
coinfection in human populations in China and East Africa that appear to
support either of these findings, where coinfection with helminths delayed
the resolution of leishmaniasis (Muigai et al., 1989; O’Neal et al., 2007).

Similarly, the effect of Leishmania on an underlying infection with
Schistosoma may also depend upon the interval between coinfection.
There was no observed effect on the course of the Schistosoma infection
when S. mansoni was followed by Leishmania at 2- or 8-week intervals
(entry numbers 2, 1, respectively), but the severity of the schistosome
infection was reduced when Leishmania followed Schistosoma by 4 weeks
(entry numbers 4, 5). The host species may have played a role in this since
both the 2- and 8-week studies were done on mice and the 4-week studies
on hamsters. In addition, most of the mice studies used the C57 strain
(entry numbers 1-3) which was found to be more resistant to Leishmania
than the Balb/C strain (entry number 3).

1.3.2. Toxoplasma

The nine studies in this section examined coinfection of S. mansoni with
Toxoplasma gondii. One study also included S. haematobium, in addition to
S. mansoni (entry number 11). Seven studies were done on mice (entry
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numbers 10, 12-14, 16-18) and examined the effect of infection with
S. mansoni followed by coinfection with T. gondii (entry numbers 10, 12,
16-18) as well as infection with T. gondii followed by coinfection with
S. mansoni (entry numbers 13, 14, 16-18). There were also two studies on
humans, and in both, the order and timing of the coinfection were not
reported (entry numbers 11, 15).

13.2.1. Animal studies
Overall, two distinct patterns were noted: coinfection that followed a
patent S. mansoni infection appeared to increase the sensitivity or severity
to subsequent infection with T. gondii (entry numbers 12, 16), while
infection with T. gondii modulated or decreased the severity of the
subsequent infection with S. mansoni (entry numbers 13, 14, 17, 18). All
studies used either C57 or Swiss albino mice, and no strain effect was
apparent. Studies on infection with S. mansoni followed by T. gondii
examined the coinfection effect of T. gondii at 4- (entry numbers 17, 18),
7- (entry numbers 10, 12) or 8-week (entry number 16) intervals. The most
consistent findings were noted at 7- and 8-week intervals, at which time
coinfected mice showed greater mortality, more severe liver damage,
greater weight loss and increased splenomegaly than mice with a single
T. gondii infection (entry numbers 12, 16). This effect was particularly
noted during the acute stage of toxoplasmosis (entry numbers 12, 16).
One study that examined the role of inflammatory mediators found that
IL-12 contributed to the increased liver damage observed in coinfected
hosts (entry number 10). Mice coinfected with T. gondii at 4-week intervals
had increased spleen weight in one study (entry number 17) but not in
another (entry number 18).

Studies on T. gondii followed by S. mansoni examined worm pairing at
1- to 28- (entry numbers 17, 18), 47- (entry number 16), or 7- to 56-day
intervals (entry numbers 13, 14). Most studies noted that coinfected hosts
had reduced worm burdens and liver egg counts, smaller granulomas
and decreased levels of S. mansoni antibodies than mice with single
S. mansoni infections (entry numbers 13, 14, 17, 18). An exception was
noted when mice were infected with T. gondii followed by S. mansoni 1
day later, which resulted in higher mortality and a reduced body weight
in coinfected hosts (entry number 17). Few effects of coinfection were
noted in the one study that used a 47-day interval (entry number 16).

1.3.2.2. Human studies

Two studies were done on humans (entry numbers 11, 15). The timing
and order of infection in these studies were unknown, but results showed
similarities to the findings observed in the previous animal studies. One
study found that coinfected patients had higher levels of an immune
substance that was correlated with disease severity and pathology than
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in humans with either single infection (entry number 11). This study also
noted that responses of coinfected subjects were similar to patients with
hepatosplenic S. mansoni and may have indicated a weakened Thl
response (entry number 11). This finding is in accord with the effect
observed in mice that were coinfected with T. gondii following a patent
S. mansoni infection (entry numbers 12, 16). The other study found that the
progression of liver disease in coinfected patients was comparable to that
seen in single S. mansoni infections (entry number 15), which is similar to
the effect observed when S. mansoni infection preceded T. gondii by 4
weeks (entry number 18).

1.3.3. Entamoeba

Seven studies examined the effect of coinfection of Schistosoma and Ent-
amoeba: of these, three were done on animals (entry numbers 19, 21, 25)
and four on humans (entry numbers 20, 22-24). Most studies (entry
numbers 19, 20, 22-25) examined S. mansoni and E. histolytica coinfections.
One study done in China examined coinfection of S. Japonicum and
E. histolytica (entry number 21).

13.3.1. Animal studies

The three studies done on animals each used rodent hosts (entry numbers
19, 21, 25). Two examined an infection with S. mansoni followed by
E. histolytica at 10 weeks in the hamster (entry number 19) and 5-13
weeks in albino mice (entry number 25). In both cases, prior infection
with S. mansoni increased the subsequent infection with E. histolytica,
increased amoebic tissue invasion, mortality and caused severe wasting
compared to animals with a single E. histolytica infection. The same effect
was noted when the Mongolian gerbil was simultaneously infected with
S. japonicum and E. histolytica, which stimulated invasive caecal
amoebiasis (entry number 21). This paper suggested an affinity between
the trophozoites of E. histolytica and the eggs of S. japonicum that may
serve to stimulate E. histolytica infection to produce invasive amoebiasis
(entry number 21).

13.3.2. Human studies

The four human studies (entry numbers 20, 22-24) were done on subjects
ranging in age from 3 to 64 years, and the order and timing of infection
were unknown. The results were similar to those of the animal studies
noted above, in that patients with S. mansoni had higher levels of coinfec-
tion with E. histolytica. The severity of S. mansoni colonic polypsis was
directly associated with increased levels of E. histolytica infection with
amoebic invasiveness (entry numbers 22-24). One study hypothesized
that damage by S. mansoni eggs in the intestinal mucosa may promote
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the proliferation and invasion of E. histolytica into the mucosa (entry
number 23), whereas another suggested that infection with S. mansoni
may suppress the immune response and increase susceptibility to
E. histolytica (entry number 20). For further discussion of immunological
aspects of coinfection with S. haematobium, E. histolytica and other organ-
isms in children, see Hamm et al. (2009).

1.3.4. Trypanosoma

Four studies were done on coinfection of Trypanosoma and Schistosoma
(entry numbers 26-29); all were done in albino mice. S. mansoni was used
in all studies and one study also included S. bovis (entry number 27). Two
species of Trypanosoma were studied, T. brucei (entry numbers 26, 27) and
T. cruzi (entry numbers 28, 29), both of which infect humans and animals.
Two studies examined the effect of the coinfection when Schistosoma
preceded Trypanosoma as well as when Trypanosoma preceded Schistosoma
(entry numbers 28, 29). Three of the four studies suggested that infection
with T. cruzi or T. brucei suppressed coinfection with S. mansoni or S. bovis
regardless of the order of infection (entry numbers 26, 27, 28).

Three studies examined infection with S. mansoni followed by T. brucei
2 weeks later (entry number 26) or T. cruzi 43 days later (entry number 28)
or T. cruzi 66 days later (entry number 29). In the first two studies, the
coinfected hosts had smaller hepatic granulomas and decreased egg
counts and worm burdens compared to those with single S. mansoni
infections (entry numbers 26, 28). The last study, which examined the
longest interval between coinfections, showed contrary results. In this
study, coinfected mice had increased splenomegaly and higher mortality
compared with controls, as well as a higher T. cruzi parasitaemia (entry
number 29).

Three studies also examined the effects of a prior Trypanosoma infec-
tion followed by an infection with Schistosoma. In the first study, T. brucei
was followed by S. mansoni or S. bovis at 7 days (entry number 27); in the
second study, T. cruzi was followed by S. mansoni at 68 and 185 days
(entry number 28); and in the last study, T. cruzi was followed by
S. mansoni 4-63 days later (entry number 29). The first two studies
found that coinfected mice had smaller hepatic granulomas than mice
with single Schistosoma infection (entry numbers 27, 28). No differences in
response based on S. mansoni or S. bovis were observed, though the
protective effect appeared to have weakened with increased time between
coinfection (entry number 28). The third study focused on the effect of the
T. cruzi infection and found higher average peak parasitaemia in the
coinfected hosts when compared to mice with a single T. cruzi infection;
the duration of the infection was longer in mice infected percutaneously
than mice infected subcutaneously (entry number 29).
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1.4. COINFECTION OF SCHISTOSOMA SPECIES WITH
SALMONELLA

A total of 16 studies were included in Table 1.4, which covers the inter-
actions between four species of Schistosoma and a number of Salmonella
enterica serotypes or subspecies. The four species of Schistosoma are
S. mansoni, S. haematobium, S. intercalatum and S. japonicum. Both typhoidal
(serotypes Typhi and Paratyphi A, B or C) and non-typhoidal (other
serotypes including Typhimurium, Enteritidis and subspecies arizonae)
Salmonella were included. In addition, a few studies compared strains of
Salmonella that were piliated, that is, bacteria with hair-like surface appen-
dages known as pili, along with non-piliated forms (entry numbers 7-9).
Pili occur on some bacteria and may have increased the ability of the
bacteria to attach to and colonize in a host; the piliated types have been
associated with increased virulence (Engelkirk et al., 2011).

1.4.1. Animal studies

Ten of 16 studies in this section were animal experiments: eight were done
on various types of mice (entry numbers 2, 6-9, 12, 15, 16) and two on the
Syrian Golden Hamster (entry numbers 13, 14). Most animal studies were
consistent in finding that a prior Schistosoma infection enhanced and
prolonged a subsequent infection with Salmonella. In particular, coin-
fected hosts had greater bacteremia, increased virulence, higher mortality
and more persistent local infection in the liver or spleen compared with
hosts with single Salmonella infection (entry numbers 2, 6-8, 12-16). Sev-
eral interesting details were highlighted in these studies. The effect of the
coinfection was greatest when the Salmonella infection followed a 6- or 8-
week Schistosoma infection (entry numbers 2, 7, 8, 14) and also when
Salmonella was introduced into the host by the oral route rather than
intravenously (entry number 16). Although piliated strains of bacteria
were often associated with higher virulence, in these studies, both the
piliated and non-piliated strains were equally virulent in coinfected hosts
(entry numbers 7-9). One study also reported the effect of the coinfection
on Schistosoma and found that coinfected hosts had a greater hepatic
worm burden than hosts with a single Schistosoma infection (entry num-
ber 13).

Several studies reported that Salmonella bacteria multiplied in and
adhered to the schistosome worms, suggesting that these worms may be
the vehicle through which the infectivity of Salmonella is enhanced and
prolonged (entry numbers 9, 13, 15). In particular, adult female schisto-
somes were identified as being more frequently positive than males in
harbouring Salmonella (entry numbers 9, 13). Coinfected hosts were also
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found to have altered macrophage activity, which may have played a role
in the development of chronic salmonellosis (entry numbers 7, 15, and
Lambertucci et al., 1998). No other patterns seemed apparent between
Schistosoma species and Salmonella serotypes, or by the type or strain of
rodent most used in these studies.

1.4.2. Human studies

Four of the six studies done on humans appeared to be in agreement with
the animal studies discussed above (entry numbers 1, 4, 10, 11). Two
studies done on children infected with S. intercalatum found that coinfec-
tion prolonged the infection from Salmonella Typhi or Paratyphi, and that
subjects who were coinfected with Schistosoma and non-typhoidal Salmo-
nella strains had increased disease severity comparable to subjects with
typhoidal forms of the disease (entry number 4) and prolonged disease
(entry number 11). Similarly, a study examining S. haematobium found
that the coinfection may have increased the risk of typhoid fever (entry
number 1). Madbouly et al. (1993) reported that patients with Schistosoma
were more likely to have concurrent infection with Salmonella than
patients without schistosomes, and that tegumental tubercles (also
known as bosses) infected with Salmonella bacteria were found in several
coinfected hosts (see Fig. 1.2 from LoVerde et al., 1980). An extensive case
report of patients in the Sudan provided additional clinical data on the
coinfection, indicating that coinfected patients had prolonged fever,
severe anaemia and hepatosplenic involvement (Salih et al., 1977). Other
case reports provided similar findings and indicated that the Salmonella
infection could not be resolved without treating the underlying Schisto-
soma infection (e.g. Botterel et al., 1996; Bourée et al., 2002; Friedland and
Loubser, 1990; Gendrel et al., 1986; Lambertucci et al., 1987, 1988).

FIGURE 1.2  Scanning electron micrograph of the interaction of Salmonella Typhimur-
ium LT2 and Schistosoma mansoni, Puerto Rice, showing salmonellae associated with a
tegumental boss (1600 x). Bar units = pum. Reproduced with permission from LoVerde

et al. (1980).



Coinfection of Schistosoma (Trematoda) with Bacteria, Protozoa and Helminths 43

Several studies have examined the surface interactions between species of
Schistosoma and Salmonella (e.g. LoVerde et al, 1980; Melhem and
LoVerde, 1984; Miegeville et al., 1986). Although the significance of the
surface interaction is not known, several of these studies have proposed
that it may have contributed to prolonged infection with Salmonella
(LoVerde et al., 1980; Melhem and LoVerde, 1984). For a recent review
discussing the mechanisms and pathological features of this interaction,
see Muniz-Junqueira et al. (2009).

1.5. COINFECTION OF SCHISTOSOMA SPECIES WITH
BACTERIA OTHER THAN SALMONELLA

Table 1.5 covers the interactions of Schistosoma spp. and bacteria other
than Salmonella spp., including various Mycobacterium spp. (entry num-
bers 1-5), Helicobacter pylori (entry numbers 6-9), and Staphylococcus
aureus (entry numbers 10-12). Most studies examined coinfection with
S. mansoni (entry numbers 1, 4-7, 9-12); however, two studies examined
coinfections with S. haematobium (entry numbers 3, 4) and one included
S. japonicum bacteria interactions (entry number 8).

1.5.1. Mycobacterium

Three animal studies examined coinfection of Schistosoma and Mycobacte-
rium species: two of these were experimental studies with mice (entry
numbers 1, 5) and one studied a natural infection that occurred in sheep
(entry number 2). Each study examined a different species of Mycobacte-
rium as follows: M. bovis, M. paratuberculosis and M. avium. The two
human studies examined coinfection with Schistosoma and M. ulcerans
(entry numbers 3, 4).

1.5.1.1. Animal studies

The two animal studies (entry numbers 1, 2) examined interactions
between Schistosoma and M. bovis or M. paratuberculosis. These studies
found that coinfected hosts had more severe bacterial infections and
showed greater mortality than singly infected hosts. The study on
M. bovis (entry number 1) found that hosts coinfected with S. mansoni
had an increased number of bacteria in the lungs, liver and spleen com-
pared to animals with a single M. bovis infection; the authors hypothe-
sized that prior infection with schistosomes may have impaired the Thl
immune response, thereby increasing susceptibility to the subsequent
bacterial infection. The natural infection study in sheep showed greater
mortality in the coinfected hosts, although pathological changes in the
liver, small intestines and lungs and accompanying respiratory distress
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were attributed to an infiltration by eggs of the Schistosoma species (entry
number 2). The third study examined infection with M. avium followed by
S. mansoni 60 days later; this study found that spleens of the coinfected
mice with granulomas contained mycobacteria but not schistosome eggs.
The authors hypothesized that based on the order of infection, the
immune response in coinfected hosts was possibly modulated by the
subsequent coinfection with S. mansoni (entry number 5).

15.1.2. Human studies

Two of three human studies that examined interactions between S. haema-
tobium or S. mansoni and M. ulcerans also suggested that coinfection with
Schistosoma spp. did not increase the susceptibility to the Mycobacterial
infection (entry numbers 3, 4). The findings of one study, however, sug-
gested that coinfection with Schistosoma spp. may have increased the sever-
ity of M. ulcerans since osteomyelitis occurred more frequently in the
coinfected patients than those with only the bacterial infection (entry num-
ber 3). Osteomyelitis resulted from severe infection with M. ulcerans and
often required the amputation of the affected limb. The other study exam-
ined the effect of M. ulcerans on a Schistosoma species infection and found
comparable worm burdens in coinfected patients when compared to those
with single S. mansoni or S. haematobium infections. For a further discussion
of risk factors and immunological aspects of this coinfection, see the review
of Stienstra et al. (2001), which also discussed the increasing problem of
Schistosoma and Buruli ulcer infections in West African countries.

There have been several reports of hosts coinfected with schistosomi-
asis and gastrointestinal tuberculosis, including a recent account of a
Laotian female immigrant in Australia presenting with clinical and his-
topathological characteristics similar to Crohn’s disease (Kwan et al.,
2009); an earlier report noted the difficulties in diagnosis of this coinfec-
tion in a patient from China (Labay et al., 1975). Cases of coinfection with
schistosomiasis and pulmonary tuberculosis have also been noted (e.g.
Olds et al., 1981; Sarwat et al., 1986; Gui et al., 1996, 1997). A number of
studies have indicated that schistosomiasis in humans reduces the effi-
cacy of the BCG vaccination; for recent reviews of helminths and myco-
bacteria, see Elias et al. (2007) and Sandor et al. (2003).

1.5.2. Helicobacter pylori

Three of four studies (entry numbers 7-9) were done on humans and
indicated that an infection with Schistosoma species may have a protective
effect on infection with H. pylori, since coinfected patients had less severe
gastritis (entry number 7), reduced gastric mucosal injury (entry number 9)
or modifications in serologic responses associated with lowered risk of
developing gastric atrophy (entry number 8) than patients with single
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H. pylori infection. The results were consistent with H. pylori coinfection
studies and either S. mansoni (entry numbers 7, 9) or S. Japonicum (entry
number 8). Two recent studies examined aspects of immune response
between helminth infections and H. pylori in Colombian or African chil-
dren; both found increased Th2 responses, which may be associated with
decreased gastric cancer risk later in life (e.g. Cherian et al., 2010; Whary
et al., 2005).

The findings of the experimental animal study (entry number 6) were
in contrast to those on humans, with coinfected mice showing increased
gastric pathological changes than mice with single H. pylori infection. The
coinfected mice also had greater S. mansoni worm burdens than mice with
single schistosome infections.

1.5.3. Staphylococcus aureus

These studies (entry numbers 10-12) were done on albino mice and
examined infection with Schistosoma species followed by S. aureus at 60—
63 or 112-120 days. In these studies, coinfected mice developed liver
abscesses containing eggs of Schistosoma species and S. aureus bacteria,
whereas no abscesses were found in singly infected hosts. Two studies
(entry numbers 10, 12) compared abscess formation when S. aureus infec-
tion occurred during an acute (60-63 days) or chronic (112-120 days)
Schistosoma species infection. One study (entry number 10) found no
difference in the mean percent abscess formation between interval groups
(50% vs. 47%), while the other (entry number 12) found a greater percent-
age of abscess formation when coinfection with S. aureus occurred with an
acute S. mansoni infection (85%) rather than a chronic infection (35%).

Numerous reports (i.e. Goldani et al., 2005; Lambertucci et al., 1990,
1997; Sanchez-Olmedo et al., 2003; Teixeira et al., 1996, 2001b) have docu-
mented cases of pyogenic liver abscesses in children and adults coinfected
with Schistosoma species and S. aureus; these reports are consistent with the
results of the animal experiments reported above. For further discussion of
these cases, see the review of Lambertucci et al. (1998, 2001).

1.6. COINFECTION OF SCHISTOSOMA AND
FASCIOLA SPECIES

There are a total of 18 studies presented in Table 1.6, which examined
coinfections with S. mansoni, S. bovis or S. douthitti and a Fasciola species,
typically F. hepatica or F. gigantica. Fourteen of 18 studies were experiments
done on a wide range of animals including mice, rats, cattle or calves, rabbits,
lambs and goats (entry numbers 3, 5-9, 11-18); the remaining four studies
were natural infections in human populations (entry numbers 1, 2, 4, 10).
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1.6.1. Animal studies

An infection with a Schistosoma species followed by an infection with
Fasciola was examined in all 14 studies, with the interval between coinfec-
tion ranging from 2 to 17 weeks later depending in part on the species of
host animal used in the study. Most of the rodent studies used S. mansoni
for the Schistosoma species (entry numbers 8, 12, 13, 16, 17), with one study
using the murine schistosome S. douthitti (entry number 18). These studies
were consistent in findings that mice or rats with a 5- to 8-week Schisto-
soma infection had reduced (up to 89%) Fasciola worm burdens than singly
infected hosts (entry numbers 12, 13, 16, 17). One study reported that rats
with a 4-week Schistosoma infection had some reduction in Fasciola worm
burden (up to 33% reported, entry number 8); no differences in worm
burdens were reported at 1-4 weeks in mice (entry numbers 13, 17). Mice
that were concurrently infected or infected with Fasciola up to 48 h after
being infected with Schistosoma had 40-43% reductions in Schistosoma
worm burden, indicating that the interval between coinfection may not
have a simple linear association (entry number 16). The apparent protec-
tive effect may only be found in mixed sex schistosome infections, since
single sex Schistosoma failed to induce any reductions in Fasciola worm
burdens during the expected time period (entry number 16).

The two studies done on lambs also found reductions (up to 51%) in
Fasciola worm burdens when an infection with Fasciola followed a patent
S. mansoni infection (entry numbers 5, 7). The other two lamb studies,
however, examined an infection S. bovis followed by an infection with
F. hepatica 2-17 weeks later with conflicting results (entry numbers 3, 6,
14). Contrary to the findings of the rodent studies, one study (entry
number 14) found that hosts with pre-patent Schistosoma infections had
greater reductions in Fasciola burden (up to 93%) than hosts with a patent
infection (70%), with no reductions observed at all in hosts with chronic
(16-17 week) Schistosoma infections. Based on these findings, the authors
hypothesized that pre-patent schistosomes were responsible for the resis-
tance to Fasciola rather than the adult schistosome worm (entry number
14). Contrary to all other reported animal studies, one study found
increased Fasciola burdens when coinfection followed a 6-week Schisto-
soma infection in lambs (entry numbers 3, 6). Two large animal studies
examined an S. bovis infection followed by Fasciola were largely consis-
tent with most rodent reports, indicating reductions in Fasciola worm
burden in cattle (83% for an 8-week interval, entry number 11) and calves
(30% reduction for a 10-week interval, entry number 15). Reductions of
worm burden in pre-patent infections were not examined in these studies.

The above studies indicate that the timing interval between coinfec-
tions is important as well the species of Schistosoma and/or the host.
In studies using S. mansoni, the highest reductions in Fasciola occurred
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when it followed a patent infection with S. mansoni; these studies mainly
involved mice, rats and lambs. Whereas in studies involving S. bovis, the
greatest reductions occurred in pre-patent infections; these studies
involved calves, cattle and lambs. Some of these studies reported that
the reductions in Fasciola burden were accompanied by fewer pathological
changes in the coinfected host (entry numbers 12, 14, 15, 18), including a
decrease in F. hepatica unembryonated eggs in the liver (entry number 18)
and less severe Fasciola-induced liver hepatobiliary damage (entry num-
bers 14, 15). The one study that reported an increase in worm burden also
noted greater pathological changes in the liver and small intestines in
coinfected hosts (entry numbers 3, 6). Several studies discussed above
reported that prior infection with irradiated Schistosoma cercariae failed to
produce a reduction in Fasciola burden (entry numbers 8§, 9, 11).

The seven experimental studies that examined hosts Fasciola infections
followed by an infection with Schistosoma found reduced worm burdens
(up to 92%) for the subsequent infection (entry numbers 3, 6, 8, 11, 17, 18),
particularly when following a patent Fasciola infection (entry numbers 3,
6, 11, 17). Two studies also reported fewer S. mansoni eggs in the small
intestines of lambs (entry numbers 3, 6) and a greater number of dead
S. douthitti eggs in the liver of the mouse (entry number 18). Reductions in
S. bovis worm and egg burden in the lambs were also accompanied by
greater liver pathology in these coinfected hosts, indicating that reductions
in worm and egg burden may not be associated with fewer pathological
changes in the coinfected host (entry numbers 3, 6).

1.6.2. Human studies

The four studies examining natural infections on human populations (entry
numbers 1, 2, 4, 10) each studied different aspects of the effect of coinfec-
tion, but findings generally indicated increased immunological and patho-
logical responses in the coinfected host. One study found that coinfected
hosts had greater periportal fibrosis as well as higher associated levels of
procollagen III peptide markers than single hosts, with the highest levels
occurring in children 5-14 years of age (entry number 2). Similarly, other
studies found that coinfected patients had higher egg counts which was
accompanied by higher serum gastrin levels (entry number 1) and higher
levels of free radicals associated with the inflammatory response (entry
number 4). Coinfected hosts with fascioliasis had higher IgM and lower
IgG levels than patients with single Fasciola levels, and these levels were not
correlated with Fasciola egg counts (entry number 10).

The few prevalence reports (e.g. Curtale et al., 2007; Esteban et al.,
2003) of coinfection with Schistosoma and Fasciola in hyperendemic areas
such as Egypt indicate that such coinfections may be rare in human
populations; reports in the veterinary literature indicate that such
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coinfections may be common in cattle in some parts of the world, for
example, Zambia (Yabe et al., 2008) and that the clinical presentation in
other large game such as the Zebu in Senegal includes anaemia and
weight loss (Kaboret et al., 1993).

1.7. COINFECTION OF SCHISTOSOMA SPECIES AND
HELMINTHS OTHER THAN THE GENUS FASCIOLA

Table 1.7 presents coinfection studies on Schistosoma and various hel-
minths other than Fasciola, including echinostomatids in the genus Echi-
nosoma (entry numbers 1-5) and various nematodes including hookworm
species, that is (entry numbers 6-11) Necator americanus and Ancylostoma
spp., Trichuris (entry numbers 12-15), Ascaris spp. (entry numbers 16-18),
Strongyloides and Trichostrongyloides (entry numbers 19-22) and filarids
(entry numbers 23-25) including Brugia pahangi.

1.7.1. Echinostoma

All five coinfection studies on Schistosoma and Echinostoma were done in
Balb/C or other strains of albino mice; one study used the water rat,
Nectomys squamipes (entry number 1). These studies examined the effect of
coinfection on both S. mansoni (entry numbers 1-5) or S. bovis (entry number
5) and E. caproni (entry numbers 2-5) or E. paraensei (entry number 1).

Two of five studies examined the effect when Schistosoma was followed
by an infection with Echinostoma at intervals of 1-14 weeks. Mice with a
patent or chronic Schistosoma infection had a 73% or a 100% reduction
(respectively) in the Echinostoma infection compared to controls (entry
number 5), while mice with a pre-patent Schistosoma infection had no com-
parable reduction in infection (entry numbers 3, 5). Two studies (entry
numbers 1, 5) examined the effect when Echinostoma was followed by an
infection with Schistosoma at 2- to 6-week intervals. Here, mice with a
6-week-old Echinostoma infection had a reduced Schistosoma infection com-
pared to the controls (entry number 1), while mice and rats with a 2- or
3-week infection showed no comparable reduction in Schistosoma (entry
number 5). Increased Schistosoma worm burdens were noted when the
schistosome infection followed that of Echinostorma at 2 weeks (entry number
1) or 33 days (entry number 4). These results suggest that only patent
schistosome infections confer protection against Echinostoma or could be
attributed in part to differences in the strain of Schistosoma used in the experi-
ments. In regard to possible strain differences, one of the studies found that
rats had a heavier early worm burden when the wild R] strain of Schistosoma
was used rather than the BH lab strain (entry number 1). Finally, one study
examined the effect on pregnant mice concurrently infected with S. mansoni
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and E. caproni and found that coinfected mice had a lower number of live
foetuses than pregnant mice without the coinfection; the mean foetal weight
was also lower in the coinfected hosts (entry number 2).

In summary, a patent infection with either Schistosoma or Echinostoma
appeared to reduce the burden of the subsequent infection by the other
trematode, whereas there was no effect or possibly an increased burden of
the subsequent infection when worms were introduced during the pre-
patent phase of the first infection. In several studies, the authors noted
that the age and strain of the rodent host used was an important factor in
these coinfection studies (entry numbers 1, 3).

1.7.2. Hookworm

Five of six studies were natural infections in children and adults: four
examined hookworm coinfection with S. mansoni (entry numbers 7, 9-11)
and one studied hookworm and S. japonicum (entry number 8). These
studies included various hookworm species, identified in three studies as
N. americanus (entry numbers 7, 9) and as a Ancylostoma sp. in one study
(entry number 11). One study (entry number 6) examined an experimen-
tal coinfection between S. japonicum and N. americanus in the Golden
Hamster. The studies on humans consistently found a strong association
between the schistosome and the hookworm infections, with greater
Schistosoma egg counts and worm burdens reported mainly in hosts
with the heaviest hookworm infections (entry numbers 7, 9-11). In two
studies, children aged 10 or older had some of the heaviest coinfection
burdens (entry numbers 9, 10). Coinfected children also had an increased
anaemia compared to singly infected children; the possibility of a multi-
plicative schistosome-hookworm interaction, that is, the combined effect
of the coinfection being greater than the sum of either infection was
suggested by several studies (entry numbers 8, 9, 11). The sole experimen-
tal schistosome-hookworm study (entry number 6) found that coinfected
hamsters had comparable worm burdens to singly infected control hosts;
the coinfected hosts also had altered metabolic profiles that may have
been associated with pathological changes in the liver or anaemia.
The interval between coinfection was unknown in the human studies,
while the hamsters were infected concurrently in the experimental
schistosome-hookworm study.

1.7.3. Trichuris

1.7.3.1. Animal studies

Coinfection interactions with Schistosoma were examined in two experi-
mental mouse studies using T. muris (entry numbers 12, 16) and two natural
infection studies in humans with T. trichiura (entry numbers 13, 15).
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Both murine studies examined the immune response and the effect when T.
muris was followed by S. mansoni (entry number 12, 14); one study also
focused on S. mansoni followed by T. muris (entry number 14). The two
human studies examined the effects of coinfection in which the interval
between the first and the second infection was not given; one study exam-
ined T. trichiura with S. mansoni (entry number 15) and the other T. trichiura
with S. japonicum (entry number 13).

In entry number 12, mice with a chronic (40 days) T. muris infection
had an increased burden of Schistosoma worms and eggs in their livers
compared to singly infected mice. An immune response to T. muris
dominated the coinfected animals and an altered response to S. mansoni
was found in both the lungs and the livers. The prior infection with
T. muris appeared to enhance the migration of both male and female
schistosomes to the hepatic portal system, thus increasing the severity of
the Schistosoma infection. The other study (entry number 14) found that
coinfection altered the parasite-specific immune response, with the great-
est effect noted on the second infection. In this study, mice infected with
S. mansoni followed by infection with T. muris 56 days later showed an
established Th2 response that increased the ability of these mice to resolve
the secondary infection. In this study, coinfected hosts had lower T. muris
worm burdens than singly infected T. muris controls which had a domi-
nant Thl response.

1.7.3.2. Human studies

The two natural infection studies on children found that coinfected hosts
had more severe anaemia (entry number 13) and malnutrition (entry
number 15) than singly infected subjects. The severity of the anaemia
appeared additive in nature, that is, equal to that of singly infected
children with either infection added together (entry number 13).
In entry number 15, children with S. mansoni were more likely to have
T. trichuris coinfection than subjects without the Schistosoma infection,
suggesting that susceptibility to trichuris infection may be increased by
coinfection.

1.7.4. Ascaris

The three studies in this table examined the coinfections between Schisto-
soma species and Ascaris species: two were natural infection studies in
humans (entry numbers 16, 17) and one was an experimental study in
pigs (entry number 18). The two human studies examined different
aspects of coinfection between S. mansoni and Ascaris species, identified
in one of study as A. lumbricoides. One study (entry number 16) reported
that coinfected hosts had lower S. mansoni egg burdens than subjects with
single Schistosoma infections; it also reported that coinfection with
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Schistosoma and Ascaris occurred less often than single infections with
either species in this population. The other study (entry number 17)
focused on the Ascaris worm burden, finding comparable burdens of
Ascaris infection in those with and without Schistosoma. Both papers
noted that there was no difference in the percent infected between age
groups (entry number 16) or between males and females (entry number
17). Both the order and the interval between infections were unknown in
either study. The experimental study examined the effect of an infection
with S. japonicum followed by an infection with A. suum 11 or 16 weeks
later in Danish cross-bred pigs (entry number 18). In this study, the
coinfected pigs had fewer A. suum-induced white spots on the liver but
comparable levels of Ascaris larvae in the lungs, liver and small intestines
as controls. The authors concluded that it was possible that a prior
infection with S. japonicum may have suppressed gross pathological
changes associated with Ascaris or in some way inhibited the host
immune response.

A number of prevalence studies have examined the worm burden of
coinfection with schistosomes and Ascaris, Trichiura or hookworm and
reported results that are largely consistent with those discussed above.
Coinfection with hookworm and Schistosoma in children is common in
many locations including Brazil, China, Kenya and Tanzania, while coin-
fection with Schistosoma and Trichiura or Schistosoma and Ascaris occurs
less often in endemic areas (e.g. Brito et al., 2006; Brooker and Clements,
2009; Brooker et al., 2000; Chamone et al., 1990; Ellis et al., 2007; Hamm
et al.,, 2009; Lwambo et al., 1999; Nguhiu et al., 2009). For a recent review
discussing these studies and additional immunological factors, see Geiger
(2008).

1.7.5. Strongyloides and Trichostrongyloides

The four experimental studies (entry numbers 19-22) involving strongyloid
and trichostrongyloid nematodes examined coinfection with S. mansoni
or S. japonicum and either Strongyloides venezuelensis or Heligmosomoides
polygyrus in various strains of mice. Three of four studies (entry
numbers 20-22) examined a Schistosoma infection followed by an infection
with S. venezuelensis 3-12 weeks later; these studies found that the first
infection decreased the severity of the subsequent Strongyloides infection.
These studies also found that coinfected hosts had decreased numbers
of strongyloid larvae in their lungs and a decreased adult worm burden
in the small intestines (entry numbers 20-22), with smaller and less fertile
S. venezuelensis females (entry number 20). The greatest reduction in worm
burden in the Strongyloides infection occurred when infection followed a 6- to
9-week Schistosoma infection (entry numbers 21, 22). A similar effect was
observed for both S. mansoni and S. japonicum and did not seem to vary with
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mouse strain. One study examined a prior infection with H. polygyrus
followed by infection with S. mansoni 2 days and 4 weeks later; in this study,
infection with H. polygyrus reduced the severity of the subsequent
Schistosoma infection, with a reduced schistosome worm burden and smaller
hepatic lesions in the coinfected animals compared with the controls
(entry number 19).

In this interaction, infection with one helminth in an experimental
setting seemed to confer protection from a subsequent infection with the
other helminth; as observed in other helminth interactions, worm age
associated with the first infection is important, with patent infections
tending to confer the greatest protection. Natural coinfections in human
populations do occur. A recent prevalence survey found that over 9% of
Sudanese refugees were coinfected with Schistosoma and Strongyloides
(Brodine et al., 2009), and several case reports illustrate a variety of clinical
presentations from coinfection (e.g. Fairweather et al., 2010; Olson and
Domachowske, 2006; Tzanetou et al., 2005).

1.7.6. Filarids

The past three studies in this table examined coinfections of Schistosoma
species and filarids: one was an experiment done on girds with B. pahangi
(entry number 23); the other two studies were natural infections in
humans with unidentified filarids (entry numbers 24, 25). Two studies
identified the schistosomes as S. mansoni (entry numbers 23, 25) or
S. haematobium (entry number 25); the other did not identify the schisto-
some species (entry number 24). The findings of the two human studies
were consistent, indicating that coinfected subjects had altered immune
responses and pathological changes compared to subjects with single
filarid infections. Coinfected subjects were more likely to have elephanti-
asis (entry numbers 24, 25) and increased fever, anaemia, joint pains and
other clinical symptoms associated with filariasis (entry number 24) than
subjects with a single filarid infection; one of the studies (entry number
24) also examined the effect of the coinfection on the Schistosoma infection
and found that the coinfected were less likely to have liver and spleen
involvement from than singly infected Schistosoma controls. While coin-
fection appeared to increase the severity of filariasis, it may be associated
with a reduction in the severity of the Schistosoma infection.

The experimental study (entry number 23) examined the effect of a
prior infection of B. pahangi followed by subsequent infection with
S. mansoni 17 or 39 days later; it did not find much difference in the
comparison groups other than a modest increase in the number of S.
mansoni eggs in the stool of coinfected girds with chronic B. pahangi
infection. The coinfected girds had a comparable number of S. mansoni
worms as the controls, regardless of the time interval between coinfection.
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1.8. CONCLUDING REMARKS

Numerous factors influence the effects of coinfection on the vertebrate
host with Schistosoma and protozoa, bacteria or other helminths. Some of
these factors are as follows: organisms and hosts used in the studies, order
and time interval between the first and the second infection, studies on
natural versus experimental hosts, dosage of the infectious agents, strains
and pedigrees of the parasites, age of hosts at time of exposure to the
infectious agents and age of hosts at the time of necropsy.

Broad generalizations on the effects of coinfection on vertebrate hosts
are difficult to make. However, some trends based on our review for the
most studied aspects of coinfection are worth noting. A prior infection
with Schistosoma, particularly a patent infection, often has an effect on the
subsequent infection by a protozoan, bacterium or other helminth. In
relatively few cases, a prior infection with Schistosoma decreased the
severity of the subsequent infection as with H. pylori, F. hepatica, Echinos-
toma or Plasmodium, the latter only exhibiting this behaviour when coin-
fected with S. haematobium. More often, however, a prior infection with
Schistosoma increased the severity of the second infection as with Leish-
mania, T. gondii, E. histolytica, S. aureus or Salmonella. The severity of a
Plasmodium infection was also increased when it followed a prior infection
with S. mansoni. In some of these coinfection studies, the increased sever-
ity of the subsequent infection was associated with a specific, prolonged
form of the disease in humans, for example, osteomyelitis associated with
M. ulcerans, elephantiasis associated with certain filarids, non-typhoidal
salmonellosis appearing with typhoidal severity associated with Salmo-
nella and pyogenic liver abscesses associated with S. aureus. The severity
of this effect may be due to the subsequent coinfecting organism being
contained within the Schistosoma worms or associated with schistosome-
induced granuloma, as in the case of coinfection with Salmonella, S. aureus
or Leishmania. It may also be due to the subsequent coinfecting organism
taking advantage of prior physical damage caused by the Schistosoma, as
in the case of coinfection with E. histolytica. Finally, the severity of the
subsequent coinfection could also be due to the absence of a strong
immune response in the host due to an ongoing immune response to
Schistosoma, as in coinfection with E. histolytica, Leishmania or Plasmodium.
As many of these studies suggest, the subsequent infection may progress
or resist standard treatment if the underlying coinfection with Schistosoma
is not properly diagnosed and treated.

Only 3 of the 18 Schistosoma coinfection interactions reviewed herein
have a considerable body of literature, that is, between 16 and 32 papers
per interaction. These Schistosoma interactions involve Plasmodium, Salmo-
nella and Fasciola. The other Schistosoma coinfections we reviewed have a
much smaller body of literature (between three and nine papers per
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interaction). Because of the common occurrence of Schistosoma with Myco-
bacteria, Leishmania, Staphylococcus, Necator and Strongyloides, additional
work is needed on coinfection with Schistosoma and these genera. Finally,
future studies should take into consideration the factors mentioned in the
first paragraph of Section 1.8.
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