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ABSTRACT
Introduction: Bacterial translocation is the invasion of indigenous intestinal bacteria through the gut mucosa to normally sterile 
tissues and internal organs. Schistosomiasis may cause alterations in the immune system and damage to the intestines, portal 
system and mesenteric lymph nodes. This study investigated bacterial translocation and alterations in the intestinal microbiota and 
mucosa in schistosomiasis and splenectomized mice. Methods: Forty female 35-day-old Swiss Webster mice were divided into 
the following four groups with 10 animals each: schistosomotic (ESF), splenectomized schistosomotic (ESEF), splenectomized 
(EF) and control (CF). Infection was achieved by introduction of 50 Schistosoma mansoni (SLM) cercariae through the skin. 
At 125 days after birth, half of the parasitized and unparasitized mice were subjected to splenectomy. Body weights were recorded 
for one week after splenectomy; then, the mice were euthanized to study bacterial translocation, microbiota composition and 
intestinal morphometry. Results: We observed signifi cant reductions in the weight increases in the EF, ESF and ESEF groups. 
There were increases of at least 1,000 CFU of intestinal microbiota bacteria in these groups compared with the CF. The EF, ESF 
and ESEF mice showed decreases in the heights and areas of villi and the total villus areas (perimeter). We observed frequent 
co-infections with various bacterial genera. Conclusions: The ESEF mice showed a higher degree of sepsis. This fi nding may 
be associated with a reduction in the immune response associated with the absence of the spleen and a reduction in nutritional 
absorption strengthened by both of these factors (Schistosoma infection and splenectomy).

Keywords: Schistosomiasis. Splenectomy. Bacterial translocation. Intestinal morphometry. Mesenteric lymph nodes.

Bacterial translocation is the migration of bacteria from the 
intestinal lumen to the mesenteric lymph nodes or other extra-
intestinal sites(1). Translocation physiology depends on the barrier 
effect of the intestinal mucosa and components of the cellular 
and humoral immune responses(2). Enterococci and streptococci 
species, which are members of the Enterobacteriaceae family, 
very effi ciently translocate to the mesenteric lymph nodes. 
These intestinal microorganisms are frequently associated 
with infections in immunodefi cient individuals and can even 
translocate through histologically normal intestinal mucosa(3).

Immunodepression associated with schistosomiasis in 
experimental models has been the focus of several studies(4) (5) (6). 
During chronic schistosomiasis, intestinal blood fl ow is damaged 

as a consequence of the traumatic, irritant and exfoliative actions 
of adult parasites feeding on blood and obstructing blood vessels. 
The spiky eggs of Schistosoma mansoni cause damage as they 
pass through the intestinal mucosa to be expelled in feces. A 
portion of these eggs are retained in the mucosa, causing chronic 
granulomatous infl ammation(7). Ferraz et al.(8) have described 
the presence of aerobic bacteria in the mesenteric lymph nodes 
of patients affected by chronic mansonic schistosomiasis. 
According to these authors, the presence of bacteria in the lymph 
nodes may be a consequence of bacterial translocation and may 
ease the development of post-operational infections.

Because one function of the spleen is immunoglobulin M 
(IgM) production, a reduction in this immunoglobulin might occur 
after splenectomy. The absence of the spleen might be postulated 
to ease bacterial translocation and sepsis in schistosomotic 
patients. However, several studies have reported that the IgM 
level remains high, even after partial or total splenectomy(9) 

(10) (11). This fi nding might help to explain the reduction in 
the infection rate that has been reported in splenectomized 
schistosomotic patients(12) (13).

Some studies have reported a lack of severe sepsis in post-
operative patients, even when schistosomiasis is associated 
with insufficient nourishment(14). During chronic disease, 
IgM mediates the action of eosinophilic granular cells 
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on Schistosoma and its egg antigens(15). Thus, there is a direct 
correlation between the IgM concentration and the severity of 
schistosomiasis(16). In contrast, a decline in the IgM level after 
total splenectomy has been documented in cases of trauma(11) (17).

Petroianu and Antunes(12) have described increases in the 
IgM and IgA levels in schistosomotic patients who have received 
subtotal and total splenectomy; thus, immunity seems to be 
preserved, even in the absence of a spleen. However, other 
studies have indicated that bacterial infections associated with 
schistosomiasis cause sepsis and pre-operational or post-surgical 
bacteremia(5) (8) (18). The results of these studies are contradictory; 
therefore, it is of fundamental importance to perform detailed 
experimental surveys without biasing factors. The primary goal 
of this study was to describe bacterial translocation in mice 
chronically infected with S. mansoni and to investigate the 
importance of splenectomy, weight variations, the intestinal 
microbiota, and duodenum morphometry in this process.

Animals and formation of experimental groups

We used 40 female 35-day-old Swiss Webster mice. The 
animals were obtained from and kept in the bioterium of the 
Immunopathology Laboratory Keizo Asami (LIKA-UFPE). The 
mice were divided into the following four groups: schistosomotic 
(ESF=10 mice); schistosomotic splenectomized (ESEF=10 mice); 
splenectomized (EF=10 mice) and control (CF=10 mice).

We infected the animals through the skin with 50 cercariae 
of S. mansoni (São Lourenço da Mata strain) after passage in 
the snail Biomphalaria glabrata.

We used 40 female mice aged 35 days. Half of these animals 
(n=20) were infected with S. mansoni, and the remainder 
formed the unparasitized group. Ten mice from each group 
were subjected to splenectomy at 90 days after exposure to the 
metacercariae (125 days after birth). One week after surgery 
(on the 97th day after exposure to the parasites), all animals 
were euthanized as described below. In this study, we evaluated 
clinical samples at 14 weeks after infection because chronic 
schistosomiasis has been reported to begin at the 12th week after 
contact with the cercariae(19) (20).

Splenectomy

The mice were anesthetized with 2% xylazine chlorhydrate 
(10mg/kg) and 10% ketamine chlorhydrate (115mg/kg) 
according to Hall et al.(21). The mice were kept alive after surgery. 
All mice were euthanized at seven days after surgery.

Animals who died during surgery were excluded from the 
experiment and replaced with new animals.

Analysis of body weight and parasite load

The evolution of body weight was recorded over the seven 
days after splenectomy. The animals were weighed using an 
electronic balance (Marte, model 1001, Brazil, capacity of 
1,610.00 grams, sensitivity of 0.1g). The weight of each animal 
was individually recorded.

Parasitological examination was performed using a fecal 
sample, according to the method of Kato-Katz(22). The fi rst 
sampling was performed at 45 days after exposure to the 
cercariae to confi rm infection and to quantify the number of 
eggs per gram of feces prior to performing splenectomy. A 
successive sample was collected at 97 days after infection 
prior to euthanasia to study the pattern of egg laying after 
splenectomy. After recovery of biological samples, worms were 
collected as described by Yolles et al(23). The collected worms 
were enumerated and sexed.

Assessment of bacterial translocation 
in tissue samples

After euthanasia, the mice were shaved on the ventral side 
of the abdomen and disinfected (1% iodopovidone) to avoid 
cross contamination of the samples or tubes with the external 
microbiota of the mice.

Peripheral blood (0.5ml) was collected by caudal puncture. 
A medial xifo-pubian incision was performed to collect portal 
blood (0.5ml), with a 13 x 4.5 needle and a 1ml disposable 
syringe. Mesenteric lymph node and liver fragments of 
approximately 0.03g (± 0.01g) were collected, weighed, 
macerated and individually homogenized in sterile petri dishes 
and then placed into sterile tubes. Brain heart infusion broth 
(BHI; Bio Merieux Mercy L’Etoile, France) was added to 
all samples (1:5 weight to weight ratio), and they were then 
incubated at 37°C for 24 hours. After primary enrichment, the 
samples grown on BHI were transferred to bacteria-specifi c 
culture media (for both Gram-positive and Gram-negative 
bacteria). Blood agar, chocolate agar and MacConkey agar 
(Bio Merieux Mercy L’Etoile, France) were used to isolate 
enteric bacteria that translocated through the intestinal wall. 
Analysis of the plates was performed after 24 to 72 hours 
of incubation. Bacteria were identifi ed using conventional 
biochemical tests and confi rmed with automated equipment 
(VITEK 2 System® Bio Merieux Mercy L’Etoile, France).

Intestinal microbiota analysis

To quantify bacterial colonies per gram of feces (CFU/g), we 
used the method described by Naaber et al.(24) and Bisso(25). Fecal 
samples (800mg) were diluted in a sterile NaCl physiologic 
solution (1/10). After mechanical homogenization, a 10-1 
dilution was obtained. We performed serial dilutions of this 
solution up to 10-6. A total of 0.1ml of each dilution was poured 
onto chromogenic agar (Agar CPS ID® Bio Merieux Mercy 
L’Etoile, France). The samples were distributed over the agar, 
and the plates were incubated for 24 hours at 37ºC. Bacteria were 
identifi ed according to colony shape, biochemical features and 
microscopic features. The calculation of CFU was performed 
by multiplying the number of colonies on the agar plate by ten 
and by the serial dilution. The results were expressed as CFU 
of bacteria per gram of feces.

Morphometric analysis of duodenal mucosa

Fragments of the medial portion of the small intestine were 
collected from all animals by sagittal cuts, fi xed in 10% PBS-
buffered formaldehyde and processed for inclusion in paraffi n. 
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TABLE 1 - Number of parasites in Schistosoma mansoni-infected mice, splenectomized mice and non-splenectomized control mice. 

       Parasitological parameters

         adult worms collected         eggs per gram of feces (days)

Schistosomotic males females total p-value* 45 97 p-value*

ESEF (n=10) 12.0 (3.36) 7.6 (1.34) 19.6 (4.70) <0.01 189.0 (4.8) 138.5 (7.3) <0.05

ESF (n=10) 10.8 (1.6) 8.0 (0.9) 18.8 (1.5) <0.01 149.0 (8.2)  192.3 (5.5) <0.05

ESEF: schistosomotic splenectomized; ESF: schistosomotic non-splenectomized. *Mann-Whitney test. Quantifi cation of parasites in splenectomized and not 
splenectomized mice. Note: The values are expressed as the average ± standard deviation.

From these materials, we obtained 5µm thick slices and stained 
them with hematoxylin-eosin. For morphometric analysis, we 
assessed the average heights and areas of the villi and the total 
mucosal surfaces (perimeter). A blinded examiner captured 
images from 5 random fi elds of the histological samples from each 
animal (total area of the fi eld: 12,234µm2 and total visualized area: 
61,170µm2). Morphometric analysis of the intestinal mucosa was 
performed with Image J software(26). We determined the heights 
of the villi and depths of the crypts. Villus height was measured 
from the basal region of the villus at the superior portion of the 
crypt to its apex. Crypt depth was measured from the base to 
the transition region between the crypt and villus. The obtained 
values were expressed as the number of pixels. 

Data presentation and analysis

Statistical Package for the Social Sciences (SPSS, Inc., 
Chicago, IL, USA) was used for data analysis and processing. 
During the descriptive phase, the arithmetic mean was calculated 
after exclusion of extreme values, and confi dence intervals and 
standard deviations were used to identify the minimum and 
maximum values. During the analytical phase, the arithmetic 
means of the variables of the two groups were compared using 
Student’s t-test for independent samples. The Friedman test 
was used to assess differences among the weights of the mice 
according to the day of measurement and group. Differences 
among the average weights of the mice in the different study 
groups on the separate days of measurement were assessed 
by two-by-two multiple comparison tests. In all situations, a 
maximum error probability of 5% was considered for rejection 
of the null hypothesis.

Ethical considerations

This study was approved by the ethical committee on animal 
experimentation of the Center for Biological Sciences of the 
Federal University of the State of Pernambuco (Brazil).

Parasitological analysis

There was no signifi cant difference in the average amount 
of adult worms collected in the schistosomotic mice between 
the ESF and ESEF groups (p-value>0.05). Male worms were 
more abundant than females (p-value<0.01).

As shows Table 1, in the ESF and ESEF mice, the number 
of eggs per gram of feces was higher on the 45th day compared 
with that on the 97th day after infection (p-value<0.01).

Analysis of weight

As presented in Figure 1, we observed increases in the 
weights of both the CF and ESF mice (p-value<0.01 and 
p-value<0.03, respectively). In contrast, the EF and ESEF mice 
showed decreases in weight (p-value<0.01).

We observed signifi cant differences in weight gain on the 
different days of measurement among the different groups 
studied (p-value<0.010).

Study of enteric microbiota

Table 2 presents quantitative analysis of the enteric samples 
obtained from the mice in the different groups studied. All of 
the treated mice presented growth of at least 103 CFU of general 
enteric bacteria (both Gram-negative and Gram-positive species) 
compared with the CF mice. 

Mice in the ESF and ESEF groups showed similar numbers 
of bacterial colonies. Signifi cant differences were only detected 
for Staphylococcus aureus, Enterococcus faecalis and Klebsiella 
pneumoniae.

Histomorphometric analysis of the duodenum

Macroscopic analysis of the intestines of the schistosomotic 
mice showed hypertrophy and fi brosis of the intestinal loops. 
Histologic analysis revealed schistosomotic granulomas that 
were primarily productive and evolving to fi brotic cicatrization 
of the lamina propria and sub-mucosa. Granulomas were 
isolated or in coalescence and were composed of macrophages 
and lymphocytes very close to the egg or its vestiges and few 
eosinophils, resulting in a shift of the villi to the intraluminal 
space. Histopathological fi ndings were chosen as the exclusion 
criteria for morphometric analyses because such abnormalities 
could cause apparent increases in the height and area of the 
villi. The control group showed normal histological and gross 
anatomical appearances.

The average total villus areas were as follows: 532.0 
(102.9)µm for the CF mice; 509.3 (79.4)µm for the EF mice; 
238.2 (88.8)µm for the ESF mice and 217.3 (68.1)µm for the 
ESEF mice. Based on these results, we observed signifi cant 
differences in the total villus areas among the different groups 
(p-value<0.01).
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FIGURE 1 - Boxplot of the evolution of mouse weights in the different groups at different time points (expressed as days). 
CF: control; EF: splenectomized; ESF: schistosomotic non-splenectomized; ESEF: schistosomotic splenectomized.
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TABLE 2 - Log10 CFU/g of bacteria isolated from the different groups of mice.

                 Experimental groups

Species and concentrationas Log 10 CFU/g ESEF ESF EF CF

Proteus mirabilis 6 6 5 4

Coagulase negative Staphylococcus 4 4 5 3

Klebsiella pneumoniae 8 7 6 4

Enterococcus faecalis 9 9 8 7

Staphylococcus aureus 8 7 6 4

Escherichia coli 9 9 7 5

p-values Mann-Whitney test 0.027 0.040 0.042 -

p-values T-test 0.016 0.026 0.047 -

CFU/g: colony forming units; ESEF: schistosomotic splenectomized; ESF: schistosomotic non-splenectomized; EF: splenectomized; CF: control. 

The villus heights were as follows: 123.3 (12.2)µm for the 
CF mice, 112.4 (5.3)µm for the EF mice, 93.9 (7.9)µm for the 
ESF mice and 90.1 (8.4)µm for the ESEF mice. The villus 
heights were signifi cantly among between the different groups 
(p-value<0.01).

The average villus areas were as follows: 3.4 (0.1)µm for 
the CF group, 3 (0.1)µm for the EF group, 2.4 (0.2)µm for the 
ESF group and 2.3 (0.1)µm for the ESEF group. The average 
areas were signifi cantly different among the different groups 
(p-value<0.01).

Lima KM et al. - Schistosomiasis and bacterial translocation
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Bacterial translocation

We observed bacterial translocation to the mesenteric lymph 
nodes in all groups. The ESEF animals presented the highest 
prevalence of translocation to the mesenteric lymph nodes. 
The CF mice presented only translocation of Escherichia coli. 
We also observed translocation to the portal blood, liver and 
peripheral blood in all groups except for the CF group. 

One hundred percent of the bacterial cultures from 
schistosomotic mouse mesenteric lymph node samples showed 
the presence of bacteria. From these samples, we isolated 
S. aureus (6), S. aureus associated with E. faecalis (1), or 
E. faecalis alone (1). A total of 60% of the mice presented 
bacterial contamination of the portal blood with S. aureus (4) 
or E. coli (2). A total of 50% showed bacterial translocation of 
only S. aureus to the liver (5), and 30% exhibited translocation 
of only S. aureus to the peripheral blood (3).

The bacterial cultures from the ESEF animals showed 
100% translocation to the mesenteric lymph nodes. From these 
samples, we isolated E. coli (3), Proteus mirabilis (2), E. faecalis 
(1), Klebsiella pneumoniae (1), S. aureus (1), E. faecalis and 
S. aureus (1). A total of 70% of the mice presented contamination 
of the portal blood with E. coli (2), P. mirabilis (2), S. aureus 
(2) or E. faecalis (1). Half of the EF animals presented bacterial 
translocation of E. coli (2), S. aureus (2) or E. faecalis (1) to the 
liver. Only two animals presented translocation to the peripheral 
blood, with E. faecalis in one case and the S. aureus in the other.

A total of 100% of the bacterial cultures from samples 
isolated from the ESEF mice showed translocation to the 
mesenteric lymph nodes. From these samples, we isolated 
S. aureus and E. faecalis (2), E. coli and coagulase-negative 
Staphylococci (1), coagulase-negative Staphylococci and 
P. mirabilis (1), E. faecalis and E. coli (1), E. faecalis (1) or 
K. pneumoniae (1). All mice presented bacterial translocation 
to the portal blood of S. aureus (3), E. coli (2), E. faecalis (1), 
K. pneumoniae (1), Providencia rettgeri (1), negative-coagulase 
Staphylococci with P. mirabilis (1) or S. aureus with P. mirabilis 
(1). A total of 90% of the ESEF mice also showed translocation 
of bacteria to the liver, including S. aureus (4), E. coli (2), 
K. pneumoniae (1), P. rettgeri (1), or negative-coagulase 
Staphylococci and P. mirabilis (1). A total of 60% of the mice 
showed translocation of S. aureus (3), E. coli (1), K. pneumoniae 
(1) or coagulase-negative Staphylococci associated with P. mirabilis 
(1) to the peripheral blood.

We did not observe growth of anaerobic microorganisms 
or fungi.

DISCUSSION

In the present study, the amounts of adult worms isolated 
from the venous portal system and mesenteric veins of the ESF 
and ESEF mice were roughly the same. Male worms were more 
common than females in both groups, in agreement with the 
results of a previous study by Boissier et al.(27). These authors 
described the development of different genotypes of this parasite 
in permissive hosts that induced strong competition among 

females, and as a consequence, an increase in the number of 
males. In contrast, Martinez et al.(28) reported the recovery of 
similar proportions of males and females after infection caused 
by different Brazilian strains. Splenectomy did not interfere with 
worm collection or the sex ratio of the schistosomotic animals.

The development of the disease caused by S. mansoni has 
been described to begin with low egg laying, which increases 
gradually between 45 and 72 days and later decreases at three 
weeks after the incubation period(29) (30). In this work, the number 
of eggs per gram of feces in the schistosomotic animals with 
or without splenectomy was higher on the 45th compared with 
the 97th day of infection. According to the literature, this period 
corresponds with the onset of chronic infection in mice(29) (30).

All of the animals in the treatment groups showed reductions 
in weight gain compared with those in the CF group. Thus, 
chronic schistosomiasis and the initial period after splenectomy 
were associated with a reduction in weight gain. This fi nding 
was even more evident when schistosomiasis and splenectomy 
were considered together. The reduction in weight gain after 
splenectomy might be infl uenced by parasite activity, weakness 
after surgery and diffi culty in feeding. Indeed, the feeding 
diffi culties experienced by the animals in the ESEF group 
affected their nutritional statuses and immune responses. 

Some functions of the intestinal microbiota (i.e., resistance to 
colonization, modulation of the immune system and provision of 
nutrition) are extremely relevant for the host(31). The importance 
of the digestive system for the handling and treatment of 
infected patients has been increasingly reported over the last 
few years. Researchers have proposed that the small and large 
intestines may be involved in the hypermetabolism of sepsis, 
systemic infl ammatory response syndrome and multiple organ 
and system disorders(32). In general terms, under physiological 
conditions, resident microorganisms of the digestive system are 
innocuous or benefi cial to the host in their normal locations. 
Under specifi c conditions, the same resident microbes may cause 
disease. Moreover, resident bacteria are usually limited to the 
lumen of the intestinal tract. If they enter into other systems 
(i.e., blood or other tissues), they may cause disease(33) (34). 

Based on the quantification of bacteria found in feces 
extracted from the medial region of the small intestine, our 
data support the hypothesis that both chronic schistosomiasis 
and splenectomy modify mouse intestinal fl ora. A breakdown 
of the equilibrium of the autochthonous microbial population 
contributes to the selective overgrowth of some species, which 
may promote the translocation process(35) (36). Immunomodulation 
might explain the alterations in microbial populations that occur 
during schistosomiasis. In the case of splenectomy, the altered 
microbiota may be explained both by a change in nutritional 
status and by hypertrophy of the villi.

Hepatic fi brosis and portal hypertension are typical of 
the hepatosplenic form of schistosomiasis. Propagation of 
these alterations may change the intestinal mucosa and cause 
reductions in villus heights(37), as described above. Moreover, 
we also observed alterations in the height and area of villi in 
the splenectomized mice. To the best of our knowledge, there is 
no report in the literature of alterations in the intestinal mucosa 
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after splenectomy. Importantly, there are few studies of the 
consequences of the absence of a spleen on lymphoid tissues 
and organs. Spleen removal has been demonstrated to affect 
immune function in a systemic manner, while concurrently 
affecting distinct immune functions in different compartments 
of organisms(12). Nonetheless, splenectomized individuals can 
survive despite limitations and a higher risk of infection. In the 
present study, we failed to detect alterations in duodenal mucosal 
morphometry between the EF and ESEF animals.

Several studies using animals have shown that translocation 
is a multifactorial phenomenon resulting from the breakdown 
of the equilibrium of normal microbiota and the overgrowth of 
specifi c bacterial species. Weaknesses in immunity or damage to 
the intestinal wall may (either alone or in conjunction) facilitate 
the passage of bacteria(35) (36) (38). Chronic schistosomiasis, 
splenectomy associated with weight reduction and alterations 
in immune responses and the duodenal mucosa resulting from 
infection may have contributed to the increase in the intestinal 
microbiota diversity and the consequent increase in bacterial 
translocation observed in this study. However, further studies 
are required to explain our results. 

Bacterial cultures from extra-intestinal sites are assessed 
to study bacterial translocation. Bacteria from homogenized 
mesenteric lymph nodes, liver, spleen, and portal and peripheral 
venous blood and detection of endotoxins from portal and 
peripheral venous blood are the most common examples 
described in the literature(35) (39) (40). In our experience, we 
observed bacterial translocation to mesenteric lymph nodes in 
the CF group, but no other organ was affected. 

According to our results, bacterial translocation to the mesenteric 
lymph nodes, portal blood, liver and peripheral blood occurred in 
the splenectomized mice. Some of these mice developed sepsis. 
We observed two different genera of bacteria in the mesenteric 
lymph nodes, with a prevalence of Gram-positive bacterial 
infections. The splenectomized mice did not show adequate 
responses to bacterial antigens(40). The spleen has a higher capacity 
for the phagocytosis of microorganisms than the liver. In patients 
without a spleen, the absence of this organ is counterbalanced 
not by the splenic portion of the phagocytic mononuclear 
system but by the reduced production of antibodies. IgG activity 
and IgM production decrease under these conditions(41) (42).

Infection by S. mansoni is more severe in mice than in 
humans. Thus, mice are a good experimental model for this 
parasitosis(43). In the present work, some of the splenectomized 
infected mice showed bacterial translocation to the mesenteric 
lymph nodes, portal blood, liver and peripheral blood, with 
accompanying sepsis. This fi nding might be associated with 
changes caused by chronic infection (i.e., alterations to the 
normal microbiota, intestinal villi and immune system). Our 
data are in support of the fi ndings of other studies of bacterial 
translocation associated with immunodefi ciency and alterations 
in villi caused by S. mansoni in vertebrate hosts(8) (34).

The ESEF mice showed higher rates of bacterial translocation 
compared with the ESF animals, even if these two groups 
of animals showed no differences in morphometric or 
parasitological parameters on the 45th and 97th days of infection. 

Finally, although some studies have reported no increase 
in sepsis resulting from schistosomiasis in association with 
splenectomy(12) (14), we observed a higher prevalence of bacterial 
translocation to the peripheral blood in the schistosomotic 
and splenectomized mice compared with those that were only 
splenectomized or only schistosomotic. This fi nding may be 
associated with a weakened immune response due to the absence 
of the spleen and deterioration of the nutritional status fostered by 
both factors (Schistosoma infection and splenectomy). Further 
studies must be performed focusing on bacterial translocation 
in schistosomiasis associated with splenectomy to confi rm and 
expand upon our results. Future studies will be important to 
provide more comprehensive data that may help to improve the 
treatment of patients with chronic schistosomiasis and secondary 
recurrent infections associated with intestinal bacterial species 
after splenectomy. Our fi ndings provide evidence of bacterial 
translocation from the intestine to systemic circulation. Thus, 
critical illness may create a hostile environment in the gut and 
alter the intestinal microfl ora, thereby fostering the growth of 
pathogens by promoting bacterial translocation.
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