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Abstract 

Background: Cirrhosis is a dominant cause of portal hypertension globally but 

is overshadowed by schistosomiasis in parts of the tropics, including in Zambia 

where hepatosplenic schistosomiasis (HSS) sero-prevalence can reach 88% in 

some districts. Bacterial translocation (BT) drives portal hypertension in cirrhosis 

and is the main cause of mortality but it remains unexplored in HSS. Rifaximin, 

a minimally absorbable antibiotic may reduce BT in HSS. 

Objectives: To determine whether bacterial translocation is associated with 

HSS in a case-control study and then using a therapeutic trial of rifaximin. 

Methods: A case-control study (70 cases, 41 controls) was conducted at the 

University Teaching Hospital followed by a clinical trial of rifaximin. In the trial 

186 patients with HSS were evaluated from January 2014 to January 2016. 

Eighty-five (85) fulfilled the criteria and were randomised to rifaximin with 

standard care, or standard care only, for 42 days. These patients were followed 

up for 180 days. Plasma lipopolysaccharide binding protein (LBP), polymerase 

chain reaction (PCR) for bacterial 16SrRNA and lipopolysaccharide (LPS) 

measured BT while hyaluronan (HA) & laminin measured fibrosis. Tumour 

necrosis factor receptor 1 (TNFR 1), soluble CD14 (sCD14), interleukin 1 β 

(IL1β), interleukin 6 (IL6), C-reactive protein (CRP) and soluble CD163 

(sCD163) measured inflammation.  

Results: Median (interquartile range) lipopolysaccharide binding protein was 

elevated in patients [44.3 ng/ml (35.7, 57.1)] compared to controls [30.7 ng/ml 

(30.4,35.5), P < 0.0001]. Hyaluronan was higher in patients [111.6 ng/ml (39.1, 
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240.3)] compared to controls [21.0 ng/ml (12.4, 37.6), P < 0.0001] and so was 

laminin [2.2 µg/ml (1.0,3.7)] compared to controls [0.9 µg/ml (0.7, 1.2), P = 

0.0015]. Inflammatory markers, except C-reactive protein, were elevated in 

cases compared to controls. 

In the clinical trial 16S rRNA reduced, baseline (median 129 copies/µl, IQR 23, 

498) compared to 42 days of rifaximin; (median 71 copies/µl, IQR 36, 327; 

P=0.01) but not in the non-rifaximin group, baseline (median 50 copies/µl, IQR 

19, 112) compared to day 42, (median 60 copies/µl, IQR 26, 123; P=0.45). The 

change in soluble CD14 over 42 days was lower (P=0.0006) in the rifaximin 

group (median rise 122 ng/ml, IQR-184, 783) than in the non-rifaximin group 

(median rise 832 ng/ml, IQR 530, 967). TNFR 1 concentrations decreased 

(P=0.0009) in the rifaximin group (median -39ng/ml IQR, -306, 563) but 

increased in the non-rifaximin group (median 166 ng/ml, IQR 3, 337). LPS, LBP 

and HA concentrations were not significantly affected after 42 days of rifaximin.  

Conclusions: The elevated inflammatory and BT markers in cases compared 

to controls in the case control study suggest that BT may drive inflammation in 

HSS. Rifaximin led to a reduction of inflammatory markers which may implicate 

BT in the inflammation in HSS. Further work is needed to define the pathway of 

disease progression and to determine if rifaximin can give clinical benefit. The 

elevated markers of fibrosis in cases compared to controls suggest that they 

could be useful in diagnosis and monitoring of fibrosis in HSS.   
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CHAPTER 1: INTRODUCTION 

The most significant cause of mortality and morbidity in patients with 

hepatosplenic schistosomiasis (HSS) is variceal bleeding as a result of portal 

hypertension (Kheir et al., 1999; Shaker et al., 2014; Chofle et al., 2014). 

Hepatosplenic portal hypertension is the most severe consequence of HSS in 

endemic areas (Pyrrho et al., 2002; Pyrrho et al., 2002). Portal hypertension 

may lead to formation of oesophageal varices, gastric varices or both. Factors 

such as size of varices, portal vein diameter, thrombocytopaenia, red color sign, 

portal gastropathy and fundal varices are some of the predictors of oesophageal 

variceal bleeding in patients with portal hypertension (Limquiaco et al., 2006; 

Martins et al., 2000). Schistosomiasis can present with an acute stage that may 

proceed unnoticed into a chronic form which may be noticed years later when it 

causes periportal fibrosis (Marinho et al., 2010; Wyszomirska et al., 2005). The 

main parasites responsible for HSS are Schistosoma mansoni and Schistosoma 

japonicum (Jia et al., 2011), but Schistosoma intercalatum and Schistosoma 

mekongi are also known to cause HSS. Worldwide, cirrhosis leads as a main 

cause of portal hypertension but in the tropics schistosomiasis is very common 

(Parise et al., 1992). Liver cirrhosis is a disease entity that is similar to 

schistosomal liver disease and causes portal hypertension with variceal 

formation. The major difference between HSS and cirrhosis is that in 

schistosomal liver disease, the  function remains normal while in liver cirrhosis 

the function is impaired to some degree (Chang et al.,  2006; Ross et al., 2002, 

Shaker et al., 2014). The main pathology in schistosomiasis related liver 
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disease is periportal fibrosis whereas fibrosis due to cirrhosis involves the liver 

parenchyma with apoptosis and necrosis of  hepatocyte leading to fibrosis and 

cirrhosis  (Kamal et al., 2004; Zhou et al.,  2014). 

Liver disease, especially in the chronic form, has an interaction with the gut 

microbiota (Giannelli et al., 2014). The bacteria in the gut have shown to play a 

significant role in progression of cirrhosis and contribute to portal hypertension 

through bacterial translocation (BT). Therefore the main cause of morbidity and 

mortality in cirrhosis is BT which by definition is the movement of bacteria from 

the intestine to the mesenteric lymph nodes and/or portal vein, then into the 

systemic circulation (Bellot et al., 2013, Wiest et al., 1999; Gou et al., 2006; 

Balzan et al., 2007).  Bacteria may also seed into peritoneal fluid causing 

spontaneous bacterial peritonitis (SBP) (Ramachandran & Balasubramanian 

2001). Changes in small bowel motility, bacterial overgrowth in small bowel and 

increased intestinal permeability have shown to increase BT and endotoxaemia 

in patients with cirrhosis (Bellot et al., 2013). Therefore use of antibiotics in 

cirrhosis to prevent BT is widely promoted (Fukui 2015, Rasaratnam et al., 

2003; Nusrat et al., 2014; Chavez-Tapia et al., 2011). There is less evidence to 

show involvement of BT in schistosomiasis-related portal hypertension and it is 

unclear whether it significantly contributes to portal hypertension in these 

patients. A short report from Western Kenya suggested an increased 

endotoxaemia in patients exposed to S. mansoni (Onguru et al., 2011). Another 

study suggested that BT may play a role in post-operative infectious 

complications in patients with schistosomal portal hypertension (Ferraz et al., 
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2005). There is need to establish the evidence of BT in HSS and this may be 

confirmed by giving an antibiotic (rifaximin) orally to these patients to sterilize 

the gut. Rifaximin is a non-absorbable broad spectrum antibiotic (Bass et al., 

2010) which is bacteriocidal and is active against Gram negative and Gram 

positive bacteria including anaerobes (Dabo et al., 2009; Lutz et al., 2014). 

Rifaximin can therefore be used as a measure of the burden of BT. If markers of 

translocation fall on treatment compared to the baseline that would be strong 

evidence of bacterial translocation from the gut.  

In my thesis, I set out to test the hypothesis that BT is a part of the 

pathophysiology of HSS, first by doing a case control study and then by carried 

out a phase II clinical trial using rifaximin to detect any effect on inflammatory 

and fibrotic markers in these patients. 

The choice of end points for the clinical trial was not straightforward. Markers of 

translocation such as lipopolysaccharide (LPS), lipopolysaccharide binding 

protein (LBP), bacterial DNA, soluble cluster of differentiation 14 (sCD14) and 

endotoxin core antibodies (EndoCAb),  (Koutsounas, 2015; Marchetti et al., 

2013) are evidence of BT. However, to detect evidence of benefit in terms of 

liver pathology is much more difficult as the gold standard for assessment of 

portal hypertension is hepatic portal venous pressure gradient which can only 

be measured using very invasive techniques in very sophisticated clinical 

laboratories (Snowdon et al., 2012). Non-invasive markers of fibrosis are much 

easier to measure, but a subject of intense debate (Sebastiani et al., 2009; 

Baranova et al., 2011; Lombardi et al., 2015). Liver biopsy, which is a gold 
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standard in diagnosing fibrosis, is invasive and prone to sampling error (Ahmed 

et al., 2009; Olveda et al., 2014). Moreover, liver biopsy is not readily available 

in most medical centres in Africa. Hyaluronan (HA), a fibrotic marker, is 

promising in this aspect and has shown to be positively correlated with portal 

hypertension in patients with schistosomiasis in rural Brazil (Marinho et al., 

2010).  

The role of inflammatory markers such as cytokines in chronic HSS can also be 

evaluated. One study evaluated cytokines such as interleukin (IL)-13, tumour 

necrosis factor (TNF)-β, interferon (IFN)-ץ and TNF-α but found no significant 

differences between patients with HSS, those infected with hepatitis C virus and 

those who were co-infected. However, TNF-α was found to be a predictor of 

both mild and severe fibrosis in these patients (Clarice et al., 2010). Another 

study looking at periportal fibrosis in individuals infected with schistosomiasis 

and viral hepatitis showed significantly elevated IL-1β, IL-6 and IL-10 in patients 

with hepatitis B, C viral infections and schistosomal liver disease (Abdel et al., 

2005).  

Liver stiffness can be assessed using transient elastography (FibroScan), 

providing another non-invasive assessment of stage of liver disease. This has 

been widely used in assessing liver stiffness  and has shown to be a useful non-

invasive tool in assessing and diagnosing liver fibrosis and cirrhosis and even in 

predicting variceal bleeding (Jung et al., 2012; Myers et al., 2010). It has been 

shown to improve diagnosis of liver cirrhosis compared to other routine 

screening tests as it is able to detect early cirrhotic changes (Göbel et al., 2015). 
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Kyung et al demonstrated that It is also useful in monitoring treatment response 

in chronic active hepatitis B infection (Kyung et al., 2010). However, the use of 

FibroScan in schistosomal portal hypertension remains unexplored and it is not 

clear if it can be used to discriminate between cirrhosis and HSS in 

schistosomiasis endemic areas. Portal hypertension due to schistosomiasis in 

patients attending the gastroenterology clinic at the University Teaching Hospital 

in Lusaka, Zambia is increasing and therefore I set out to evaluate markers of 

fibrosis, inflammation, bacterial translocation and determine FibroScan score in 

these patients. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Hepatosplenic schistosomiasis 

Human schistosomiasis is caused by a number of schistosomes that can affect 

the liver but the common causes of HSS are S. mansoni and S. japonicum. 

Other species like S. intercalatum, S. mekongi, S. malayens or S. haematobium 

can also affect the liver but S. haematobium is primarily associated with 

genitourinary disease (Gryseels et al., 2006). Social economic factors account 

for the high prevalence of schistosomiasis in the African set up as most people 

get exposed by repeated contact with infected water bodies through fishing as a 

way of earning a living while others acquire it through swimming, washing and 

drawing water for drinking (Kabatereine et al., 2004; Handzel et al., 2003; 

Mugono et al., 2014; El-Khoby et al., 2000; Payne et al., 2013; Pyrrho et al., 

2002; Worku et al., 2014). Human schistosomiasis can be acute or chronic in its 

manifestation (Wyszomirska et al., 2005). A minority of patients with acute 

schistosomiasis may present with Katayama fever, which is a serum sickness- 

like syndrome and manifests with fever, headache, malaise, urticaria, diarrhoea, 

weight loss, mild hepatosplenomegaly and lymphadenopathy (Kibiki et al., 2004; 

Tzanetou et al., 2010; Janda et al., 2007; Gray et al., 2011; Silveira-Lemos et 

al., 2012). In S. mansoni infection the disease process to chronic hepatosplenic 

schistosomiasis may take 5-15 years ( Da Silva et al., 2005) while for S. 

japonicum progression to chronicity is more rapid and severe with little or no 

interval between acute and chronic manifestations (Gryseeds et al., 2006). The 

progression to chronic HSS takes long and some authors have said the risk of 
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periportal fibrosis is higher if an individual has been exposed to schistosomiasis 

for more than 10 years (Mazigo et al., 2015) and there have been reports of 

infections with S. mansoni in children as young as 4 years old (Mugono et al., 

2014). A community based clinico- epidemiological study conducted in one 

district in northern Ethiopia found cases of schistosomiasis infection due to S. 

mansoni even in very young children below the age of 10 years but none had 

periportal fibrosis which was only reported in those between 10-20 years and 

above (Abebe et al., 2014). This shows that the effect of chronic form of 

schistosomiasis can be seen in patients as early as 10 years of age. A small 

percentage (5-10%) of people infected with S. mansoni develops periportal 

fibrosis implying that among other factors (such as genetics) may play some 

role. Interferon gamma receptor 1 (IFNGR1) is an important gene locus 

predisposing to fibrosis due to schistosomiasis, and because of that there are 

suggestions that genes in the region of IL13- IL4 and tissue growth factor beta 1 

(TGFβ1) might be linked (Blanton et al., 2005). Even the severity of HSS is 

dependent on genetic susceptibility of the individual together with other factors 

such as duration of infection, intensity of infection, nutritional status of the 

patient and co-infections such as malaria and viral hepatitis (Abath et al., 2006). 

Schistosomiasis due to S. mansoni has been reported to affect other organs 

other than the liver in humans. Schistosomiasis is known to cause pulmonary 

hypertension. Ferreira and others noted about 11% occurrence of pulmonary 

hypertension in HSS although there was no correlation of hepatic fibrosis and 

pulmonary hypertension (Ferreira et al., 2009; Cheever et al., 2002). Others 
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have described cerebral schistosomiasis as a result of S. japonicum and S. 

mansoni (Li et al., 2011; Manzella et al., 2012). Schistosomiasis is also known 

to cause glomerulopathy (Otoni et al., 2014). 

2.1.1 Epidemiology 

Schistosomiasis remains a global problem which is more prevalent in 

developing and poor countries (Engels et al., 2002 ; Gazzinelli et al., 2012). An 

estimated 200 million people worldwide are affected by schistosomiasis and 

about 120 million are symptomatic with 20 million having severe form of disease 

of which most of these patients are found in Africa (Chitsulo et al., 2000). 

According to Elbaz et al S. mansoni infections are prevalent in South America, 

Africa and Middle East. S. japonicum infections are frequent in China, East Asia 

and the Philippines and S. haematobium is mainly found in Africa and Middle 

East. S. mekongi and S. malayensis are prevalent in South East Asia while S. 

intercalatum is mainly found in Africa (Elbaz & Esmat 2013). Parts of Zambia 

are hyper-endemic, with prevalence of S. mansoni being 77 % in some areas 

(Chipeta et al., 2009). In western Zambia, Payne and others in a report found 

high prevalence of schistosomal related portal hypertension with higher levels of 

sero-prevalence of 88% (Payne et al., 2013) while Mutengo and others in the 

same area found 42% prevalence of S. mansoni on stool samples using Kato-

Katz method but also found 26% with portal fibrosis (Mutengo et al., 2014). 

They also observed that adults were more likely to have portal fibrosis 

radiologically than children. 
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2.1.2 Pathophysiology of hepatosplenic schistosomiasis 

Worms and eggs account for the pathophysiology of the disease. The worms lay 

eggs which are either sequestrated in the intestinal submucosa or carried to the 

liver and therefore elicit an inflammatory process (Tzanetou et al., 2010). The 

eggs are deposited in the intestine and migrate to the liver via the portal 

circulation. Eggs in the hepatic sinusoids elicit a granulomatous inflammation 

that may lead to periportal fibrosis leading to increased portal hypertension 

(Wynn et al., 2004). S. mansoni is an intravascular organism which in known to 

reside in the hepatic and mesenteric veins where an adult female worm is able 

to lay about 300 eggs per day (Andrade 2009). Although the granulomatous 

lesions produced by S. mansoni cause harm by giving rise to periportal fibrosis, 

they are at the same time of some importance as they are able to elicit immune 

reaction for host protection. Some antigen produced by the eggs of S mansoni 

are neutralised by the immune system thereby protecting some affected tissues 

from permanent damage (Wynn et al., 2004; Herbert et al., 2008). The main 

pathway drive for fibrosis is a cytokine response involving tumour necrosis 

factor alpha (TNF α) and interleukin 4 (IL-4) cytokines among others (Yu et al., 

2012; Wilson et al., 2008). The eggs in the sinusoids of the liver will eventually 

die and then the granulomata resolve leaving the fibrotic plaques which leads to 

periportal fibrosis, rendering the liver firm and difficult to perfuse. This then 

causes increased portal hypertension and portal systemic venous shunting 

giving rise to ascites and varices (Pearce & MacDonald 2002). 
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The most important set of clinical data for predicting bleeding from varices in 

HSS are gastropathy, red spots on the varix, portal vein diameter and variceal 

size (Martins et al., 2000) while pregnancy in cirrhosis also predisposes to 

variceal bleeding (Aggarwal et al., 2014). We know that hepatic venous 

pressure gradient (HVPG) is the gold standard for measuring portal 

hypertension in cirrhosis and the normal HVPG is 1-5 mmHg while for varices to 

form, >10 mmHg of HVPG is needed. For variceal bleeding to happen more 

than 12 mmHg of HVPG is required (Aggarwal et al., 2014; Addley et al., 2012). 

The studies to evaluate hepatic wedge pressure in HSS are scanty. 

The intensity of the S. mansoni infection in people affected matters as it affects 

the extent to which periportal fibrosis, enlargement of the spleen and of the left 

lobe of the liver occur (Mazigo et al., 2015). Even if there are similarities 

between S. mansoni and S. japonicum, granuloma formation demonstrated by 

different animal models shows that there are differences in the granulomata 

elicited by these parasites. S. japonicum eggs tend to be laid in clusters leading 

to formation of large lesions and compared with S. mansoni. S. japonicum 

produces much more eggs resulting in magnified pathology (Warren et al., 

1975). S. mansoni eggs are deposited along the large portal veins of the hilum 

of the liver, whereas eggs of Schistosoma japonicum are deposited in the 

peripheral small veins, hence periportal fibrosis is peripherally distributed in 

patients infected with S. japonicum (Strauss et al., 2004). Schistosomiasis can 

affect the colon. In the colonic form of schistosomiasis, the deposited eggs in 
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the colonic wall incite an exudative granulomatous response resulting in 

formation of inflammatory polyps, fibrosis, wall thickening and stenosis 68. 

2.1.3 Diagnosis of hepatosplenic schistosomiasis 

Identification of eggs in the stool or rectal biopsy provides a definitive diagnosis 

for schistosomiasis (Gray et al., 2011; Hoare et al., 2005; Barsoum et al., 2013). 

When intestinal schistosomiasis is suspected with history of rectal bleeding, it is 

important to consider doing rectal biopsy and in some instances also doing 

colonoscopy (Tzanetou et al., 2010). Diagnosis of both acute and chronic 

schistosomiasis can be relied upon the detection of antibodies against parasite 

antigens (Ross et al., 2002). Smith and others in a study involving 4 medical 

international parasitology laboratories found that using egg microscopy as ‘gold 

standard’ and S. mansoni cercarial transformation fluid had a sensitivity of 100% 

and specificity of 62.5% while soluble egg antigen ELISA showed sensitivity of 

100% and specificity of 59.5% (Smith et al., 2012). In some chronic cases with 

advanced disease of HSS, the yield of eggs in stool examination is rare and so 

serology becomes important to make a diagnosis (Goljan et al., 2007). 

Imaging findings using liver ultrasound may help in making the diagnosis of 

schistosomiasis. In schistosomal liver disease, periportal fibrosis appears as 

echogenic bands surrounding the portal veins. Although liver parenchyma is 

spared, the surface of the liver may develop pseudonodules especially in 

advanced disease due to fibrosis and retraction (Pinto-silva et al., 2010). 

Ultrasonography used with clinical examination can be useful in detecting and 

quantifying hepatosplenic disease (Olveda et al., 2008;  Silva et al., 2011; 
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Carlton et al., 2010; Prata et al., 2010), but inexperienced ultrasonographers 

often find it difficult to distinguish between Symmer’s fibrosis in HSS and 

cirrhosis. Ultrasonography has been compared with liver biopsy and showed 

that it is significant in diagnosing liver pathology due to schistosomiasis 

(Marinho et al., 2010). Granulomas are very important in the pathogenesis of 

schistosomias and ultrasound is unable to visualise them due to their small 

sizes (Cerri et al., 1984). Ultrasound is reliable in making a diagnosis of liver 

fibrosis and also handy in the differential diagnosis with other liver diseases 

such as cirrhosis, steatosis and liver abscess. The other differentiating feature 

on ultrasound between cirrhosis and schistosomiasis is that portal and splenic 

veins are more frequently enlarged (Giovanni et al., 1984). The main abnormal 

ultrasonographic findings in HSS include; periportal fibrosis, left lobe 

hypertrophy of the liver, small right lobe of the liver, gall bladder wall thickening 

and splenomegaly (David et al., 2008). In cirrhosis, common findings include 

irregular edges, coarse parenchyma and relative enlargement of the caudate 

lobe although enlargement of caudate lobe is not specific to cirrhosis as it can 

occur in HSS (Moon et al., 2013; Zheng et al., 2003; Lee et al., 2010; Sérgio et 

al., 2008). In some patients despite advanced fibrosis the spleen is quite normal 

and thrombosis is not a common finding despite the splenic and portal veins 

being frequently enlarged (Giovanni et al, 1984). Magnetic Resonance Imaging 

(MRI) is another useful investigation in diagnosing schistosomiasis. It can be 

used to discriminate between cirrhosis and schistosomiasis and also useful as 

several characteristics such as peripheral periportal fibrosis and presence of 
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siderotic nodules in the spleen on MRI are more frequent findings in 

hepatosplenic patients than in viral or alcohol induced cirrhosis (Sérgio et al., 

2008). The combination of ultrasound and clinical evaluation in patients with 

hepatosplenic schistosomiasis with emphasis on periportal thickening and 

palpable splenomegaly, aids in diagnosis of hepatosplenic schistosomiasis 

(Cota et al., 2006; Marinho et al., 2006). Marinho et al, (2006) reports that quite 

a substantial number of patients with periportal fibrosis as seen on ultrasound 

were shown to have fat infiltration of the periportal tracts by use of MRI. They 

therefore advised that the wisest approach to make a diagnosis is to combine 

ultrasound, clinical examination and MRI, if MRI is readily available (Marinho et 

al., 2006). 

Transient elastography (FibroScan) is promising to be a non-invasive tool for 

assessing liver fibrosis. Studies involving the FibroScan in patients with chronic 

hepatitis B, C and non-alcoholic fatty liver disease have  shown that FibroScan 

could be  more superior in assessing liver fibrosis than the aspartate 

aminotransferase-to-platelet ratio index (APRI) score but not yet validated to 

replace liver biopsy (Myers et al., 2010, Liu et al., 2011). There are very scanty 

data on its use in schistosomal liver diseases and it is not clear whether it can 

be employed to differentiate between cirrhosis and HSS in areas were 

schistosomiasis is endemic. It is also not clear whether it can be used to monitor 

disease progression in HSS. Although FibroScan is a useful tool, it has its 

pitfalls. The scores may be overestimated in situations such as obesity, liver 
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inflammation, non-fasting state, cholestasis, liver congestion, alcohol and also 

requires experience of the operator (Tapper et al., 2015). 

2.2 Bacterial translocation in cirrhosis 

Mortality in cirrhosis is multifactorial but a major cause of morbidity and mortality 

is bacterial translocation (BT) which usually leads to spontaneous bacterial 

peritonitis (SBP) (Pinzone et al., 2012).  Mortality in SBP can reach 40% and in 

these patients it is associated with advanced liver disease causing septic shock 

and multi organ failure (Desai et al., 2012). SBP occurrence in cirrhosis is not 

dependent on the aetiology of the liver disease (Thanopoulou et al., 2002). 

Sometimes patients with SBP may be asymptomatic or  may just present with 

subtle renal impairment which is a common cause of mortality with the common 

organisms implicated being the gram negative bacteria (Thanopoulou et al., 

2002). Common presentations with fever and abdominal pains are present in 

about 45% while those of child C liver cirrhosis are more likely to present with 

more pronounced liver decompensation with encephalopathy (Thanopoulou et 

al., 2002; D’Amico et al., 2006). Ascitic fluid in patients suspected to have SBP 

is important in making the diagnosis. Polymorphonuclear cells of  250cells/mm3 

or more in ascitic fluid can be used to diagnose SBP with or without positive 

ascitic culture (Desai et al., 2012). Endotoxaemia in cirrhotic patients has been 

largely attributed to bacterial translocation which has been reported to increase 

portal hypertension (Vlachogiannakos et al., 2009). Factors that contribute to 

bacterial translocation include the relative immunosuppression associated with 

impaired liver function, increased growth of gram-negative aerobic bacilli in the 
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jejunum, changes in the intestinal barrier, increased permeability  and factors 

that lead to reduction in the blood flow locally (Pinzone et al., 2012; Garcia-Tsao 

et al., 2004). Translocation of enteric bacteria to mesenteric lymph nodes is 

increased in patients with advanced cirrhosis especially those in Child –Pugh 

class C. The process of translocation is known to activate the immune response 

resulting in cytokine production, although this may be inadequate to prevent 

infection (Pinzone et al., 2012). SBP in patients with cirrhosis is one of the 

predisposing factors to hepatic encephalopathy. Prophylactic antibiotics   

decrease the risk of SBP in cirrhotic patients with gastrointestinal haemorrhage 

and those with prior episodes of SBP (Chavez-Tapia et al., 2011). Gut 

decontamination with norfloxacin has shown to reduce hepatic venous gradient 

in cirrhotic patients (Rasaratnam et al., 2003), which suggests that bacterial 

translocation contributes to disease progression. Rifaximin, a minimally 

absorbable antibiotic, has been of use in both treatment and prevention of 

hepatic encephalopathy in cirrhotic patients. It is a derivative of rifamycin and 

exhibits broad spectrum antimicrobial activity against both aerobic and 

anaerobic gram-positive including gram-negative organisms in the 

gastrointestinal tract (Bass et al., 2010; Flamm et al., 2011; Kimer et al., 2014). 

It has also shown to be useful in treating hepatic encephalopathy in cirrhotic 

patients on long term basis (Puxeddu et al., 1995) and has shown to reduce 

significantly the risk of hospitalisation (Bass et al., 2010). In one study, rifaximin 

showed a reduction in hepatic venous pressure gradient in alcohol-related 

decompensated cirrhotic patients by intestinal decontamination. This was 



 

16 

Edford Sinkala Ph.D Thesis 

                           

achieved by significantly reducing plasma endotoxin levels (Vlachogiannakos et 

al., 2009). Endotoxins and cytokines may increase portal pressure by 

stimulating endothelin release by the spleen and the gut in cirrhosis and this  

contributes to increased vascular resistance hence increasing portal pressure 

(Nagasue et al., 2000; Thalheimer et al., 2005). The ability of rifaximin to 

change selectively the microenvironment of the intestine could potentially be 

useful in preventing bacterial translocation and reducing endotoxin levels in 

cirrhotic patients hence ameliorating liver hemodynamic in these patients 

(Vlachogiannkos et al., 2009; Qiang et al., 2012).  

 

 

 

 

 

 

 

 

Key 

MLNs- mesenteric lymph nodes 

RES- reticuloendothelial system 

IgA – immunoglobulin A 

NOD –nucleotide-binding oligomerisation domain- containing protein 

Figure 2-1: Schematic presentation of pathogenesis of BT in cirrhosis 

(Bellot et al., 2013) 
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Figure: 2-2 Clinical consequences of BT in cirrhosis  

2.3 Bacterial translocation in hepatosplenic schistosomiasis  

The role of bacterial translocation in HSS has not been well studied. It is not 

clear whether bacterial translocation has any influence on portal hypertension 

as it is the case with cirrhotic portal hypertension (Bellot et al., 2010; 

Vlachogiannakos et al., 2009). Ferraz et al studied bacterial translocation in 

HSS but this was confined to postoperative (i.e. splenectomy and gastric 

devascularisation) patients. They concluded that bacterial translocation may 

play a role in the development of postoperative infectious complications. They 

also suggested that aerobic bacteria may play a role in development of sepsis 

as post-operative complication in these patients, suggesting a possibility of 
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bacterial translocation being a factor in HSS (Ferraz et al., 2005). A short report 

from Western Kenya showed that endotoxaemia and Toll- Like Receptor 2 were 

associated with human schistosomiasis (Onguru et al., 2011). Schistosomiasis 

has been associated with relative immunodeficiency (Ferraz et al., 2005) and 

this may explain the possibility of bacterial translocation occurring in these 

patients. There is a possibility that bowel oedema, with increased permeability 

due to portal hypertension may also contribute to bacterial translocation. 

Hepatosplenic schistosomiasis differs from cirrhosis in that liver parenchymal 

function is well preserved in hepatosplenic schistosomiasis but both disease 

entities can cause portal hypertension which is their hall mark (Ross et al., 

2002; Strauss et al., 2002; Barsoum et al., 2013). Histologically the fibrosis in 

hepatic schistosomal liver disease is around the portal area and sparing the 

parenchyma while that of cirrhosis starts from portal tracts and hepatic veins 

spreading out and forming bridges in between the vessels distorting the 

arctecture (Strauss et al., 2002). However the two disorders can be difficult to 

distinguish clinically as some cases of schistosomal liver disease in very 

advanced stages have presented with low serum albumin levels, wasting and 

ascites, even coma (Andrade 2004) though this is very rare in our experience in 

our University Teaching Hospital. Schistosomiasis may be accompanied by 

chronic viral hepatitis. It is debatable on the outcome of schistosomal liver 

disease co-infected with hepatitis B and C, although it appears that hepatitis B 

virus exacerbates hepatic pathology in patients who have schistosomiasis 

(Gasim et al., 2015).  One study from Egypt showed that patients with 



 

19 

Edford Sinkala Ph.D Thesis 

                           

schistosomal liver disease who were co-infected with hepatitis C virus had poor 

response to antiviral treatment but hepatitis C positive serology did not affect 

fibrosis in these patients (Abdel-Rahman et al., 2013). Others have also 

observed the poor response to antiviral therapy in schistosomiasis patients co- 

infected with hepatitis C virus (HCV) but noted that liver fibrosis worsens in 

patients with schistosomal liver disease who are co-infected with HCV (Osada & 

Kanazawa 2011). More work is needed to find out on the interaction between 

HSS and chronic viral hepatitis 
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Table 2-1: Highlighting some differences between HSS and cirrhosis 

Hepatosplenic 

schistosomiasis 

Cirrhosis Reference 

Periportal fibrosis Liver parenchymal fibrosis Kamal et al., 2004; Zhou et 

al., 2014 

Usually normal liver function 

tests 

Usually deranged liver 

function tests 

Reboucas et al., 1975;  

Shaker et al., 2014 

Hepatic coma very rare Hepatic coma is very common Reboucas et al., 1975 

Generally absent stigmata of 

chronic liver disease such as 

jaundice, spider nevi, palmar 

erythema, testicular atrophy 

and gynecomastia 

Generally, stigmata of chronic 

liver disease are present 

Reboucas et al., 1975;  

Shaker et al., 2014 

More pronounced splenic 

siderotic nodules 

Less pronounced siderotic 

splenic nodules 

Sergio et al., 2008 

Pronounced liver fissure 

widening  

Less pronounced liver fissure 

widening 

Sergio et al., 2008 

Jaundice is very rare Jaundice is common Reboucas et al., 1975 

Ascites is rare Ascites occurs commonly Reboucas et al., 1975 

Abdominal wall collaterals are 

uncommon 

Abdominal wall collaterals are 

common 

Reboucas et al., 1975 

 

2.4 Serum markers of inflammation and fibrosis 

Although liver biopsy is the gold standard in staging fibrosis, it is invasive and 

associated with potential side effects and sampling error (Ahmed et al., 2009; 

(Tannapfel et al., 2012). It is also contra-indicated in many patients, in whom 
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thrombocytopenia or ascites make it risky (El-Shabrawi et al., 2012). Serum 

markers of fibrosis need to be widely studied since they are non-invasive and 

could be clinically useful in stratifying the level of monitoring patients require. 

These markers can be useful in assessing liver fibrosis especially in patients 

with portal hypertension complicating ascites, coagulopathy and 

thrombocytopaenia where liver biopsy may be associated with complications 

(Leonard et al., 2010). Non-invasive biomarkers of liver disease are becoming 

more popular. These may be used to assess disease progression and response 

to treatment (Fallatah 2014). Liver fibrosis results from deposition of 

extracellular matrix (ECM) in the liver. This may follow any chronic insult to the 

liver with inflammation leading to elevated Inflammatory markers, of which some 

are known to be pro-fibrogenic such as transforming growth factor beta 1 (TGF-

β1), connective tissue growth factor (CTGF), platelet-derived growth factor 

(PDGF), tumour necrosis factor alpha (TNF-α) and  IL-4,6,8,18 ( Liu et al., 2012) 

.  
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Key 

CTGF- connective tissue growth factor; TGF-transforming growth factor; 

MMPs-matrix metalloproteinases; ECM – extracellular matrix; HSC-hepatic 

stellate cells; TIMPs- tissue inhibitors of metalloproteinases; PIIINP-N-terminal 

pro-peptide collagen type III; IGF- insulin- like growth factor; PINP- N- terminal 

pro-peptide collagen type I; TNF- tumour necrosis factor; PVCP- pro-peptide of 

collagen type V; IL-interleukin; PDGF- platelet-derived growth factor; ALT- 

alanine aminotransferase; AST-aspartate aminotransferase; EGF- epidermal 

growth factor 

Figure 2-3: Schematic representation of fibrogenesis (Liu et al., 2012) 

This schematic representation depicts hepatic fibrogenesis associated with 

biomarkers. Some of these markers may be a reflection of hepatic fibrosis. 

Molecules such as neo-epitopes are products of extracellular matrix (ECM) 
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degradation while pro-collagen reflects synthesis of ECM. Matrix 

metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs) 

reflect fibrolysis of ECM. Elevated serum ALT and AST denotes hepatic 

inflammation or injury. Other serum markers shown above  are cytokines that 

relate to hepatic fibrosis (Liu et al., 2012). 

Some authors have also noted that tumour necrosis factor receptor 1 (TNF-R1) 

promotes hepatic fibrosis in animal models as deletion of TNFR gene reduces 

early fibrogenesis (Tarrats et al., 2011). Therefore, the markers of fibrosis are 

becoming important as many researchers think they could play a critical role in 

diagnosing and monitoring liver fibrosis. Markers of fibrosis are classified as 

direct and indirect markers. The direct ones are those known to reflect the 

deposition and removal of the hepatic extracellular matrix material. These are 

glycoproteins such as hyaluronate, laminin and YKL-40 and collagens like 

procollagen III, N-peptide, type IV collagen, collagenases and their inhibitors like 

metalloproteases and tissue inhibitory metelloprotease-1 121. Those referred to 

as indirect markers of fibrosis are those that indicate changes in hepatic function 

and they can be measured routinely in blood. These are prothrombin index, 

platelet count and ratio of AST to ALT. The combination of direct and indirect 

markers can be used in diagnosis (Castera, 2012).  

Hyaluronic acid as a marker of fibrosis  has shown to be of use in fibrosis due to 

schistosomiasis but may need studies that will correlate with histology in order 

to determine its level of significance in diagnosis of schistosomal liver disease 

(Marinho et al., 2010). Other authors noted that hyaluronic acid and soluble 
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intercellular adhesion molecule (Sicam-1) could be used to differentiate severe 

from mild hepatic fibrosis (Ismail et al., 2012). Multiple fibrotic markers in 

evaluating patients with schistosomal liver disease would be more prudent. 

Wyszomirska and others demonstrated that laminin and collagen type IV are 

elevated in patient with HSS due to S. mansoni (Wyszomirska et al., 2005). 

2.4.1 Inflammatory cytokines 

Cytokines are important as inflammatory markers and also initiators of fibrosis. 

A study from Brazil looked at cytokines such as IL- 13, TNF- β, TNF- α, IFN 

gamma in patients with HSS, those infected with hepatitis C virus only and 

those co-infected but found no significant difference. However it was noted that 

TNF α was a good predictor of fibrosis in these patients (Clarice et al., 2010). 

Ahmed and others also found that alpha-2-macroglobulin, haptoglobin, 

apolipoprotein A 1 in addition to AST platelet ratio index (APRI)  and modified 

APRI were important in predicting hepatic fibrosis (Ahmed et al., 2009). 

Although HSS is a chronic disease, it has been associated with elevated serum 

cytokines especially in patients co-infected with viral hepatitis. To evaluate this, 

a study in Egypt focussing on schistosomal liver disease co-infected with viral 

hepatitis revealed elevated IL-1α, IL-6 and IL-10 (Abdel et al., 2005). 

Chemokines and cytokines seem to be critical in the pathogenesis of HSS. 

Macrophage inflammatory protein (MIP)-1, TNF-α and IL-13 seem to be 

associated with parasite burden and may predict schistosomal liver disease. IL-

5 also has shown to be associated with HSS (De Souza et al., 2012; Wilson et 

al., 2008) while IL-10 appears to down regulate the pathogenesis of 
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schistosomal liver disease (Abdel et al., 2005). Others have also reported that 

during acute schistosomiasis infection IL-10  and TGF-β are protective against 

severe form of hepatic injury (Herbert et al., 2008). The immune response to 

Schistosoma mansoni infection goes through phases. In acute phase of the 

infection the immune response is mainly of TH1 and there is an overlap at 6 

weeks with TH 2 and thereafter TH1 response goes down and TH 2 peaks at 

about week 8 and gradually comes down but remains above TH1 as the 

infection enters chronicity (Pearce & MacDonald 2002). Some of the TH1 

schistosomal associated cytokines are IL-4, IL- 5 and IL-13 while the TH2 

associated ones are IFN-γ, IL-2 and IL-12p70 (Bourke et al., 2013). Some 

authors have suggested that TH 2 cytokines are responsible for male biased 

prevalence of fibrosis in patients with S. japonicum (Coutinho et al., 2007). 

Soluble Tumour necrosis factor receptor- II (sTNFR-II) and soluble intracellular 

adhesive molecule- 1(sICAM-1) could be useful markers in making diagnosis of 

acute disease and monitoring of liver inflammation in patients with S. japonicum 

(Ellis et al., 2008). Mwatha and others also reported that soluble TNF receptors, 

sICAM -1 and IFN-γ have been associated with HSS due to S. mansoni 

(Mwatha et al., 1998). Other markers of inflammation such as soluble CD163 

have been described in cirrhotic portal hypertension. This marker is due to the 

activation of Kupffer cells which are fixed hepatic macrophages and this 

inflammatory marker seems to contribute to portal hypertension in cirrhotic 

patients (Gronbaek et al.,2012). It also appears that sCD163 is not just acute 

reactant molecule but a specific macrophage marker and also may be 
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associated with markers of bacterial translocation in cirrhotic patients ( Holland-

Fischer et al., 2011).  

Portal hypertension due to cirrhosis is known to be driven by infections resulting 

from BT and there is advocacy for antibiotic use in these patients. This is not the 

case with HSS as BT is not well documented. HSS is chronic disease and is 

endemic in some parts of Zambia with much morbidity attributed to portal 

hypertension (Chipeta et al., 2009, Payne et al., 2013; Mutengo et al., 2014). 

There is scarcity of data to justify use of antibiotics in HSS as very little is known 

about BT driving portal hypertension in HSS. 
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CHAPTER 3: STATEMENT OF THE PROBLEM 

Given that infections associated with portal hypertension are associated with 

significant morbidity, and given the potential benefits from readily available 

antibiotics as in patients with cirrhosis, there is a pressing need for studies of 

bacterial translocation in HSS to determine whether antibiotics for prophylaxis 

and treatment should be widely used. In order to determine if bacterial 

translocation is present, I intend to measure lipopolysaccharide (LPS), 

lipopolysaccharide binding protein (LBP) and bacterial DNA in peripheral blood. 

However, these may be insensitive markers of translocation in HSS because it 

is not unlikely that the Kupffer cell compartment is intact which would filter out 

much molecular evidence of translocation. I therefore intend also to observe the 

response of inflammatory markers such as C – Reactive Protein (CRP), tumour 

necrosis factor receptor 1 (TNFR1), interleukin 1 beta (IL-1β), soluble cluster of 

differentiation 14 (sCD14), soluble cluster of differentiation 163 (sCD163) and 

interleukin 6 (IL-6) to rifaximin. Rifaximin is beneficial in cirrhosis in preventing 

bacterial translocation but I am not sure if using it can demonstrate bacterial 

translocation in hepatosplenic schistosomiasis. 

3.1 Significance 

Hepatosplenic schistosomiasis is prevalent in the tropics and Zambia is no 

exception. Variceal bleeding due to portal hypertension is the commonest cause 

of morbidity and mortality (Payne et al., 2013). Antibiotics are not routinely used 

in HSS as it is not clear whether bacterial translocation occurs in these patients 
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as it is the case with cirrhosis. So finding evidence of bacterial translocation may 

mandate the use of prophylactic antibiotics in HSS to reduce the substantial 

morbidity and mortality from HSS especially in hyperendemic areas such as 

Western Province in Zambia (Mutengo et al., 2014). 

3.2 Research Question 

Does bacterial translocation play a role in schistosomal portal hypertension? 

3.3 General objective 

To determine whether bacterial translocation is associated with HSS in a case-

control study and then using a therapeutic trial of rifaximin. 

3.3.1 Specific objectives 

1. To search for molecular evidence of bacterial translocation in patients with 

HSS.  

2. To determine whether HSS is associated with elevated plasma inflammatory 

and fibrotic markers. 

3. To determine whether use of rifaximin is associated with changes in markers 

of inflammation, fibrosis and bacterial translocation. 

4. To determine whether HSS is associated with liver stiffness using FibroScan 

score. 
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CHAPTER 4: METHODOLOGY 

Study design 

This was a mixed study design consisting of a case control study followed by a 

phase II randomised clinical trial, then extended follow up of the trial, and within 

the clinical trial another nested case control study was undertaken to assess 

liver stiffness in the patients using FibroScan (Fig. 4-1). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4-1: Study design flow chart 
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4.1 Case control study 

The case control study was designed to ascertain whether there was evidence 

of bacterial translocation in HSS and to evaluate inflammation and fibrosis in 

these patients. 

4.1.1 Study site 

Patients with variceal bleeding or hypersplenism related to schistosomiasis were 

recruited from gastrointestinal (GI) clinic / endoscopy unit and medical wards at 

the University Teaching Hospital in Lusaka, Zambia between September 2012 

and June 2014. Controls were recruited from the endoscopy unit alongside the 

cases during the same period. 

4.1.2 Inclusion criteria for cases 

1. Haematemesis and/or splenomegaly 

2. Oesophageal and or gastric varices 

3. Positive serology for schistosomiasis 

4. Ability to give consent 

4.1.3 Exclusion criteria for cases 

1. Less than 18 years old 

2. Inability to give consent 

3. Cirrhosis  

4. Sero- positive for HIV, HBV or HCV 

4.1.4 Inclusion criteria for controls  

1. Normal gastroscopy 

2. 18 years and above  
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3. Able to give consent  

 

4.1.5 Exclusion criteria for controls 

1. History of haematemesis or rectal bleeding 

2. Inability to give consent 

3. Sero-positive for HIV, HBV or HCV 

Patients with portal hypertension who were sero-positive for HIV were excluded 

from the study because HIV is known to be associated with bacterial 

translocation (Arjona et al.,2011) and so could be a confounder. Hepatitis B & C 

viral infections cause inflammation of the liver and so were excluded because 

they are potential confounders. Patients with cirrhosis of any cause were also 

excluded. Cirrhosis is the main cause of portal hypertension worldwide and 

therefore in this study it could have been a confounder. 

4.1.6 Sampling methods and sample size 

Sequential patients were recruited and of the 113 patients with HSS evaluated 

70 fulfilled the criteria and were enrolled. Forty-one (41) controls alongside the 

cases were enrolled. This was not a matched case control study.  

4.1.7 Clinical and laboratory information 

The case definition for HSS was portal hypertension with oesophageal and or 

gastric varices including evidence of periportal fibrosis on abdominal ultrasound 

and a positive serology for schistosomiasis. Controls were individuals who came 

for endoscopy with non-specific abdominal complaints. They were healthy 

looking individuals with no complaints of gastrointestinal (GI) bleeding and had 
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no evidence of HSS or portal hypertension. They had normal upper endoscopy 

and normal abdominal ultrasound. The questionnaire was administered to the 

participants for clinical evaluation focusing on capturing basic demographic 

data, past medical history and social history. A thorough physical examination 

was performed on all the patients and controls. Abdominal ultrasound was done 

on both cases and controls. Blood samples (about 10ml from each patient or 

control) were drawn to check for full blood count, biochemistry, markers of 

translocation, and markers of inflammation and fibrosis. In this case control 

study, to measure bacterial translocation plasma lipopolysaccharide binding 

protein (LBP) was used. Quantitative polymerase chain reaction (PCR) for the 

bacterial 16S rRNA gene was used to measure bacterial DNA which also acted 

as an indicator of bacterial translocation. Plasma sCD14, sCD163, TNFR 1, 

IL1β, IL 6 and CRP were measured as markers of inflammation. To quantify 

liver fibrosis, plasma hyaluronan and laminin were measured. 

4.2 Randomised control trial (RCT) 

The clinical trial was designed as a phase II randomised control trial (RCT). This 

was an open label trial but the laboratory personnel were blinded to treatment 

allocation since the primary outcome was laboratory based. The RCT was 

designed to evaluate the impact of rifaximin on markers of bacterial 

translocation (BT), inflammation and fibrosis. Rifaximin is a non-absorbable 

antibiotic which  has shown to reduce microbial translocation and inflammatory 

markers in patients with HIV infection (El-Shabrawi et al., 2012). It also has 

been used effectively in treatment and secondary prevention of hepatic 
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encephalopathy in patients with cirrhosis (Bass et al., 2010; Kimer et al., 2014; 

Puxeddu et al., 1995) and also key in reducing portal pressure in these patients 

by intestinal decontamination thereby reducing plasma endotoxins 

(Vlachogiannakos et al., 2009). It is a potent broad spectrum  antibiotic which is 

effective against gram- negative, gram- positive, aerobic and anaerobic enteric 

bacteria (Flamm 2011; Koo et al., 2012). Therefore, the use of rifaximin in this 

study was to reveal evidence of bacterial translocation and not to investigate its 

efficacy. Also this study was not intended to evaluate the safety of the drug as 

the drug is safe and used routinely in clinical practice (Bajaj et al., 2015).   

4.2.1 Study site 

Patients with schistosomal related portal hypertension were recruited from 

gastrointestinal (GI) clinic / endoscopy unit and medical wards at the University 

Teaching Hospital in Lusaka, Zambia between June 2014 and January 2016.  

4.2.2 Inclusion criteria 

     1. Haematemesis and/or splenomegaly 

2. Oesophageal and or gastric varices 

3. Positive serology for schistosomiasis 

4. Ability to give consent 

4.2.3 Exclusion criteria  

1. Less than 18 years old  

2. Inability to give consent 

3. Cirrhosis  

4. Sero- positive for HIV, HBV or HCV 
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4.2.4 Sampling methods and sample size 

Assuming 95% confidence interval (CI), with a 30% reduction in bacterial 

translocation in HSS, a sample size of 40 subjects in each arm was sufficient 

with power of 80% to show a significant difference. This was calculated using 

Fleiss statistical methods in openEpi version 2. Sequential patients with HSS 

were recruited from June 2014 to January 2016 and of the 186 patients who 

had portal hypertension, 85 fulfilled the criteria. 

4.2.5 Randomisation  

Eight five (85) patients who fulfilled the criteria were randomised into rifaximin & 

standard care or standard care only. The rifaximin group consisted of 44 

patients while non rifaximin group had 41 patients. Randomization was carried 

out using a list of codes prepared by an independent advisor with random 

number generator. The treatment allocation was decided by referring to the 

code list. Blinding was not possible as funds were insufficient to pay for a 

matching placebo. 

4.2.6 Rifaximin 

Rifaximin used in this study was donated by Norgine Pharmaceuticals, United 

Kingdom.  Norgine Pharmaceuticals donated the investigational medicinal 

product but had no role in data acquisition, analysis, or interpretation. 

4.2.7 Clinical, laboratory and follow-up information 

The patients who were randomised into rifaximin and non-rifaximin groups were 

followed up for 42 days. These patients with HSS were evaluated on initial 

recruitment and after 42 days by administering a questionnaire to capture 
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clinical data and some demographic information. A thorough physical 

examination was done on all patients on recruitment and on day 42. Abdominal 

ultrasound was also performed during recruitment. Blood samples about 10ml 

were drawn on the initial visit and day 42 to check for markers of inflammation, 

fibrosis and translocation. Blood was also used to check for renal and liver 

function tests including full blood count. In this clinical trial, LBP and LPS were 

markers of bacterial translocation while sCD14, TNFR 1 and IL1β measured 

inflammation. Hyaluronan was used to measure liver fibrosis. 

The intervention group received rifaximin 600mg twice per day orally for 42 days 

in addition to the standard care. The non-intervention group received standard 

care only which included praziquantel 40mg per kg body weight given in two 

divided doses orally for a day and beta blockers mainly propranolol 40mg three 

times per day, escalating the dosage upwards as tolerated and aiming for 

resting pulse of less than 60 beats per minute. Patients received haematinics as 

needed whether they were on rifaximin or not. 

4.2.8 End points of 42 day follow -up 

 Changes in markers of bacterial translocation, inflammation and fibrosis 

 Variceal bleeding episodes 

 Clinical effect of beta blockade (change in resting pulse rate) 

 Mortality 

4.3 Extended follow -up of RCT participants 

After 42 days of follow-up, the participants were followed up to day 180. The 

participants were now on just standard care without any interventional drug. 
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This follow- up was for clinical evaluation. The final evaluation of the participants 

was done on day 180 by administering a questionnaire to captures clinical data 

and they also underwent a thorough physical examination. Abdominal 

ultrasound was also done on day 180 to evaluate the splenic size, portal vein 

diameter and to check for ascites. About 10ml of blood was drawn to assess 

liver and kidney function as well as full blood count.  

 

4.3.1 End points 

 Variceal bleeding episodes 

 Response to beta blockers 

 Change in portal vein diameter 

 Splenic regression 

 Mortality 

4.4 Nested case control study of FibroScan 

To ascertain liver stiffness in patients with HSS a nested case control study was 

undertaken within the clinical trial. 

4.4.1 Study site 

The nested case control study took place within the clinical trial at the same 

hospital. This took place after the clinical trial had commenced because this is 

the time when the FibroScan machine became available due to a loan of the 

instrument from Professor Mathias Egger and Dr Michael Vinikoor. 
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4.4.2 Inclusion and exclusion criteria 

The cases were the same people as in the clinical trial. Some controls were 

recalled from the first case control study while others were recruited as new 

controls. The controls were healthy looking individual with non-specific 

abdominal pains with no history of haematemesis or rectal bleeding and had 

normal gastroscopy. These were also sero-negative for HBV, HCV and HIV.  

4.4.3 Sampling methods  

Forty eighty sequential patients with HSS underwent transient elastography 

(FibroScan). A comparative group (controls) of 21 individuals was chosen from 

the endoscopy unit during the same period. FibroScan was also done on the 

controls. 

4.4.4 Clinical and laboratory information 

 A questionnaire was administered to capture demographic data, medical history 

and social history. They also underwent a thorough physical examination. Blood 

from cases and controls was drawn for full blood count and renal & liver function 

tests. In the cases the inflammatory markers measured were TNFR1 and 

sCD14 while HA was measured as a marker of fibrosis. LBP was measured as 

the index of bacterial translocation. There were no enough assays to measure 

markers of fibrosis, inflammation and bacterial translocation controls.  

4.4.5 Transient elastography (FibroScan) 

This was carried out on 48 patients with schistosomiasis related portal 

hypertension and 21 controls.  
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Figure 4-2: FibroScan demonstration 

The figure above is a demonstration of how to measure liver stiffness on the 

right lobe of the liver in the intercoastal space using a FibroScan (Tapper et al., 

2015). The transducer tip was placed on the lateral aspect of the liver on right 

side. Ten measurements were  taken on each patient and stiffness was taken to 

be valid if the success rate was at least 60% and the median was taken as the 

representative measurement expressed in kiloPascals (kPa) (Mueller & Sandrin 

2010; Kircheis et al., 2012). The FibroScan machine (model number: 402) used 

in this study was manufactured by Echosens, Paris, France in 2013. 

4.5 Laboratory assays for all the studies 

Approximately 10 ml blood was drawn from each individual at any given time in 

all the above studies. Part of this blood was put in EDTA bottle and taken for full 
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blood count using a Sysmex 800i analyser (Koke, Japan). The rest of the blood 

sample was centrifuged at 3000rpm at 4oC for 5 minutes. The plasma was 

aliquoted into triplicates and stored at -80oC.  

4.5.1 Schistosomiasis serology microwell ELISA 

This was a qualitative assay to determine antibodies in humans primarily IgG to 

schistosomal species using ELISA technique. This particular assay did not 

detect different species and was done using a microwell ELISA (SCIMEDX 

Corporation, Denville, New Jersey, USA). The plasma for this particular assay 

was diluted up to 40 times using dilution buffer provided in the kit.The cut-off 

used was greater or equal to 0.2 OD units. 

4.5.2 Lipopolysaccharide (LPS) assay 

Limulus amabocyte lysate chromo (LAL) was an ELISA assay used to detect 

LPS in the plasama samples. This was manufactured by Associates of Cape 

Cod Incorparated, 124 Bernard Saint Jean Drive, Falmouth, MA 02536, USA. 

Control Standard Endotoxin (CSE) was reconstituted with 8.5ml reagent water 

to obtain a 1000EU/ml concentration. This was left overnight at 2-8 degrees 

Celsius. 1000 EU/ml CSE was further diluted to working concentrations of 

5.12EU/ml, 2.56EU/ml, 1.28 EU/ml, 0.64EU/ml, 0.32EU/ml, 0.16EU/ml, 

0.08EU/ml and 0.04EU/ml. These constituted the standard curve values. 

Samples were thawed out. 1μl of the sample was added to 999µl of LAL reagent 

water. LAL pyrochrome was reconstituted with 3.2 ml pyrochrome reconstitution 

buffer. 50μl of sample was plated onto an endotoxin-free ELISA plate. 50μl of 

pyrochrome was then added to each well containing sample. The plate was 
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incubated for 32 minutes at 37 degrees celsius. 50% acetic acid was used to 

stop the reaction with 50μl. The plate was read at 405 nm.   

4.5.3 16S rRNA gene  

DNA was extracted using plasma Qiagen DNA extraction kit according to the 

manufacturer’s instructions. Quantitative PCR for the 16S rRNA gene was done 

to check for bacterial DNA as an indication for bacterial translocation. 

4.5.4 Human Lipopolysaccharide Binding Protein (Human LBP) 

This protein was used as a surrogate for bacterial translocation (Stehle et al., 

2012; Koutsounas 2015; Gou et al., 2006; Arjona et al., 2011; López et al., 

2015). It was measured by an ELISA assay kit: Human LBP DuoSet (R&D 

Systems, Minneapolis, Minnesota, USA). The plasma from patients for this 

assay was diluted 2 times using dilution buffer.  

4.5.5 Hyaluronan Immunoassay 

This was measured by a Quantikine ELISA kit (R&D Systems, Abingdon, UK). 

The plasma sample was diluted 80 times using the dilution buffer provided. 

4.5.6 Laminin 

This assay was determined by Quantimatrix human laminin ELISA (MILLIPORE, 

Temecula, CA, USA). The instructions were followed according to the 

manufacture of the kit and the plasma sample was diluted 60 times using the 

dilution buffer provided in the kit. 

4.5.7 C-reactive protein (CRP) 

This is an acute inflammatory reactant produced mainly in the liver (Montecucco 

& Mach 2008; Zimmermann et al., 2014). It was determined by ELISA 
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Quantikine kit (R&D Systems, Abingdon, UK). The plasma samples were diluted 

2000 times using a dilution buffer. 

4.5.8 Interleukin 1 beta (IL-1β) 

This is an inflammatory molecule produced mainly by the activated 

macrophages and is linked to innate immune response (Charles et al., 2008). It 

was measured by an ELISA Quantikine kit (R&D Systems, Abingdon, UK). The 

plasma was used neat (no dilution).  

4.5.9 Interleukin 6 (IL-6) 

This is an inflammatory cytokine and is produced by various cells in response to 

stimuli but mainly by monocytes & macrophages and has been reported to have 

both pro and anti-inflammatory properties. It is also associated with chronic liver 

disease (Giannitrapani 2013; Scheller et al., 2011). It was measured by an 

ELISA Quantikine kit (R&D Systems, Abingdon, UK). The plasma dilution factor 

was 5 using dilution buffer.  

4.5.10 Tumour Necrosis Factor Receptor 1 (TNFR1) 

This is constitutively expressed in a number of tissues and is known to respond 

to TNF alpha which is produced not only by macrophages but other cells like 

fibroblast, lymphoid cells, mast cells, endothelial cells and neuronal cells during 

an inflammatory process 142.  Once TNF-alpha binds to the receptor on the cell 

membrane soluble receptor is shed into the environment, so that TNF receptor 1 

(also known as p55) is a stable reflection of the activation state of the TNF 

pathway. An ELISA Quantikine kit of R&D Systems of Abingdon, United 

Kingdom was used to assess TNFR1. The plasma samples were diluted 10 
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times using the dilution buffer provided in the kit. 

4.5.11 Soluble CD14 (sCD14) 

This marker rises in blood following monocyte and macrophage activation and it  

is also known to mediate bacterial LPS action (Ogawa et al., 2013; López et al., 

2015). This molecule was determined by an ELISA Quantikine kit (R&D 

Systems Abingdon, UK). The plasma was diluted 400 times and the other steps 

were done as per instructions from the manufacturer. 

4.5.12 Soluble CD163 

This marker is increased in inflammatory diseases especially those with 

increased activity of macrophages including Kupffer cells (Etzerodt & Moestrup 

2013). It was measured by an ELISA Quantikine kit (R&D Systems Abingdon, 

UK).  

4.5.13 Sample analysis for all ELISA assays 

All samples for all the assays above were run in duplicates. The means of the 

optic densities were then used to determine the concentration using a standard 

curve generated. The analysis was performed using Gen5 1.10 software on the 

Biotek EL 800 ELISA plate reader. 

4.5.14 Full blood count and Chemistry 

Full blood count was done on 5ml of the blood sample collected in the EDTA 

bottle using a Sysmex 800i analyser (Kobe, Japan). The biochemistry which 

included liver function tests and renal function tests were done using an ABX 

Pentra 400 machine manufactured in France. 

  



 

43 

Edford Sinkala Ph.D Thesis 

                           

4.6 Abdominal ultrasound 

This was done on all patients who were recruited including controls. To do this a 

digital ultrasonic scanner (model P09, 2012, manufactured in Shenzen, China) 

was used. The abdominal ultrasound was done to check for periportal fibrosis, 

appearance of liver arctecture and ascites. Measurements for the portal vein (at 

the portal hepatis) and splenic size were also taken. 

4.7  Data analysis for all the studies 

Data were entered in Microsoft Excel and imported into Stata version 12.1 

(Stata Corp College Station, Texas) and GraphPad PRISM 6.01 (GraphPad 

Software, San Diego, California, United States of America) for analysis. Most of 

the data were not normally distributed and so for description, median and inter-

quartile ranges were used. To compare blood tests between controls and 

patients I used Wilcoxon rank-sum test and to compare blood tests between the 

cases I also used Wilcoxon rank-sum test. To compare measurements from 

baseline to day 42 and also from baseline to day 180 within the group I used 

Wilcoxon matched - pairs sign-rank test. For correlations I used Spearman’s 

rank test. In the clinical trial intention to treat was used when analysing data.  A 

p-value of less than 0.05 was considered significant.  

4.8 Ethical consideration 

Ethical review and approval was sought on 21st August 2012 (Ref: 006-07-12) 

from the University of Zambia Biomedical Research Committee and the Zambia 

Medicines Regulatory Authority (20th December 2013, (clinical trial number 

CT046/13)). Informed consent from participants and confidentiality was ensured 
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with names anonymised using codes and all records were kept under lock and 

key with only investigators having access to them. Standard care for HSS 

patients continued even if patients declined to be enrolled in the study. Informed 

consent was obtained from all participants in writing and the information sheet 

was explained in the language that participants understood. The benefits to the 

participants in this study were that patients were followed up and managed on a 

more regular and short intervals. Adverse event reports were submitted to the 

Research Ethics Committee and the Zambia Medicine Regulatory Authority.  

 

 

  



 

45 

Edford Sinkala Ph.D Thesis 

                           

CHAPTER 5: STUDY RESULTS 

5.1 Results I: Case control study 

In the case control study the aim was to search for molecular evidence of 

bacterial translocation and also to determine whether HSS is associated with 

elevated inflammatory and fibrotic markers in the blood. Of the 113 patients with 

varices who were evaluated from September 2012 to June 2014, 70 were 

recruited. The other 43 did not fulfil the criteria. Thirty-six (36) had negative 

serology for schistosomiasis, 2 were sero-positive for HIV and 3 were sero-

positive for HBV. Forty-one (41) controls were recruited over the same period. 

5.1.1 Clinical characteristics 

Numbers of men and women were similar in patients and controls (Table 5-1). 

The commonest reason for referral for the patients was haematemesis (Table 5-

1). History of previous exposure to water bodies through swimming or farming or 

fishing or drawing water was given by all patients except one (Table 5-1). 

Marked pancytopenia was found in patients compared to controls (Table 5-1). 

ALT values among cases and controls were similar, but AST was higher in 

cases (Table 5-1). Splenomegaly was noted in cases but not in controls. 
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All continuous variables are represented as median with the interquartile range in parenthesis. 

Table 5-1: Demographic, clinical, laboratory and ultrasound data for patients and controls 

Characteristic Patients n=70 Controls n=41 P 

Age in years 40 (30, 51) 32 (25, 38) 0.01 

Gender, n & % Male 36 (51%) Male 20 (49%) 0.76 

Female 34 (49%) Female 21 (51%)  

Exposure to water bodies; 

swimming/farming/fishing/ 

drawing water, n &% 

Yes 69 (99%) Yes 20 (49%) <0.0001 

No 1 (1%) No 21 (51%)  

Current alcohol intake, n & % Yes 7 (10%) Yes 8 (20%) 0.25 

No 63 (90%) No 33 (80%)  

Past alcohol intake, n & % Yes 21 (30%) Yes 15 (37%) 0.53 

No 49 (70%) No 26 (63%)  

History of jaundice Yes 11 (16%) Yes 2 (5%) 0.13 

 No 59 (84%) No 39 (95%) 

History of haematemesis Yes 59 (84%)   

No 11 (16%) 

Alanine aminotransferase (U/L) 25 (16,33) 20 (12,29) 0.09 

Aspartate aminotransferase 

(U/L) 

41 (33,55) 26 (21,31) <0.0001 

Albumin (g/l) 38 (34,40) 45 (42,47) <0.0001 

Haemoglobin (g/dl) 9 (6,11) 14 (13,16) <0.0001 

Platelet count (10
9
/L) 52 (34,99) 189 (143,230) <0.0001 

White cell count (10
9
/L 3 (2,4) 4 (4,7) <0.0001 

Main portal vein diameter (mm) 13 (12,15) 8 (8,9) <0.0001 

Splenic size (cm) 18 (16,19) 10 (9,10) <0.0001 
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   5.1.2 Parasitological findings 

Of the 46 patients who submitted stool for parasitology 34 (73.9%) had no 

organism isolated, 4 (8.7%) had Schistosoma eggs, 2 (4.3%) had hook worms, 

1 (2.2%) had ascariasis, 1 (2.2%) had Enterobius vermicularis and 4 (8.7%) had 

other organisms.  

5.1.3 Endoscopic findings  

In addition to oesophageal varices (Fig 5-2), 10 (14%) patients had gastric 

varices (Fig. 5-3) and 17 (24%) had gastropathy (Fig. 5-1). 
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Figure 5-1: Portal hypertensive gastropathy 
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Figure 5-2: Oesophageal varices 

 

 



 

50 

Edford Sinkala Ph.D Thesis 

                           

 

Figure 5-3: Gastric varices 
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5.1.4 Markers of translocation 

LBP values were significantly elevated (P<0.0001) in patients compared to 

controls (Fig.5-4A). Bacterial PCR was positive in 19 (27%) of patients and 5 

(13%) of controls (P=0.09).  

5.1.5 Markers of fibrosis and inflammation 

The patients showed elevated hyaluronan (HA) and laminin values in 

comparison with the controls (Fig. 5-4B & C).The inflammatory markers with the 

exception of CRP were higher in patients compared to controls (Fig. 5-5).  

Figure 5-4: Markers of bacterial translocation (lipopolysaccharide binding 

protein, panel A) and fibrosis (hyarulonan & laminin, panel B & C) were 

significantly higher in cases than in controls. 

Figure 5- 5: C-reactive protein (CRP, panel A) did not differ between 

patients and controls, but sCD14 (panel B) and CD163 (panel C) were 

higher in cases. 
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Figure 5-6: TNFR 1, IL-1 β and IL-6 concentrations were higher in cases 

than controls  

5.1.6 Correlations between fibrosis, inflammation and translocation 

Hyaluronan was directly correlated with TNF R1 (Fig.5- 7A), while LBP was 

positively correlated with TNF R1 (Fig.5- 7B), IL-1β and IL-6 (Fig.5- 7C & D). 

Other inflammatory markers such as sCD14, CRP and sCD163 did not show 

any significant correlation with fibrotic markers (hyaluronan & laminin) and there 

was also no significant correlation of LBP with these inflammatory or fibrotic 

markers. There was no significant correlation of portal vein diameter and the 

splenic size. 
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Figure 5-7: There were positive correlations of fibrotic marker 

(hyaluronan) with TNFR1 (panel A) while LBP showed positive correlations 

with TNFR1, IL-1β and IL-6 (panel B-D) 

5.1. 7 Summary of the findings of the case control study 

LBP a surrogate marker of BT was noted to be significantly elevated in HSS as 

compared to controls and the markers of inflammation were raised in cases as 

compared to controls except CRP. Fibrotic markers were significantly higher in 

HSS as compared to controls. This study also revealed positive correlations of 

LBP and inflammatory markers while HA showed a positive correlation with an 
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inflammatory marker (TNFR1) which has been described as pro-fibrotic in 

animal studies. 

5.2 Results II: Clinical trial of rifaximin 

Thirty-eight (38) patients from the case control study and 47 additional patients 

were recruited into the randomised control trial (RCT). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-8: Clinical trial flow-chart 

  

85 eligible and randomised 

41 Non- rifaximin arm 44 Rifaximin arm  

1 had HCV 

74 were sero-negative for 

schistosomiasis 

11 had HBV 

186 patients with portal hypertension 

8 died 

40 finished 42 day follow- 

up 
36 finished 42-day follow-up  

5 lost to follow-

up 

4 lost to follow-up 

7 had HIV 

36 finished 180 

days of follow- up 

30 finished 180 

days of follow-

up 

5 lost to 

follow- up 

3 lost to 

follow-up 1 died 1 died 
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5.2.1 Clinical trial follow-up for 42 days 

Of 186 patients who were approached and evaluated for recruitment, 101 were 

not eligible (Fig.5-8). The rifaximin and non-rifaximin groups did not differ much 

as the demographic information and some laboratory data in these two groups 

were quite comparable at baseline (Table 5-2 

Table 5-2: Baseline demographic and laboratory information 

Variable Rifaximin group Non-rifaximin group 

Age (years) 42 (30, 52) 38 (31,43) 

Gender Females 22 Females 15 

Males 18 Males 25 

BMI (kg/m
2
) 21.6 (19.9, 23.2) 21.5 (20.3, 23.8) 

No of cases with History 

of haematemesis 

Yes 25 Yes 25 

No 15 No 15 

Pulse rate (beats/min) 76 (66, 82) 70 (64, 76) 

Haemoglobin (g/dl) 7.5 (6.2, 11.3) 9.2 (6.6, 11.0) 

White cell count (x10
9
/l)

 
2.7 (1.6, 3.5) 1.8 (1.6, 3.0) 

Platelet count (x 10
9
/l) 49 (31, 78) 44 (24, 64) 

MCV (fl) 80 (67, 87) 79 (70, 83) 

MPV (mm) 12.7 (11.2, 13.9) 12.1(10.8, 13.6) 

16S rRNA copies/µl 129(23, 499) 51 (19, 112) 

LPS (ng/ml) 74 (38, 157) 154 (45, 649) 

LBP (ng/ml) 27 (23, 30) 43 (38, 50) 

TNFR1 (ng/ml) 1443 (1232, 1911) 1495 (1238, 1657) 

sCD14 (ng/ml) 2402 (1930, 2798) 1487 (1299, 1964) 

Hyaluronan (ng/ml) 125 (57, 189) 102 (71, 176) 

 



 

56 

Edford Sinkala Ph.D Thesis 

                           

All parameters are represented as median with interquartile range in 

parenthesis. 

Key 

BMI – body mass index                               

TNFR1- tumour necrosis factor        receptor 1 

MCV- mean cell volume                              

sCD14- soluble cluster of differentiation 

MPV – main portal vein diameter 

LPS – lipopolysaccharide 

LBP- lipopolysacharide binding protein 

BMI – body mass index                               

TNFR1- Tumour necrosis factor receptor 1 

MCV- mean cell volume                               

sCD14- soluble cluster of differentiation 

MPV – main portal vein diameter 

LPS – lipopolysaccharide 

LBP- lipopolysacharide binding protein 

5.2.2 Blood tests and pulse rate after 42 days of follow-up 

The full blood count picture after 42 days of follow up did not change much 

except the increase in haemoglobin in the two groups (Table 5-3). Pulse rate 

fell, presumably an effect of beta blockade, in both groups (Table 5-3).  
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Table: 5-3. Comparisons of pulse and full blood count between baseline 

and day 42 

Variable Rifaximin 

baseline 

Rifaximin 

day 42 

P Non-

rifaximin 

baseline 

Non-

rifaximin 

day 42 

P 

Pulse 

(b/min) 

76 (66, 82) 65 (60, 

72) 

0.01 70 (64, 

76) 

66 (62, 70) 0.07 

Hb (g/dl) 7.5 (6.2, 11.3) 11.5 (9.0, 

13.0) 

0.0006 9.2 (6.6, 

11.0) 

10.3 (8.50, 

12.40) 

0.03 

MCV (fl) 80.0 (67.4, 

87.4) 

76.0 

(66.5, 

86.0) 

0.09 79.0 

(70.2, 

82.7 

79.4 (68.1, 

91.9) 

0.82 

WCC 

(x109/l) 

2.7 (1.6, 3.5) 2.0 (1.6, 

2.5) 

0.04 1.8 (1.6, 

3.0) 

2.2 (1.6, 

3.5) 

0.67 

RBC 

(x1012/l) 

3.4 (2.7, 4.3) 4.5 (4.0, 

4.9) 

0.0003 3.6 (3.0, 

4.4) 

4.3 (3.6, 

5.2) 

0.06 

PLT 

(x109/l) 

49.0 (30.5, 

77.5) 

42.0 

(28.0, 

72.0) 

0.61 44.0 

(24.0, 

64.0) 

38.0 (25.0, 

52.0) 

0.74 

 

Key; 

Hb- haemoglobin                                   

MCV- mean cell volume 
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WCC- white cell count 

RBC- red blood cell count 

PLT- platelet count 

The 16S rRNA the direct marker of BT reduced in the rifaximin group compared 

to non-rifaximin group after 42 days (Figures 5-9, 5-10). TNFR1 and sCD14, the 

markers of inflammation considered in the clinical trial reduced after 42 days of 

rifaximin (Figures 5-11, 5-12, 5-13, 5-14). IL1 β concentrations were below the 

threshold level of detection and are not discussed further. There was no 

significant change in the plasma concentrations of LPS, LBP and HA after 42 

days of rifaximin (Figures 5-15, 5-16, 5-17, 5-18, 5-19, 5-20). 

Baseline R Day 42 R  

200

400

600

p=0.01

16Sr RNA

copies/l

R:Rifaximin

       

Baseline NR Day 42 NR

200

400

600

p=0.45

16S rRNA

copies/l

NR: Non-Rifaximin

 

Figure 5-9: 16S rRNA copies fell in the rifaximin group while in the non-rifaximin 

group they remained the same over the 42 -day period 
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                                                           p=0.02 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-10: When expressed as change of  (log) 16S rRNA copies, the 

difference between the two groups is clear  
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Figure 5-11: Soluble CD14 (sCD14) concentrations fell in the rifaximin 

group over 42 days, while in the non-rifaximin group they went up 

sCD14-R sCD14- NR

-2000
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4000

6000

p=0.0006

R: Rifaximin

NR: Non Rifaximin

Change- sCD14
(ng/ml)

Figure 5-12: When expressed as change in sCD14, the difference between 

the rifaximin group and the non-rifaximin group is clear. 
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Figure 5-13: Tumour necrosis factor receptor 1 (TNFR1) concentrations 

fell (but non-significantly) in the rifaximin group over 42 days, while in the 

non-rifaximin group they went up 
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Figure 5-14: When expressed as change in TNFR1 the difference between 

the rifaximin group and the non- rifaximin group is clear 
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Figure 5-15: Lipopolysaccharide (LPS) concentrations did not show a 

significant change over 42 days in either the rifaximin or non- rifaximin 

groups 
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Figure 5-16: There was no significant change in lipopolysaccharide (LPS) 

concentrations in either group over 42 days 



 

63 

Edford Sinkala Ph.D Thesis 

                           

p=0.7368
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Figure 5-17: There was no significant change in lipopolysaccharide 

binding protein (LBP) concentrations in either group over 42 days 
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Figure 5-18:  There was no significant change in LBP after 42 days in 

either rifaximin or non -rifaximin groups 
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Figure 5-19: Hyaluronan (HA) concentrations did not change in the 

rifaximin group but rose after 42 days in the non-rifaximin group 
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Figure 5-20: The change in HA after 42 days in rifaximin and non-rifaximin 

groups was not significantly different 

5.2.3 Adverse events during 42-day follow-up 

There were no major adverse events or mortality recorded in the 42-day period 

of follow –up except for one patient in the rifaximin group who reported history of 



 

65 

Edford Sinkala Ph.D Thesis 

                           

rectal bleeding on one occasion during this period. Another patient reported 

abdominal pain and discomfort one week after taking rifaximin but this resolved 

within the few days without any intervention. 

5.2.4 Summary of the findings of 42-day follow-up in the clinical trial 

After 42 days in the clinical trial sCD14 concentrations went down in the 

rifaximin group while in the non-rifaximin group the concentrations went up. The 

other inflammatory marker (TNFR1) measured in this clinical trial had similar 

trend as sCD14 after 42 days. There was no significant change of LPS after 42 

days.  

5.3 Result III: Follow up after day 42 to day 180 

5.3.1 Clinical characteristics 

All patients after 42 days in the trial were followed up where possible on 

standard care up to day 180. Follow up was achieved to 180 days in 36 patients 

in the rifaximin group and 30 patients in the non-rifaximin group. By the end of 

this period, several episodes of haematemesis had been reported (Table 5-4). 

Non-compliance to propranolol was noted more in the rifaximin group compared 

to the non-rifaximin group, while the radial pulse rate was comparable in both 

groups (Table 5-4). However, there was a significant reduction in radial pulse 

rate in the rifaximin group between baseline and day 180 while the reduction 

was not significant in the non-rifaximin group but delta values were similar 

between rifaximin and non- rifaximin groups (Figures 5-21 & 5-22). A small 

number had ascites, 6 (17%) in the rifaximin group at day 180 compared to 9 

(23%) at baseline (p=0.5150). In the non- rifaximin group, 8 (28%) had ascites 
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after day 180 compared to 7 (21%) at baseline (p=0.5012). 

 

Table 5-4: Comparisons of clinical variables between two groups at day 

180  

 

 

 

Variable Rifaximin 

group n=36 

Non- 

Rifaximin 

group n=30 

P  

Number of patients with history of 

haematemesis after 180 days of follow- 

up 

3 4 0.54 

Number of patients not compliant to 

propranolol 

8 5 0.60 

Pulse (beats/min) 65 (60,70) 64 (58,69) 0.43 

Portal vein diameter (mm) 10 (9, 13) 11 (8, 13) 0.97 

Splenic size (cm) 17 (15,20) 18 (17,19) 0.34 

White cell count (x109/l)  1.9 (1.4,2.5) 2 (1, 3) 0.56 

Red cell count (x1012/l) 4.4 (3.9, 

5.2) 

4.4 (3.8, 

4.9) 

0.34 

Platelet count (x109/l) 34 (22, 80) 40 (16, 53) 0.60 

Haemoglobin (g/dl) 12 (11, 14) 10 (8, 13) 0.03 
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Figure 5-21: There was a significant reduction of radial pulse rate on day 

180 in rifaximin group compared to non-rifaximin group 
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Figure 5-22: When expressed as change, pulse rate between the rifaximin 

and non-rifaximin groups after 180 days was similar 

5.3.2 Abdominal ultrasound findings 

Abdominal ultrasound was done on day 180 in both groups. This evaluated the 

portal vein diameter and the size of the spleen. The findings were comparable in 

both groups (Table 5-4). However, comparing baseline portal vein diameter and 

portal vein diameter on day 180 revealed a significant reduction in both groups 

(Fig. 5-21). The measurements of the spleen size at baseline and day 180 were 
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similar and this is further confirmed by the delta values (Figures 5-25, 5-26). 
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Figure 5-23: Portal vein diameter reduced after 180 days of follow-up in 

both groups 
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Figure 5-24: The change in portal vein diameter values between rifaximin 

and non-rifaximin groups after 180 days was similar 
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Figure 5-25: The splenic size between baseline and day 180 remained 

similar 
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Figure 5-26: The change in values of splenic size between rifaximin group 

and non-rifaximin group was similar 

5.3.3 Full blood count  

The indices of full blood count in both groups showed lower and comparable 

values at day 180 except haemoglobin which was significantly higher in rifaximin 

group than in non-rifaximin group (Table 5-4). 

5.3.4 Adverse events during follow-up between day 42 and day 180 

Two severe adverse events were recorded during this time period (between 42 
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and 180 days). The first event was a patient in the rifaximin group who died 10 

weeks after the last day of taking rifaximin. She died from acute diabetic 

complications of diabetic ketoacidosis complicating sepsis and renal failure. The 

second patient died in the 5thmonth of follow up. He was in the non-rifaximin 

group and died of massive variceal bleeding leading to hypovolaemic shock. 

Other patients reported history of haematemesis between day 42 and day 180 

(Table 5-2). One patient from each group presented with jaundice by day 180. 

5.3.5 Summary of findings during extended (180 day) follow- up 

During the extended follow-up between day 42 and day 180 two mortalities 

occurred. These were not related to the trial drug. There were more episodes of 

variceal bleeding during this period compared to 42-day follow-up.  At the end of 

180 days there was reduction of portal vein diameter from baseline but the 

splenic size remained the same. The response to beta blockers was quite good. 
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5.4 Result IV: Nested case control study of FibroScan 

This was designed to evaluate liver stiffness in patients with hepatosplenic 

schistosomiasis. It was carried out after the clinical trial had commenced 

because the FibroScan instrument (which is very costly) was not available at the 

beginning and a protocol amendment had to be sought to permit its use in this 

trial. 

Demographic, ultrasound and full blood count data were not comparable 

between cases and controls except the body mass index (Table 5-5).   

Table: 5-5. Basic demographic and laboratory data in a nested case 

control study 

 Cases Controls P value 

Age (years) 40 (31,36) 32 (27, 35) 0.01 

Gender Females 25 Females 12 1.00 

Males 22 Males 10 

BMI (kg/m
2
)
 

22 (21, 25) 23 (21, 26) 0.39 

Spleen size (cm) 17 (15, 18) 10 (8, 11) 0.0001 

Main portal vein (mm) 12 (10, 14) 8 (6, 8) 0.0001 

WCC (x10
9
/l) 2.4 (1.6, 3.4) 4.6 (3.8, 5.9) 0.0001 

RBC (x10
12

/l) 3.4 (2.8, 4.4) 4.7 (4.4, 5.4) 0.0001 

Haemoglobin (g/dl) 8 (6, 11) 14 (12, 15) 0.0001 

Platelet (x10
9
/l) 49 (27, 77) 188 (172, 295) 0.0001 

 

Key 

BMI – body mass index 
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WCC- white cell count 

RBC- red blood cell count 

Transient elastography (FibroScan) was significantly pronounced in cases 

compared to controls (fig. 5-27).  
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Figure 5-27: FibroScan score of HSS patients was higher than in controls 

There were positive correlations of FibroScan scores and hyaluronan and 

tumour necrosis factor receptor 1 (Figures 5-26, 5-27). There were no significant 

correlations between FibroScan score and other parameters. 
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Figure 5-28: There was significant spearman’s correlation of FibroScan 

score and HA concentrations in cases 
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Figure 5-29: There was a positive correlation of FibroScan score and 

TNFR1 concentrations in cases 

5.4.1 Summary results of nested case control study of FibroScan 

This study shows that patients with HSS have higher FibroScan scores 

compared with controls. There was also a positive and significant correlation of 

the liver stiffness (measured as FibroScan score) with markers of fibrosis and 

inflammation.  
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CHAPTER 6: DISCUSSION 

6.1 Discussion of results I: Case control study  

The significantly elevated LBP levels in patients compared to controls suggest 

that BT occurs in patients with HSS. We know that BT is an important driver of 

disease process in cirrhosis leading to increased portal hypertension and 

consequently variceal bleeding (Vlachogiannakos et al., 2009) and treatment 

with antibiotics is now standard of care in patients with cirrhosis (Chavez-Tapia 

et al., 2011; Desai et al., 2012). These data prompted me to postulate that BT 

could also be a driver in schistosomal related portal hypertension, and may 

drive systemic inflammation. Several observations support this hypothesis. 

TNFR1, IL-1β and IL-6 showed significant positive correlation with LBP. This 

positive correlation of systemic inflammatory markers and LBP a surrogate 

marker of BT suggests that BT induces the production of these inflammatory 

markers, but is consistent with there being some other process which drives 

both. Soluble CD14 is known to be required for transduction of toll-like receptor 

4 (TLR4) signaling after lipid binding by bacterial lipopolysaccharide (Takeshita 

et al., 2000), and this has encouraged some workers to use sCD14 as a marker 

of translocation (Marchetti et al., 2013). The elevation of sCD14 concentrations 

compared with controls provides further support for the occurrence of BT in 

HSS. Holland et al have shown that sCD163 a marker of Kupffer cell activation 

is associated with portal hypertension in cirrhosis (Holland et al., 2011). Others 

have noted that sCD163 is elevated in chronic liver disease due to hepatitis B 

virus (Wang et al., 2015) while others think that it could be used as a good 
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predictor of mortality in acute liver failure (Holger et al., 2007) but none of the 

patients in this study presented with acute liver failure. The elevation of sCD163 

concentrations compared with controls also suggests that there is activation of 

Kupffer cells in the sinusoids of the liver as a result of BT, although further work 

will be required to confirm this. TNFR1 is a systemic inflammatory marker and in 

this study it shows that it may be among the drivers of fibrosis in HSS as it 

showed a positive correlation with hyaluronan. Tarrats and others reported that 

TNFR1 plays a role in liver fibrosis in animal models (Tarrats et al., 2011). 

In addition to biomarkers of the host response to translocation, I also measured 

bacterial components directly. We know that the direct measure of BT is 

bacterial DNA and LPS while LBP is an indirect marker (Koutsounas, 2015). 

Bacterial DNA, measured by real time PCR, was positive only in just over one 

third of patients, despite the elevated LBP and the elevated inflammatory 

markers. The low number of positive amplifications could be attributed to a short 

half-life of bacterial DNA (Bellot et al., 2013) or due to the extraction method 

which was used QIAmp DNA blood mini Kit (QIAGEN) whose efficiency is not 

100% (Zucol et al., 2006). The detection limit of the PCR was determined at ≥ 

10 copies/µl of 16S rRNA so it is possible that lower levels of translocation may 

be undetectable by this method. 

Patients with schistosomal liver disease generally have normal liver 

parenchyma (Ross et al., 2002; Andrade, 2004) and for patients to present with 

complications such as portal hypertension takes many years. Most of the 

patients even in this study reported repeated exposure to streams and rivers 
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during childhood. This confirms that HSS runs a chronic course. Since the 

patients in this study were recruited as outpatients and had no clinical evidence 

of infection, the elevated inflammatory markers could be due to the natural 

progression of the disease, and not some intercurrent infection, as CRP did not 

differ between patients and controls. We know that CRP is an acute reactant 

marker of inflammation produced in the liver. 

Periportal fibrosis is an important recognised feature of HSS and so many 

researchers have embarked on studying fibrotic markers. Laminin and 

hyaluronan, the two fibrotic markers measured in this study were markedly 

elevated in patients compared to the controls. These data are consistent with 

findings from Brazil (Marinho et al., 2010; Wyszomirska et al., 2005) and there is 

some evidence that α2 macroglobulin is a good predictor of liver fibrosis (Ahmed 

et al., 2009). The consistency of these data suggests that these markers can be 

used to diagnose and monitor liver fibrosis in HSS.  

Schistosomal liver disease is the major cause of variceal bleeding in Zambia 

and the majority of the patients were referred to the hospital for haematemesis 

(84%) while the rest were referred due to anaemia and unexplained 

splenomegaly. It is therefore important for clinicians to evaluate anemic patients 

for possible HSS by taking good social and economic history. Nearly all the 

patients gave past history of exposure to various water bodies which could 

explain acquisition of schistosomiasis infection. Very few patients gave a past 

history of jaundice and I found no icterus on physical examination. This is in 

agreement with other reports that jaundice is not a common feature of HSS and 
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there liver parenchyma is usually unaffected in these patients (Ross et al., 2002; 

Andrade, 2004). The normal alanine aminotransferase (ALT) values found in 

these patients further confirm that liver parenchyma is not affected by HSS. The 

raised aspartate aminotransferase (AST) compared with controls in this study 

may be attributed to different sources other than the liver. We know that AST is 

not very specific to the liver. Ascites is not reported as a common feature in 

HSS (Ibrahim et al., 2010; Carruthers, 1978), but this study found that nearly 

two thirds of patients had ascites and this was confirmed by ultrasound, perhaps 

indicating the advanced nature of their disease. This is consistent with our 

clinical experience with HSS. 

The dilated portal vein on abdominal ultrasound found in these patients 

compared to the normal controls agrees with what other authors have stated. 

They have said that the leading sonographic sign in portal hypertension due to 

schistosomiasis is the dilated portal vein (Vocke et al., 1998). They however 

said that portal vein diameter is directly proportional to age and height in a 

normal setting. Among the endoscopic findings in HSS varices are the hall mark 

of portal hypertension in HSS. A small number of patients (24%) in this study 

also had gastropathy. Other authors have also found that gastropathy in HSS is 

not as common as it is in cirrhosis (Shavel et al., 2002). The current study 

however did not include any patients with cirrhosis. 

The significant anaemia in these patients could be due to intermittent variceal 

bleeding or due to hypersplenism caused by splenomegaly. The hypersplenism 

would also explain the leukopenia and significant thrombocytopenia observed in 
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these patients. Of the patients who submitted stool for parasitology only 4 

(8.7%) samples were positive for schistosomiasis. This small percentage could 

be due to low or no shedding of eggs as a result of the chronicity of the disease, 

or it is possible that many patients might have been treated for schistosomiasis 

before they presented for clinical evaluation. Treatment, sadly, does not reverse 

fibrotic changes once established, so fibrosis remains even after all traces of 

schistosoma have gone.  

It is a limitation of this case control study that some patients did not return to 

submit stool samples and rectal biopsy was not done in many patients. Due to 

resource constraints, I was only able to complete limited assays for laminin and 

IL1β. However, even in this small study there was a significant difference 

between patients and controls.  

6.1.1 Conclusions and recommendations 

In this case control study, I found evidence that BT occurs in HSS, as shown by 

the elevation of circulating LBP concentrations compared with healthy controls. 

This appears to result in systemic inflammation, reflected in elevated levels of 

the inflammatory markers. The elevated levels of fibrotic markers suggest that 

they could be useful in monitoring periportal fibrosis. A randomised control trial 

was indicated to confirm that BT occurs in HSS, using antibiotics in a manner 

analogous to their use in cirrhosis. 
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6.2 Discussion of results II: 42 day randomised clinical trial with rifaximin 

In this open-label clinical trial, the reduction in 16S rRNA and inflammatory 

markers after 42 days of intestinal decontamination with rifaximin provide 

evidence that BT may have a clinical association with HSS related portal 

hypertension. We know that BT is associated with cirrhosis and this drives 

disease process by increasing portal hypertension (Gou et al., 2006; Thalheimer 

et al., 2005; Bellot et al., 2010; Koutsounas, 2015). HSS is the leading cause of 

morbidity and mortality in patients with schistosomiasis (Kheir et al., 1999; 

Shaker et al., 2014) and it is likely that there could be similar mechanisms 

driving portal hypertension as in cirrhosis.   

 As rifaximin is a minimally absorbable antibiotic administered orally, the 

downward trend of plasma LPS and the significant reduction of systemic 

inflammatory markers after 42 days may be attributed to an effect of rifaximin on 

the process of bacterial translocation. The pronounced reduction of systemic 

inflammatory markers, 16S rRNA copies and the minimal reduction of LPS could 

mean that gram positive bacteria contribute to BT as LPS is a constituent of 

gram negative bacteria only. Among the inflammatory markers that were 

reduced after 42 days of rifaximin was soluble CD14 which is a marker which 

other workers have associated with BT (Marchetti et al., 2013). LPS affects 

secretion of sCD14 from macrophages including Kupffer cells (Ogawa et al., 

2013). Toll- like receptor 4 (TLR 4) is the human receptor for LPS and therefore 

for signaling, LPS requires TLR4 and sCD14 (Berbée et al., 2010; Brenner et 

al., 2014). TNFR1, another systemic inflammatory marker, fell following 42 days 
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of rifaximin. This again suggests that reduction of BT led to the reduction of 

TNFR1. LBP did not change much after 42 days of rifaximin in this clinical trial, 

which is somewhat at odds with the effect we saw in the case-control study 

(Sinkala et al., 2015). We know that LBP is a surrogate marker of BT while LPS 

and 16S rRNA are direct markers (Stehle et al., 2012; Koutsounas, 2015). Other 

researchers have shown that LBP may also be elevated in patients with gram 

positive sepsis, the elderly and those who are obese (Myc et al., 1997; Stehle et 

al., 2012; Gonzalez-Quintela et al., 2013). In this clinical trial, no patient was 

found to be obese and there was no extremity of age as the median age was 

about 40 years. No patient presented with clinical sepsis during the 42 day 

follow up. The lack of effect of rifaximin on LBP may have a similar explanation 

to those for the lack of effect on LPS. 

In cirrhosis a study done by Albillos and others showed increased 

concentrations of LBP and other inflammatory cytokines including TNFR1 in 

blood and these reduced after norflaxacin treatment (Agustı´n Albillos et al., 

2003). Possible explanations include that norfloxacin is an absorbable antibiotic 

while rifaximin is not, or that norfloxacin has additional effects on macrophages. 

Tarrats and others have associated TNFR1 with liver fibrosis in animal models 

(Tarrats et al., 2011) while others have associated TNFR1 with schistosomiasis 

infection (Ellis et al., 2008).  

The only fibrotic marker measured in patients in the clinical trial was HA which 

was not affected by rifaximin. I think that the duration of rifaximin was too short 

to have any impact on HA. It is likely that for periportal fibrosis to become 
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clinically important it takes many years. Sinkala et al found a positive correlation 

of HA with TNFR1 (Sinkala et al., 2015). HA is an important molecule which is 

associated with hepatic fibrosis and is useful in the diagnosis of fibrosis in HSS 

(Marinho et al., 2010). In an animal model of cirrhosis, fibronectin, another 

fibrotic marker, was reduced following intestinal decontamination with rifaximin 

(Qiang et al., 2012). It is not clear whether this could translate to humans, but 

my data suggest not in the short term. 

Most of the patients had pancytopenia which is probably explained by 

hypersplenism as most of the patients had massive splenomegaly. There was 

profound thrombocytopenia in both groups but patients did not present with 

bleeding during follow up. Arther and others have described platelet counts of 

100 x109/l or less as being associated with upper digestive bleeding even in 

asymptomatic schistosomiasis related portal hypertensive patients (Arthur & 

Leite, 2013). There were no patients who had bleeding in my cohort despite the 

median platelet count of 40 x109/l. This may have been due to a short follow up 

time, or some as yet unexplained biological factors.  

There were no major adverse events associated with rifaximin during the 42 day 

follow up period. One patient complained of abdominal discomfort for about 5 

days but did not discontinue taking the drug. Another patient reported an 

episode of rectal bleeding. The rectal bleeding may have been from 

haemorrhoids which can complicate portal hypertension as peri-anal vessels 

also constitute a port-systemic anastomosis. The reason for the low variceal re-

bleeding rate during the 42 day follow up could be due to adherence to 
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propranolol as confirmed by good beta blockade at the end of 42-day period in 

both groups compared to baseline. This emphasises the importance of beta 

blockers in preventing variceal bleeding in schistosomal related portal 

hypertension (Funakoshi et al., 2010). The minor adverse events experienced in 

this clinical trial agree with what other authors have said about the safety of 

rifaximin (Bajaj et al., 2015; Vlachogiannakos., 2009). Rifaximin is a safe drug 

and is therefore widely used in treatment of hepatic encephalopathy in patients 

with cirrhosis. 

It is a limitation of this study that it was an open label clinical trial, which is prone 

to bias, although the laboratory personnel were blinded. Confirmation of 

compliance to rifaximin in these patients was not possible as rifaximin blood 

levels could not be measured. As it is a non-absorbable drug the colour of urine 

does not indicate recent intake as it does for rifampicin. The effect of BT on 

clinical end points may also have been underestimated in this clinical trial 

because the patients were stable and seen as outpatients. They did not have 

acute variceal bleeds on recruitment and would be predicted to have lower re-

bleeding rates on follow-up. 

6.2.1 Conclusion and recommendations 

These data suggest that rifaximin led to a reduction of systemic inflammatory 

cytokines and biomarkers. This suggests that BT may be involved in HSS and 

warrants the further study of antibiotics in patients with HSS related portal 

hypertension. It would be of interest to study patients recruited immediately after 
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acute variceal bleeds, with clinical end points, perhaps as a multi-center placebo 

control trial on a larger scale. 

6.3 Discussion of results III: The extended follow- up to day 180  

After 42 days of follow –up, the patients were then followed and monitored up to 

day 180. During this period two severe adverse events occurred. One patient in 

the rifaximin group died 10 weeks after the last day of taking rifaximin. This 

adverse event seems not to be related to the trial drug as this patient was 

diabetic and died from diabetic ketoacidosis (DKA), in addition to sepsis with 

renal dysfunction. Any rifaximin in the gut would have been excreted long before 

this adverse event occurred. The other patient in the non-rifaximin group died in 

the fifth month of follow-up due to massive variceal bleeding. In many cases of 

re-bleeding, we find that the patient was not compliant to taking propranolol, 

which is part of the standard care of the patients with schistosomal portal 

hypertension. 

By the end of 180-day follow- up period there were 7 patients who reported 

upper GI bleeding. This could have been due to variceal bleeding as a result of 

poor compliance to propranolol which is consistent with our clinical experience. 

Generally, the response to beta blockers at the end of 180 days was 

encouraging and this might have contributed to the smaller number of patients 

with variceal bleeding. This is supported by the significant reduction of portal 

vein diameter on day 180 compared with baseline. This reduction could be of 

clinical value in monitoring patients with schistosomal portal hypertension, as a 

predictor of variceal bleeding, and to use it as a surrogate for compliance to 
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beta blockers. The person who measured the portal vein diameter at day 180 

was the same person who did even at baseline but was blinded to the baseline 

measurements to avoid bias.  

Ascites is not a common feature of HSS (Ibrahim et al., 2010; Carruthers 1978) 

and it appears the few cases that had ascites on inception still had it even at the 

end of 6 months. Although propranolol can affect the haemodynamics of portal 

hypertension in cirrhosis by reducing the portal pressure it has not been 

effective in the treatment of ascites (Levitt & Levitt 2012).  

The splenic size remained the same at baseline and day 180. Although it occurs 

from time to time, the reduction of splenomegaly is not a common occurrence in 

patients with portal hypertension. Luiz and others have reported that 

splenectomy is of clinical importance in patients with HSS. They said it leads to 

an increase in platelet count, improves haemostatic & liver function and reduces 

portal vein diameter and overall leading to reduced portal pressure (Luiz et al., 

2015). In this study, none of the patients underwent splenectomy. The full blood 

count picture did not differ much between baseline and day 180 apart from a 

marginal improvement of the haemoglobin levels after 180 days. The 

improvement of haemoglobin could be attributed to the lower rates of variceal 

bleeding experienced at the end of the study which could probably be due to 

good beta blockade. The other indices of the full blood count that remained low 

and could be attributed to hypersplenism. 

At the end of the 180 -day follow -up the two patients who presented with 

jaundice were not encephalopathic. It is known that jaundice is not a common 
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feature of HSS and liver parenchyma is usually normal (Andrade 2004) but in 

very rare circumstances jaundice can occur in very advanced and 

decompensated HSS (Reboucas 1975). Probably these two cases had 

advanced forms of HSS. 

6.3.1 Conclusions and recommendations 

The reduction of portal vein diameter values measured at baseline and after 180 

days appears to confirm the effectiveness of beta blockers which are the 

mainstay of our management. It would be useful to establish, in a prospective 

cohort study, if measurement of portal vein diameter by ultrasound can be used 

as a surrogate for beta blocker compliance. It would also be useful to establish 

whether portal vein diameter can be used to predict episodes of variceal 

bleeding in patients with HSS. 

6.4 Discussion of results IV: Nested case control study with use of 

FibroScan 

The importance of FibroScan in diagnosing liver disease has evolved over time 

and has been shown to be an important tool in the diagnosis of cirrhosis and 

there is great interest in using it instead of liver biopsy (Chang et al., 2016). 

Currently, the gold standard to diagnose liver diseases is liver biopsy. This 

however is an invasive procedure and is associated with risk of bleeding, injury 

to surrounding structures and introduction of infection (Leonard et al., 2010) 

although mortality risk is as low as 0.03% (Nedredal et al., 2011). Many studies 

of transient elastogrophy (FibroScan) have been published in cirrhosis but are 

scanty in HSS related portal hypertension, and the clinical role of FibroScan in 

HSS remains unexplored. The elevated FibroScan score in HSS, which is a 
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measure of liver stiffness shows that this could be an important non- invasive 

method in assessing liver stiffness in these patients. We know that HSS is 

associated with normal liver cell function. However, it was noted that in this 

study the FibroScan scores were higher in cases than normal individuals. Even 

though the scores were higher in HSS, they were below that of the reported 

cirrhotic range worldwide (Kircheis et al., 2012; Göbel et al., 2015). This shows 

that FibroScan may be a useful tool to discriminate cirrhosis from HSS 

especially in HSS endemic areas. The combination of ordinary liver ultrasound 

with transient elastography in suspected cases of schistosomal portal 

hypertension would be of great use in these patients. 

Hyaluronan, a marker liver fibrosis was elevated in the cases and showed a 

strong positive correlation with the FibroScan score. This may partly explain the 

raised FibroScan score in HSS considering that fibrosis in these patients only 

occurs in periportal veins while sparing the liver parenchyma. In this nested 

case control study, all patients had periportal fibrosis on liver ultrasound. This 

strong correlation of FibroScan score and HA in HSS also strengthens the need 

to use non -invasive markers in diagnosing fibrosis in HSS. TNFR1 which is a 

systemic inflammatory cytokine was also positively correlated with FibroScan 

score. This shows that inflammation may be a driver for the fibrosis seen in 

HSS. A study in animal models also found that TNFR1 in a pro-fibrotic marker in 

liver disease (Tarrats et al., 2011). This therefore strengthens the need to come 

up with a combination of non- invasive markers and tools in assessing and 

diagnosing HSS.  
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FibroScan is good tool for assessing hepatic fibrosis but is not without 

shortcomings. The scores tend to be influenced by obesity, acute hepatitis, 

cholestasis and performer experience (Chang et al., 2016; Tapper et al., 2015). 

In this nested case control study, no patient had obesity as the median body 

mass Index in cases was 22 kg/m2 and there was no much evidence of liver 

inflammation as liver enzymes were within normal range while no patient had 

jaundice clinically. The FibroScan was performed by an experienced person 

who had performed over a thousand tests. Therefore, the FibroScan scores 

noted in patients with HSS may reflect the actual stiffness of the liver. The 

massive splenomegaly noted in cases compared to controls may even explain 

pancytopenic picture seen in cases.  

It is a limitation of this nested case control study that liver biopsies were not 

done and there were no cirrhotic patients as positive controls. 

6.4.1 Conclusions and recommendations 

The elevated FibroScan score compared with normal individuals suggests that 

HSS patients despite the liver parenchyma being normal have increased liver 

stiffness. Therefore, FibroScan may be useful in discriminating between 

schistosomal and cirrhosis related portal hypertension in schistosomiasis 

endemic areas since the average FibroScan score is lower than cirrhotic range. 

There is a need to do further clinical studies to evaluate the response of liver 

stiffness to beta blockers and intestinal decontamination in HSS. 
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6.5 Contribution of knowledge to science 

According to my knowledge this is a novel finding which seems to implicate 

inflammation in HSS to BT as revealed in the case control study and the clinical 

trial of rifaximin. The nested case control study of FibroScan also seems to 

reveal that liver stiffness in HSS patients is abnormal despite liver parenchyma 

being normal in these patients. 

6.6 Application of results in public health 

These results may help design therapeutic antibiotic interventions in HSS as it is 

the case with cirrhosis. The observance of the reduction of portal vein diameter 

after 180 days of propranolol in HSS patients may necessitate use of abdominal 

ultrasound which is readily available and cheap in monitoring response, 

compliance to beta blockers and also predicting variceal bleeding in HSS 

especially in resource constraint places where invasive and sophisticated portal 

hypertension measurement facilities are not readily available. The elevated 

FibroScan score in HSS which measures liver stiffness may be used to 

discriminate between schistosomal and cirrhosis related portal hypertension in 

HSS endemic areas since the average score is lower than that of cirrhotic 

range.  
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