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Abstract

Intestinal schistosomiasis and hepatitis C viral (HCV) infections are endemic in Egypt with co-
infections leading to increased severity of liver diseases. Previous studies characterized the im-
mune responses to treatment in co-infection. However, little is known about the levels of inter-
leukin 28B (IL-28B) in co-infection and its relation to endogenous gamma interferon (IFN-y)
levels. Therefore, a case-control study was performed comparing levels of 1L-28B in relation to
endogenous IFN-y in Schistosoma mansoni / HCV co-infected Egyptian patients compared to
HCV mono-infected patients. Patients attending Kasr Al-Aini Hospital, Cairo from 2012-2014
were recruited. Subjects recruited were S. mansoni/HCV co-infected (n=22), treatment-naive
chronic HCV-4 (n=50), and healthy controls (n=35). Clinical history and liver function markers
were determined for each participant. IL-28B and IFN-y plasma levels were assayed for all par-
ticipants by ELISA and HCV load was quantified using Real-Time PCR. Plasma anti-
schistosomal antibody titers were assayed along with viable egg identification in feces. Patients
with high HCV viral load had significantly higher IFN-y and IL-28B levels whether suffering
from HCV mono- or co-infection. Moreover, IFN-y levels were positively associated with IL-
28B plasma levels in HCV mono- and co-infection. The 1L-28B levels were significantly higher
in S. mansoni/HCV co-infected than HCV mono-infection patients (p < 0.05).Data suggested
that co-infection of HCV with S. mansoni affected IL-28B levels and IL-28B plasma levels
might prove with sufficient further studies to be an effective prognosis biomarker for S. mansoni
/ HCV co-infection in the Egyptian population.
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Introduction 2007; Abruzzi and Fried, 2011; Abruzzi et

Schistosomiasis is the second common-  al, 2016).

est parasitic disease in the world (Colley et Besides, the hepatitis C virus (HCV) in-
al. 2014). An estimate of more than 200  fection represents a global burden with
million people worldwide are affected by ~ 130-200 million people infected worldwide
schistosomal infection (Colley et al, 2014; (Seeff, 2002; Shepard, 2005). HCV is en-
Vos et al, 2012), with an estimated 83 mil- demic in many countries, including Egypt,
lion infected with S. mansoni (Crompton,  which has the highest worldwide incidence
1999; Chitsulo et al, 2000). Schistosomia- and prevalence of HCV genotype 4 up to
sis is a known endemic parasitic infection 15% thus becoming a serious public health
in Egypt since the Ancient times (Barakat, concern ( Kamal 2011; Guerra et al, 2012).
2013; Othman and Soliman, 2015) affect- Studies showed that differences in disease
ing the liver as the main target organ and progression and outcomes are linked to
associated with liver fibrosis and cirrhosis host and viral factors. Host factors include
in severe cases (Colley et al, 2014). Schis- the age, sex, genetic background, co-infec-
tosomiasisin endemic regions contributesto  tion other disease as HIV and schistsoma-
comorbidity in co-infections with hepatitis, isis, and affected the immune responses
HIV, or malaria (Karp and Auwaerter, (Abdel-Hakeem and Shoukry, 2014).
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The burden of HCV and S. mansoni is of
significant concern as the common co-
infections of the parasite and virus lead to
increased severity of the liver diseases. The
prevalence of HCV in Egypt led to a bias
for co-infection with S. mansoni (Strick-
land et al, 2002; Van-Lume et al, 2013;
Loffredo-Verde et al, 2015; Abruzzi et al,
2016). Patients with co-infections showed
higher HCV/RNA titers, more histological
activity, greater cirrhosis, and higher mor-
tality rates than those suffered from single
infections (Pearce et al, 2002; Tanaka et al,
2004; Loffredo-Verde et al, 2015). The
differential susceptibility to parasitosis was
associated with genetic polymorphism of
several cytokines (Fumagalli et al, 2009).
IFN-y, a Th1 cytokine associated with both
diseases. Another important cytokine is IL-
28B belongs to type 111 interferon family of
cytokines, and is also known as IFN-A, part
of the interferon-stimulated gene products
(ISGs) (Schneider et al, 2014). ISGs are
implicated in resistance of many pathogens
including viral and parasites. Although IL-
28B gene polymorphism is linked to varia-
tion in response to HCV therapy (Ge et al,
2009), yet, in most of the IL-28B-HCV
studies, the patient population with S. man-
soni co-infection have been excluded.

Although studies have characterized im-
mune response in HCV coinfection with S.
mansoni, little is known about IL-28B lev-
els in chronic S. mansoni/HCV patients and
association with endogenous IFN-y levels.

The aim of the current study was to ex-
amine levels of endogenous IL-28B in
treatment-naive chronic HCV patients with
or without S. mansoni co-infection as a bi-
omarker for co-infection. The study found
that IL-28B & IFN-y levels correlate in
HCV and S. mansoni/HCV co-infected pa-
tients. Moreover, I1L-28B is higher in S.
mansoni/HCV co-infected patients than
mono-infected.

Subjects and Methods

Subjects: One twenty six subjects attend-
ing Kasr Al-Aini University’s Hospitals,
from 2012 to 2014 were recurited. They
were from governorates of Cairo, Giza,
Kafr EI-Sheikh, Gharbia, and Menoufia,
without history of pegylated-IFN treatment
to assess endogenous IFN-y levels. Exclu-
sion criteria included serious co-morbid
conditions as heart diseases, poorly con-
trolled diabetes to exclude insulin re-
sistance as a negative predictive factor at
baseline hepatic disorders, & other conco-
mitant viral or parasitic infections (Tab. 1).

Table 1: Inclusion and exclusion criteria for recruited HCV and S. mansoni/HCV patients.

Inclusion criteria Exclusion criteria

Age > 30 yrs and < 85 yrs.
Positive HCV antibodies and
detectable HCV RNA by PCR.
Negative treatment history with
PEG-IFN and RIB.

Hepatitis B surface antigen
negativity.

Complete blood count taken
into consideration.

son’s disease).

Serious co-morbid conditions such as severe arterial hypertension, heart failure, sig-
nificant coronary heart disease, poorly controlled diabetes (Hb,A1C > 8.5%), chronic
obstructive pulmonary disease.

Major uncontrolled depressive illness.

Solid transplant organ (renal, heart, or lung).

Untreated thyroid disease.
History of previous anti-HCV therapy.
Known HIV co-infection.
Concomitant liver disease other than hepatitis C (chronic hepatitis B, autoimmune
hepatitis, alcoholic liver disease, hemochromatosis, a-1 antitrypsin deficiency, Wil-

Concomitant parasitosis or infection with Schistosoma species other than S. mansoni.

PEG-IFN: Pegylated-interferon; RIB: Ribavirin; HIV: Human immunodeficiency virus.

Sample size was calculated based on pre-
viously concluded statistical equation (Cha-
ran, 2013). Target population size was as-
sumed unlimited, confidence interval
(C1%) was set to be within £10%, confi-
dence level was set at 95%, and value of
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0.5 was selected for standard deviation.
The final number of participants who met
inclusion criteria was 107 subjects. These
were chronic S. mansoni / HCV co-infected
patients (n=22), chronic HCV genotype-4
treatment-naive patients (n=50), and the




healthy controls (n=35). It was difficult to
recruit S. mansoni mono-infected patients,
as this group of patients is currently scarce
in Egypt. This is partly due to the high
HCV prevalence in Egypt that surpassed
the S. mansoni mono-infected population
led to bias towards co-infection ( Strickland
et al, 2002; Kamal et al, 2004; Farid et al,
2005; Van-Lume et al, 2013; Loffredo-
Verde et al, 2015; Abruzzi et al, 2016). The
choice of control subjects was tied to meet
the study inclusion and exclusion criteria
and difference in age range was kept mini-
mal.

The study protocol conformed to the ethi-
cal guidelines of the 1975 Declaration of
Helsinki. Patient’s verbal approval was ob-
tained from each patient before blood
drawing. Additionally, the Research Ethics
Committee (REC) of Faculty of Pharmacy,
Cairo University, Egypt, approved this
study, protocol number MI (522).

Liver function tests: Plasma levels of as-
partate transaminase (AST), alkaline phos-
phatase (ALP), alanine transaminase
(ALT), total and direct bilirubin were as-
sayed using colorimetric kits from Quimica
Clinica Aplicada, S.A. (QCA) (Tarragona,
Spain). Gamma glutamyl transferase (y-
GT) plasma levels were assayed using col-
orimetric assay (Reactivos GPL, Spain).
Total plasma protein was assayed using
biuret reaction method while albumin was
assayed using bromocresol green reaction
(BCG) both kits from (Stanbio Laboratory,
Texas, USA).

Viral assays: Qualitative hepatitis B sur-
face antigen (HBsAQ) test was performed
with ABON HBsAg Rapid Test (Abon Bi-
opharm Co., Ltd., China). Quantitative
hepatitis C viral load was quantified using
real-time PCR method. To quantify HCV
viral load, total viral RNA was isolated
from patients’ plasma using QIAamp viral
RNA kit (Qiagen, Germany) following

manufacturer’s protocol. Real-time PCR
for measuring HCV viral load using
Quanti-Tect Probe RT-PCR Kit (Qiagen,
Germany) was performed as previously de-
scribed (Gibellini et al. 2006). This method
assesses a standard by scalar dilution of
control plasma used for the HCV b-DNA
technique. HCV stock virus concentration
contained 2.5x10° RNA copies/ml (cpm).
Prior to RNA purification procedure, the
HCV stock was diluted in HCV- negative
plasma to achieve several HCV scalar dilu-
tions (from 5x10° copies to 50 cpm). Re-
sults >10 cpm were considered positive.

S. mansoni assays: Plasma antischistoso-
mal antibody titers were assayed for all
subjects using Bilharzial IHA kit (Fumouze
Diagnostics, France). Titers > 1:160 were
considered significant, and any titers below
this cutoff was considered indeterminate
following established protocols (Van Gool
et al, 2002; Kinkel et al, 2012). For con-
firmation of active S. mansoni infection,
viable S. mansoni eggs were detected in
schistosomiasis patients’ feces using rectal
snips.

Cytokine assay: IFN-y plasma levels
were assayed using solid phase enzyme
amplified sensitivity immunoassay DIA-
source IFN-y-EASIA (DIAsource Immuno-
assays, Belgium). IL-28B levels in plasma
were measured using ELISA kit for human
IFN-lambda-3 (ElAab Co., Ltd., China).

Statistical analysis: Data plotting was
done using GraphPad Prism v6.01 (Graph-
Pad Software Inc., California, USA). Non-
parametric Mann-Whitney t-test was per-
formed to calculate the differences between
each pair of groups and data were ex-
pressed as medians %+ interquartile range
(IQR). Spearman’s correlation coefficient
was calculated for each pair of data within
each group. P < 0.05 and 95% confidence
interval were used as significance cut-off
limits for all significance tests.

Results
The results are in tables (1 & 2) and figures (1, 2, 3 & 4)
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Table 2: Demographics, HCV viral load, S. mansoni titer, and plasma levels of liver enzymes in chronic HCV and HCV /
S. mansoni co-infected patients in comparison to healthy controls:
3 significant difference between chronic HCV patients and healthy control groups (p < 0.0001), ° significant difference
between S. mansoni / HCV co-infected patients and healthy controls groups (p < 0.0001), ¢ significant difference between
chronic HCV & S. mansoni / HCV co-infected patients (p < 0.05), ¢ data expressed as medians + interquartile range (IQR)

Parameters Controls (n=35) Chronic HCV patients (n=50) | S. mansoni /HCV patients (n=22)
Median age+IQR(range) (32-47) 41.0+6 (30-81) 44.5+12 (31-51) 43.5+13.5
Male: female 18:17 23:27 16:6

Geographical distribution

Cairo (%) 27 (T7%) 31 (62%) 3 (14%)

Delta (%) 8 (23%) 19 (38%) 19 (86%)

Anti-S. mansoni titer £ IQR 80.0£0.0 160.0 + 80 320.0+0.0° ¢
(range) (80-160) (80-160) (320-1280)

Liver profile

AST (IU/L)£IQR 27.045.0 270+30° 312.5460.5" ¢
ALT (IU/L)£IQR 17.0£3.5 240.5+41.3° 292.0458.5" ¢
AST/ALT ratio 1.740.24 1.1+0.09° 1.1+0.06" ¢

yGT (IU/L)xIQR 15.0+4.0 123.8+15.9% 230.6+24."°¢

ALP (IU/L)£IQR 87.0+22.0 282.6464.3 * 327.2479.8"

Total protein (g/dl)£IQR 6.810.4 4.8+0.9° 3.4+1.8"°¢
Albumin (g/d)£IQR 4.940.5 3.0£0.4° 2.1+0.6"°¢

Total bilirubin (mg/dl)£IQR 0.2+0.035 4.6+3.9% 3.8+4.2°

Direct Bilirubin (mg/dl)+IQR | 0.1+0.025 2.3+1.9° 2.0+1.3°

Discussion

Schistosomiasis when complicated with
HCV aggravates liver disease complica-
tions and the worsens disease prognosis
(Kamal et al, 2006). IL-28B & IFN-y are
two cytokines recognized in both diseases.
The present study investigated the behavior
and relationship between IL-28B and en-
dogenous IFN-y in patients with S. mansoni
complicated with HCV coinfection. To do
so, general liver profile, viral load, S. man-
soni antibody titers, microscopical stool
analysis, and IFN-y and IL-28B cytokines
levels in chronic treatment-naive HCV pa-
tients with or without S. mansoni co-
infection were compared to healthy donors
as controls.

All subjects displayed negative HBsA(Q,
therefore, HBV can be excluded from caus-
ing liver damage and that liver disease
could be mainly caused by either HCV in
HCV patients or HCV complicated with S.
mansoni in S. mansoi/HCV co-infected pa-
tients.

Liver enzymes levels of chronic HCV
mono- and co-infection were elevated
compared to healthy controls. Similar in-
crease in the levels of these enzymes was
previously reported by several studies
(Halim et al, 1999; Van Gool et al, 2002;
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de Morais et al, 2010; Kinkel et al, 2012).
This was basically that liver inflammation
caused by HCV infection in HCV mono-
infected patients. In HCV patients co-
infected with S. mansoni, the same applies
with an added liver damage caused by the
parasite eggs located within the liver tissue.
The presence of S. mansoni eggs induces
the formation of granulomatous tissue, in
turn, chemokines production leads to more
cellular responses and aggravation of the
inflammation and consequently leads to
severe liver cellular damage (Smith et al,
2005).

Increased AST/ALT ratio was an im-
portant parameter for detecting progressive
schistosomal or viral liver damage specifi-
cally liver cirrhosis and positive predictive
value for detection of chronic liver disease.
AST/ALT ratio was found to be > 1 in both
HCV mono-infected group and HCVI/S.
mansoni coinfected group. This is an indi-
cation for severe liver disease caused by
HCV infection either alone or accompanied
by S. mansoni infection.

AST, ALT, & y-GT were higher in S.
mansoni/HCV  co-infection than HCV
mono-infection (p < 0.0001). Similar data
were reported (de Morais et al, 2010).
However, some studies reported no signifi-



cant difference in ALT or AST in the co-
infected group compared to mono-infected
group (Kamal et al, 2000). Others reported
highly significant elevation in y-GT in
HCV/S. mansoni co-infection, being the
highest in hepatosplenic schistosomiasis
patients with decompensated liver cirrhosis.
Saudy et al. (2012) showed similar results
with lack of significant difference of ALP
between HCV mono- and co-infection.

Total protein and albumin levels were
significantly lower in both infected groups
compared to controls (p < 0.0001) (Tab. 2).
This is in agreement with previous reports
(Fahim et al, 2000). S. mansoni/HCV co-
infected patients showed significant de-
crease in total protein and albumin serum
levels compared to mono-infected group (p
< 0.01). Similar results regarding serum
albumin were reported by de Morais
(2010). The further decrease in total protein
and persistently low albumin serum levels
in liver disease signals reduced synthetic
capacity of liver in co-infection, and it is a
sign of progressive liver failure.

Total and direct bilirubin levels were sig-
nificantly higher in both infected groups
compared to control group (p < 0.0001).
These findings agreed with Halim (1999).
On the other hand, there was no significant
difference in total or direct bilirubin in the
co-infected group compared to the HCV
group. Others reported significantly higher
total and direct bilirubin serum levels in co-
infected group compared to HCV mono-
infected group, which could be attributed to
cholestasis or other accompanying liver
damage that is not present in the current
study (de Morais et al, 2010). Moreover,
the present study results showed that con-
jugated (direct) bilirubin is elevated more
than unconjugated (indirect) bilirubin,
which typically indicates a problem associ-
ated with decreased elimination of bilirubin
by the liver cells (Mcpherson, 2007).

HCV viral loads were expectedly signifi-
cantly higher in HCV patients with or with-
out S. mansoni co-infection compared to
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controls (p < 0.0001) (Fig. 1) with non-
significant difference between HCV mono-
and co-infected patients. This disagreed
where HCV patients co-infected with S.
mansoni showed higher HCV viral loads
and higher mortality rates compared with
the patients infected with the HCV alone
(Angelico et al, 1997: Kamal et al, 2000a,
b). This contradiction could be attributed to
that previous studies were based on long-
term follow-up, whereas the current study
was a case-control study. However, the cur-
rent study finding is consistent with other
studies of similar cross-sectional survey
nature, without significant difference in
HCV viral load between mono and co-
infected HCV with S. mansoni (Farid et al,
2005; Allam et al, 2014).

IFN-y levels were positively associated
with HCV viral load in mono-infection (r =
0.897, p < 0.001) and co-infection (r
0.949, p < 0.001) (Fig. 2a; b). This contra-
dicts a previous study that showed that
IFN-y did not correlate with HCV viral
load in either groups (Emam et al. 2006).
Such contradiction is probably attributed to
the small sample size recruited for all
groups, which could have affected the cor-
relation analysis. Other studies showed in-
verse correlation between HCV viral load
and HCV-specific CD4+ T-cells (Kamal et
al. 2001). A possible explanation to this
finding is the involvement of acute HCV
patients, which expectedly has an enor-
mous down-regulating impact on the initial
cellular immune response due to the accel-
erated outburst of HCV replication. On the
other hand, chronic infection tends to lower
and stabilize the viral burden giving more
chance to cellular immunity to improve
commencing a positive correlation between
IFN-y and HCV viral load. IL-28B levels
were positively associated with HCV viral
load in mono-infection (r = 0.813, p <
0.001) and co-infection (r 089, p <
0.001). The strong association of both cy-
tokines with viral load was consistent that
correlated IL-28B serum levels with the



degree of HCV infection, regardless of con-
comitant S. mansoni infection (Al-Qahtani
et al, 2015). Nevertheless, studies involv-
ing IL-28B as a serum cytokine in viral in-
fection are relatively scarce.

One of the factors modulating the differ-
ent outcomes of S. mansoni/HCV is Thl/
Th2 balance (Pearce, 2002). The present
study showed a significant elevation of Thl
IFN-y in HCV subjects with or without S.
mansoni co-infection compared to controls.
However, IFN-y was non-significantly dif-
ferent between HCV mono- and co-infected
groups. This can be attributed to the domi-
nance of Thl immune responses to HCV
(El-Kady et al, 2005). Previous studies
showed similar results, demonstrating no
significant differences in the mean IFN-y
among HCV patients coinfected with S.
mansoni and those patients infected with
HCV alone (Allam et al, 2014). Others
have shown that IFN-y is higher in mono-
than co-infection (Badra et al, 2007). How-
ever, HCV-specific cell-mediated respons-
es were not significantly different between
the mono- or co-infected groups (Angelico
et al, 1997; Saudy et al, 2012). S. mansoni
causes liver pathology through an immune-
mediated mechanism rather than through
direct hepatic injury (Hoffmann et al,
2000). S. mansoni ova were trapped in the
liver, evoking a highly skewed Th2 im-
mune response profile with the granuloma
formation that progresses to periportal fi-
brosis. However, the ultrastructure and
function of hepatocytes are minimally af-
fected (El-Kady et al,2005). The Egyptian
patients infected with HCV genotype-4 can
mount HCV-specific T-cell responses de-
spite the prevalence of concomitant schis-
tosomiasis (Angelico et al, 1997; Saudy et
al, 2012), but did not offer an explanation
for the increased incidence in HCV mor-
bidity observed in the co-infected patients
(Badra et al, 2007).

Although IL-28B was associated with
HCV infection, the current study further
shows that in HCV co-infection with S.
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mansoni, IL-28 B levels further increase.
Moreover, there are only two Egyptian
studies that examined IL-28B, however,
examining its genetic polymorphism not its
plasma levels and in co-infected HCV/ S.
mansoni group rather than mono-infected
S. mansoni group (Bakr et al, 2015; Shaala
et al, 2015). A significant elevation of IL-
28B in S. mansoni/HCV co-infected pa-
tients was observed compared to HCV
mono-infected group (p < 0.05). The IL-
28B plays a specific role in inducing the
production of IFN-y from CD8+ cells
(Halim et al. 1999). This in turn shifts the
immunological response to Thl pathway
which promotes cellular immunity and
healing (Morrow et al, 2009).

In HCV, resolution is usually associated
with a complex Thl response (Abdel-
Hakeem et al, 2014) and S. mansoni asso-
ciated with a mixed Thl and Th2 responses
with a shift to Th2. Moreover, several pop-
ulations of HCV-specific CD4+ T-helper
cells are primed including Thl cells that
provide help for CD8-mediated killing of
infected hepatocytes by producing IFN-y
and TNFao, Th17 cells, and Th2 cells that
provide help for antibody-producing B cells
and generating antibodies via IL-4 and 1L-6
(Abdel-Hakeem et al, 2014). The present
study showed that a significant increase in
IL-28B is case of parasitic S. mansoni co-
infection that follows Thl immunological
pathway (Farid et al, 2005). Therefore, the
current study data suggests that this eleva-
tion might be some sort of a compensation
mechanism in chronic stages of parasitic
co-infection to re-shift the persistent de-
structive Th2 pathway back to Th1 healing
stage. Moreover, IL-28B gene polymor-
phism has been shown useful in predicting
outcomes of HCV mono-infection treat-
ment (Bochud et al. 2011). However, a re-
cent study on predictive factors for S. man-
soni/HCV patients showed that viral load
and rapid virologic responses (RVR) were
more valuable than IL-28B gene polymor-
phism in HCV-genotype 4 prevalent in



Egypt (Shaala et al, 2014). However, this
study did not investigate whether IL-28B
plasma levels rather than gene polymor-
phism could be the possible cost-effective
biomarker for predicting therapy outcomes
in S. mansoni/HCV patients. Further stud-
ies with more observations can clarify the
relationship of 1L-28B to balance of Thil,
Th2 and Tregs responses in the naive HCV
patients with or without S. mansoni co-
infection.

Correlation analysis showed that IFN-y
levels were positively associated with IL-
28B levels in mono-infection (r = 0.99, p <
0.0001) and co-infection (r = 0.99, p <
0.0001). Similar findings were observed in
influenza viral infection, where IL-28B and
IFN-y were found to have a strong associa-
tion (Morrow et al, 2010). These findings
could be of clinical use, as IFN-y and IL-
28B are known to play major roles in the
immune response to viral infection in gen-
eral, and HCV as a special case. Both IFN-
v and IL-28B display not only antiviral ac-
tivity, but also the antitumor and anti-
proliferative effects. This makes IL-28B a
potential alternative to IFN-a for both anti-
viral and viral consequences as anticancer
therapies. Unlike the IFN-a that is able to
stimulate most cells, response to IL-28B
stimulation is shown to be limited to den-
dritic, epithelial, and some tumor cells. An-
other difference was the ability of the IL-
28B stimulation to drive dendritic cells to-
wards production of CD4+CD25+FoxP3+
regulatory T-cells, suggested the possible
immunoregulatory role (Mennechet, 2006).
The IL-28B was affected in HCV patients
co-infected with S. mansoni, suggested as-
sociation of S. mansoni with the increased
IL-28B levels.

Conclusion

Undoubtedly, schistosomiasis and HCV
are diseases of public health importance.

To the best of the authors’ knowledge,
this is the first report to show a strong asso-
ciation between IFN-y & IL-28B in naive
chronic HCV patients with or without S.
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mansoni co-infection. IL-28B was only
affected in HCV patients co-infected with
S. mansoni, suggesting association of S.
mansoni with increased IL-28B levels. Fur-
ther studies should investigate the possibil-
ity of using IL-28B as a cost-effective bi-
omarker for prognosis of S. mansoni/HCV
co-infection. Studies must investigate the
possibility of using IL-28B as a novel bi-
omarker for therapy in S. mansoni/HCV co-
infection.
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Figure Legends

Fig, 1: HCV viral load in healthy controls vs. chronic HCV and S. mansoni / HCV co-infected patients. HCV viral RNA
load (cpm) was measured by assaying viral RNA using quantitative Real-Time PCR. Both HCV mono- and co-infected
groups had significantly high levels of viral RNA (p < 0.0001) values are plotted as medians and Mann-Whitney test used
for statistical comparison of each two groups.

Fig. 2: Correlation analysis of HCV viral RNA load (x104 cpm) with endogenous IFN-y levels (IU/ml) and IL-28B levels
(pg/ml). Correlation analysis showed positive association between endogenous IFN-y levels & HCV viral load. Patients
with high HCV viral load had significantly higher IFN-y levels whether suffering from (a) mono-infection (r = 0.8975, p <
0.001) or (b) co-infection (r = 0.9493, p < 0.001). Similarly, IL-28B levels significantly higher in patients with high HCV
load whether suffering from (c) mono-infection (r = 0.8133, p < 0.001) or (d) co-infection (r = 0.8905, p < 0.001), where r
Spearman’s correlation coefticient.

Fig. 3: Endogenous IFN-y levels (IU/ml) and IL-28B levels (pg/ml) in healthy controls vs. chronic HCV and S. mansoni
[HCV co-infected patients. (a) IFN-y levels showed no significant difference between HCV mono- and co-infected groups.
Meanwhile, IL-28B levels (b) were significantly higher in S. mansoni/ HCV group (p < 0.05). All values plotted as medi-
ans and Mann-Whitney test used for statistical comparison of each two groups.

Fig. 4: Correlation analysis between levels of IL-28B levels (pg/ml) and endogenous IFN-y levels (IU/ml) showed positive
association in chronic HCV mono-infected patients (red dots and regression line) (r = 0.99, p < 0.0001) and S. mansoni
[HCV co-infected patients (purple dots and regression line) (r = 0.99, p < 0.0001), but not in healthy controls (green dots
and regression line) (r = 0.20, p > 0.05), where r is Spearman’s correlation coefficient.

371


https://www.ncbi.nlm.nih.gov/pubmed/25959770
https://www.ncbi.nlm.nih.gov/pubmed/25959770

< 0.0001 *** =005 NS

< 0.000q =

10484
1074 Ssssann®
e, oo .e
1054 m'..;:_:.:m o tod e
- ....- [ I T I 1]

— 1054 e .
= '-.::--' an
o 104
=
14+
=
=T 1
= 100+
o
™
=
>
=
-7

104 '.!"'lﬂ'

L L 1] "eee L Ll 1)
L L1 1 L 17}

1 T T T

F 1 control HCW HCW+Schist.,
- groups

372




)]

IFN+y (IU/mi)

IL-28B (pg/mi)

IL-28B (pg/ml)

0.5 T LR
r=0.8975
0.4 .
s
. :oo
0.3 A . o ¢
Py ] -,
”'
0.2 -I!
0.1 4
0.0 T T T T i F T T T J L T T
0 20 40 60 80 100 100 200 300 400 500 500 1000 1500
0.5 -
r=0.9493
0.4 -
0.3 - "’
oo *
02-%"
0.1 A
a-n L] LI L] 1) L] Ll L] L] L] 1
0 20 40 60 h] 100 100 200 300 400 500
1500 - r=08133"" .
&
-
..
.
1000 - L
-
4
- -
e &
500 - .
.
.’
4
/] "'l T T T T 1 I T T T 1F T
1] 20 40 60 B0 4100 100 200 300 400 S0800 1000 1
2000 7 r=0.8905""
.
1500 -
«*
- '
1000 . - s :
>
/
500 4,*
0 - T T T T 1 F T T T 1
1] 20 40 60 B0 100 100 200 300 400 500

HCV viral load *10*(cpm)

373




; ) - <Q 0001 = <008
a I L 1 b : 1 ; :
60001
: A <0.0001 ***
La 1 L 4
0 009 ] }
X .
4 v
158004
* o’\
.
; 3 -
04 4 ‘ — 10004 ' o*
F = E ot ;
3 e § % ol
= 'o“ %o o 00 o :
= v .. m 2 .
'ﬁ 0..'.:.0‘ o § - 2
oy = 0t
02 et ..’o" o J '000:0000. .
oo vr P
izt o] anithe
s see
4 4 "8
- D4+
00 v . v ° y v .
ool nev HCVe tanial sertol "y WOV Sahint
F- 3 groups groups
-
>
1600
1200 1
E
~
L]
(-8
-]
o 800 4
~
-
400 7
o 1 \
0.0 0.2 0.4 0.6

IFN-

(1u/mi)

374




