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Abstract

Chronic liver disease (CLD) can potentially cause disruptions in the normal
functioning of various endocrine organs responsible for producing hormones. As a
result, individuals suffering from CLD may experience fluctuations or imbalances in
the levels of certain hormones within their bodies. As well as they frequently have
suppressed immune systems making them more vulnerable to parasite infections. The
primary objective of this study was to investigate the association between
Toxoplasma gondii infections and liver function by analyzing the interplay between
these parasites and hormones. This study was conducted in Baghdad, Iraq from
December 2021 to May 2022. One hundred and twenty male patients with Chronic
liver disease (CLD) (age:14-75 years) and 120 control males (age: 24-70 years)
participated in this study. Stool and serum samples were collected from all individuals
and were then analysed for intestinal protozoan parasites and anti-Toxoplasma
antibodies respectively. Hormonal tests were conducted for all participants which
included (Cortisol, testosterone, prolactin, insulin, and thyroid-stimulating hormone
TSH). Biochemical tests included (Prothrombin time PT, international normalized
ratio INR and albumin); liver enzymes were (aspartate aminotransferase AST, alanine
aminotransferase ALT, alkaline phosphatase ALP and gamma-glutamyl transferase
GGT) and interleukins (Interleukin 13 IL-13 and transforming growth factor TGF).
The findings indicate that among the control group participants, 34 individuals, which
constitute 28.33% of that group, tested positive for protozoan parasitic infections. In
contrast, a higher proportion, 69 individuals or 57.5%, of the participants diagnosed
with CLD were found to be positive for protozoan parasites. Four sub-groups were
formed in response to prior results: Control-parasites positive, control-parasites
negative, CLD-parasite positive and CLD-parasite negative. The status of the
protozoan parasites did not affect the hormones levels. The results of liver enzymes
showed that parasite positive status was significantly related to all enzymes among
CLD patients except the GGT. As well as parasite positive status was not correlated
with the other biochemical (PT, INR, and albumin) and immunological parameters
(IL-13 and TGF). There was no correlation between the positive status of parasites
and cortisol, testosterone, insulin, prolactin, or TSH. The liver enzyme results showed
a high correlation (p<0.05) between the presence of parasites and all of the enzymes
among CLD patients, with the exception of the GGT enzyme. PT, INR, albumin, and
the other biochemical and immunological markers (IL-13 and TGF) did not correlate
with the presence of parasites.
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1. Introduction
Chronic liver disease" (CLD) denotes long-standing deterioration of liver function
persisting over a duration of six months or more. The decline in liver function impairs its
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capacity to synthesize clotting factors and other proteins, detoxify toxic metabolic byproducts,
and secrete bile, leading to a range of complications and reduced overall health. Fibrosis and
cirrhosis are the results of the ongoing inflammation, degradation, and regeneration of the liver
parenchyma in CLD. Chronic liver disease has many different etiologies, including as exposure
to toxins, long-term alcohol consumption, infections, autoimmune diseases, genetic disorders,
and metabolic problems. The last stage of chronic liver disease, known as cirrhosis, is
characterized by disturbance of the architecture of the liver, creation of extensive nodules,
vascular reorganization, neo-angiogenesis, and extracellular matrix deposition. At the cellular
level, fibrosis and cirrhosis are caused by the recruitment of fibroblasts and stellate cells;
parenchymal regeneration is dependent on hepatic stem cells. The focus is on the common
etiologist, clinical symptoms, and management of chronic liver disease, a clinical condition
that is exceedingly frequent. The most significant health issues nowadays are chronic liver
disorders and cirrhosis, according to the most recent gastroenterology literature [1]. In many
cases of CLD, when the amount of the liver damage is parallel to the immunological
disturbances, hyperglobulinemia and reduced cell-mediated immunity are prevalent [2]. Due
to a decrease in humoral and cell-mediated immunity, hepatic cirrhosis is characterized by
impaired antigen handling [3]. Exhaustion, mood swings, and low libido are examples of
symptoms of hormonal imbalance that can appear in people with liver problems. Unexpected
weight increase or loss is a sign that there might be hormonal imbalances. Mood: weariness,
restlessness, anxiousness, and annoyance. Chronic liver disease can lead to malfunction in most
endocrine organs, such as the pituitary, thyroid, and other glands. The most common endocrine
manifestations of CLD include short stature, hepatic osteodystrophy, delayed puberty,
hypogonadism, relative adrenal insufficiency, and sick euthyroid syndrome. Patients with
cirrhosis usually have normal or slightly elevated levels of estradiol, lower levels of
testosterone and dihydroepiandosterone, and a higher estrogen/androgen ratio, depending on
the severity of the liver disease. Individuals with liver illness may show significant immune
system dysfunction. This illness encompasses alterations to both the systemic and localized
immune defences of the cirrhotic liver, changes that are integral to explaining the disease's
pronounced susceptibility to infections and considerable infection-connected mortality rate.
The increasing prevalence of extensively or multidrug-resistant pathogens, which are linked to
higher mortality, longer hospital stays, and higher healthcare-related costs when compared to
infections caused by susceptible strains, is another worrying aspect of infections in cirrhotic
patients. Among the infectious pathogens that may be linked to CLD are protozon parasites.
According to [4, 5], Toxoplasma gondii and certain intestinal protozoan parasites have become
prominent opportunistic parasites that can infect immunocompromised people fatally. Giardia
lamblia (G. lamblia), Entamoeba histolytica (E. histolytica), Blastocystis hominis (B. hominis),
Cryptosporidium parvum, Cyclospora cayetanensis, Isospora belli, and Microsporidia are
among the many parasitic infections that can affect patients with chronic liver disease (CLD)
[5]. Unsanitary practices, such as eating and drinking contaminated food and water, or feco-
oral rout, are common ways in which these parasites are spread. When a parasite infection is
successfully identified and treated in patients with chronic liver disease (CHD), problems such
as electrolyte imbalance, dehydration, and the development of hepatic encephalopathy can be
prevented [5]. On other hand immunological and hormonal disorders associated with CLD can
deteriorate the general health condition of the CLD patients. The purpose of the study was to
identify common parasites among CLD patients as well as assess the hormonal and
immunological state of these individuals.

2. Materials and Methods
2.1 Individuals and Study Design

This study was conducted as a case control in the Gastroenterology and Hepatology
Teaching Hospital, Medical City in Baghdad, Iraq, between December 2021 and May 2022. A
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total of 240 adult males were involved in this study. One hundred and twenty of them were
diagnosed as Chronic Liver Disease (CLD) patients. Some clinical and biochemical tests
performed by a gastroenterologist served as the basis for the diagnosis of CLD. The study
procedure was approved by the Ethics Committee at the College of Science, University of
Baghdad, as confirmed by the relevant confirmation letter (CSEC/1221/0081).

2.2 Serum preparation

A venipuncture procedure, which involves drawing a blood sample, was performed on each
participant in the study. Blood samples were put in gel activator tubes, they were centrifuged
for ten minutes at 6500 rpm after coagulating for roughly thirty minutes at 25 °C. Each serum
sample was divided into portions equally. Serum was utilized to screen for anti-Toxoplasma
antibodies and to assess immunological, biochemical, and hormone levels.

2.3 Protozoan parasite screening
2.3.1 Anti-Toxoplasma Screening

Anti-Toxoplasma was screened according to the manufacturer instruction available with the
ELISA kit (My BioSource, China) for IgM and IgG [6].

2.3.2 Collection and examination of stool for intestinal parasites

Using screw-cap containers, stool samples were taken from the individuals. On every
sample, the date of collection and the identification number were inscribed. The samples were
concentrated using the formalin-ether method [7]. Each deposit was taken in a drop form and
applied to a glass slide using a sterile pipette. A modified acid-fast approach was employed to
stain a second smear [8]. A light microscope with a x100 objective was used to examine each
smear.

2.4 Hormones analyses

The hormones cortisol, testosterone, prolactin, insulin, and thyroid stimulating hormone
(TSH) were measured in both control and CLD patients. Sandwich enzyme-linked
immunosorbent test (ELISA) was used to evaluate each of these hormones. Every assessment
was carried out following the guidelines provided by the manufacturer, which can be found
with each hormone's ELISA kit (My BioSource, China). In a 96-well plate, each sample was
evaluated. The plate was then analysed using an ELISA reader that operated at 450 nm
wavelength [6].

2.5 Biochemical analyses
2.5.1 Liver enzymes:

Liver enzymes, aspartate aminotransferase (AST), alanine aminotransferase (ALT) and
alkaline phosphatase (ALP) were all assessed using liver enzymes kit (Abbott, USA). All of
the enzymes were measured using ABBOTTc400 chemistry analyzer (Abbott, USA) based on
the manufacturer’s instruction found in the kits. As well as, Gamma glutamyl Transferase
(GGT) was measured for all participants using ELISA kit (My BioSource, China) according to
the instructions available with the kit. Then, all samples were analyzed and read at 450 nm
wavelength [9].

2.5.2 Prothrombin time (PT) and International normalized ratio (INR) analyses

Both Prothrombin time (PT) and International normalized ratio (INR) were evaluated for all
participants using BCS XP analyzer (Siemens, Germany). The assessment procedure was done
according to the instructions that came with the kit [10].
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2.5.3 Plasma albumin measurement

Based on the manufacturer's instructions included in the kits, the ABBOTTc400 chemical
analyzer (Abbott, USA) was used to quantify the plasma albumin concentration for each
participant [6].

2.5.4 Interleukin 13 (IL-13) and Transforming Growth Factor (TGF)

Plasma interleukin 13 (IL-13) and Transforming Growth Factor (TGF) were both assessed
using a sandwich enzyme-linked immunosorbent assay (ELISA) in accordance with the IL-13
and TGF kits' manufacturer's instructions (FineTest, ELISA kit, China). In a 96-well plate,
samples were subjected and screened [11, 12].

2.6. Statistical Analysis

The Statistical Analysis System, (SAS) version 9.1, was used to statistically analyze the
data. Chi-square was used to analyze the distribution of protozoan parasites among CLD
patients and the control group. Using the ANOVA test all parameters including cortisol,
testosterone, prolactin, insulin, TSH, AST, ALT, ALP, PT, INR, albumin, IL-13 and TGF were
compared between the CLD and the control group. The post hoc Tukey test was employed to
assess the statistical significance of the differences observed between the mean values of
different pairs of groups. P-values less than 0.05 were regarded as statistically significant. Data
were stated as the mean and standard deviation (mean +SD).

3. Results

3.1 Protozoan parasites screening

The results of protozoan parasites showed that sixty-nine (57.5%) of the CLD patients were
infected with protozoan parasites while only 34 (28.33%) individuals of the control group were
infected with protozoan parasites. Results showed T. gondii antibodies were present in 27.5%
of patients with CLD, versus 25% of the control group. Moreover, 23.8% of CLD patients
exhibited both T. gondii antibodies and intestinal parasite infection, noticeably higher than the
3.33% that demonstrated this combination in the control group. Single infection of protozoan
intestinal parasites was recorded in (5.83%) while no infection with protozoan intestinal
parasites was detected in control group. Only one CLD patients had double infections with
protozoan parasites versus no double infection in control (Table 1). Statistical analysis showed
that the occurrence of protozoan parasites was significantly (p<0.05) higher in CLD patients
versus the control group.

Table 1: Parasites positive and negative status among CLD patients and control group

Toxoplasma Intestinal Intestinal
positive Protozoan Protozoan
Toxoplasma +intestinal arasites arasites
Ui positige n(%) protozoan p(single p(double L i) X’(p-value)
parasites infection) infection)
n(%) n(%) n(%)
CLD-
patients 33(27.5%) 28(23.8%) 7(5.83%) 1(0.83%) 69(57.5%)
(n=120) 16.11(0.001)
((r:l‘figg; 30(25%) 4(3.33%) 0(0%) 0(0%) 34(28.33%)

Intestinal protozoan parasites (single infection): infected with one of the following: G.lamblia,
E histolytica and Cryptosporidium spp

Intestinal protozoan parasites (double infections): infected with two of the following:
G.lamblia, E.histolytica and Cryptosporidium spp
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3.1 Hormones levels

This study measured hormone levels in CLD patients as well as controls. It found that CLD
patients positive for parasites, CLD patients negative for parasites, control subjects positive for
parasites, and parasite-negative controls all exhibited distinct hormone levels. There were
significant increases for some of these hormones and significant decreases in others. Table 2
presents all of the hormones' effects. The current study included four groups, each with varying
amounts of cortisol. Significant variations in cortisol were revealed by statistical analysis using
the ANOVA test (p<0.05). The patients who tested positive for CLD parasites and those who
tested negative for CLD parasites had the highest cortisol levels, measuring 29.29+3.5 ng/ml
and 27.174+0.9 ng/ml, respectively. The control groups with positive and negative parasites had
the lowest cortisol levels, measuring 15.824+0.08 ng/ml and 15.76+0.05 ng/ml, respectively.
There were no significant differences (p<0.05) between patients with CLD parasites and those
without them, according to post hoc Tukey analysis. While the significant differences (p<0.05)
were noticed between CLD-parasites positive group and Control —parasite positive group. The
levels of testosterone were decreased in CLD-parasite positive patients (1.67+01.2 ng/ml) and
CLD-parasite negative patients (1.68+0.013 ng/ml) while the testosterone levels were higher
in control-parasites positive patients (2.99+0.05 ng/ml) and control-parasites negative patients
(2.93+0.04 ng/ml). The post hoc Tukey analysis revealed no significant differences when
comparing CLD patients who tested positive for parasites with CLD patients who tested
negative for parasites, as well as when comparing control subjects who tested positive for
parasites with control subjects who tested negative for parasites. However, significant
differences (p<0.05) were noticed between CLD-parasites positive group and Control —parasite
positive group. Prolactin levels also varied among the four groups. The highest prolactin levels
were noticed in CLD-parasite positive patients (68.49+7.5 ng/ml) and CLD-parasite negative
patients (64.21+1.2 ng/ml). Prolactin was lower in control-parasite positive group (45.47+0.5
ng/ml) and control-parasite negative group (44.98+0.3 ng/ml). Post hoc Tukey analysis
showed significant differences (p<0.05) in prolactin level between CLD-parasites positive
group and Control-parasite positive group. Insulin levels also differed significantly among
groups. The levels of insulin were higher in both CLD-parasite positive patients (15.77+ 0.29
ng/ml) and CLD-parasites negative patients (15.37+0.25 ng/ml) while the levels of insulin
were lower in control-parasites positive subjects and control-parasites negative subjects as
their levels were (9.36+£0.17 ng/ml) and (9.29+0.12 ng/ml) respectively. Post hoc Tukey
analysis showed no significant differences in insulin levels between CLD-parasite positive
patients and CLD-parasites negative patients. While significant differences (p<0.05) were
recorded between CLD-parasites positive group and Control-parasites positive group. ANOVA
analysis showed that TSH levels differed significantly (p<0.05) among groups. TSH levels
were lower in CLD-parasites positive patients (0.64+ 012 IU/ml) and CLD-Toxoplasma
negative patients (0.65 +0.17 IU/ml) while control groups (parasites positive group and
parasites negative group) showed a higher level of TSH levels (0.92+0.36 IU/ml) and (1+0.36
IU/ml) respectively.
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Table 2: The levels of cortisol, testosterone, prolactin, insulin and (TSH) hormones in CLD
patients and control group.

CLD patients (n=120) Control group (n=120)
Hormones Parasite Pgrasite Parasite Pgrasite F-test (P-value)
(Mean +SD) infected uninfected infected uninfected
(n=69) (n=51) (n=34) (n=86)
A B
Cortisol (ng/ml) 292035 A 27 17H09 % 15 09i 9oz 13765005 12.7 (p<0.05
A A B B
Testosterone 1.67+£1.2 1.68 £0.13 2.99+ 0.5 2.93+0.4 244 (p<0.05
(ng/ml)
A A B B
Frralkrstim (sl 68.49+ 7.5 64.21+ 1.2 4547+ 0.5 4498+ 0.3 8.5 (p<0.05
A A B B
Tyt Gy 15.77+0.29 1537+ 0.25 9.36+£0.17 9.29 +£0.12 259.7 (p<0.05
A A B B
TSH (IU/ml) 0.64 +£0.12 0.65 £0.17 0.92+0.36 1.00+ 0.36 295 (p<0.05

Means with a different capital letter in same raw significantly different (P<0.05).

3.2 Liver enzymes

Liver enzymes were also measured in this study in both CLD (parasites positive patients
and parasites negative) and control group (parasites positive subjects and parasites negative
subjects). Table 3 illustrates the results of liver enzyme tests, which revealed significant
(p<0.05) differences between groups for all enzymes assessed. The highest level of AST
enzyme was noticed in CLD-parasites positive group (96.99 £+ 7.11 IU/L). The levels of this
enzyme decreased in the following groups, CLD-parasite negative, control-parasite positive
group and control-parasite negative group respectively as their levels were (52.10 = 10.03
IU/L), (22.33 = 1.115IU/L) and (23.35+0.7 IU/L). Post hoc Tuckey analysis showed that AST
levels in CLD-parasites positive were significantly (p<0.05) higher than the other groups. AST
levels were significantly related to parasites positive status in CLD patients. Results showed
that the levels of ALT and ALP enzymes were significantly (p<0.05) higher in CLD-
Toxoplasma positive group (103.27 £ 7.91 TU/L) and (216.53+32.9 IU/L) respectively
compared to other groups. These enzymes were significantly related to parasites positive status
in CLD patients. The Levels of GGT enzymes were also differed significantly (p<0.05) among
groups. The higher GGT levels were recorded in CLD- parasite positive (20.26 =1.7 IU/L) and
CLD parasite negative groups (16.73+ 0.9 IU/L) compared to control- parasite positive (7.06
+ 0.07 IU/L) and control parasites negative groups (6.9« 0.06 IU/L). The high level of this
enzyme was related significantly to parasites positive status.

Table 3: The levels of liver enzymes (AST, ALT, ALP and GGT) in CLD patients and control
group. (P-value <0.05)

CLD patients (n=120) Control group (n=120)
Liver enzymes Parasite Parasite Parasite
Gim F-test (P-value
(Mean +SD) Paras(lliigr;t;ected uninfected infected uninfected ( )
(n=51) (n=34) (n=386)
B C C
AST (IU/L) 96.99 = 7.11 A 52.10+ 10.03 2233 £1.15 25.354+0.7 35.15 (p<0.05
A B B B
ALT (IU/L) 103.27+7.91 45.3249.17 41.41+12.8 32.77+£5.6 17.57 (p<0.05
A B B B
ALP (IU/L) 216.53£32.9 135.33+19.31 97.334+4.01 93.02+2.5 8.5 (p<0.05
GGT (IU/L) 20.26+£1.7 A 16.73+0.9 A 7.06+0.07 B 6.9+0.06 B 40 (p<0.05

Means with a different capital letter in same raw significantly different (P<0.05).
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3.3 Prothrombin time (PT), International normalized ratio (INR) and serum albumin
Results showed that PT values were not differed significantly among groups. All values
were illustrated in Table 4. On the other hand, INR showed significant differences (<0.05)
among groups. The highest INR values were noticed in CLD-parasites positive (1.21 £0.04)
and CLD-parasites negative patients (1.23+0.05). While both control-parasite positive and
control-parasite negative subjects showed low INR wvalues (0.9+0.04) and (0.8+0.05)
respectively. Post hoc Tukey analysis showed significant differences (<0.05) between the
following pairs of groups (CLD- parasites positive versus control parasites positive), (CLD-
parasites positive versus control parasites negative), CLD- parasites negative versus control
parasites positive) and (CLD- parasites negative versus control parasites negative). Significant
differences (<0.05) in albumin levels were also recorded among groups. Albumin decreased
significantly in CLD- parasites positive (3.63 £0.09 g/dl) and CLD-parasites negative patients
(3.65 £0.08 g/dl) compared with control- parasites positive subjects (4.17 £0.07 g/dl) and
control-parasites negative subjects (4.15+0.04 g/dl). Post hoc Tukey analysis revealed no
significant differences between the following pairs of groups (CLD- parasites positive and
control- parasites negative) and (control- parasites positive and CLD- parasites negative).

Table 4: The values of prothrombin time (PT), International randomized ratio and albumin in
CLD patients and control group.

CLD patients (n=120) Control group (n=120)
P-arameters Parasite Pgrasite Parasite Pfirasite F-test (P-value)
(Mean +SD) infected uninfected infected uninfected
(n=69) (n=51) (n=34) (n=86)
T (sezend) 12.44+0.33 12.07+0.44 12.08+0.12 11.09+0.14 0.6 (0.5) NS
A A B B
INR (%) 1.22+0.04 1.23+0.05 0.9+0.04 0.8+0.05 27 (p<0.05
A B B
Albumin (¢/dl)  3.63£009 A >:65+008 4.17£0.07 4.15+0.04 15.46(p<0.05

Means with a different capital letter in same raw significantly different (P<0.05).

3.4 Interleukin 13 (IL-13) and Transforming Growth Factor (TGF)

Results showed that IL-13 differed significantly (<0.05) among groups. CLD- parasites
positive and parasites negative patients had the highest IL-13 levels as their values
(258.74+23.7 pg/ml) and (233.23+22.2 pg/ml) respectively. While control- parasites positive
and control- parasite negative had the lowest IL-13 levels as their values (88.77+1 pg/ml) and
(90.78+2.3 pg/ml) respectively. Post hoc Tuckey analysis revealed no significant differences
between the following pairs of groups (CLD- parasites positive and control- parasites
negative) and (control- parasites positive and CLD- parasites negative). The analysis revealed
no statistically significant differences among the groups in terms of TGF values. Although,
TGF was higher in CLD- parasite positive (162.04+17.4 pg/ml), control- parasites negative
group (160.5£87.2 pg/ml) and CLD- parasites negative patients (152.949.8 pg /ml). While
TGF values were lower in control- parasites positive group (77.33+1.19 pg/ml) Table 5.
Table 5:The levels of IL-13 and TGF in CLD patients and control group

CLD patients (n=120) Control group (n=120)
LG Parasite infected  Parasite uninfected  Parasite infected P.a rasite e
(Mean £SD) -~ N -~ uninfected value)
(n=69) (n=51) (n=34) .
(n=86)
A A 88.7t1 B B

IL-13(pg/ml) 258.74+23.7 233.88+25.2 90.78+2.3 9.08 (p<0.05
TGF(pg/ml) 162.04+17.4 152.949.8 77.33£1.9 164.5+£87.2 0.3(0.8) NS

Means with a different capital letter in same raw significantly different (P<0.05).
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4. Discussion
4.1 Protozoan parasites screening

The study found that intestinal protozoan parasites and antibodies against Toxoplasma were
more prevalent among patients with CLD compared to the control group. However, there is a
paucity of research exploring the potential association between liver disease patients and
protozoan parasitic infections in the context of Iraq. The reason why CLD patients have more
anti-Toxoplasma antibodies than the control group could be that the latent infection that
reactivates later on is causing patients with chronic infections to have fewer humoral and cell-
mediated immune responses. Our results are in line with the results of Ghanam et al. [13],
which found that patients with acute and chronic liver diseases had a large seroprevalence of
T. gondii antibodies (65.5%), while the group of healthy control participants had a
seroprevalence of 27%. Furthermore, our results supported those of other studies that linked
liver problems to toxoplasmosis [5, 13]. Our results, on the other hand, were inconsistent with
those presented in [14], who found no evidence linking liver problems to seropositivity to
toxoplasmosis, despite a comparable seroprevalence of Toxoplasma antibodies in both CLD
patients and control individuals. The results obtained were similarly consistent with the
findings of Younes et al. [15], who investigated the incidence of recurrent diarrhea in CLD
patients and discovered that 21.5% of cases had E. histolytica and 23.3% had G. lamblia. But
according to Hegab et al.,[5], who examined 80 CLD patients ranging in age from 6 months to
14 years, G. lamblia was the most prevalent organism, appearing in 45% of cases, followed by
E. histolytica in 37.5% of cases. Regarding Cryptosporidium, the results were consistent with
those of Shrestha ef al., [16], who examined 30 cases with obstructive and non-obstructive
hepatic lesions to determine the role of parasite infection in patients with chronic diarrhea.
They discovered that 10% of the cases contained Cryptosporidium. This finding, however, was
at odds with that of [15], who found that no Cryptosporidium was present in any of the CLD
patients. Benamrouz et al. [17], did not find Cryptosporidium in any of the individuals they
evaluated who had schistosomal liver disorders. This intriguing discovery assisted us in
identifying the cause of the infection, which pointed to contaminated water sources and a
practice of poor hygiene.

Hormones

Liver disease may cause an imbalance in hormones. Males or females with liver illness may
experience alterations in their hormones [18]. The findings of this study on hormone levels
support the notion that patients with CLD and the control group exhibit distinct differences.
These differences resulted in an increase in some hormones and a decrease in others. Cortisol
levels increased in the groups with CLD parasites positive and negative compared to the groups
with control parasites positive and negative. Certain theories suggest that cortisol levels
correlate with the severity of liver failure and may be a sign of bad prognosis. This establishes
the foundation for using cortisol levels to evaluate the degree and likelihood of illness. Our
findings indicate that cortisol plays a critical role in the development and course of liver failure,
with higher levels associated with improved prognosis for patients. The cortisol levels in this
study were unaffected by the positive results for Toxoplasma gondii and other intestinal
protozoan parasites. Nevertheless, an increase in this hormone can impair immunity, increasing
the likelihood that people with liver issues will contract parasites. This outcome was consistent
with previous study [19], which demonstrated that elevated cortisol levels can impair the
immune system's capacity to combat diseases such toxoplasmosis. The findings also indicated
that intestinal protozoan parasites were present in a subset of CLD patients, which may have a
connection to malnourishment. A major source of stress, malnutrition raises cortisol levels has
a catabolic effect on the body. Additionally, a lack of meals decreases the insulin-dependent
tissue synthesis's anabolic activity [20]. However, there were notable differences in
testosterone levels between the groups. CLD patients had decreased testosterone levels
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compared to greater levels in control groups. Gonadal failure, a central hypothalamus-pituitary
mechanism, and enhanced peripheral androgen aromatization could all contribute to this result
[21, 22]. The finding that males with advanced liver disease have lower testosterone levels than
controls was supported by this research [23]. Furthermore, the study's findings on testosterone
were in line with other recent research showing that, regardless of the underlying cause of the
disease, low testosterone is associated with an increased risk of mortality and is significantly
more common in men with end-stage liver disease [23, 24]. A statistically significant difference
was not observed between the groups that tested positive or negative for CLD-Toxoplasma,
according to the study's findings. In contrast, previous research [25] was unable to determine
if testosterone concentration is affected by Toxoplasma infection or whether individuals with
low or high testosterone levels are more likely to become infected. It is accurate to say that
toxoplasmosis alters testosterone levels. Lower testosterone levels may represent an adaptive
response of infected mice to Toxoplasma-induced immunosuppression, according to the idea
that increased testosterone concentrations have immunosuppressive effects [26]. Based on
direct and indirect data, some specialists claim that persons with toxoplasmosis had higher
testosterone concentrations. On the other hand, an infection caused by gastrointestinal parasites
has been associated with malnutrition, insufficient intake of essential micronutrients, and poor
dietary habits. Low testosterone levels can result from any of these conditions [27]. Prolactin
concentrations differed in the CLD and control cohorts. Prolactin increased as compared to
the control. Different types of amino acids enter the central nervous system in patients with
CLD due to decompensated liver function. It has been demonstrated that increased levels of
circulating aromatic amino acids can cause the synthesis of false neurotransmitters, such as
octopamine and phenylethanolamine [28]. These synthetic neurotransmitters may impede the
release of dopamine, leading to hyperprolactinemia. Furthermore, a researcher documented
instances of hypogonadism in cirrhotic individuals associated with hyperprolactinemia [29].
The current study's prolactin results were in line with those of [9] investigation, which
discovered that people with liver cirrhosis had noticeably higher prolactin levels [9].
Conversely, during the genesis and effector phases of the anti-Toxoplasma response, prolactin
(PRL) is one of the most important hormones engaged in immunoregulation and various
complicated interactions with the endocrine system. Inflammation is brought on by protozoa
parasites, which also increase the secretion of pro-inflammatory cytokines. PRL stimulates
immune system cells' anti-parasitic activities on several levels, either by boosting phagocytosis
and T helper cytokine 1 (Th1) immunological responses or by raising NK cytolytic activities.
Conversely, some parasites that have PRL receptors and may use PRL to enhance their growth,
motility, or reproduction may also cause infections due to PRL [30]. The current study's
findings demonstrated a noteworthy difference between those with CLD-positive parasites and
those with CLD-negative parasites. The study revealed that prolactin levels were significantly
elevated in individuals who tested positive for parasitic infections compared to those who did
not have any detected parasites. Patients with CLD who did not test positive for parasites had
significantly lower prolactin levels, although they were still higher than those in the non-CLD
group (control). These results were consistent with [31], who showed that prolactin hormone
levels were greater in 7. gondii infection patients than in the control group. Inflammation is
brought on by protozoa parasites, which also increase the secretion of pro-inflammatory
cytokines. PRL stimulates immune system cells' anti-parasitic activities on several levels,
either by boosting phagocytosis and T helper cytokine 1 (Th1) immunological responses or by
raising NK cytolytic activities [30]. This study also found that insulin levels among those with
CLD surpassed the insulin readings of the control group. Hyperinsulinemia in liver disease
patients is caused by increased hepatic insulin resistance, as observed in those with CLD who
do not have both significant hepatic parenchymal cell loss and portal-systemic shunting.
Another study found that cirrhosis patients had more pancreatic islets that proliferate and have
a reduced amount of apoptosis in comparison to those who have chronic liver disease [31]. Our
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findings are consistent with recent research suggesting that hyperinsulinemia in cirrhotic
people may be the consequence of the adaptive response of pancreatic beta cells to elevated
insulin resistance [32]. Thus, prolonged blood sugar levels, elevated urine sugar levels,
inadequate insulin synthesis, and chronic pancreatitis have all been associated with
toxoplasmosis [33]. An infection with 7. gondii may cause pancreatic tissue necrosis [34].
Therefore, compared to those who do not have the infection, those who have a 7. gondii
infection may be more likely to develop diabetes. Unquestionably, insulin has been shown to
promote 7. gondii multiplication in vitro [34]. Additionally, a study showed that insulin and
D-glucose have a synergistic, dose-responsive boosting effect on 7. gondii tachyzoite
reproduction in vitro. On the other hand, compared to high TSH levels in controls, TSH
significantly decreased in CLD patients [35]. Prior research has demonstrated a robust
correlation between thyroid dysfunction and hepatic disease in individuals with liver disease.
The current investigation's low TSH level was in line with a previous study's discovery that
liver failure patients had much lower TSH concentrations, indicating that euthyroid sickness
syndrome may have evolved in these people [36]. Overall, it showed that blood thyroid
hormone levels and the severity of liver malfunction were correlated, which is consistent with
other studies on cirrhotic liver diseases [36]. The TSH was slightly lower in the CLD-
Toxoplasma positive group as compared to the CLD-Toxoplasma negative group. Thyroid
disease and 7. gondii infection may be directly connected, according to study. Increases in
thyroid peroxidase autoantibodies and autoimmune thyroid diseases have been related to 7.
gondii infection. Moreover, lowered thyroid function has been connected to mice
toxoplasmosis. Given the low TSH levels found in this study, it is possible that this parasite
either prevents thyroid dysfunction or does not contribute to thyroid dysfunction. Regarding
the former, it is possible that a small percentage of individuals with 7. gondii would infect their
thyroid gland; as a result, any inflammation or tissue damage that causes thyroid dysfunction
may only occasionally be observed [37]. The potential protective impact of exposure to 7.
gondii and other infections against atopy, asthma, thyroid dysfunction in general, and
hypothyroidism in particular, is uncertain. To support or refute 7. gondii's protective function
and any underlying mechanisms, more research is needed. This result supported the hypothesis
that toxoplasmosis was associated with a little decrease in TSH levels [38]. In contrast,
intestinal protozoan parasite infections can lead to deficiencies in electrolytes and other
essential micronutrients. These disruptions impact the body's osmotic regulation system and
influence thyroid hormone transmission across all body cell membranes [39].

Liver enzymes.

Both blood AST and ALT activities are useful markers of hepatocellular injury [24], while
serum ALT activity is more specific than serum AST for assessing liver injury [28]. The
significantly elevated serum activity of aminotransferases in the toxoplasmosis cases in this
experiment that tested positive for the disease serologically are consistent with prior studies.
The findings of this study aligned with the results obtained from previous research
investigations conducted on experimental animal models [40]. These increases imply that liver
cells are involved. A known side effect of toxoplasmosis is hepatic necrosis, which can cause
focal necrosis of the liver cells, increased endothelial cells, round cell infiltration in the portal
areas, and cholestasis. Despite the significant rise in AST and ALT activity when compared to
the controls, the levels are still within normal ranges, suggesting a minimal impact on the liver.
Serum ALP activity in the sick group was notably higher than in the control group. Since
hepatic ALP is reported to be present on the canalicular and luminal domain of bile duct
epithelium [28], this finding is consistent other findings [41] and may be explained by the
presence of Toxoplasma gondii parasites in the bile duct cells. Consistent with previous
findings, serum GGT activity was considerably higher in the sick group compared to the control
group. This enzyme is found in hepatocytes and is released by intra- and extra-ductal cells [28].
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The fact that this enzyme is increasing more than serum ALP activity suggests that
toxoplasmosis is affecting both the hepatocytes and the bile ducts. When diagnosing
obstructive liver disease, GGT is more sensitive than ALP, indicating that patients with
infection have evident liver involvement [42]. Multiple studies have shown that changes in
serum protein fractions and cellular metabolism are commonly associated with infection and
the entry of parasites into the body, occurring during the various stages of the parasite's life
cycle and migration within the host [43]. Research conducted through experiments has
demonstrated that parasite infections can alter the amount of aminotransferase. Alpha-ketoacid
is given an amine group by these enzymes [44, 45]. The liver has a high level of the enzyme
alanine aminotransferase (ALT). High concentrations of aspartate aminotransferase (AST) are
seen in the heart, liver, and skeletal muscle [46, 47]. Any decrease in (AST/ALT) levels may
be brought on by extrahepatic cholestasis or acute viral hepatitis, while any increase may be
the result of cirrhosis, cholestasis, hepatocellular cancer, or chronic hepatitis. The damaging
effects of parasitic infections on liver function could be one explanation for this shift in enzyme
levels. Some parasites select the liver as a site for permanent or temporary implantation, and
their visceral migration also harms the cells [46, 47].

Prothrombin time (PT), International normalized ratio (INR) and serum albumin

The CLD seropositive and CLD negative groups were found to have significantly different
INR values, despite the fact that the PT values were detected to be lower in the Control-
parasites negative group. Most hospitalized patients with liver cirrhosis or other chronic liver
disorders have coagulation problems, which are linked to significantly extended PT and high
international normalized ratio (INR) values [10]. The results of the study suggest a possible
link between elevated INR levels and low TSH. This outcome was in line with that of [48],
who found that PT and INR levels were higher in hypothyroidism patients. It also agreed with
the conclusions of [49]. The prothrombin time (PT) and the INR test were not the same. PT did
not show any discernible differences between the groups. Patients with positive and negative
CLD parasites showed a minor difference, but it was still slightly longer. The elevated INR
seen in CLD patients who tested positive for parasites was mostly caused by a longer
prothrombin time (PT). The notion that prolonged PT and thrombocytopenia are frequent test
results that indicate the likelihood of developing cirrhosis highlights the importance of the data
gathered. The liver is acknowledged to be a tolerogenic environment and is the location of
deterioration in CLD patients. These findings corroborated those of [50], who demonstrated
that (PT) value differed from INR and found that (PT) did differ significantly between patients
with CLD-parasites positive and negative status. The investigation's albumin value results
were not substantially affected by the presence of parasites. In other words, the presence of
parasites did not significantly affect the level of albumin in the serum. Serum albumin
concentrations can only be shown to decline during the acute stage of 7. gondii infection.
Researchers have shown that liver damage in experimentally infected mice results in lower
serum albumin levels. This shows that a variety of conditions, such as infectious diseases and
parasite infections, can influence the variation of blood proteins, especially albumin. This result
was in line with the results of other study [50]. Conversely, individuals with intestinal
infections may be malnourished. One of the main indicators of chronic liver disease and
protein-calorie deficiency is hypoalbuminemia. Serum albumin has also recently been
suggested as a crucial indicator of how severely sick patients may respond to nutritional therapy
and their tolerance to enteral feeding. When essential nutrients are not consumed in sufficient
amounts or when medical problems impair the body's ability to absorb nutrition, people may
develop hypoalbuminemia. A few receiving chemotherapies could not be eating enough. One
of the main indicators of CLD and malnutrition is hypoalbuminemia. Subsequently, serum
albumin has recently been suggested as a crucial predictor of how critically sick patients may
respond to nutritional therapy and tolerate enteral feeding [51, 52].
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Interleukin 13 (IL-13) and Transforming Growth Factor (TGF)

The findings demonstrated that IL-13 varied significantly between groups. Patients with
CLD whose parasites were positive or negative had the highest values for IL-13 levels. The
lowest IL-13 levels were found in the control-parasites positive and control-parasites negative
groups. The increase in IL-13 is linked to growing fibrosis and/or inflammation in the livers of
persons with chronic liver disease [11]. TGF and IL-13 are both necessary for organ fibrosis,
hence there is an ongoing debate about the synergic signalling relationship between these two
important pro-fibrotic cytokines during fibrogenesis. Under specific circumstances, TGF and
IL-13 may work together to cause fibrosis. The wound-healing response brought on by liver
damage-induced levels of active TGF- includes the production of myofibroblasts and the
deposition of extracellular matrix, which also enhance hepatocyte mortality and activate
hepatic stellate cells and fibroblasts [12]. High non-significant levels of IL-13 were linked to
toxoplasma positivity. Natural killer (NK) cells are produced in greater quantities as a result of
toxoplasmosis. Focusing on intracellular parasites enables the early control of parasite
infection. NK cells can make IL-13, control innate defences, and even create other cytokines.
As memory-like cells, NK cells can play a role in adaptive immunity and may be crucial in the
case of subsequent infections. The rise in this cytokine in CLD- parasites positive compared to
parasite negative can be explained by the reasons given above. TGF is a crucial cytokine for
the generation of immune responses against 7. gondii, Cryptosporidium, Giardia and
Entamoeba because it plays a crucial role in the formation of adequate mucosal immune
responses. The ability of 7. gondii to suppress immunological responses against itself,
however, is also supported by some evidence. It appears that in this case, TGF- suppresses
immune responses by inducing immune tolerance to 7. gondii antigens. TGF therefore seems
to have two functions in toxoplasmosis [53]. As a result of the significant increase in
biochemical parameters in the patient group, this study concludes that toxoplasmosis affects
liver and kidney functions. This has the potential to impact certain enzyme systems, which may
then lead to serious pathologies such as hepatitis, pneumonia, blindness, and severe
neurological disorders [54].

Conclusion

The positive status of protozoan parasites is more expected to be occurred in patients with
chronic liver diseases.The positive status of parasites had no influence on cortisol, testosterone,
insulin, prolactin or TSH. Liver enzymes (ALT, AST and ALP) were strongly correlated with
parasite positivity in CLD patients. The other biochemical and immunological indicators (IL-
13 and TGF), as well as PT, INR, and albumin, did not correlate with parasites positivity.
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