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Abstract

Background Schistosomiasis is a parasitic disease that causes coagulation disorders and biochemical abnormalities.
This is due to liver failure, platelet destruction, disruption of blood flow, and endothelial function by the schistosomes.
However, there is no adequate data on biochemical and coagulation profiles and platelet count of patients infected
with Schistosoma mansoni in Dembiya Selected Health Institutions. Hence, the aim of this study was to assess the
effect of Schistosoma mansoni infection on selected biochemical and coagulation profiles and platelet count.

Method An institutional-based comparative cross-sectional study was conducted from March to August 2022

at Dembiya Primary Hospital, Chuahit Health Center, and Abrija Health Center, Northwest Ethiopia. A total of 70
individuals were enrolled in the study using convenient sampling techniques. A stool sample was collected for
Schistosoma mansoni detection. Likewise, a blood sample was collected for biochemical and coagulation profiles
and platelet count analysis. The data were analyzed using SPSS version 25. A p-value less than 0.05 was considered
statistically significant.

Results Median values for alanine aminotransferase, aspartate aminotransferase, creatinine, total bilirubin,

and direct bilirubin values were significantly higher, while total protein and glucose were significantly lower in
Schistosoma mansoni infected than in the healthy control participants (P<0.05). Prothrombin time, activated partial
thromboplastin time, and international normalization ratio were significantly higher, while the platelet count was
significantly lower in the Schistosoma mansoni infected than healthy control participants (P < 0.05). The values of
alanine aminotransferase, aspartate aminotransferase, creatinine, total bilirubin, direct bilirubin, prothrombin time,
activated partial thromboplastin time, and international normalization ratio were significantly higher, while total
protein, glucose, and platelet count were significantly lower in those with moderate and heavy Schistosoma mansoni
infection intensity compared to healthy control participants (P < 0.05). The number of Schistosoma mansoni eggs per
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monitoring in endemic areas.

gram of stool had a positive correlation with biochemical and coagulation profiles, except for total protein, glucose,
and platelet count, which were correlated negatively in Schistosoma mansoni infected participants (P <0.05).
Conclusion Biochemical and coagulation profiles, including alanine aminotransferase, aspartate aminotransferase,
creatinine, total bilirubin, direct bilirubin, glucose, total protein, prothrombin time, activated partial thromboplastin
time, international normalization ratio, and platelet count, were significantly altered in S. mansoni infected participants
compared to controls (p < 0.05). These findings underscore the need for routine biochemical and coagulation

Keywords Biochemical profile, Coagulation profile, Schistosoma mansoni, Dembiya, Ethiopia

Introduction

Schistosomiasis is a parasitic disease caused by the genus
Schistosoma of blood dwelling trematodes. Schistosoma
mansoni, Schistosoma haematobium, and Schistosoma
japonicum are the species that infect humans [1]. The
species of Schistosoma and severity of Schistosoma infec-
tion influence the clinical presentation and pathology
of schistosomiasis [2].The mesenteric plexus is a habitat
for S. mansoni, which causes intestinal or hepatosplenic
schistosomiasis that affects the gut, liver, and spleen [3].
Based on a global burden of disease study, schistosomes
infect 252 million people, 90% of whom reside in sub-
Saharan Africa, and are estimated to have cost the world
3.3 million disability-adjusted life years [4]. Moreover,
according to the World Health Organization, 258 million
people globally require schistosomiasis preventive treat-
ment on a frequent and regular basis [5]. Schistosomiasis
is a severe public health problem in sub-Saharan African
countries, with 120 million people infected and more
than 130,000 deaths annually due to nonfunctioning kid-
ney hematemesis from S. mansoni, respectively [6, 7].

Schistosoma mansoni pathogenesis is mainly associ-
ated with the host’s immune responses to Schistosoma
egg antigens [8]. Also, S. mansoni infection involves adult
male and female worms residing and mating in the veins
of their mammal host, producing around 300 eggs daily.
Some eggs stay permanently lodged in the host’s liver
tissue, causing granulomatous lesions, inflammation,
immunological reactions, and liver fibrosis [3]. In addi-
tion, Schistosoma hepatopathy is the most well-known
form of chronic disease and is usually caused by heavy S.
mansoni infections [9].

Moreover, these egg induced granulomas causes liver
failure, which leads to protein synthesis impairment
and an increment of alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) levels [10, 11]. In
addition, several factors might influence both the clini-
cal manifestations and severity of schistosomiasis dis-
ease in an exposed individual, among them the degree
and length of exposure, the intensity of the infection,
superimposed infections, nutritional status, parasite
strain, and genetic predisposition [12, 13]. As a result,

schistosomiasis causes stunted growth, cognitive impair-
ment, anemia, impaired aerobic capacity, and death [3].

Schistosoma mansoni also has an impact on hematolog-
ical profiles, either directly through the gut or indirectly
by aggravating blood loss through feces by rupturing
blood vessels with the help of the egg spine [14]. The exis-
tence of thrombocytopenia in schistosomiasis patients
may be due to the association of S. mansoni infection
with splenomegaly, which enhances platelet destruction
and filtering by the spleen [15]. Moreover, schistosomia-
sis causes coagulation disorders due to decreased hepatic
synthesis of coagulation proteins, as well as decreased
clearance of activated forms associated with the con-
sumption of coagulation factors [16]. The adult and egg
stages of schistosomes disrupt blood flow and endothe-
lial function, which results in hypercoagulability. Patients
with schistosomiasis have elevated levels of coagulation
activation markers, prolonged prothrombin time (PT),
activated partial thromboplastin time (APTT), throm-
bin time, and extensive fibrin deposition over hepatic egg
granulomas due to activation of the coagulation system
and thrombin generation [17, 18]. Several factors con-
tribute to the loss of coagulation proteins, such as the
consumption of coagulation factors and impairment of
liver function due to schistosomiasis [19].

Also, schistosomiasis causes chronic hepatitis, portal
hypertension, bleeding esophageal varices, anemia, and
liver failure due to egg granuloma formation [20, 21].
Gastro esophageal varices are a complication of portal
hypertension, and bleeding from varices can lead to death
and morbidity, which may occur due to schistosomia-
sis [22]. Schistosomiasis infection causes the incidence
of different problems; however, studies on the impact of
schistosomiasis infection on biochemical and coagula-
tion profiles and platelet count are still limited. Several
factors impact the assessment of S. mansoni infection’s
effects on biochemical and coagulation profiles, some of
which may have been involved in previous studies. Other
infections, comorbidities, and environmental factors can
all interfere with S. mansoni’s unique effects. Method-
ological variability, such as variations in laboratory pro-
cedures and diagnostic criteria, adds to inconsistency in
results. The timing of blood sample collection is crucial
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because changes between acute and chronic infection
stages might produce different biochemical and coagu-
lation profile outcomes. Finally, not all key biochemical
and coagulation profiles were assessed in earlier research,
resulting in inadequate profiles that hampered compre-
hensive evaluation. Many studies have focused primarily
on symptomatic populations, often neglecting asymp-
tomatic individuals who may also exhibit biochemical
and coagulation profile alterations, thereby limiting the
understanding of the full spectrum of infection effects.
Furthermore, the majority of research tends to concen-
trate on specific geographic regions, potentially overlook-
ing variations in disease manifestation related to genetic,
environmental, or lifestyle factors in diverse populations.
Some biochemical and coagulation profiles may have
been overlooked in S. mansoni infected patients due to
a focus on the infection’s more visible clinical symptoms,
such as gastrointestinal distress and liver dysfunction,
rather than the underlying biochemical and coagulation
profile changes. Furthermore, limited research resources
and funding frequently shifted attention to more wide-
spread health issues, whereas the complexities of bio-
chemical and coagulation profile assessments necessitate
specialized laboratory facilities that may not be available
in endemic regions. Variability in patient demograph-
ics and coexisting health issues can also complicate data
interpretation; therefore, researchers avoid doing these
assessments without strong controls. Furthermore, previ-
ous shortcomings in understanding the systemic effects
of schistosomiasis have led to this absence, despite new
research trends addressing these crucial biochemical and
coagulation profiles.

Understanding the effects of S. mansoni infection on
biochemical, coagulation, and platelet count profiles is
essential for designing successful treatment methods and
minimizing infection consequences. This information
can be used to guide interventions aimed at preventing
liver damage, bleeding, and other medical conditions.

In general, this comparative cross-sectional study
makes it possible to compare groups directly in order
to find differences or similarities. This can be extremely
helpful in determining the extent and influence of the S.
mansoni infection problem on the profiles of biochemi-
cal, coagulation, and platelet count. Therefore, the cur-
rent study assessed the effect of S. mansoni infection on
biochemical and coagulation profiles and platelet count.

Method and material

Study design, area, and period

An institution based comparative cross-sectional study
was conducted from March 15 to July 27/2022 at Dem-
biya Primary Hospital, Chuahit Health Center, and
Abrija Health Center, which are located within the Cen-
tral Gondar Administrative Zone, Amhara Regional
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State. Dembiya Primary Hospital, Chuahit Health Cen-
ter, and Abrija Health Center are found in Dembiya dis-
trict. Dembiya district is located in Northwest Ethiopia,
35 km (Km) from Gondar, the town of Central Gondar
Administrative Zone, 183 Km from Bahir Dar, the capital
of Amhara Region State, and 762 Km from Addis Ababa,
the capital city of Ethiopia, between 12° 39" N and 37° 09’
E. The southern part of the district is bordered by Lake
Tana. Dembiya district has 326,686 people, of whom
162,477 were men and 164,209 were women in 2017 [23].
It is located at an altitude of between 1500 and 2600 m
above sea level. Its average annual rainfall and average
temperature range from 995 to 1175 mm and 21.5 °C,
respectively. There is one governmental primary hospi-
tal, ten health centers, nine private clinics, and 49 health
posts providing health care services for Dembiya and its
surrounding people. As reported by the District Health
Bureau, S. mansoni is common in the study area.

Eligibility criteria

Inclusion criteria

The study participants, who were microscopically posi-
tive for S. mansoni, voluntarily giving blood and stool
samples and whose age is five years and above, were
enrolled in the study as case participants. Also, partici-
pants who were microscopically negative for S. mansoni,
voluntarily giving blood and stool samples and whose
age is five years and above were enrolled in the study as
healthy control participants. Potential confounding vari-
ables, including age, gender, and nutritional status, were
controlled using a random matching method during
participant selection. Additionally, strict inclusion and
exclusion criteria were applied to minimize the influence
of co-infections, chronic diseases, and medication use.
Multivariate regression models were not employed due
to sample size limitations, which are acknowledged as a
limitation. Correspondingly, both case and control study
participants were willing to give written consent for their
participation.

Exclusion criteria
Individuals who were pregnant women, with multiple
intestinal parasite infections, those who attended anti-
retroviral therapy, individuals having a history of chronic
disease like hypertension, cardiac disease, and diabe-
tes mellitus, chronic renal disease and inherited bleed-
ing disorders, hepatitis B and hepatitis C virus positive
individuals, those who were on anticoagulant therapy,
and those who were smokers and alcohol abuse were
excluded from the study.

Participants were also excluded if they were presented
with splenectomy, use of hepatotoxic drugs, thrombocy-
topenic drugs, or drugs that change platelet function, and
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lactating mothers. Patients with a history of malignancy
were also excluded.

Sample size determination and sampling technique

The sample size was determined using the rule of thumb
suggested by Van Voorhis and Morgan [2007], which rec-
ommends a minimum of 30 participants per group to
detect moderate effect sizes with 80% power [24]. This
study enrolled 70 participants (35 infected, 35 healthy
controls), which is sufficient for identifying clinically
significant differences in biochemical and coagulation
profiles, given prior evidence of marked alterations in
similar populations [25]. While logistical and resource
constraints limited the sample size, the selected sample
size is adequate for the study’s objectives. A convenient
sampling technique was used to select study participants.

Operational definition

Healthy individuals were microscopically negative for S.
mansoni. Selected biochemical profiles were ALT, AST,
creatinine, glucose, total bilirubin, direct bilirubin, and
total protein. Similarly, selected coagulation profiles were
PT, International Normalized Ratio (INR), and APTT.
The abnormality of coagulation and platelet count is
defined as: Prolonged PT, PT > 16 s (Sec), Prolonged INR,
INR>1.1, Prolonged APTT, APTT >35 s, and low plate-
let count, platelet count<150x103/ pL [26]. Also, the
abnormality of biochemical profiles is defined as high
ALT, ALT >41 IU/L, high AST, AST >40 IU/L, high total
bilirubin, total bilirubin>1.2 mg/dl, high direct biliru-
bin, direct bilirubin>0.2 mg/dl, high creatinine, creati-
nine>1.2 mg/dl, low protein, protein<3.5 g/dl and low
glucose, glucose <74 mg/dl [27].

Data collection procedures

Questionnaire survey

The sociodemographic characteristics of study par-
ticipants were gathered using a standardized question-
naire prepared in English. Also, this questionnaire was
translated into Ambharic language. The principal inves-
tigator (PI) and trained data collectors used pretested
questionnaires to obtain sociodemographic information
from study participants. Trained physicians at Dembiya
Selected Health Institution’s Outpatient Department
assessed clinical information and patient history.

Sample collection and laboratory examination

Blood samples were collected in the morning (7:00—9:00
AM) to minimize diurnal variations in biochemical mark-
ers. Participants were instructed to fast for 8 h before
sample collection to control for postprandial effects on
glucose and liver enzymes. Stool samples were collected
on the same day, and all specimens were processed within
2 h of collection to maintain sample integrity.
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Microscopic detection of schistosome A single stool
specimen of about one gram was collected from each
study participant. The sample was collected in a clean,
dry, and leak-proof container with a unique identifica-
tion number. Schistosoma mansoni was diagnosed by
a direct wet mount microscopic examination of stool
using normal saline. The Kato-Katz technique was used
for determining the intensity of S. mansoni infection,
which involved preparing Kato-Katz slides on a template
containing 41.7 milligrams of stool. Eggs counted for S.
mansoni were recorded and later converted into eggs per
gram (EPG) of stool, multiplying by a factor of 24. Finally,
infection intensity (light (1-99 epg), moderate (100—-399
epg), and heavy (>400)) was classified according to WHO
criteria [28].

Blood sample collection and examination Seven mil-
liliters (ml) of venous blood was collected by blood collec-
tors and PIL. The blood sample was transferred into three
test tubes. The first 2.7 ml of blood obtained was placed
in a test tube containing 3.2% sodium citrate anticoagu-
lant. Platelet poor plasma was prepared for PT and APTT
assays by centrifuging it for 15 min at 1500 revolutions per
minute [25]. The plasma was then separated and stored at
20 °C in an Eppendorf tube until processing. The coagula-
tion profiles (PT, APTT, and INR) were performed using
a Semi-Auto Coagulation Analyzer (HumaClot Duo %
Human) at Felege Hiwot Compressive Specialized Hospi-
tal Laboratory. The next 2 mL of blood was transferred
into an EDTA test tube for platelet count. Platelet count
was determined using the ADVIA 560 Fully Auto Hema-
tology Analyzer. The remaining venous blood was put into
an unanticoagulated tube and left to clot on the benchtop.
After that, serum was isolated from the blood and stored
in Eppendorf tubes at 20 °C until processing. The blood
was centrifuged at 2,500 revolutions per minute for four
minutes. Following that, serum was examined using a
Fully Auto Chemistry Analyzer to determine the levels of
ALT, AST, creatinine, glucose, total bilirubin, direct bili-
rubin, and total protein [29].

Serological tests Immune-chromatographic assay was
used to determine hepatitis B virus and hepatitis C virus to
exclude individuals who were positive for these diseases.

Urine collection and HCG examination Urine was col-
lected from all women whose age is 15-49 years in the
study using a clean urine cup and a urine human chori-
onic gonadotropin (HCG) test was performed for both
the cases and the controls using a rapid chromatographic
immunoassay test strip for excluding pregnant women
[30].
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Data quality control

Data collectors took appropriate training in order to
maintain data quality. The blood sample was collected
and processed in accordance with standard operat-
ing procedures to maintain its quality. Samples were
inspected to ensure they met accepted standards, such
as proper labeling, sample amount, collection time, and
the lack of hemolysis and clotting. Strict adherence was
maintained to safety and specimen handling protocols.
Quality control was performed by re-reading all slides
by an expert laboratory technologist to ensure the accu-
racy of the detection of Schistosoma, which was con-
ducted by laboratory technologists. Standard operating

Table 1 Socio-demographic characteristics of study participants
at selected Dembiya health institutions, 2022
Socio-Demographic
Characteristics

S.mansoni Healthy

Frequency %

Frequency %

Sex
Male 18 514 16 457
Female 17 486 19 543
Age
5-14 14 40 7 20
15-24 7 20 1 314
25-34 8 229 10 286
35-44 3 86 4 114
>44 3 86 3 8.6
Residence
Urban 14 40 20 57.1
Rural 21 60 15 429
Occupation
Government employee 3 86 8 229
Nongovernment employee 1 29 4 114
House wife 5 143 4 114
Student 14 40 11 312
Daily laborer 3 86 2 5.7
Farmer 7 20 4 14
Merchant 2 57 2 5.7

Educational Status

llliterate 9 257 4 114
Can read and write 3 86 6 17.1
Primary school 15 429 4 114
Secondary school 5 143 2 5.7
College/University 1 29 13 37.1
Diploma and above 2 57 6 17.1
Family size
1-3 22 629 19 54.3
4-6 7 20 9 257
7-9 4 114 4 114
>9 2 57 3 8.6
Income
500 Birr 3 86 3 8.6
501-1000 2 57 2 57
1001-2500 8 229 8 229
>2500 22 629 22 62.9
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procedures and manufacturer instructions were strictly
followed throughout the procedures, and all reagents
were stored and prepared according to the manufactur-
er’s instruction.

Data management and analysis

The distribution of continuous variables was assessed
using the Shapiro-Wilk test. For normally distributed
data, parametric tests such as independent t-tests and
one-way ANOVA were employed. Non-parametric tests
(Mann-Whitney U test, Kruskal-Wallis test) were applied
to skewed data. Correlations were assessed using Spear-
man’s rank-order analysis for non-linear relationships.
To account for multiple comparisons, Bonferroni cor-
rections were applied where applicable. All analyses were
performed using SPSS v25, and a p-value <0.05 was con-
sidered statistically significant.

Result

Socio-demographic characteristics

A total of 70 study participants were included in the
study. Of the 70 study participants, 34 [48.57%] and 36
[51.43%] were males and females, respectively. Par-
ticipants from urban and rural were 34 [51.4%] and 36
[48.6%], respectively. Among these participants, 35 were
S. mansoni infected, and 35 were healthy participants
[Table 1].

Intensity of S. mansoni infection

The overall mean of EPGs of stool was 146.1 in S. man-
soni infected participants. Also, the mean of EPG in
males and females was 129.3 and 163.8 in S. mansoni
infected participants, respectively. In addition, from a
total of 35 S. mansoni infected participants 18 [51.4%],
15 [42.9%], and 2 [5.7%] were due to light, moderate, and
heavy S. mansoni infection intensity, respectively.

Biochemical profiles among case and control groups

ALT, AST, total bilirubin, direct bilirubin, and creati-
nine were elevated in 13 [37.1%], 13 [37.1%], 13 [37.1%],
15 [42.9%], and 14 [40%] of S. mansoni infected partici-
pants, respectively. But 9 [25.7%] and 21[60%] of S. man-
soni infected participants had decreased total protein and
glucose, respectively. Conversely, among healthy control
participants, 1 [2.9%], 1 [2.9%], 1 [2.9%], 9 [25.7%], and 1
[2.9%] had increased ALT, AST, total bilirubin, direct bili-
rubin, and creatinine, respectively, whereas 1 [2.9%] and
1 [2.9%] of healthy control participants had decreased
total protein and glucose, respectively [Fig. 1].

Among S. mansoni infected participants, the median
[interquartile range (IQR)] of ALT, AST, creatinine, total
bilirubin, direct bilirubin, total protein, and glucose were
35.8 [14.20] IU/L, 37.8 [13.20] IU/L, 0.96 [0.84] mg/dL,
0.91 [1.55] mg/dL, 0.13 [0.69] mg/dL, 4.62 [3.22] g/dL,
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Fig. 1 Prevalence of abnormal biochemical profiles, showing significantly elevated ALT and AST in S. mansoni infected participants compared to controls

(P<0.05) at selected Dembiya Health Institutions, 2022

Table 2 Comparison of biochemical profiles between S. mansoni
infected and healthy participants at selected Dembiya health
institutions, 2022

Profiles S. man- Healthy control P value
soni infected participants
participants Median (IQR)

Median (IQR)

ALT (IU/L) 35.8[14.20], 15.6[11.10] <0.001

AST (IU/L) 37.8113.20], 19.3[9.90] <0.001

Creatinine (mg/dL) 0.96 [0.84], 0.851[0.17] <0.001

Totalbilirubin (mg/dL) 091 [1.55], 042 [0.36], <0.001

Direct bilirubin (mg/dL) 3[0.69] 2[0.13], <0.001

Total protein (g/dl 462 [3.22] 7.641161] <0.001

Glucose (mg/dL) 71.9110], 89.1 [25.20] <0.001

and 71.9 [10] mg/dL, respectively. Likewise, the median
[IQR] values of ALT, AST, creatinine, total bilirubin,
direct bilirubin, total protein, and glucose were 15.6
[11.10] TU/L, 19.3 [9.90] IU/L, 0.85 [0.17] mg/dL, 0.42
[0.36] mg/dL, 0.12 [0.13] mg/dL, 7.64 [1.61] g/dL, and
89.1 [25.20] mg/dL in the healthy control participants,
respectively.

The biochemical profile values like ALT, AST, cre-
atinine, total bilirubin, direct bilirubin, total protein,
and glucose were abnormally distributed. Therefore,
the Mann-Whitney U test showed significantly higher
median values for ALT, AST, creatinine, total bilirubin,
and direct bilirubin in S. mansoni infected participants
compared to the healthy control participants (P<0.05).
However, the total protein and glucose median val-
ues were significantly lower in S. mansoni infected par-
ticipants than in healthy control participants (P<0.05)
[Table 2].

Biochemical profiles across different levels of Schistosoma
mansoni infection intensity among study participants
The mean [standard deviation (SD)] values of ALT, AST,
creatinine, total bilirubin, direct bilirubin, glucose, and
total protein were 17.4 [8.6] IU/L, 22.0 [0.93] TU/L, 0.84
[0.13] mg/dL, 0.48 [0.27] mg/dL, 0.17 [0.12] mg/dL,
91.9 [12.76] mg/dL, and 7.51[1.18] g/dL, respectively, in
healthy control participants. Similarly, 29 [6.16] IU/L,
31.8 [4.9] IU/L, 0.75 [0.16] mg/dL, 0.64 [ 0.65] mg/dL,
0.150 [0.24] mg/dL,78.5 [9.88] mg/dL, and 5.7 [1.47] g/dL
were the mean values of ALT, AST, creatinine, total bili-
rubin, direct bilirubin, glucose, and total protein, respec-
tively, in light S. mansoni infected participants. The mean
values of ALT, AST, creatinine, total bilirubin, direct bili-
rubin, glucose, and total protein were 42.8 [5.31] IU/L,
44 [4.2] 1U/L,1.44 [0.37] mg/dL,1.78 [0.94] mg/dL,0.64
[0.53] mg/dL, 70.8 [5.99] mg/dL, and 4.2 [1.48] g/dL in
moderately infected participants and 47.6 [2.69] IU/L,
50.6 [1.27] TU/L, 1.96 [0.00] mg/dL, 3.02 [0.5] mg/dL,
1.79 [0.01] mg/dL, 64.9 [3.25] mg/dL, and 3.19 [0.25] g/
dL in heavy S. mansoni infected participants, respectively.
One-way ANOVA revealed that the mean [SD] values
of ALT, AST, creatinine, total bilirubin, direct bilirubin,
glucose, and total protein showed a significant differ-
ence among healthy controls, light, moderate, and heavy
S. mansoni infected participants (P<0.05).The mean val-
ues of ALT, AST, creatinine, total bilirubin, and direct
bilirubin were significantly lowered, but total protein
and glucose were significantly higher in healthy control
participants compared to those with light, moderate, and
heavy S. mansoni infection intensity (P<0.05). The mean
values of ALT, AST, creatinine, total bilirubin, and direct
bilirubin were significantly lowered, but glucose was sig-
nificantly higher in light infection intensity compared
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Fig. 2 Prevalence of abnormal coagulation profiles, showing significantly elevated PT, INR, and APTT in S. mansoni infected participants compared to

controls (P<0.05) at selected Dembiya Health Institutions, 2022

to those with moderate and heavy S. mansoni infection
intensity in S. mansoni infection (P<0.05).

Correlation of intensity of Schistosoma mansoni infection
with biochemical profiles

In S. mansoni infected participants, Spearman’s rank-
order correlation analysis showed that the number of S.
mansoni eggs per gram of stool had been significantly
and positively correlated with biochemical profiles [ALT,
AST, creatinine, total bilirubin, and direct bilirubin)
(Spearman’s rank-order correlation coefficients r=0.873,
0.851, 0.708, 0.738, and 0.789, respectively; p<0.05].
However, total protein and glucose were significantly
and negatively correlated with the number of S. mansoni
eggs per gram of stool in S. mansoni infected participants
[Spearman’s rank-order r = -0.579 and -0.793, respec-
tively; p<0.05].

Coagulation profiles and platelet count among study
participants

The percentages of prolonged PT, INR, APTT, and low
platelet count were higher in S. mansoni infected par-
ticipants than in healthy control participants. In S. man-
soni infected participants, 33 [94.3%], 31 [88.6%], and 29
[82.9%] had prolonged PT, INR, and APTT, respectively.
On the other hand, 0 [0%], 2 [5.7%], 6 [17.1%, and 14
[40%] of the S. mansoni infected participants had nor-
mal values of PT, INR, APTT, and platelet count, respec-
tively. However, 21 [60%] of the S. mansoni infected
participants had a low platelet count. In healthy con-
trols, 6 [17.1%], 20 [57.1%], and 4 [11.4%] had prolonged
PT, INR, and APTT, respectively. Likewise, 6 [17.1%], 13
[37.1%], 25 [65.7%)], and 29 [82.9%] of the healthy control
participants had normal values of PT, INR, APTT, and
platelet count, respectively. In addition, only 3 [8.6%] of

Table 3 Comparison of coagulation profiles and platelet count
between S. mansoni infected and healthy participants at selected
Dembiya health institutions, 2022

Profiles S. mansoni infect- healthy control P value
ed participants participants
Mean [SD] Mean [SD]
PT(sec) 20.916.23] 145 [2.88] <0.001
INR 1.97 [0.69], 1.23[0.28] <0.001
APTT (sec) 4049 [7.59] 28.721[5.27] <0.001
Platelet count (10%/ 1534 [37.6] 266.9 [53.43] <0.001
pl)

the healthy control participants had a low platelet count
[Fig. 2].

Comparison of coagulation profiles and platelet count
among study participants
In the S. mansoni infected participants, the mean [SD]
values of PT, INR, APTT, and platelet count were 20.9
[6.23] sec, 1.97 [0.69], 40.49 [7.59] sec, and 153.4 [37.6] x
10°/ul, respectively. In addition, the mean [SD] values of
PT, INR, APTT, and platelet count were 14.5 [2.88] sec,
1.23 [0.28], 28.72 [5.27] sec, and 266.9 [53.43] x 10%/yl,
respectively, in the healthy control participants. Since the
data were normally distributed, a parametric test (inde-
pendent t test) was used to compare the mean differ-
ence in coagulation profiles and platelet count between
cases and controls. For this reason, an independent t-test
showed significantly higher mean values for PT, INR, and
APTT in S. mansoni infected participants compared to
the healthy participants (P<0.05). However, the plate-
let count mean value was significantly lower in S. man-
soni infected participants than in healthy participants
(P<0.05) [Table 3].

The median [IQR] values of PT, INR, APTT, and plate-
let count were 14.5 [2.88] sec, 1.23 [0.28], 28.72 [5.27] sec,
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and 266.9 [53.4] x 10%/yl, respectively, in healthy control
participants. Similarly, 16.5 [3.96] sec, 1.5 [0.47], 37 [5.45]
sec, and 167.9 [36.39] x 10%/ul were the median [IQR]
values of PT, INR, APTT, and platelet count, respectively,
in light S. mansoni infected participants. The median
[IQR] values of PT, INR, APTT, and platelet count were
24.74 [4.48] sec, 2.4 [0.5], 43 [7.5] sec, and 143.2 [31.8] x
10*/ul in moderate and 31.1 [0.85] sec, 3.0 [0], 53.0 [6.1]
sec, and 99.0 [4.2] x 10*/ul in heavy S. mansoni-infected
participants, respectively.

Kruskal-Wallis H-test revealed that the median [IQR]
value of PT, INR, APTT, and platelet count showed sig-
nificant differences among healthy controls, light, moder-
ate, and heavy infected S. mansoni egg density-infected
participants in S. mansoni infected participants (P <0.05).
The median [IQR] values of PT, INR, and APTT were
significantly lowered, and values of platelet count were
significantly higher in healthy participants compared
to those with moderate and heavy S. mansoni infection
intensity in S. mansoni infected participants (P<0.05).
The median values of PT, INR, and APTT were signifi-
cantly lowered in light S. mansoni egg density compared
to those with moderate and heavy S. mansoni egg density
in S. mansoni infected participants (P <0.05).

Correlation of infection intensity with coagulation profiles
and platelet count

Spearman’s rank-order correlation analysis showed that
the number of S. mansoni eggs per gram of stool had
been significantly and positively correlated with coagu-
lation profiles [PT, INR, and APTT] [Spearman’s rho
correlation coefficient r=0.803, 0.767, and 0.609, respec-
tively; p<0.05] in S. mansoni infected participants. But
the platelet count of S. mansoni infected participants was
significantly and negatively correlated with the number
of S. mansoni eggs per gram of stool [Spearman’s rho cor-
relation coefficient r = -0.554; p < 0.05].

Discussion

The present study aimed to investigate the effect of S.
mansoni infection on the biochemical and coagulation
profiles and platelet count at Dembiya Primary Hospital,
Chuahit Health Center, and Abrija Health Center, North-
west Ethiopia.

Infection with S. mansoni was associated with changes
in biochemical and coagulation profiles and platelet
count. In the present study, median values of ALT, AST,
creatinine, total bilirubin, and direct bilirubin in the S.
mansoni infected participants were significantly higher
than in healthy control group (P<0.05). This finding is
concordant with studies set in Brazil [31], Nigeria [32],
Egypt [33], and northwest Ethiopia [34] that found sta-
tistically significant elevated ALT, AST, total bilirubin,
and direct bilirubin in S. mansoni infected individuals

Page 8 of 12

compared to healthy controls (P<0.05). However, the
level of total protein and glucose in S. mansoni infected
individuals was lower than in healthy controls. This find-
ing is consistent with studies set in Northwest Ethiopia
[34] that found statistically significant lowered total pro-
tein and glucose in S. mansoni infected individuals com-
pared to healthy controls (P<0.05).

This abnormality in biochemical profiles might be
caused by a variety of factors, including renal function,
immunological response, liver involvement, and bili-
rubin metabolism. The parasite can induce inflamma-
tion and damage to liver tissues, resulting in high levels
of liver enzymes, including ALT and AST. The illness
can alter normal bilirubin metabolism, leading to higher
levels of total and direct bilirubin. This can develop as
a result of liver malfunction or hemolysis, in which red
blood cells are destroyed at greater rates. Elevated creati-
nine levels indicate damaged kidney function, which can
be caused by systemic infection-related consequences
such as inflammation and possible renal tissue damage.
The immunological response to the illness might further
disrupt biochemical profiles since cytokines and other
mediators may change normal physiological processes.
Changes in biochemical profiles due to S. mansoni,
including those of protein and glucose, can affect general
health and immunological function. This can worsen the
disease and make recovery more challenging [35, 36].

Similarly, in this study, mean values of ALT, AST, cre-
atinine, total bilirubin, and direct bilirubin were sig-
nificantly dropped, but total protein and glucose were
significantly higher in the healthy controls compared
with those with low, moderate, and heavy S. mansoni egg
density (P<0.05). This elevation of biochemical profiles
might indicate the impairment of organs like the liver
and kidney. Organ-specific morbidity, brought on by the
accumulation of parasite eggs and fibrosis development,
can emerge during established acute and late chronic
stages. The severity of hepatosplenomegaly usually corre-
lates with the intensity of the infection [37-39].

Moreover, in this study the number of S. mansoni EPGs
in the stool showed a positive correlation with biochemi-
cal profiles [ALT, AST, creatinine, total bilirubin, and
direct bilirubin] and a negative correlation with the total
protein and glucose of the S. mansoni infected group
[P<0.05]. The possible reason for this correlation was
due to severe morbidity in S. mansoni infections, which
is caused by high intensity of infections as revealed by
excreted egg counts [3].

Our finding showed that PT, INR, and APTT were sig-
nificantly higher in S. mansoni infected than in healthy
control participants (P<0.05). This finding is similar with
studies set in China [40], North Ethiopia [41] that found
statistically significant elevated PT, INR, and APTT in
S. mansoni infected participants compared to healthy
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controls (P<0.05). However, platelet count in S. mansoni
infected participants was lower than in healthy control
participants. This finding is comparable with studies set
in Ethiopia [41, 42] that found statistically significant
lowered platelet count in S. mansoni infected participants
compared to healthy control participants (P<0.05). This
might also be due to coagulation cascade disturbance,
hepatic dysfunction, an inflammatory response, con-
sumption coagulopathy, or dietary inadequacies. Schis-
tosoma mansoni infection can cause modifications in the
coagulation cascade, changing the balance of pro- and
anti-coagulant factors. Also, S. mansoni frequently causes
liver injury, which impairs the synthesis of coagulation
components generated by the liver, resulting in extended
PT and APTT. The immunological reaction to the infec-
tion might cause inflammation, which can compromise
vascular integrity and the coagulation system. In certain
situations, the presence of the parasite might cause dis-
seminated intravascular coagulation, which occurs when
coagulation components are eaten faster than created.
Chronic infection can cause malnutrition, which can
reduce the availability of vitamin K and other nutrients,
which are essential for proper coagulation [1, 43].

Furthermore, our findings showed that median val-
ues of PT, INR, and APTT were significantly lowered in
healthy participants compared to those with moderate
and heavy S. mansoni infection intensity in S. mansoni
infected participants (P<0.05). The heavy egg density
infected group recorded a higher median score of PT,
INR, and APTT than the light and moderate egg den-
sity infected group in S. mansoni infected individuals
(P<0.05). The pathogenesis in schistosomiasis is caused
by eggs, which results in tissue fibrosis and chronic schis-
tosomiasis morbidity through chronic inflammation.
Furthermore, there are structural and biochemical altera-
tions in the liver as a consequence of the disease caused
by schistosomes eggs [44, 45]. Hepatomegaly, which
results in an imbalanced liver function, develops in heavy
infections as a result of ongoing granuloma formation
and fibrosis, high portal pressure, and persistent granu-
loma formation. Heavy intensity infections are typically
linked to the more severe disease [46, 47]. According to
many studies, the range of clinical manifestations, disease
progression, organ-specific clinical symptoms, and com-
plications in schistosomiasis often positively correlate
and depend mostly on the intensity of infection [3, 44,
45, 47]. This could be the possible reason for the higher
mean score and prolonged value of PT, INR, and APTT
in heavily infected individuals in the infected group.

In this study, we found that platelet count was signifi-
cantly different among the healthy controls, light, moder-
ate, and heavy intensity of S. mansoni infection in the S.
mansoni infected groups ( 2<0.05). The healthy controls
group recorded a higher mean score of platelet count
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than the light, moderate and heavy infection of S. man-
soni in S. mansoni infected participants. Lower platelet
count occurs when the severity of S. mansoni infection
is high in advanced hepatosplenic schistosomiasis, which
is characterized by thrombocytopenia and coagulation
problems [31, 48].

Also, in this study, the values of PT, INR, and APTT
showed a positive correlation with the number of S.
mansoni EPG of stool, while the platelet count of S.
mansoni infected individuals showed a negative correla-
tion (P<0.05). The probable scientific clarification for
this correlation was due to the schistosomiasis disease’s
progression and complications, which usually show
positive correlations with the severity of the disease as
revealed by excreted egg counts and exacerbated due to
the incidence of infection [49, 50]. In general, abnormal
coagulation profiles may demand specialized treatment
techniques, such as the use of anticoagulants or certain
supportive medicines to alleviate problems such as portal
hypertension or bleeding. Health officials may prioritize
resource allocation for diagnostic instruments and treat-
ments in locations with a high incidence of coagulation
profile abnormalities and severe schistosomiasis infec-
tions, guaranteeing appropriate healthcare access. Poli-
cies may encourage integrated treatments that combine
schistosomiasis therapy with the care of related illnesses
such as liver disease. Policymakers may also stimulate
research into the association between aberrant coagu-
lation profiles and illness outcomes, which might lead
to the development of novel diagnostic tools and treat-
ment strategies [51, 52]. The main strength of the current
study is that it provided a picture of the biochemical and
coagulation profiles, as well as platelet count, in S. man-
soni infected subjects. However, this study has several
limitations. The cross-sectional design limits the ability
to establish causality between S. mansoni infection and
changes in biochemical and coagulation profiles. Con-
venience sampling may introduce selection bias, reduc-
ing the generalizability of findings. Residual confounding
from unmeasured variables, such as socio-economic sta-
tus, may also affect results. Additionally, the exclusion of
children under five years and pregnant women limits the
scope of the application. Future studies should consider
larger, more diverse samples and longitudinal designs to
explore causal relationships. Moreover, future research
should include larger and more diverse samples, incor-
porating children under five years, pregnant women,
and individuals with co-morbidities. Longitudinal stud-
ies are recommended to evaluate the causal relationship
between S. mansoni infection and biochemical or coagu-
lation changes. Further exploration of specific markers,
such as inflammatory cytokines or advanced liver fibro-
sis indicators, could provide deeper insights into disease
pathogenesis. Intervention studies assessing the impact
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of treatment regimens on these profiles over time would
also be valuable.

Conclusions and recommendations

In the present study, biochemical and coagulation pro-
files, as well as platelet count, in S. mansoni infected
participants were significantly altered compared to
healthy control participants. Since ALT, AST, total bili-
rubin, direct bilirubin, creatinine, PT, INR, and APTT
were significantly elevated, while total protein, glucose,
and platelet count were reduced in S. mansoni infected
participants compared to healthy controls. Also, these
biochemical and coagulation profiles were significantly
worse with increasing S. mansoni infection intensity and
correlated positively with EPG except glucose, total pro-
tein, and platelet count.

Furthermore, evaluating biochemical and coagulation
profiles, as well as platelet count alterations in S. mansoni
infection patients is important for various reasons: early
diagnosis, monitoring disease progression, and identify-
ing complications to measure therapy success, enabling
quick treatment and avoiding complications such as liver
damage or blood coagulation disorders, allowing for
appropriate intervention.

Likewise, the findings of biochemical, coagulation, and
platelet count profiles in S. mansoni infected patients can
considerably improve clinical practice by allowing for
early diagnosis, monitoring disease progression, guiding
treatment decisions, and holistic patient management.
Recognizing aberrant profiles can lead to earlier detec-
tion and treatment of schistosomiasis and lower mor-
bidity. Knowing about coagulation abnormalities might
help you make judgments about surgical treatments or
anticoagulant medication, lowering your risk during pro-
cedures. Healthcare professionals may improve patient
care, modify treatment regimens, and improve the prog-
nosis for S. mansoni patients by adopting these findings
into clinical practice.

Further studies need to be conducted to reveal the pos-
sible alteration of biochemical and coagulation profiles
and platelet count consequences of S. mansoni infection
in different epidemiological settings, which include chil-
dren under the age of 5 years and pregnant women, by
using an appropriate sample size and removing all con-
founding factors. Finally, we would like to recommend
that patients be screened and treated for S. mansoni
infection associated biochemical and coagulation profiles
and platelet count abnormalities to prevent biochemical
and coagulation disorders.
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