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Introduction

Hepatitis E virus (HEV) infection is the most common cause

Abstract

Background: HIV-infected patients encompass immunological,
epidemiological, and clinical characteristics that can modify the pathogenesis
of Hepatitis E virus (HEV); including but not limited to affecting the
haematological and coagulation of those co-infected.

Aim: This study is aimed at determining the haematological and coagulation
profile (Prothrombin time and activated partial thromboplastin time) among HIV
patients co-infected with HEV.

Methods: Three hundred and thirty subjects (330) were recruited after
providing informed consent from two tertiary hospitals (Federal Medical
Centre, Iddo and Afe Babalola Multisystem specialist Hospital) in Ekiti state,
south western, Nigeria. One hundred and eighty (180) HIV infected subjects
comprising HAART naive (30) and HAART treated (150) and one hundred and
fifty (150) non-HIV infected subjects (control) were included in this study. Blood
samples were analyzed for HEV 1gG, IgM by ELISA and were further analyzed
for HEV RNA using an in house PCR with commercially prepared primers.

Results: The overall prevalence of HEV among HIV infected subjects was
4/180 (2.2%). HEV was only successfully detected using HEV RNA QPCR.
Haematocrit (HCT) levels was significantly lower in HAART-Naive subjects than
in HAART-Treated subjects. Subjects co-infected with HEV and HIV had their
prothrombin time tests (PT), as well as activated partial thromboplastin time test
(APTT) raised above normal ranges and was significantly higher than values
obtained among the healthy controls.

Conclusion: There is a significant presence of HEV infection in our study
area with resultant haematological and coagulation effects.
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world and more importantly the African populace as the prevalence of

of acute hepatitis in the world, belonging to the Hepeviridae family
[1]. Despite being an important cause of hepatitis and increasing
knowledge on the HEV, the origin of the HEV remains obscure [2].

The HEV is a small non-enveloped virus, 27-34 nm in diameter,
with a single-stranded positive sense ribonucleic acid (RNA) genome
[3]. Among the eight distinct HEV genotypes that have been identified
in the Orthohepevirus A species, HEV1, HEV2, HEV3, and HEV4 are
able to infect humans. Humans are the main reservoir of HEV1 and
HEV2, and any transmission from animals to humans for HEV1 and
HEV?2 has not yet been reported. The epidemics of HEV1 and HEV2
develop periodically in several regions of Asia, Africa, Mexico, and
the Middle East [4].

Human immunodeficiency virus (HIV) and other viral hepatitis
(Hepatitis E, B and C virus) co-infections are currently the most
documented viral infections of global health importance affecting the

these chronic illnesses remain high in the sub-Saharan region [5]. HIV
infection can lead to abnormalities in complete blood count (CBC)
parameters, reflecting the impact of the virus on the hematopoietic
system, the body's system for producing blood cells [6]. Coagulation
issues frequently arise as complications in individuals with HIV
infection [7]. While highly active antiretroviral therapy (HAART)
has reduced HIV-related mortality, it has also led to an increase in
coagulation abnormalities [8]. This study aim to determine the effect
of HIV-HEV co-infection on the haematological and coagulation
parameters of HEV infected individuals in Ekiti State, Southwestern
Nigeria

Methodology
Study Design

This cross-sectional descriptive study was carried out in two
selected tertiary healthcare institutions in Ekiti State Nigeria, the
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Federal Teaching Hospital, Ido-Ekiti, and ABUAD Multisystem
Hospital, Ado-Ekiti.

Study Area

Ekiti State islocated in southwestern Nigeria, bordered to the North
by Kwara State with 61 km, to the Northeast by Kogi State with 92 km,
to the South and Southeast by Ondo State, and to the West by Osun
State for 84 km. Named for the Ekiti people—the Yoruba subgroup
that make up the majority of the state's population. Ekiti State was
carved out from a part of Ondo State in 1996 and has its capital at
Ado-Ekiti. According to the National Population Commission
of Nigeria census of 2006, Ekiti state has a total population of 2.21
million with sixteen local government. It was estimated that the state
has 3, 592, 200 million people as at 2022.

Study Population and Data Collection

This study included One hundred and eighty HIV-infected
patients (30 HAART-Naive and 150 HAART treated), also One
hundred and fifty (150) apparently healthy HIV-negative individuals
were included as controls.

Sample size calculation: The minimum sample size was calculated
by single proportion formula [10].

N = Z?PQ/d?

Where,

N = the minimum sample size

Z = standard normal deviate at 95% confidence level (=1.96)

P = Estimated prevalence of positive HEV in Ekiti State 6.1%,
according to a previous study in South-Western, Nigeria [9].

N =76

However, the sample size used for this study was one hundred
and eighty (180) HIV-infected subjects to increase the accuracy of the
study.

A structured questionnaire was administered to the study
participants to gather information on socio-demographics, knowledge
of Hepatitis E and HIV, potential risk factors, symptoms, travel and
medical histories.

Ethical Approval

Ethical approvals were obtained from the two tertiary hospitals
where patients were recruited for this study with protocol numbers
ERC/2023/12/14/10538 and ABUADHREC/26/04/2024/384.
Written/verbal informed consent was received from subjects before
inclusion in this study.

Sample Collection

10mls of venous blood was collected from each consenting
subject. 4.5mls was dispensed into well-labeled sterile plain bottles
which was separated into serum and packed cells after spinning at
3,000 revolutions per minute (RPM) for 10 minutes. The serum
samples were collected and stored in appropriately labeled cryovials,
transported to the laboratory on ice pack for storage at -70°C until
analyzed. 3.5 mls was dispensed into EDTA container for CBC, HIV

Confirmation test, detection of HEV. The same was done for all
control subjects used for this study.

Sample Analysis

HEV IgG/IgM Antibody detection: The Biopanda HEV IgG/IgM
Rapid test cassette was used for the detection of IgG/IgM antibodies to
Hepatitis E virus among study participants. The Biopanda HEV IgG/
IgM Rapid test cassette is a qualitative membrane-based immunoassay
for the detection of HEV antibodies in serum or plasma.

HEV IgG/IgM ELISA: The serum samples were also screened
using HEV-IgG/ IgM ELISA Kit (Bioss, Woburn, MA, USA) following
the manufacturer's instructions. Briefly, 10 ul of serum sample along
with 100 pl of sample dilution buffer was added into the wells of an
ELISA plate. The optical density was measured at the wavelength of
450 nm using AMP Micro Plate Reader (Agilent, Santa Clare, CA,
USA). The positive and negative results were declared based on
absorbance as A>0.8 and A<0.1.

HEV RNA (PCR) Detection: The samples were carefully sorted out
and 200pl of each sample was pipette into the commercially prepared
microtitre plate. It was mixed and taken to the auto-extraction unit
and with the aid of SMART 32, an auto extractor, the samples were
extracted. 20pl of the supernatant was added to the already prepared
primer and taken to the automix room for amplification.

All PCR protocol was carried out on Exicylcer 96 PCR platform
(Bioneer, South Korea), using two different PCR assays: a one-step
RT-nested PCR and a one-step RT-semi-nested PCR assay with
primers lying in the ORF 1 and ORF 2 region of the HEV genome,
respectively. Positive and Negative controls where included all batch
of a PCR protocol (Table 1).

Exi Diagnosis software was used to analyze the test results based
upon the Ct (threshold cycle) value.

HIV testing by CDC serial algorithm: here, one drop each of
whole blood and buffer is placed on Determine test kit. It is allowed
to run for 15 minutes. If the result is positive, another test kit, usually
Unigold is tested and finally, a tie breaker is introduced, depending
on the result.

HIV TESTING BY DIAZON ELISA KIT: The principle of HIV

confirmation by Enzyme-Linked Immunosorbent Assay (ELISA)
Table 1: PCR Primers.

Sequence (5'-3") “Location Polarity

ORF 1

HEV-38 GAGGCYATGGTSGAGAARG 4084-4102 +

HEV-39 GCCATGTTCCAGACRGTRTTCC 4622-4601 =

HEV- 37 GGTTCCGYGCTATTGARAARG 4277-4297 +

HEV-27 TCRCCAGAGTGYTTCTTCC 4583-4565 -

ORF 2

HEV-30 CCGACAGAATTGATTTCGTCGG 6296-6317 +

HEV-31 GTCTTGGARTACTGCTGR 6750-6733 -

HEV-32 GTCTCAGCCAATGGCGAGCCRAC 6350-6372 +
Table 2: Prevalence of HEV among study participants.

Number of Patients Rapid Serology ‘

ELISA HEV QPCR

(180) 19G IgM \
No. Positive (%) 0 0 0 422
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involves coating a plate with specific HIV antigens, blocking
unoccupied sites, and adding patient serum or plasma. If HIV
antibodies are present in the sample, they bind to the antigens.

Complete Blood Count using MINDRAY Haematology
Analyzer

Principle: Mindray Haematology Analyzer operates on a principle
that integrates impedance technology for sizing and enumerating
blood cells, flow cytometry for distinguishing white blood cell
types, and light scatter technology for assessing cell morphology,
thereby facilitating a comprehensive diagnostic analysis of blood cell
parameters.

Coagulometry: Commercial PT and APTT test kit manufactured
by Diagnostic Reagents Limited (Oxfordshire, United Kingdom).
Prothrombin time was ascertained by delivering 0.1 ml of plasma
into a glass tube placed in a water bath with 0.1 ml of thromboplastin
and calcium (a saline brain extract containing tissue factor and a
lipoprotein). Activated partial thromboplastin time in kaolin was
done by mixing equal volumes of the phospholipids reagent and
the kaolin suspension. The test was carried out in duplicate for both
controls and the study subjects and the mean value for each obtained.
Deficiency of factors and fibrinogen will result in prolonged clotting
time.

Statistical Analysis: Data analysis was performed using SPSS v.
18. Statistical significance was expressed at values <0.05.

Results

Using Rapid HEV IgG/IgM test kits and ELISA, The One hundred
and eighty HIV-infected subjects (Both HAART -naive and HAART-
treated) where all negative for Hepatitis E virus antibodies. Further
testing of serum samples for HCV RNA QPCR showed a positive
detection report of 4 out of 180 HIV infected subjects with an overall
HEV positivity rate of 2.2% (Table 2). The prevalence of HEV RNA
detection were found in two each of male and female subjects (Table
3).

Table 4 shows the comparism of mean haematological parameters
of HAART-Naive and HAART Treated subjects. Haematocrit (HCT)
was lower in HAART-Naive subjects than in HAART-Treated subjects
and it was statistically significant with p value of 0.0026. Other
haematological parameters showed no significant difference.

Table 5 shows the measured coagulation parameter findings
among HEV-HIV Infected subjects. Four (4) research subjects were
co-infected for HEV and HIV with their prothrombin time tests
(PT), as well as activated partial thromboplastin time test (APTT)
raised above normal ranges and was significantly higher than values
obtained among the healthy controls.

Table 3: HEV-RNA Qualitative findings among the HIV-HEV Seropositive
subjects.

RESEARCH SUBJECTS HEV RNA | HEV RNA :l:i:j:::t'; tI)-IfEV
Detected  Undetected ”

RNA positive

Female subjects

Pregnant women 8(105) 2(2.6) -7.9 25

Non-pregnant women 68 (89.5) 0(0) 68(89.5) 0

Total no 76 (100.0) 2 (2.6) 24 (97.4) 2.6

Male Subjects

Total no: 104(100) 2(1.9) 102(98.1) 1.9

Table 4: Comparison of mean haematological parameters of HAART-naive and
HAART- treated research subjects.

HAART NAIVE = HAART TREATED p
PARAMETERS MEAN+SD MEAN+SD T VALUE VALUE
N=30 N=150

WBC(X109/L) 5.7441.42 5.21+1.65 1.430 0.1545
N (%) 36.82+10.79 33.72£11.15 1.219 0.2245
L (%) 52.73+12.81 48.47+15.53 1.220 0.2241

M (%) 7.45%6.12 10.22+8.37 1.493 0.1373
E (%) 2.64+2.04 2.79+.66 0.384 0.7013
RBC (X10°/L) 4.25+0.77 4.26+0.93 0.048 0.9617
HB(G/DL) 12.57+2.56 12.91+£3.07 0.494 0.6216
HCT (%) 33+7.09 39.02+8.81 3.060 0.0026*
MCV (FL) 88.95+8.13 92.2749.32 1.584 0.1151

MCH 29.69+3.04 30.54+4.15 0.935 0.3512
MCNC (G/DL) 33.28+1.04 32.99+1.23 1.051 0.2946
RDW-SD (FL) 45.68+4.18 47.55+4.93 1.691 0.0927
PLT (X10°L) 200.64+56.54 200.94+59.30 0.022 0.9822
MPV (FL) 10.95+0.86 11.21+1.27 0.928 0.3546
PDW 15.94+1.15 15.72+2.52 0.403 0.6878
PCT(MLI/L) 2.16x0.58 1.73£1.21 1.636 0.1036

*Values in a row are significantly different at p<0.05. Keys: WBC: White Blood Cells, N: Neutrophiles, L: Lymphocyte,
M: Monocyte, E: Eosinophil, B: Basophil, RBC: Red Blood Cells, HB: Haemoglobin, HCT: haematocrite, MCV:
Mean Cell Volume, MCH: Mean Cell Haemoglobin, MCHC: Mean Cell Haemoglobin Concentration, RDW: Red
Cell Distribution, PLT: Platelets, MPV: Mean Platelet Volume, PDW: Platelet Distribution Width, PCT: Plateletcrite.

Table 5: Coagulation profile of HIV-HEV co-infected subjects.

Parameters | HIV-HEV Co-infected Subjects | Healthy Controls | P value
PT (Secs) 16.07 £4.12 11.32+ 245 0.0027*
PTTK (Secs) 4548 +3.72 30.62+5.98 0.0001*

Table 6: Correlations of parameters for pregnant women in their third trimester
and HAART-naive subjects.

CREGHANT - on

TREATED | REGNANT
PARAMETERS gygyects  HAARTNAIVE | TVALUE P VALUE

MEANSD MEAN£SD

N=8 N=22
WBC(X10°/L) 3.61x0.35 5.74+1.42 4.153 | 0.0003*
N (%) 38.38+11.10  36.82¢10.79 0.348 0.7307
L (%) 49.38+11.25 | 52.73%12.81 0.652 05195
M (%) 8.6316.02 7.4546.12 0.469 0.6428
E (%) 3.543.16 2.64+2.04 0.879 0.387
RBC (X10°/L 3.720.87 4.25+0.77 2705 | 0.00115*
HCT (G/DL) 33.61:7.69 12.5720.77 11482 | <0.0001*
MCV (%) 90.1645.33 3347.09 20.684 | <0.0001*
MCHC 32.84+1.00 88.95+8.13 19.25 | <0.0001*
RDW (FL) 45.89+2.09 29.68+3.04 13.86  <0.0001*
PLT (X10°/L 155.13£35.67  33.28+1.04 16.527  <0.0001*
MPV (FL) 11.5921.22 45.68+4.18 22492 | <0.0001*
PDW 16.39£39.04  200.64+56.54 8.484 | <0.0001*
PCT (ML/L) 1.79:0.38 10.95+0.86 28.87 | <0.0001*
HB 11.11£2.63 15.9421.15 848  <0.0001*
MCH 29.68+1.68 2.16£0.58 68.106 | <0.0001*
HIVVR(CPL) = 21132021 | 29516.08+281.77  293.37  <0.0001*
CD4 (CELLS/L) 255.25:34.02 = 9381.08+143.41 | 177138  <0.0001*

*Values in a row are significantly different at p<0.05. Keys: WBC: White Blood Cells, N: Neutrophiles,

L: Lymphocyte, M: Monocyte, E: Eosinophil, B: Basophil, RBC: red blood cells, HB: haemoglobin, HCT:
haematocrite, MCV: Mean Cell Volume, MCH: Mean Cell Haemoglobin, MCHC: Mean Cell Haemoglobin
Concentration, RDW: Red Cell Distribution, PLT: Platelets, MPV: Mean Platelet Volume, PDW: Platelet
Distribution Width, PCT: Platelet Crit.

Table 6 Show the compares of all parameters for HAART
treated (third trimester) pregnant women and HAART-naive
subjects. The mean total white cells count for pregnant subjects on
HAARTwas lower when compared to the mean total white cells
count of HAART-Naive subjects (P=0.0003). likewise, total red
cell count (RBC), Haematocrite (HCT), mean cell volume (MCV),
mean cell haemoglobin count (MCHC), Red cell distribution width

(RDW), Platelet count (PLT), Mean platelet volume (MPV), Platelet
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distribution width (PDW), Plateletcrit (PCT), Haemoglobin (HB),
Viral load and CD4 count were lower when compared with HAART-
naive subjects with a significant p value of <0.0001. The mean cell
haemoglobin (MCV) is higher in the pregnant subjects than in the
HAART-naive subjects and is significant at p<0.0001.

Discussion

The prevalence of HEV-HIV co-infection was investigated in this
study alongside with some selected haematological, and coagulation
parameters. The prevalence of HEV among HIV infected subjects in
our study area was 4/180 (2.2%). This study uncovered the existence
ofan occult HEV infection among study participants, as only the HEV
QPCR assay revealed the presence of HEV among the population
studied. This observation calls for the utilization of molecular
methodology for proper epidemiologic survey of HEV in our locality.
The prevalence report in our study is close to 4.8% HEV prevalence
among blood donors in Lagos [10], and 5.5 % in Ogbomoso, Oyo
State, Nigeria [11]. The most effective preventative measure for
HEV infection is to avoid contact with the source of infection, such
as avoiding the consumption of raw/undercooked food where HEV
has been isolated or the consumption of unchlorinated contaminated
water in low-income countries.

There were no significant difference in HEV prevalence based
on gender, this has been proven in some previous studies that HEV
prevalence may not be gender related. This finding concurs with
previous research done at Osun State, where there were no significant
association between gender of subjects and sero-positivity for HEV
[12].

There were significant difference in the haematocrite (HCT) of
HAART-naive compared with HAART- treated research subjects
p<0.05. HAART-naive individuals had lower hematocrit (Hct),
indicating anaemia that may be caused by chronic inflammation,
opportunistic infections, and viral-related implications. This is in
agreement with the work done by Obeagu et al. [13], which reviewed
the complex interaction between anaemia and HIV, highlighting
the impact of chronic inflammation. It is also in tanderm with the
report of Adams et al., [14] which explained that HIV-related anaemia
results from various factors, including direct viral effects on bone
marrow, chronic inflammation, nutritional deficiencies, and adverse
effects of Antiretroviral Therapy (ART). According to Vishnu and
Aboulafia, [15] direct viral effects on haemopoiesis and the chronic
inflammatory state indicated by HIV contributed to the development
and exacerbation of anaemia [16]. Anaemia in HIV Patients is
associated with a range of clinical implications, including increased
morbidity and mortality. Anaemia correlates with accelerated disease
progression, higher rates of infections and a decline in overall immune
function [16].

Prothrombin time and activated partial thromboplastin time
were significantly higher among HEV-HIV co-infected subjects
when compared to healthy controls used for this study. It has been
established in some previous studies that coagulation parameters are
prolonged in HIV infection [17,18]. In HIV infection, haemostatic
disorders occur as a result of acquired deficiency of anticoagulant
proteins such as protein C and protein S, heparin cofactor II, and
increased concentrations of coagulation and fibrinolytic markers [19].

In this study, hematological parameters varied significantly in
HIV-positive pregnant subjects in their third trimester compared to
HAART - naive subjects. Significant decrease was recorded for WBC,
RBC, MCHC, HB, MPV, PCT, PDW, HIV viral load, and CD4 count
of pregnant women in their third trimester compared with HAART-
naive subjects, where as significant increase was reported for HCT,
MCYV, and PLT. Hematological parameters, such as complete blood
count (CBC) provide information on the impact of HIV on red and
white blood cells and platelet counts, indicating possible anaemia,
leukopenia, or thrombocytopenia. Elevated mean corpuscular volume
(MCV) indicated macrocytosis which may be attributed to vitamin
deficiencies or medications of the pregnant women which concurs
with the work of Nye et al. [20] who examined the effect of lamivudine
and emtricitabine on mean corpuscular volume (MCV) in HIV
patients, indicating that these medications can lead to macrocytosis.

Decreased mean corpuscular hemoglobin concentration
(MCHC) may suggest hypochromic anaemia, consistent with known
haematological abnormalities in HIV patients, and is consistent with
the work of Kaudhaet al. [21]. Thrombocytopenia, evidenced by low
platelet count, among HAART - naive was attributed to bone marrow
suppression or immune system destruction of red blood cells [22].
Elevated mean platelet volume (MPV) among the HAART-naives
indicated platelet activation, while increased red cell distribution
width (RDW) among the HIV positive pregnant subjects suggested
size variability among erythrocytes, characteristic of underlying
pathology like ineffective erythropoiesis [22]. The decreased WBC
among the HIV positive pregnant subjects supports the hypothesis
that CBC profiles may serve as early predictors of compromised
immune systems in HIV-positive individuals, aiding timely treatment
adjustments [23]. Leucopenia is frequently seen in HIV patients and
is predominantly due to lymphopenia and occasionally, reduced
production of granulocytes and monocytes. Due to the inhibition of
granulocyte progenitors, leucopaenia may also results and can result
from concurrent infections, immune - mediated or therapy related
factors [24].

Conclusion

In conclusion, the prevalence of HEV among HIV infected
subjects in this study was 2.2 %. Distribution among gender was not
skewed to any particular gender. HIV infected subjects that were
HAART naive significantly had a lower hematocrit value. Coagulation
parameters (PT and APTT) was significantly higher in HEV-HIV co-
infected subjects as compared to the controls.

Footnote

The data used for this study is part of the doctoral thesis of the
first author.
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