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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Chronic hepatitis B virus (HBV) infection is
highly prevalent in Sudan. Platelet indices serve as potential
non-invasive markers for liver disease severity, yet limited data
exist for Sudanese populations.

Objective: To evaluate platelet indices in Sudanese patients
with chronic hepatitis B and assess relationships with disease
phases, age, and gender.

Methods: This case-control study included 198 participants
(127 chronic HBV patients, 71 healthy controls) from Khartoum
State, Sudan. Platelet indices were measured using automated
hematology analyzers. HBV DNA quantification was performed
by real-time PCR. Patients were stratified by viral load into
immune control (<2,000 IU/mL), immune clearance/escape
(2,000-20,000 TU/mL), and immune tolerance (>20,000 IU/mL)
phases.

Results: Chronic HBV patients showed significantly
elevated platelet counts (290.13£99.74 vs 235.48+50.50 x10%/
pL, p<0.001), mean platelet volume (9.25+1.30 vs 7.66+0.76
fL, p<0.001), platelet distribution width (15.87+£0.66 vs
15.55+0.64%, p=0.001), and plateletcrit (0.27+0.097 vs
0.18+0.033%, p<0.001) compared to controls. No significant
differences existed across disease phases or between
demographic groups.

Conclusions: Sudanese chronic HBV patients demonstrate
paradoxically elevated platelet indices, challenging conventional
associations with thrombocytopenia. These parameters showed
limited correlation with disease phases, suggesting reduced
utility as activity markers in this population.

Key words. Chronic hepatitis B, platelet indices, mean platelet
volume, Sudan, viral load, disease phases.

Introduction.

Hepatitis represents a major global health challenge,
characterized by liver tissue inflammation [1]. While multiple
etiological factors can trigger hepatitis—including excessive
alcohol consumption, autoimmune disorders, medications, and
environmental toxins—viral infections remain the predominant
cause worldwide [2]. Among viral hepatitides, types A, B,
and C are most prevalent, with types D and E occurring less
frequently [3].

Clinical classification of hepatitis depends on inflammation
duration [4]. Acute hepatitis, defined as inflammation lasting less
than six months, often resolves spontancously but may progress
to fulminant liver failure in severe cases [5]. Chronic hepatitis,
persisting beyond six months, poses greater clinical concern due
to potential progression to irreversible liver damage, including
fibrosis, cirrhosis, and hepatocellular carcinoma [6].
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Hepatitis B virus (HBV) infection represents a particularly
significant public health concern affecting all age groups. While
some patients experience brief, self-limiting acute infections
requiring minimal intervention, others develop chronic disease
with potentially life-threatening complications [7]. Chronic
HBYV infection can lead to progressive liver scarring, hepatic
failure, and malignant transformation, substantially increasing
morbidity and mortality rates [8].

The HBV burden is particularly pronounced in Sudan, where
the virus represents the primary cause of chronic liver disease
and hepatocellular carcinoma, and the second leading cause
of acute liver failure [9]. Epidemiological data reveal striking
regional variations in HBV prevalence across Sudan, with
hepatitis B surface antigen (HBsAg) positivity ranging from
6.8% in central regions to 26% in southern areas. Population
exposure rates, indicated by serological markers, range from
47% to 78%. These regional differences extend to transmission
patterns, with southern Sudan showing predominantly early
childhood transmission, while northern regions demonstrate
increasing infection rates with advancing age [10].

Understanding Conventional Thrombocytopenia in Chronic
Liver Disease.

In advanced chronic liver disease, thrombocytopenia typically
develops through well-established mechanisms. Portal
hypertension, resulting from increased hepatic resistance and
portal blood flow, leads to splenomegaly and subsequent splenic
sequestration of platelets. Approximately 90% of the platelet
pool can become sequestered in an enlarged spleen, dramatically
reducing circulating platelet counts. Additionally, chronic
liver disease impairs hepatic synthesis of thrombopoietin, the
primary regulator of megakaryopoiesis and platelet production.
Reduced thrombopoietin levels result in decreased bone marrow
platelet production, further contributing to thrombocytopenia.
These mechanisms create the characteristic low platelet counts
observed in patients with cirrhosis and portal hypertension.

Beyond direct viral effects, HBV infection significantly
impacts hematological parameters, particularly platelet
dynamics. Platelets are anucleate, discoid cellular fragments
measuring approximately 3.0%0.5 micrometers in diameter,
with mean platelet volume of 7-11 femtoliters. These cellular
elements originate from cytoplasmic fragmentation of bone
marrow megakaryocytes, with each megakaryocyte producing
5,000-10,000 platelets during its lifespan [11]. Thrombopoietin,
synthesized primarily in the liver and kidneys, regulates this
process through negative feedback mechanisms responsive to
circulating platelet levels [12].

Under physiological conditions, platelets circulate for 5-10
days before removal by splenic macrophages and hepatic
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Kupffer cells. Notably, approximately 40% of the total
platelet pool remains sequestered within the spleen, available
for rapid mobilization during hemostatic demands through
sympathetically-mediated splenic contraction.

While traditionally recognized for hemostatic functions,
platelets have emerged as crucial mediators in both acute and
chronic inflammatory processes. In HBV infection, platelets
play dual roles in disease pathogenesis. They facilitate
hepatic accumulation of virus-specific CD8+ T lymphocytes
and non-specific inflammatory cells, thereby contributing
to both viral clearance and liver parenchymal damage. This
immunomodulatory function of platelets in HBV-related
liver disease underscores their significance beyond traditional
hemostasis and highlights their potential as therapeutic targets
in managing chronic viral hepatitis [13].

Materials and Methods.

Study Design and Setting:

A case-control study was conducted to investigate platelet
indices in Sudanese patients with chronic hepatitis B virus
(HBV) infection. The study was performed across multiple
healthcare facilities in Khartoum State, Sudan, from November
12,2022, to February 15, 2023.

Participants.

Sample Size and Study Population:

The study population consisted of 198 participants recruited
through convenience sampling. The case group comprised 127
patients with confirmed chronic HBV infection, while the control
group included 71 healthy individuals recruited from analogous
geographic regions. Both male and female participants were
enrolled to ensure representative sampling.

Selection Criteria.

Inclusion criteria for cases: Participants were eligible if
they met the following criteria: (1) Sudanese nationality; (2)
laboratory-confirmed chronic HBV infection evidenced by
persistent hepatitis B surface antigen (HBsAg) positivity for >6
months; and (3) age >18 years.

Exclusion criteria: Participants were excluded if they
presented with: (1) non-Sudanese nationality; (2) active
malignancy; (3) pregnancy; (4) autoimmune liver disease; (5)
co-infection with hepatitis A, C, D, or E viruses; or (6) history
of blood transfusion within the preceding 3 months.

Control group selection: Healthy controls were recruited
from individuals attending routine health check-ups and were
required to have negative HBsAg status and absence of liver-
related symptoms or disease.

Data Collection

Clinical and Demographic Assessment:

Standardized demographic and clinical data were collected
through structured face-to-face interviews using a pre-validated
questionnaire. Variables assessed included age, gender, current
clinical manifestations, medical history, and medication
use. Supplementary clinical information was extracted from
electronic medical records following approval from attending
physicians.

179

Laboratory Procedures.

Specimen Collection and Processing:

Venous blood samples (3 mL) were collected from each
participant using standard phlebotomy techniques and
immediately transferred into sterile ethylenediaminetetraacetic
acid (EDTA) anticoagulant tubes. All samples were processed
within 2 hours of collection to minimize pre-analytical variables
and ensure measurement accuracy.

Hematological Analysis:

Complete blood count including platelet indices was
performed using automated hematology analyzers (Sysmex
KX-2IN™ and Mindray BC-5800). The following platelet
parameters were measured: platelet count (x10%/uL), mean
platelet volume (MPV, fL), platelet distribution width (PDW,
%), and plateletcrit (PCT, %). Quality control procedures were
implemented daily according to manufacturer specifications.

HBV DNA Quantification:

Viral DNA extraction was performed from 400 uL. EDTA-
anticoagulated plasma using the ExiPrep™ Dx viral DNA
extraction kit on the ExiPrep 16 Dx automated extraction
platform (Bioneer Corporation, Daejeon, Republic of Korea)
following the manufacturer's protocol.

Quantitative real-time polymerase chain reaction (qQRT-PCR)
was conducted using the Exicycler 96 Real-Time Quantitative
Thermal Block system (Bioneer Corporation, Daejeon,
Republic of Korea). The thermal cycling protocol consisted of
initial denaturation at 95°C for 5 minutes, followed by 45 cycles
of denaturation at 95°C for 5 seconds and combined annealing/
extension at 55°C for 5 seconds.

HBV DNA concentrations were determined by interpolation
of cycle threshold (Ct) values against standard curves generated
using known concentrations of HBV DNA standards. Results
were expressed as international units per milliliter (IU/mL) with
a lower limit of detection of 20 IU/mL.

Study Classifications.

HBYV Infection Phase Stratification:

Participants in the case group were classified into three
distinct phases of chronic HBV infection based on viral load
measurements:

1. Immune control phase: HBV DNA <2,000 I[U/mL

2. Immune clearance/escape phase: HBV DNA 2,000-
20,000 TU/mL

3. Immune tolerance phase: HBV DNA >20,000 1U/
mL

This classification system was based on established clinical
guidelines for chronic HBV management. It should be noted
that comprehensive clinical guidelines typically incorporate
alanine aminotransferase (ALT) levels alongside viral load
to more accurately differentiate disease phases, particularly
distinguishing the immune tolerance phase (high viral load
with normal ALT) from the immune clearance phase (high viral
load with elevated ALT). The absence of liver function tests
in our study represents a limitation in the precision of phase
classification.



Age Stratification:

For age-related comparative analyses, all participants were
categorized into four discrete groups using 20-year intervals to
ensure adequate sample sizes for statistical comparisons.

Statistical Analysis:

All statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS) version 25.0 (IBM
Corporation, Armonk, NY, USA). Data distribution normality
was assessed using the Shapiro-Wilk test. Continuous variables
were expressed as mean =+ standard deviation (SD) for normally
distributed data or median with interquartile range for non-
normally distributed data. Categorical variables were presented
as frequencies and percentages.

Between-group comparisons of platelet indices were
conducted using independent samples t-tests for normally
distributed continuous variables or Mann-Whitney U tests for
non-parametric data. One-way analysis of variance (ANOVA)
followed by post-hoc Tukey's honestly significant difference
(HSD) test was employed to evaluate differences among the
three HBV infection phases and between age groups. Point-
biserial correlation analysis was utilized to assess associations
between gender and platelet parameters.

Statistical significance was defined as a two-tailed p-value
<0.05. All confidence intervals were calculated at the 95% level.

Ethical Considerations:

The study protocol received scientific ethical approval from
the University of Khartoum. Written informed consent was
obtained from all participants prior to enrollment after detailed
explanation of study objectives, procedures, potential risks,
and benefits. All study procedures were conducted in strict
accordance with the principles outlined in the Declaration
of Helsinki and local regulatory guidelines. Participant
confidentiality and data privacy were maintained throughout the
study period.

Results.

Demographic Characteristics:

A total of 198 participants were enrolled in this study,
comprising 127 patients with chronic hepatitis B (case group)
and 71 healthy controls. The gender distribution revealed male
predominance in the case group (90 males, 70.9%; 37 females,
29.1%) compared to a more balanced distribution in the control
group (39 males, 54.9%; 32 females, 45.1%).

Age distribution analysis showed that the majority of patients in
the case group were aged 21-40 years (66.9%), followed by 41-
60 years (21.1%), 1-20 years (11.0%), and 61-80 years (4.7%).
The control group demonstrated a different age distribution
pattern, with 47.9% aged 21-40 years, 25.4% aged 41-60 years,
17.3% aged 1-20 years, and 5.6% aged 61-80 years.

Comparison of Platelet Indices Between Case and Control
Groups:

Independent samples t-tests were performed to evaluate
differences in platelet indices between chronic hepatitis B
patients and healthy controls. All platelet parameters showed
statistically significant elevations in the case group compared to
controls (Table 1).
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Platelet count was significantly higher in chronic hepatitis
B patients (290.13+£99.74 x10%/uL) compared to controls
(235.48+50.50 x10%/uL; t(196)=5.112, p<0.001). Similarly,
mean platelet volume (MPV) was elevated in the case group
(9.25+1.30 fL) versus controls (7.66+0.76 fL; t(196)=10.830,
p<0.001).

Platelet distribution width (PDW) demonstrated a significant
increase in patients (15.87+£0.66%) compared to controls
(15.55+0.64%; t(196)=3.246, p=0.001). Plateletcrit (PCT) was
also significantly higher in the case group (0.27+0.097%) than
in controls (0.18+0.033%; t(196)=9.599, p<0.001).

Platelet Indices Across Different Disease Phases:

Patients were stratified into three phases based on HBV
DNA levels: immune control phase (n=93, 73.2%), immune
clearance/escape phase (n=21, 16.5%), and immune tolerance
phase (n=13, 10.2%).

One-way ANOVA analysis revealed no statistically
significant differences in platelet indices across the three
disease phases. Platelet count (F(2,124)=1.344, p=0.265), MPV
(F(2,124)=0.572, p=0.566), PDW (F(2,124)=0.745, p=0.477),
and PCT (F(2,124)=1.570, p=0.212) all showed comparable
values across disease phases (Table 2).

Gender-Related Differences in Platelet Indices:

Point-biserial correlation analysis was conducted to assess
the relationship between gender and platelet indices in chronic
hepatitis B patients. No significant associations were observed
between gender and any platelet parameter: platelet count
(r=0.125, p=0.162), MPV (r=0.033, p=0.709), PDW (r=-0.108,
p=0.227), and PCT (r=0.143, p=0.109) (Table 3).

Age-Related Variations in Platelet Indices:

One-way ANOVA was performed to evaluate age-related
differences in platelet indices across four age groups. No
statistically significant differences were detected among
age groups for any platelet parameter: platelet count
(F(3,123)=0.550, p=0.649), MPV (F(3,123)=0.286, p=0.835),
PDW (F(3,123)=0.581, p=0.628), and PCT (F(3,123)=0.953,
p=0.417). Mean values and standard deviations for each age
group are presented in Table 4.

Discussion.

This study evaluated platelet indices in Sudanese patients with
chronic hepatitis B, revealing unexpected findings that challenge
conventional understanding of HBV-related hematological
changes. Contrary to established literature consistently
reporting thrombocytopenia in chronic HBV patients, our
cohort demonstrated significantly elevated platelet counts and
indices compared to healthy controls.

Contradictory Findings and Mechanistic Explanations:

The paradoxical elevation in platelet parameters observed in
our study contrasts sharply with previous reports linking chronic
HBYV infection to thrombocytopenia. This discrepancy requires
careful mechanistic analysis and consideration of population-
specific factors.

Compensatory Thrombopoiesis Hypothesis:

The elevated platelet indices in our Sudanese HBV patients

likely represent an early compensatory response to subclinical



Table 1. Comparison of platelet indices between chronic hepatitis B patients and healthy controls.

Platelet Parameter
Platelet count (x10°/uL)

Control Group (n=71)

235.48+50.50 290.13+99.74

MPV (fL) 7.66:0.76 9.25+1.30
PDW (%) 15.55+0.64 15.87+0.66
PCT (%) 0.18+0.033 0.27+0.097

Case Group (n=127)

Mean Difference 95% CI p-value
54.65 33.57-75.73  <0.001*
1.59 1.30-1.88 <0.001*
0.31 0.12-0.50 0.001*

0.09 0.07-0.11 <0.001*

Data are presented as meantSD. MPV, mean platelet volume; PDW, platelet distribution width;, PCT, plateletcrit; CI, confidence interval.

*Statistically significant (p<0.05).

Table 2. Platelet indices according to chronic hepatitis B disease phases.

Disease Phase n (%) Platelet count (x10%/pL) MPYV (fL) PDW (%) PCT (%)
Immune control 93 (73.2) 290.78+99.23 9.20+1.29 15.85+0.68 0.27+0.09
Immune clearance/escape 21 (16.5) 266.38+94.56 9.25+1.13 15.83+0.59 0.25+0.10
Immune tolerance 13 (10.2) 323.77+108.89 9.62+1.64 16.08+0.56 0.31+0.11
p-value - 0.265 0.566 0.477 0.212
Data are presented as mean+SD or n (%). p-values from one-way ANOVA.

Table 3. Correlation between gender and platelet indices in chronic hepatitis B patients.

Platelet Parameter Correlation Coefficient (r) p-value

Platelet count 0.125 0.162

MPV 0.033 0.709

PDW -0.108 0.227

PCT 0.143 0.109

Point-biserial correlation analysis. No significant correlations observed (p>0.05).

Table 4. Age-related distribution of platelet indices in chronic hepatitis B patients.

Age Group (years) n Platelet count (x10%/puL) MPYV (fL) PDW (%) PCT (%)
1-20 14 307.36+101.73 9.19+1.26 15.94+0.37 0.28+0.09
21-40 85 282.87+94.09 9.22+1.31 15.83+0.68 0.26+0.09
41-60 27 308.86+113.67 9.46+1.30 15.90+0.70 0.30+0.12
61-80 6 284.00+132.26 9.00+1.52 16.17+0.80 0.25+0.10
p-value - 0.649 0.835 0.628 0.417

Data are presented as mean+SD. p-values from one-way ANOVA.

platelet consumption and sequestration, occurring before the
development of significant liver fibrosis and portal hypertension.
Evaluating fibrosis is crucial to validate this hypothesis. The
simultaneous elevation of all platelet parameters—count, MPV,
PDW, and PCT—suggests an integrated response involving
enhanced megakaryopoiesis, premature platelet release, and
increased total platelet mass production.

The significantly elevated MPV (9.25+1.30 vs 7.66+0.76
fL) provides strong evidence for this hypothesis, indicating
the release of younger, larger platelets from bone marrow.
This finding suggests active thrombopoietic stimulation rather
than passive platelet accumulation. Similarly, the increased
PDW (15.87+0.66 vs 15.55+0.64%) reflects a heterogeneous
platelet population containing both mature and immature forms,
consistent with enhanced bone marrow production.

Inflammatory Cytokine Pathways:

Chronic HBV infection triggers persistent hepatic
inflammation, leading to sustained elevation of inflammatory
cytokines, particularly interleukin-6 (IL-6) and tumor necrosis
factor-alpha (TNF-a). IL-6 directly stimulates thrombopoietin
gene expression in the liver, resulting in enhanced
megakaryopoiesis independent of platelet count feedback
mechanisms. This cytokine-mediated pathway could explain
the sustained elevation in platelet production despite normal or
elevated circulating platelet counts.
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TNF-o contributes to this process by promoting premature
platelet release from megakaryocytes and stimulating bone
marrow platelet production. The inflammatory milieu associated
with chronic HBV infection may create a state of compensatory
hyperproduction that precedes the eventual development of
consumptive thrombocytopenia seen in advanced liver disease.

Population-Specific Genetic Factors:

The unique findings in our Sudanese population may reflect
genetic variations affecting thrombopoiesis regulation. Potential
polymorphisms in genes controlling thrombopoietin production
(THPO), thrombopoietin receptor sensitivity (MPL), or
megakaryocyte differentiation (GATA1/FOG1) could result in
enhanced platelet production responses to inflammatory stimuli.

Additionally, unique HLA haplotypes prevalent in the Sudanese
population may influence HBV immune response patterns,
cytokine production profiles, and subsequent thrombopoietic
responses. Environmental factors, including nutritional status
and endemic co-infections, may also modulate hematopoietic
responses in ways not observed in other populations.

Disease Phase Considerations:

Despite our hypothesis that different disease phases would
demonstrate varying platelet responses, we observed no
significant differences across immune control, clearance/
escape, and tolerance phases. This unexpected finding may
reflect several factors:



1. The predominance of patients in the immune control
phase (73.2%) may have limited statistical power to detect
meaningful differences.

2. HBV DNA levels alone may inadequately reflect the
degree of hepatic inflammation or immune activation.

3. The compensatory mechanisms may be similarly
activated across all phases of chronic infection.
4. Cross-sectional sampling may not capture the dynamic

nature of disease progression.
Clinical Implications:

These findings have several important clinical implications for
managing Sudanese patients with chronic hepatitis B:

Early Disease Monitoring:

The elevated platelet indices may serve as early biomarkers of
hepatic inflammation in HBV infection, potentially identifying
patients at risk for disease progression before conventional liver
function abnormalities develop. The elevated MPV particularly
warrants attention as it may indicate ongoing inflammatory
thrombopoiesis that could transition to consumptive
thrombocytopenia with disease progression.

Risk Stratification:

Patients with extremely elevated platelet counts and MPV may
represent a subgroup with robust compensatory mechanisms,
potentially indicating better short-term prognosis but requiring
closer monitoring for eventual decompensation. Conversely,
patients with relatively lower (though still elevated) platelet
parameters within the HBV group might be at higher risk for
progression to thrombocytopenia.

Therapeutic Considerations:

The hypercoagulable state suggested by elevated platelet
counts and activation markers may influence antiviral treatment
decisions and monitoring strategies. Clinicians should be aware
that conventional thrombocytopenia-based risk assessments
may not apply to this population.

Treatment Response Monitoring:

Serial platelet index measurements could potentially serve
as accessible markers for monitoring treatment response, with
declining values potentially indicating disease progression
or treatment failure, while stable elevations might suggest
maintained compensatory capacity.

Study Limitations.

Several significant limitations must be acknowledged:
Sample Size and Power:

While our overall sample size was adequate, the distribution
across disease phases was uneven, with relatively small numbers
in the immune clearance/escape (n=21) and immune tolerance
(n=13) phases. This limitation may have reduced our ability to
detect meaningful differences between phases.

Laboratory Limitations:

The most significant limitation of this study is the absence of
liver functiontests (AL T, AST, albumin, bilirubin), inflammatory
markers, and hepatic fibrosis assessment data. To substantiate
our core hypothesis of "compensatory thrombopoiesis in early
stages preceding cirrhosis," it would be essential to demonstrate
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that our patient cohort did not possess advanced liver fibrosis.
The incorporation of non-invasive fibrosis markers that could
be calculated from available blood data (such as FIB-4 index
or APRI score) would substantially strengthen the manuscript's
conclusions. Additionally, we did not measure thrombopoietin
levels, which would have provided direct evidence for our
mechanistic hypotheses.

Future Research Directions.

Based on our findings and limitations, several research
directions should be prioritized:

Comprehensive Liver Assessment Studies:

Future investigations should incorporate comprehensive liver
evaluation including:
Non-invasive fibrosis assessment using transient
elastography (FibroScan) or magnetic resonance elastography.
Validated serological markers such as FIB-4 index,
APRI score, and Enhanced Liver Fibrosis (ELF) panel.
Complete liver function tests including albumin,
bilirubin, and prothrombin time.
Inflammatory markers (ALT, AST, GGT) to assess
hepatic inflammation.

Longitudinal Cohort Studies:

Prospective studies following patients over time would provide

crucial insights into:

Natural history of platelet parameter changes with
disease progression.

Correlation between platelet trends and development
of complications.

Predictive value of early platelet elevations for long-
term outcomes.

Response patterns to antiviral therapy.

Mechanistic Validation Studies:

Laboratory investigations should include:

Cytokine profiling (IL-6, TNF-a, thrombopoietin
levels).

Platelet function assessment (aggregation, activation
markers).

Genetic analysis of relevant polymorphisms affecting
thrombopoiesis.

Bone marrow evaluation in selected patients.

Comparative Population Studies:

Studies comparing platelet responses across different
populations would help determine whether our findings are
specific to Sudanese patients or represent a broader pattern
in African populations with different genetic backgrounds or
environmental exposures.

Conclusion.

This study demonstrates that Sudanese patients with chronic
hepatitis B exhibit significantly elevated platelet indices
compared to healthy controls, challenging conventional
associations between chronic HBV and thrombocytopenia. The
simultaneous elevation of platelet count, MPV, PDW, and PCT
suggests an integrated compensatory thrombopoietic response
to chronic hepatic inflammation, likely occurring before the
development of significant liver fibrosis.



However, these platelet indices do not differ significantly
across disease phases defined by viral load, suggesting limited
utility as markers of disease activity in this population. The
absence of age- and gender-related differences indicates that
observed changes are primarily disease-related rather than
influenced by demographic factors.

The paradoxical findings in our cohort may reflect population-
specific genetic factors, unique inflammatory responses, or
early-stage compensatory mechanisms not previously described.
These results highlight the importance of population-specific
research in understanding disease manifestations and the
potential limitations of extrapolating findings across different
ethnic and geographic populations.

Future research incorporating comprehensive liver assessment,
longitudinal follow-up, and mechanistic investigations will be
essential to validate these findings and determine their clinical
utility for disease monitoring and management in Sudanese
patients with chronic hepatitis B.
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