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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Viral hepatitis, particularly Hepatitis B 

(HBV) and Hepatitis C (HCV), represents a significant health 
complication in immunocompromised patients, including 
children diagnosed with acute leukaemia. These patients are 
at increased risk of getting infections due to frequent blood 
transfusions, invasive procedures, and immunosuppressive 
therapy. The study aimed to evaluate the occurrence of hepatitis 
B and C virus infection among children with acute leukaemia 
treated in the pediatric haematology unit at Ibn Al-Ather 
Teaching Hospital in Mosul city, compare them with a control 
group and evaluate associated risk factors, including vaccination 
status.

Methods: This study enrolled a total of 180 children attending 
Ibn-Al-Atheer Teaching Hospital (Mosul City, Iraq), comprising 
90 patients diagnosed with Acute Leukemia and 90 age- and sex-
matched controls. The control group included children attending 
the hospital for conditions unrelated to haematological diseases 
or predisposing factors for Hepatitis B and Hepatitis C, and 
had no history of chronic illness. Blood samples were collected 
and tested for HBV surface antigen (HBsAg) and anti-HCV 
antibodies using enzyme-linked immunosorbent assay (ELISA) 
kits. Demographic and clinical data, including vaccination 
history, were reported and statistically analysed.

Results: No significant variation was observed between 
cases and controls in sex, age, or residency (P > 0.05). HBsAg 
positivity was higher in cases (26.7%) than controls (10.0%) 
(P = 0.005). Anti-HCV was also higher in cases (10.0%) vs 
controls (2.2%) (P = 0.035). HBV vaccination was protective 
(7.4% vs 34.9%, P = 0.004). Blood transfusion was strongly 
associated with infection (60.0% vs 4.4%, P < 0.001).

Conclusion: HBV and HCV infections were significantly 
higher in leukemic children. Blood transfusion was a major 
risk factor, while HBV vaccination had a protective effect. 
Strengthening screening and vaccination is essential.

Key words. Hepatitis B virus, Hepatitis C virus, leukemia, 
vaccination.
Introduction.

Acute leukaemia is the commonest paediatric malignancy, 
and therapeutic advancements have increased survival rates 
over the last few years; however, therapies are associated with a 
wide range of infectious and therapy-related complications that 
can negatively affect their prognosis and quality of life [1,2]. 
Children diagnosed with acute leukaemia are highly exposed to 
acquiring blood-borne viral infections, including HBV and HCV 
[3]. This increased exposure is linked to immunosuppression 
caused by chemotherapy, frequent hospital admissions, and 
frequent exposure to blood transfusions and invasive medical 
procedures [4-6].

Hepatitis B and Hepatitis C infections remain major global 
community health concerns and are main causes of chronic 
liver disease, cirrhosis, and hepatocellular carcinoma. Despite 
advances in vaccination and preventive measures, viral 
hepatitis continues to impose a substantial burden worldwide, 
particularly in developing countries [7,8]. Hundreds of people 
are chronically infected with HBV or HCV, resulting in marked 
morbidity and mortality [9]. In pediatric populations, the 
epidemiology of hepatitis viruses differs from adults; however, 
a considerable number of children are affected worldwide [10]. 
Although the prevalence of hepatitis C virus infection in children 
is relatively low, many cases remain undiagnosed and may 
progress to long-term complications [11]. Similarly, hepatitis 
B virus infection remains a challenge despite the existence of 
successful vaccination programs [12,13]. In leukemic children, 
viral hepatitis is associated with liver dysfunction necessitating 
dose titration of life-saving chemotherapy in accordance with 
liver injury [14].

Parenteral viral transmission in the leukemic population 
is common, particularly during blood product transfusions. 
Before the application of good donor screening practices, the 
transfusion- related HCV infection percentage was relatively 
high, particularly in those patients with frequent blood transfusion 
[15], such as those with thalassemia [16] or leukaemia [15]. 
Even though screening practices improved, hepatitis infection 
rates are still high in malignant children in need of transfusion, 
especially in perturbed clinical settings [17]. Recent studies 
in the Middle East reported positive hepatitis seroprevalence 
rates in pediatric patients with leukaemia, reflecting the chronic 
status of this challenge [18,19]. Despite all blood screening 
measures and vaccination programs—especially for hepatitis 
B—have reduced transmission rates, the risk of infection 
persists. In addition, immunocompromised children may have a 
reduced immune response to vaccination, which increases their 
susceptibility to infection [20,21].

Previous studies have reported variable occurrence rates of 
HBV and HCV infections among children with leukaemia. 
While some studies showed higher infection rates compared to 
healthy controls, others found no significant difference. These 
may be due to variations in geographic location, healthcare 
application, sample size, and preventive plans [4,22-24]. The 
present study sought to investigate the rate of HBV and HCV 
among children with leukaemia and identify the associated risk 
factors in this particular population.
Materials and Methods.

Study Design and Setting: This comparative cross-sectional 
study was conducted at the Pediatric Haematology Unit in Ibn 
Al-Atheer Hospital (Mosul City, Iraq), from February 2021 to 
October 2022. The study included 90 children diagnosed with 
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Acute Leukemia as the case group and 90 age- and sex-matched 
children attending the hospital for conditions unrelated to 
haematological disorders as the control group. The control group 
was selected to provide a comparison of hepatitis B virus (HBV) 
and hepatitis C virus (HCV) prevalence in immunocompetent 
children.

A total of 90 cases were enrolled based on the following 
equation.

Where, 
n= sample size (90) 
Z= confidence level (90%)
P= population proportion (10%)
e= margin of error (5%)
Based on the formula, the sample size was approximately 90 

for each group. We recruited the number of patients based on a 
20% maximum prevalence of HBsAg in the leukemic population 
and a 5% maximum prevalence in the healthy population. Using 
a significance level of 0.05 and a power of 80%, the sample size 
calculated was close to 73 subjects per group; the sample size 
was set at 90 subjects per group to account for 20% incomplete 
data and attrition.

Ethical Approval: Ethical approval was obtained from 
the Medical Research Ethics Committee at the University of 
Mosul (Approval letter number UOM/COM/MREC/2019(14) 
on 26/3/2019). Written informed consent was received from 
parents or guardians of all participants.

Inclusion Criteria: Cases with Acute Leukemia aged 1–16 
years with newly diagnosed Acute Leukemia (both Acute 
Lymphoblastic Leukaemia [ALL] and Acute Myeloid Leukemia 
[AML]) who had not received prior antiviral therapy for HBV 
or HCV.

Exclusion: Children with pre-existing chronic liver disease, 
previous HBV or HCV infection

Controls: Children aged 1–16 years attending the hospital for 
non-haematological conditions (e.g., minor infections, routine 
check-ups), with no history of leukaemia or immunodeficiency. 
Exclusion: Children with known liver disease, immunodeficiency, 
or previous HBV/HCV infection.

Sample Collection: Approximately 3–5 mL of venous 
blood was collected from each person involved under aseptic 
conditions. Blood samples were centrifuged at 3000 rpm for 
5 minutes, and serum was separated and stored at –20°C until 
testing. All procedures followed standard biosafety guidelines. 
The serum samples were collected from the control group and 
newly diagnosed leukemic cases at the time of diagnosis, during 
the first 24 hours of hospitalisation, before starting therapy or 
blood transfusion. The samples from controls were collected 
from children at their routine visits and were well matched for 
age and sex. 

Detection of HBV and HCV: Serum samples were used 
for detection of HBV and HCV using available ELISA kits 
supplied by Qingdao Hightop Biotech (China) for HBsAg and 
Anti-HCV. Collected serum samples were thawed at room 
temperature. The samples and standards were loaded onto the 

standard plate previously coated with capture antibody. After a 
two-hour incubation, the plates were washed three times with 
diluted washing buffer, and then wells were loaded. Next, the 
wells were exposed to enzyme-labelled antibody and incubated 
for 30 minutes at room temperature. In the last step, the plate 
was washed with washing buffer and stop solution was added 
to terminate the reaction of substrate with enzyme conjugate. 
The absorbance was detected at a wavelength 450nm using a 
calibrated plate reader against blank samples. 

The tested sample was considered positive for the antibody 
test if the absorbance was greater than the cutoff value, and 
lower values were considered negative. The cutoff values were 
calculated based on the absorbance for the negative control 
sample at the specified optical density. To consider the results of 
each run as valid, the absorbance for negative control samples 
was less than 0.1 and positive control samples greater than 
0.8, with sensitivity values of 94.3% (95% CI: 90.5–96.9) and 
specificity of 99.3% (95% CI: 96.3–100) for both kits as reported 
by the manufacturer. A positive test result reflects a serological 
clue of exposure to HCV but is not confirmatory for active 
viremia because the study sought to identify seroprevalence 
rather than detection of active cases.

HBsAg cut-off = mean of negative controls × 2.100
Anti-HCV cut-off = mean of negative controls × 0.120
Data Collection: Population characteristics and clinical 

information, including age, sex, vaccination status, history of 
blood transfusions, and prior hospitalisations, were recorded 
using a structured questionnaire. The vaccination status was 
based on vaccination cards and parents' information, which are 
highly authenticated documents for children and regulated by 
the National Health System. 

Statistical Analysis: Data were analysed using SPSS version 
26. The Chi-square test was used to compare prevalence between 
the case and control groups. p-values <0.05 were regarded as 
statistically significant.
Results.

The study recruited a total of 180 children for the present study: 
90 acute leukemic children and 90 healthy control children. 
Demographic characteristics were well matched for age and sex 
(Table 1).

The rate of HBsAg seropositivity was significantly (p=0.005) 
higher in the leukemic group (26.7%) compared to the control 
group (10.0%). Moreover, the percentage of detection of anti-
HCV antibodies was significantly (p=0.035) higher in the 
leukemic group (10.0%) compared to the control group (2.22%).

In the leukemic group, HBV vaccination was associated 
with significantly (p=0.004) lower HBsAg positivity (7.4%) 
compared to unvaccinated (34.9%), with an odds ratio (OR) of 
0.15 and a 95% confidence interval (Table 3).

Out of 33 children with a positive HBsAg test, 23 (69.7%) 
with blood transfusion history, whereas 10 (30.3%) were with 
no transfusion history. The remaining 147 children had negative 
HBsAg test, up to 76.2% with no previous blood transfusion, 
and 23.8% with blood transfusion history (p=0.001, odds ratio of 
7.36 at 95% CI: 3.17–17.08). Out of 11 children with a positive 
anti-HCV test, 2 (18.2%) with blood transfusion history, while 
9 (81.8%) were with no transfusion history.
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The remaining 169 children with negative anti-HCV-negative, 
56 (33.1%) were with previous blood transfusion, and 113 
(66.9%) with no previous blood transfusion (p=0.180), with an 
odds ratio of 0.44 at 95% CI: 0.09–2.17) (Table 4).
Discussion.

In the present research, the rate of HBV and HCV infections 
in children with acute leukaemia versus healthy peers 
was examined, along with prospective risk and protective 
considerations. The results demonstrated that the rate of both 
HBV and HCV infections in leukemic patients was higher, with 
immunisation seeming to be a protective approach and blood 
transfusion as a risk factor. These data have crucial consequences 
for the medical care of oncology patients.

The present study revealed that HBsAg positivity was 
approximately tripled in leukemic children when compared 
to the healthy control group. Moreover, the proportion of 
seropositivity for anti-HCV was increased to more than fourfold 
in leukemic patients compared to healthy control peers. These 
high rates are potentially greater than those recorded in the 

pediatric population in other countries, ranging from 1–5% 
for HBV and <1% for HCV in non-endemic regions [25,26]. 
However, they are consistent with findings from several 
developing countries where hepatitis viruses are more endemic, 
and healthcare resources may be limited [27]. In line with the 
present study, several studies have claimed the same findings 
of higher vulnerability of leukemic children for bloodborne 
viral infections. For instance, a systematic study documented 
HBV and HCV seroprevalence rates ranging from Egypt (15%), 
Pakistan (4.7%) and Taiwan (4.4%) among oncology patients 
[28]. 

The high rate of HBV and HCV positivity in leukemic 
children can be linked to many connected factors, including the 
triggering immunosuppressive status associated with malignant 
diseases and the rigorous anticancer treatment protocol used 
for these patients [29-32]. These together might escalate the 
vulnerability to new infections or recurrence of dormant viral 
infections. Moreover, children with leukaemia regularly need 
numerous hospitalisations, invasive operations, and blood 
transfusions, which overall increase their susceptibility risk 

Variable Cases (n = 90) Controls (n = 90) P-value

Sex
Male 49 (54.4%) 44 (48.9%)

0.551
Female 41 (45.6%) 46 (51.1%)

Age, years

≥1 8 (8.9%) 12 (13.3%)

0.5442–5 23 (25.6%) 25 (27.8%)
6–10 28 (31.1%) 30 (33.3%)
11–16 31 (34.4%) 23 (25.6%)

Residency Rural 34 (37.8%) 47 (52.2%) 0.072Urban 56 (62.2%) 43 (47.8%)
Data are expressed as frequencies and percentages.
P values <0.05 are considered statistically significant using the Chi-square test at a 95% confidence interval.

Table 1. Demographic and Clinical Characteristics of Study Participants.

Variable Cases (n = 90)  Controls (n = 90)  P-value

HBsAg Positive 24 (26.7%) 9 (10.0%) 0.005Negative 66 (73.3%) 81 (90.0%)

Anti-HCV Positive 9 (10.0%) 2 (2.22%) 0.035Negative 81 (90.0%) 88(97,78%)
Data expressed as frequency and percentage
P values <0.05 are considered statistically significant using the Chi-square test at a 95% confidence interval.

Table 2. Frequency of HBV and HCV among Cases and Controls (Positive and Negative).

Variable Vaccinated (n=27) Unvaccinated (n=63) P-value OR (95% CI)

HBsAg status Positive 2 (7.4%) 22 (34.9%) 0.004 0.15 (0.03–0.67)Negative 25 (92.6%) 41 (65.1%)
Data expressed as frequency and percentage
P values <0.05 are considered statistically significant using Fisher’s exact test at a 95% confidence interval.

Table 3. Prevalence of HBsAg according to HBV vaccination status among leukemic children.

Hepatitis status Transfusion (n=58)  No transfusion (n=122)  P-value OR (95% CI)

HBsAg Positive 23 (69.7%) 10 (30.3%) 0.001 7.36 
(3.17–17.08)Negative 35 (23.8%) 112 (76.2%)

Anti-HCV Positive 2 (18.2%) 9 (81.8%) 0.180 0.44 
(0.09–2.17)Negative 56 (33.1%) 113 (66.9%)

Data are expressed as frequencies and percentages.
P values <0.05 are considered statistically significant using the Chi-square test at a 95% confidence interval.

Table 4. Association between history of blood transfusion and hepatitis status in study groups.
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[1,33,34]. Moreover, the chronicity feature of leukaemia therapy 
necessitates prolonged large vein access and repeated venous 
puncture, ultimately increasing the chance of hospital-acquired 
infection and vital organ complications [35,36].

The present study confirmed the protective effect of HBV 
vaccination in the leukemic group, necessitating routine HBV 
vaccination programs, particularly in endemic regions. Perhaps 
these results suggest adding a booster dose of immunisation 
to the schedule of leukemic children. Alternatively, their anti-
HBs might need to be measured regularly because anticancer 
immunosuppression may dampen vaccine-induced immunity, 
particularly when levels in immunocompromised patients are 
reduced to less than <10 mIU/ml as a protective threshold.

The present study demonstrated an association between blood 
transfusion and HBsAg positivity. In line with the present 
study, blood transfusion was reported as a main route of HBV 
transmission. The strong association between blood transfusion 
and leukaemia reflects that children with leukaemia have a higher 
likelihood of blood transfusion compared to healthy controls. 
Perhaps because blood transfusion in leukaemia patients is 
the gold standard therapy to replenish cytopenias induced by 
chemotherapy. Despite being essential and lifesaving, blood 
transfusion still carries a risk of viral transmission, which could 
potentially affect these antibody titers. Nonetheless, the causality 
might follow a dualistic mode: while blood transfusion carries 
a potential risk for viral transmission, some children with pre-
existing asymptomatic HBV or HCV infections carry the 
potential to develop leukaemia [37-39]. These align with the 
study presented at the annual conference of the British HIV 
Association, which has confirmed a higher rate of HCV infection 
in transfused pediatric oncology patients [40], calling for good 
blood bank practices to reduce the chance of infections [41].

The clinical impact of these findings encourages screening 
for HBV and HCV during leukaemia diagnosis and repeated 
tests during treatment schedules. The vaccination records for 
the leukemic children need to be updated, and a booster dose 
scheduled before commencing immunosuppressive therapy. 
Blood transfusion should follow high-standard safety policies 
to avoid any error and reduce unnecessary transfusions. 

Several limitations must be acknowledged, including a 
small sample size and a unicentre study, which limit the 
generalizability and reduce outcome precision; the cross-
sectional design of the study means the associations cannot 
absolutely state that HBV/HCV infections preceded leukaemia 
or vice versa. Immunisation status was determined based on 
the medical records rather than precise measures of anti-HBs 
titers. The detection of Anti-HBs and anti-HBc is necessary 
to assess vaccination-induced immunity, earlier exposure, and 
vulnerability. Anti-HCV antibodies can be detected in serum for 
years even after successful therapy; therefore, we acknowledge 
the limitation that anti-HCV positivity was not confirmed by 
HCV RNA testing.
Conclusion.

The present study identified a higher rate of HBV and HCV 
viral infections in children compared to controls. Immunisation 
provided protection but was undermined by blood transfusion 
products as a risk factor, necessitating appropriate policies to 

control infection via blood product screening and a universal 
vaccination program.
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