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Abstract

Background: Viral hepatitis is a major cause of chronic liver disease, including cirrhosis and
hepatocellular carcinoma, with significant morbidity and mortality. Individuals with sickle

cell disease (SCD) are at increased risk of hepatitis C virus (HCV) infection due to frequent
transfusions. Despite the high burden of HCV in Uganda, recent data on HCV seroprevalence
among individuals with SCD are limited.

Objective: To determine HCV seroprevalence and describe characteristics among patients
with SCD receiving care at Mulago National Referral Hospital (MNRH), Kampala, Uganda.
Design: Hospital-based cross-sectional study

Methods: Individuals with SCD attending the MNRH outpatient SCD clinic in Kampala, Uganda,
were recruited between July and September 2025. Sociodemographic, clinical, and behavioral
data were collected using a structured questionnaire. Anthropometric measurements were
taken using standardized scales. HCV, hepatitis B surface antigen (HBsAg), and HIV rapid tests
were performed. Data were analyzed using the SAS statistical package version 9.4.

Results: There were 119 participants with SCD enrolled, with a mean age of 13.1years, and
55.5% (n=66) were male. Most participants had a SCD diagnosis for éyears or longer. HCV
seroprevalence was 12.6% (n=15). All HCV-seropositive participants were less than 18years,
with nearly two-thirds of those aged 9-17years (66.7%, n=10). Nearly all HCV-seropositive
participants had a history of blood transfusion (n=14, 93.3%], with 53.3% (n=8] reporting three
or more transfusions. Only one participant (0.84%) tested positive for HIV, and none tested
positive for HBsAg.

Conclusion: This study revealed a high seroprevalence of HCV among individuals with SCD

in Uganda. Strengthening routine HCV screening, linkage to care, and infection prevention,
including within blood transfusion services, is needed. Larger studies incorporating HCV RNA
testing are recommended to assess the true burden of active infection and risk factors among
patients with SCD to inform targeted prevention, screening, and treatment strategies.

Plain language summary

Hepatitis C infection among people with sickle cell disease at Mulago National Referral
Hospital, Uganda

Hepatitis C virus (HCV) infection is a viral infection that can cause long-term liver disease
if not detected and treated early. People living with sickle cell disease (SCD) are at an
increased risk of HCV infection due to multiple risk factors, such as multiple blood
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transfusions and other exposures, such as sharing contaminated medical equipment. In
this study, we aimed to determine the seroprevalence of HCV and describe characteristics
among patients with SCD receiving care at Mulago National Referral Hospital, Kampala,
Uganda. We tested 119 people with SCD using a rapid HCV antibody test and found that
12.6% of participants tested positive, indicating prior exposure to HCV. All individuals who
tested positive were younger than 18years, and most had received blood transfusions
in the past. These findings highlight the importance of routine HCV screening in routine
SCD care. Larger studies that include confirmatory testing for active ongoing infection are
recommended to guide targeted prevention, screening, and treatment efforts.

Keywords: blood-borne infections, blood transfusion, hepatitis B, HIV, serological testing,

sickle cell anemia, viral hepatitis
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Introduction

Sickle cell disease (SCD) is a major hemoglobi-
nopathy affecting over 7.7 million people globally,
with the highest burden in sub-Saharan Africa.!
The prevalence of SCD in Uganda is estimated to
range from 0.7% to 1.6% with regional variations
across the country.>3 SCD contributes substan-
tially to morbidity and mortality, often requiring
frequent hospitalizations and blood transfusions.*
Although progress has been made in ensuring safe
transfusion through rigorous screening of blood
products, the risk of transfusion-transmissible
infections such as hepatitis C persists.>6

Viral hepatitis is a significant global health concern
due to its association with liver cirrhosis, hepato-
cellular carcinoma, and considerable long-term
morbidity and mortality.” According to World
Health Organization (WHO) estimates, in 2022,
an estimated 304 million people were living with
viral hepatitis worldwide, including 50 million with
hepatitis C virus (HCV) infection.! In the same
year, viral hepatitis caused about 1.3 million deaths
globally, with HCV accounting for 17% of these
fatalities and nearly 1 million new infections.! In
Uganda, approximately 99,000 people were living
with HCV in 2022, with over 5000 new infections
and 700 deaths reported.! Diagnosis and treat-
ment coverage remain critically low at about 9%
and 0%, respectively, suggesting that the true bur-
den may be underestimated.!

HCV is a single-stranded RNA virus primarily
transmitted through exposure to infected blood
and body fluids, including wunsafe blood

transfusions, inadequately sterilized medical
equipment, injection drug use, sexual contact,
and perinatal transmission.® Patients with SCD
are at increased risk of HCV infection due to
recurrent transfusions and other healthcare inter-
ventions during hospitalizations.® As survival
improves and individuals with SCD live longer,
their cumulative exposure to healthcare-related
risks as well as behavioral and sexual risk factors
as they grow and indulge increases, further elevat-
ing the risk of acquiring HCV and other blood-
borne and sexually transmitted infections such as
HIV. Globally, the prevalence of HCV among indi-
viduals with SCD varies widely by region and trans-
fusion exposure, ranging from 1% to 23%.10-14
In Uganda, a study conducted in 2003 reported
an HCYV seroprevalence of 2.5% among patients
with SCD, with receipt of more than two transfu-
sions identified as a significant risk factor.®

Despite the high background prevalence in the
general population,!5 recent data on HCV among
people with SCD in Uganda are limited.
Moreover, unlike hepatitis B, there is no vaccine
for HCV prevention, but it is curable with direct-
acting antiviral therapy.!® However, the diagnos-
tic and treatment gap of HCV in Uganda
highlights the need for improved screening and
linkage to care alongside preventive strategies to
reduce transmission and prevent progression to
severe complications. Therefore, this study aimed
to determine HCV seroprevalence and describe
characteristics associated with HCV infection
among patients with SCD receiving care at a
national referral hospital in Uganda.
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Methods

Study design and setting

This was a hospital-based cross-sectional study
conducted between July and September 2025 to
determine the prevalence of HCV and associated
risk factors among patients with SCD in Uganda.
The reporting of this study conforms to the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement
(Supplemental file 1).17 This study was con-
ducted at the outpatient SCD clinic of Mulago
National Referral Hospital (MNRH) in Kampala.
MNRH is Uganda’s largest public hospital and
serves as a national referral and teaching hospital
for the Makerere University School of Medicine
and others. The hospital comprises two main sec-
tions: Lower Mulago, which has a bed capacity of
900, and Upper Mulago, with 700 beds, totaling
1600 beds. The SCD clinic is a specialized outpa-
tient unit that provides comprehensive care to
patients with SCD. The clinic has over 25,000
registered patients to date, with an average of
about 80 patients seen on each of the 5 working
days of the week, as they come for routine follow-
up or sick visits. The clinic is staffed by pediatric
hematologists, hematology fellows, medical offic-
ers, clinical officers, senior house officers, nurses,
and laboratory personnel. Patients attending the
clinic receive care based on clinical assessment,
through the outpatient unit for routine follow-up
and mild illness, or through the day-care unit for
short interventions such as intravenous hydra-
tion, which do not require hospital admissions.
Routine laboratory investigations at the clinic
include complete blood count, renal function,
and malaria tests.

Sample size and participants

A target sample size of at least 100 participants
was estimated based on the feasibility within the
study period. No formal sample size calculations
were performed. Participants were recruited using
consecutive sampling. Individuals with a con-
firmed diagnosis of SCD verified through hemo-
globin electrophoresis results and who were
attending the outpatient sickle cell clinic at
MNRH during the study period were invited to
participate. Critically ill patients who were unable
to participate in the study procedures were
excluded.

Study measurements

Data were collected using a structured inter-
viewer-administered questionnaire via Kobo-
Collect (Supplemental file 2). Variables were
classified into the following categories: sociode-
mographic characteristics (age, sex, tribe, and
residence, education, occupation and average
monthly income); clinical information (comor-
bidities, duration since SCD diagnosis, blood
transfusion and surgery dental procedures his-
tory, and hepatitis B vaccination status), behavio-
ral risk factors (sexual activity, illicit substance
use, testing history for HIV, hepatitis B and hepa-
titis C); family history of hepatitis B and C;
anthropometric measurements (weight and
height); and laboratory results (HIV, hepatitis B
and hepatitis C test results). Data were collected
by two trained research assistants under the
supervision of the principal investigator (WK).
The questionnaire was pre-tested prior to data
collection among 10 patients with SCD attending
the MNRH sickle cell clinic, and necessary revi-
sions were made before final data collection.
These participants were not included in the final
study population.

Anthropometry. Weight was measured using a
SECA digital bathroom scale (Germany), with
participants wearing light clothing and no shoes.
Standing height for participants aged 2years and
above was taken using a portable stadiometer,
with participants standing upright, barefoot, heels
together, and head positioned in the Frankfurt
plane. For children under 2years of age, recum-
bent length was measured using the length board
and legs fully extended.

Laboratory tests. Blood samples were collected
by a trained phlebotomist following a standard
operating procedure after obtaining informed
consent. A laboratory request form was com-
pleted in conjunction with the collection. Four
milliliters (4mL) of venous blood were drawn
into a labelled plain vacutainer. The samples
were thereafter transported to the MNRH labo-
ratory in a cold box (2-8°C) within 30 min of
sample collection. Upon arrival, the blood was
centrifuged at 3000 rpm for 5-10 min to obtain
serum. Approximately 80puL of serum were
pipetted for use in each of the following rapid
diagnostic test Kkits: hepatitis C: ABON™
HCV Rapid Test (Abbott, USA), sensitivity:
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99.5%, specificity: 99.7%; hepatitis B: Deter-
mine™ HBsAg 2 (Abbott, USA), sensitivity:
98.6%, specificity: 99.6%; and HIV: Determine™
HIV-1/2 Ag/Ab Combo (Abbott), sensitivity: ana-
lytical sensitivity: 0.1IU/mL, specificity: 99.7%.
The test kits were stored at room temperature,
and the expiration date was checked before use.
Tests were performed according to the manufac-
turer’s directions. A volume of 50ul. of patient
plasma was dispensed onto the sample pad of the
test strip. Following this, two drops of sample
diluent were added to the same pad. The test
results were read after 15 min. A test was consid-
ered positive if both the control and test lines
appeared on the strip.

A timer was started immediately after the serum
was transferred onto the sample pad of each test
strip to monitor the time aspect. All test results
were interpreted according to the manufacturers'
guidelines and documented on structured labora-
tory results forms linked to each participant’s
unique study ID. Participants who tested positive
for any of the three conditions (HIV, hepatitis B,
HCV) had their results confidentially communi-
cated to them by a trained study team member in
the presence of a counsellor and were referred to
a physician for further clinical evaluation, con-
firmatory testing (as required), and individualized
care and treatment according to national guide-
lines. Participants who tested negative received
post-test counselling, focusing on education and
preventive measures to reduce their future risk of
acquiring HIV, hepatitis B, or HCV. A test result
without a control line was considered invalid, and
the sample was retested.

Statistical analysis

Data were cleaned and analyzed using the SAS
statistical package version 9.4. Descriptive statis-
tics were used to summarize sociodemographic,
clinical, and behavioral characteristics of study
participants. Numeric variables were summarized
using measures of central tendency with the cor-
responding measures of dispersion. Categorical
variables were expressed as frequencies and per-
centages. Hepatitis C seroprevalence was calcu-
lated as the proportion of participants who tested
seropositive for the infection. We utilized descrip-
tive statistics to summarize hepatitis C status by
participants’ characteristics. Given the small sam-
ple size, no inferential statistical analyses were
performed, as the study was not powered to assess

statistical associations. Anthropometric data were
interpreted according to the WHO growth stand-
ards. Children under 5 years were assessed using
the WHO 2006 child growth standards,!® while
participants 5-17 years were evaluated using the
WHO 2007 growth reference using the igrowup
standard SAS macro.!® Corresponding Z-scores
were generated based on age in months and sex.
Nutritional status categories for children and
adolescents followed  WHO-recommended
Z-score cut-offs, and adult BMI was classified
according to standard WHO BMI categories.
Underweight was defined as a weight for age Z
score of <—-2 standard deviations (SD), and
severe underweight as a weight for age Z score
<-3 SD, in accordance with WHO
recommendations.!8

Results

Sociodemographic characteristics

A total of 119 patients with SCD were enrolled.
The mean age was 13years (standard deviation
(SD) 9.11). Nearly half of the participants were
aged 9-17years (n=55, 46.2%), male (=66,
55.5%), with primary education as the highest
level of education (=61, 51.3%). Most reported
no monthly income (=74, 62.2%) and were
unemployed children (=104, 87.4%). More
than half of the participants reported living more
than 10km away from the nearest health facility
(n=66, 55.5%; Table 1).

Clinical and behavioral characteristics

of participants

Most participants (=81, 68.1%) had a SCD
diagnosis for 6 years or longer. The majority had
a history of blood transfusion (z=100, 84.0%),
with nearly half of the participants having had
three or more blood transfusions (=56, 47.1%).
Among the 77 (64.7%) participants aged 10 years
and above, 27 (35.1%) reported being sexually
active, with 22.2% (n=6) of those reporting con-
dom use. A history of surgery or dental proce-
dures was reported by 9.2% (®=11), and
comorbidities were present in 17.6% n=21;
Table 2).

Prevalence of hepatitis C
The seroprevalence of hepatitis C was 12.6%
(95% confidence interval: 7.2-19.9; n=15). Only
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one participant (0.84%) tested positive for HIV,
and none tested positive for hepatitis B. The par-
ticipant who tested HIV-positive was hepatitis C
negative. All participants with hepatitis C sero-
positivity were aged less than 18years, with most
aged 9-17years (67%, n=10). The proportion of
hepatitis C cases was higher among males (66.7%,
n=10). The majority of the hepatitis C seroposi-
tive participants had a positive history of blood
transfusion (=14, 93.3%), with just over half
having had three or more transfusions (53.3%,
n=38). Only 2 (13.3%) of positive participants
reported a history of surgery or dental procedure.
The majority of positive participants aged 10 years
and above were not sexually active (=38, 80.0%;
Table 3).

Discussion

We found that the seroprevalence of HCV among
patients with SCD attending the SCD outpatient
clinic at MNRH was 12.6%, with all seropositive
cases occurring among participants younger than
18years. This is a substantial HCV seropreva-
lence, as the WHO identifies >2% HCV anti-
body seroprevalence as a priority population for
routine screening.20

The seroprevalence observed in this study was sig-
nificantly higher than that previously reported at
the same SCD outpatient clinic in Uganda, where
a study by Namasopo and colleagues reported a
prevalence of 2.5% among children with SCD in
2003.° Findings from our study are comparable to
a study conducted in Oman in 2019, where an
HCYV seroprevalence of 12.6% based on HCV
antibody testing was observed.2! However, only
5.2% of the study participants had detectable
HCV (ribonucleic acid) RNA by polymerase chain
reaction (PCR).2! Similarly, a study from Ghana
showed 9% seropositivity of HCV among individ-
uals with SCD, but only 6% of patients were HCV
RNA positive,?? while in Egypt, a study reported
23% HCYV seropositivity in Egypt, but more than
half (56%) of these had undetectable HCV
RNA.23 In contrast to our findings, other studies
conducted in the USA and Nigeria have reported
lower prevalence of HCV among individuals with
SCD, estimated at 7.2% in the USA and 10.5% in
Nigeria, respectively.2425

The variability in the seroprevalence of HCV may
be due to differences in the study population,

Table 1. Sociodemographic characteristics of study participants.

Sociodemographic characteristics (n=119)

Frequency, n (%)

Age (years)
Mean (SD)

Age category
0-8years old
9-17years old
18years and above

Gender
Female
Male

Education level
No formal education
Primary education
Secondary and above

Marital status
Single
Married
Divorced

Monthly income
No income
Income

Employment status
Children (unemployed)

Unemployed

Employed/entrepreneur

Distance to health facility (km)

0-5km
6-10km

greater than 10km

13.1(9.11)

39 (32.8%)
55 (46.2%)
25 (21.0%)

53 (44.5%)
66 (55.5%)

18 (15.1%)
61(51.3%)
40 (33.6%)

116 (97.5%)
2 (1.7%)

1(0.8%)

74 (62.2%)
45 (37.8%)

104 (87.4%)
8 (6.7%)
7 (5.9%)

20 (16.8%)

33 (27.7%)
66 (55.5%)

Distance from health facility was made with reference to the Mulago Hospital

sickle cell clinic.
SD, standard deviation.

journals.sagepub.com/home/tai


https://journals.sagepub.com/home/tai

THERAPEUTIC ADVANCES in

Infectious Disease

Volume 13

Table 2. Clinical and behavioral characteristics of study participants.

Years since diagnosis

Frequency, n (%)

0-5years
=6years
Nutritional status (0-17years; n=94)
Severe underweight
Underweight
Normal weight
Overweight
Obesity
Missing data
BMI category (=18years; n=25) kg/m?
Underweight (<15.5)
Normal weight (15.5-24.9)
Overweight (25.0-29.9)
Obese (=30)
History of blood transfusion
Total blood transfusions
No transfusion
1-2 times
3 or more times
History of surgery or dental procedure
No
Yes
Missing data
Comorbidity/SCD-related complications
Comorbidity/complication
None
Stroke
Asthma
Avascular necrosis
Nephropathy
Others (physical disability, ENT condition)
Behavioral characteristics (participants aged =10years only, n=77)
Sexually active
Number of sexual partners in the last 12 months
None
1 sexual partner
2-3 sexual partners

Condom use

38 (31.9%)
81 (68.1%)

7 (7.4%)
8 (8.5%)
53 (56.4%)
10 (10.6%)
15 (16.0%)
1(1.1%)

5 (20.0%)
17 (68.0%)
2 (8.0%)
1(4.0%)
100 (84.0%)

19 (16.0%)
44 (37.0%)
56 (47.1%)

106 (89.1%)
11 (9.2%)

2 (1.7%)

21 (17.6%)

98 (82.4%)
8 (6.7%)
4 (3.4%)
4 (3.4%)
3(2.5%)
2 (1.6%)

27 (35.1%)

19 (70.4%)
7 (25.9%)
1(3.7%)
6(22.2%)

BMI, body mass index; ENT, ear, nose, and throat; SCD, sickle cell disease.
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Table 3. Characteristics of participants by HCV serostatus.

Sociodemographic characteristics (n=119)

HCV serostatus

Negative (n=104)

Positive (n=15)

Age category
0-8years old
9-17years old
18years and above

Gender
Female
Male

Education level
No formal education
Primary education
Secondary and above

Marital status
Single
Married
Divorced

Monthly income
No income
Income

Employment status

Unemployed

Employed/entrepreneur

Children (unemployed])
Clinical characteristics
Years since diagnosis

0-5years

=byears

Nutritional status (0-17years; n=93)

Severe underweight

Underweight

34 (32.7%)
45 (43.3%)
25 (24.0%)

48 (46.2%)
56 (53.8%)

16 (15.4%)
50 (48.1%)
38 (36.5%)

101 (97.1%)
2(1.9%)
1(1.0%)

67 (64.4%)
37 (35.6%)

8 (7.7%)
7 (6.7%)
89 (85.6%)

33 (31.7%)
71 (68.3%)

6 (7.7%)
6 (7.7%)

5 (33.3%)
10 (66.7%)
0 (0%)

5 (33.3%)
10 (66.7%)

2 (13.3%)
11 (73.3%)
2 (13.3%)

15 (100%)
0 (0%])
0 (0%])

7 (46.7%)
8 (53.3%)

0 (0%])
0 (0%)
15 (100%)

5(33.3%)
10 (66.7%)

1(6.7%)
2(13.3%)

(Continued)

journals.sagepub.com/home/tai


https://journals.sagepub.com/home/tai

THERAPEUTIC ADVANCES in

Infectious Disease

Volume 13

Table 3. (Continued)

Sociodemographic characteristics (n1=119)

HCV serostatus

Negative (n=104) Positive (n=15)

Normal weight
Overweight
Obesity
History of blood transfusion
History of surgery or dental procedure

Comorbidity/SCD-related complication

45 (57.7%) 8 (53.3%)
10 (10.6%) 0 (0.0%)
11 (14.1%) 4 (26.7%)
86 (82.7%) 14.(93.3%)
9 (8.7%) 2 (13.3%)
20 (19.2%) 1(6.7%)

Behavioral characteristics (participants
aged =10years only, n=77)

Negative (n=67) Positive (n=10)

Sexually active

Number of sexual partners in the last 12months
None
1 sexual partner

2-3 sexual partners

Condom use

25(37.3%) 2 (20.0%)
17 (68.0%) 2 (100.0%)
7 (28.0%) 0(0.0%)

1 (4.0%) 0 (0.0%)

6 (24.0%) 0 (0.0%)

HCV, hepatitis C virus; SCD, sickle cell disease.

geographical variation, differences in transfusion
exposure and protocols, and variations in diag-
nostic approaches across the studies. In our study,
we relied on standard HCV antibody testing with-
out PCR confirmation. Rapid HCV antibody
tests provide timely results and serve as easily
accessible and relatively low-cost screening tools
in low-resource settings.? Although the HCV
antibody test used demonstrates high sensitivity
(99.5%) and specificity (99.7%), false positive
results may occur due to cross-reactivity, particu-
larly among individuals co-infected with other
viral infections such as HIV.?7 In addition, passive
transfer of anti-HCV antibodies through trans-
fused blood products, though uncommon, may
contribute to positivity in the absence of true
infection.?829 However, newer assays such as
enhanced anti-HCV tests have shown potential
for improving specificity and diagnostic accuracy
in low-resource settings; however, these assays
were not available for our study.3°

The HCV antibody test ably identifies prior expo-
sure but cannot distinguish between resolved and

active infection.?? The WHO currently recom-
mends a two-step approach, including initial
screening with a HCV antibody test, followed by
confirmatory HCV RNA testing among those
who screen positive for HCV antibodies to con-
firm active infection.?%31:32 This is because
approximately 30% of individuals infected with
HCV clear the virus but then remain antibody
positive.?2 Thus, further testing using HCV core
antigen testing and RNA assays provides ade-
quate measures that improve diagnostic accu-
racy.?? Thus, the findings from our study should
be interpreted with caution since RNA testing
was not done due to limited resources. However,
the participants who turned out to be HCV sero-
positive were referred to their primary physician
for further evaluation and care.

In our study, all HCV seropositive participants
were younger than 18years, which reflects the
predominantly pediatric composition of both the
study population and the population attending
SCD clinics in Uganda. The higher representa-
tion of children in SCD clinics is consistent with
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the disproportionate burden of SCD and SCD-
related morbidity and mortality in younger age
groups.®33 A higher proportion of HCV seropos-
itivity was observed among male participants
(66.7%) and those with a history of blood trans-
fusion (93.3%). Given the descriptive nature of
the analysis and the small sample size, no formal
statistical associations can be inferred. However,
blood transfusion has been identified as a key
risk factor for HCV acquisition among individu-
als with SCD in previous studies.%2?23% In
Uganda, the Uganda Blood Transfusion Service
ensures that all donated blood is routinely
screened for transfusion-transmissible infec-
tions, including hepatitis C, using serological
assays prior to release for use.35 Screening is pri-
marily antibody-based and does not include
RNA testing,3> which may leave risk of transmis-
sion, particularly among those who receive fre-
quent transfusions.

This study provides updated data on HCV sero-
prevalence among individuals with SCD in
Uganda and demonstrates the feasibility of inte-
grating HCV screening into routine SCD care.
However, there are several limitations. The small
sample size limited the precision of estimates and
the ability to detect associations in the study.
Due to the cross-sectional study design used,
causal inference could not be established. In
addition, the study was conducted at a single
center study, national referral hospital, which
may over-represent patients with more severe
SCD disease and higher transfusion exposure,
thereby limiting the generalizability of the find-
ings to the broader SCD population in Uganda.
Furthermore, because of reliance on the rapid
antibody testing without confirmatory HCV
RNA testing, we were unable to distinguish past
resolved infection from active or chronic HCV
infection. Follow-up HCV RNA testing was not
performed; thus, the proportion of participants
with current active HCV infection could not be
determined in this study.

Conclusions

We found a high HCV antibody seroprevalence
among patients with SCD, consistent with the
WHO’s strong recommendation for routine
HCV antibody screening in routine SCD care
and confirmatory testing to accurately determine
the burden of active HCV infection. In addition,

there is a need to strengthen HCV screening
within transfusion services. Larger, well-powered
studies incorporating HCV RNA are recom-
mended to assess the true burden of HCV among
patients with SCD and assess the risk factors
among this population to inform targeted pre-
vention, screening, and treatment strategies in
our setting.
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