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Abstract 
Aim: This study was designed to determine the prevalence of HBV, HCV and 
HIV infections among individuals with Sickle Cell Disease (SCD) in Ibadan, 
southwestern Nigeria. Methodology: In this case-control study, 1017 patients 
with SCD and 1017 age and gender matched controls were enrolled from 6 
health facilities and some communities in Ibadan, southwestern Nigeria. Blood 
samples were tested for the presence of HIV, HBV and HCV infections. Struc-
tured questionnaire was used to capture participants’ information and data 
analyzed using descriptive statistics, McNemar Chi-square/Fishers exact test. 
Results: Blood transfusion was significantly more common among SCD cases 
[566 (55.7%)] than controls [54 (5.3%)], while history of vaccination was higher 
in the control group (p = 0.001). The overall prevalence of HIV [2 (0.2%) vs 
11 (1.1%)], HBV [58 (5.7) vs 66 (6.5%)] and HCV [10 (1.0) vs 22 (2.2%)] was 
lower among SCD cases than controls, respectively, although significantly 
different only in HCV infection (p = 0.048). All three infections were signifi-
cantly higher in adults than in children. Co-infection was found only in four 
of the participants, all of whom were SCD patients. Conclusion: The preva-
lence of HIV, HBV and HCV infection among SCD patients indicates an im-
provement in the transfusion safety measures in the region. The prevalence of 
HBV and HCV found in this study is still relatively high when compared with 
reports from some other regions. There is a need for continued surveillance 
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and subsidized cost of drugs for treatment of these infections, especially for 
SCD patients who already have a compromised immunity. 
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1. Introduction 

Sickle cell disease (SCD) is defined as the condition resulting from the inherit-
ance of sickle hemoglobin from both parents or sickle hemoglobin from one par-
ent and another pathological variant hemoglobin from the other parent [1]. It is 
one of the most common inherited anaemias globally and the most prevalent ge-
netic disease in Nigeria [2]. Nigeria has the highest burden of SCD in the world 
with a prevalence of 2% to 3% [2] [3]. Over 4 million individuals have homo-
zygous HbS, while another 40 million have sickle cell trait [4]. Some of the major 
complications of SCD in most patients are chronic anaemia and infection, which 
are major causes of death and disability, although increased susceptibility to these 
infections is still poorly understood [3] [5]. Due to the chronic anaemia, blood 
transfusion is a major therapeutic and prophylactic intervention in the manage-
ment of patients with SCD. Frequent transfusion exposes SCD patients to blood 
borne pathogens [5] [6] most of which are viruses such as hepatitis B virus (HBV), 
hepatitis C virus (HCV), human immunodeficiency virus (HIV) and other trans-
fusion transmitted viruses (TTV). These infections are major health problems in 
developing and resource limited countries including Nigeria [7] [8]. 

Human immunodeficiency virus, an RNA virus is a member of the genus len-
tivirus of the family retroviridae while hepatitis B virus is a DNA virus belonging 
to the family hepadnaviridae and hepatitis C virus also an RNA virus is of the 
genus hepacivirus, a member of the family flaviviridae. HIV and HBV utilises the 
enzyme reverse transcriptase for their replication to convert RNA to DNA. These 
viruses share common routes of transmission [5] [9] that include: parenteral (thr- 
ough unscreened blood), sexual (horizontal), mother to infant (vertical) and in-
tra-familial spread (horizontal transmission). Due to shared routes of transmis-
sion, coinfection with HIV and viral hepatitis is common [8] [9] [10] [11]. Inte-
restingly the rates of these three infections are high, if not highest in Sub-Saha- 
ran Africa where SCD is also prevalent. According to UNAIDS 2018 estimates, 
the prevalence of HIV infection varies from 0.3% to 23% in Madagascar and Le-
sotho, respectively, with Nigeria (2,600,000) and South Africa (7,700,000) having 
the largest number of people living with the infection globally [12]. WHO esti-
mates that over 257 million people are living with chronic hepatitis B globally, 
although only 10.5% of these infected individuals know their HBV status [13]. In 
Africa about 6.1% of the adult population are infected with HBV, with Nigeria 
being one of the countries classified as being highly endemic (i.e. HBV preva-
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lence > 8%) [14]. Worldwide more than 170 million persons have HCV infec-
tion, of whom 71 million have chronic infection [15] [16]. The eastern Mediter-
ranean countries have the highest prevalence of 2.3%, with other regions having 
an estimated prevalence of 0.5% - 1.5%. In Nigeria previous studies on HCV 
have reported a prevalence of 0.5% - 15%, from different parts of and various 
population groups in the country [17] [18] [19] [20]. 

There is no approved vaccine currently available against HCV and HIV infec-
tion, while highly effective vaccines are available to prevent HBV infection. In 
Nigeria HBV vaccine was included in the National Programme on Immuniza-
tion (NPI) in 2004 [21], implying that a large proportion of children born after 
2004 have been vaccinated against HBV infection. Although effective drugs for 
the treatment of HBV and HCV are available, they are still relatively expensive 
and not within the reach of a large percentage of the patients in Nigeria and 
other resource limited countries [22] [23]. On the other hand, although there is 
increasing access to antiretroviral therapy (ART) even in the developing coun-
tries due to donor support, treatment for HIV is not curative [12]. Hence the most 
effective way of controlling these infections is through prevention. Information 
on the prevalence of these viruses is important for planning of health control 
measures in primary and secondary prevention, particularly as HBV and HCV 
could result in chronic liver disease with long term risk of liver cirrhosis and 
hepatocellular cancer [24] [25]. Also, HIV infection could further compromise 
the already deficient immune status of the SCD population [26]. This study was 
therefore designed to determine the rate of HBV, HCV and HIV infections among 
individuals with and without SCD in Ibadan, southwestern Nigeria. 

2. Materials and Methods 
2.1. Study Area 

The study was carried out in Ibadan, a metropolitan city, and the capital of Oyo 
State, Nigeria [https://www.britannica.com/place/Ibadan]. Ibadan has over 3 mil-
lion inhabitants. Being one of the most populous cities in Nigeria, Ibadan is the 
largest geographical municipal area in Nigeria with a high population density of 
985.13/km2 (2551.5/sq mi). The study was conducted in the tertiary, secondary 
and other recognized health facilities that serve as referral centers for SCD in Oyo 
State as well as other States within the Southwestern region of Nigeria.  

2.2. Study Design and Data Collection 

This was a case control, cross-sectional study. Participants with SCD (cases) 
were enrolled after obtaining their consent during their routine visit to the SCD 
clinic in some health facilities. Cases were only enrolled in health facilities that 
have well-established SCD clinics and are reputed referral centers in Oyo State. 
These facilities include the University College Hospital, Ibadan; Adeoyo Mater-
nity Teaching Hospital, Ibadan; State Hospital Ring Road, Oni Memorial Hos-
pital, Ibadan Sickle Cell Foundation, Adeoyo Maternity Centre, University of 
Ibadan Jaja Clinic, Ibadan. Participants without SCD (controls) were recruited 
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during outreach programs at community levels from schools and communities 
using these referral hospitals and around the hospitals and clinics where cases 
were sourced within the Ibadan Metropolis. The same questionnaire that cap-
tured information on sociodemographic and behavioral characteristics and medi-
cal history was administered to both cases and controls by trained interviewers. 
Ethical approval for the study was obtained from UI/UCH Institutional Review 
Board (approval # UI/EC/17/0400, 28-12-17, 28-12-18, 28-12-19, 26-12- 
2020) and all aspects of the study were carried out in accordance with the ethical 
standards of the Declaration of Helsinki. Group pre-test counseling was offered 
to participants before sample collection. Their test results were given to them in 
a one-on-one post-test counseling session during which positive individuals were 
referred to the appropriate clinics. HIV positive individuals were referred to the 
ART clinic, while HBV/HCV positive individuals were referred to the gastroen-
terology clinic.  

Inclusion Criteria 
• Only those who had been diagnosed with SCD and were tested using the phe-

notypically accurate HPLC diagnostic system to confirm the presence of ei-
ther haemoglobin SS or SC at the Genetics Research Unit.  

• Controls were individuals with HPLC confirmed phenotypes indicating no 
who do not have SCD, and are community or hospital-based and from the same 
communities within the catchment areas of the hospital where cases were re-
cruited. 

• Hospital-based controls were patients at general outpatients (GOP), medical 
outpatient (MOP) and children outpatient (CHOP) clinics of the participat-
ing health centres. 

Eligible cases or controls must have given written informed consent, assent or 
parental/caregiver consent (for children who cannot give assent) before enrolment 
into the study. 

Exclusion Criteria 
• Individuals who were pregnant at the point of recruitment were excluded from 

the study. 

2.3. Sample Collection, Processing and Storage 

Five milliliters of venous blood were collected into 2 ml and 3 ml aliquot bottles 
containing EDTA from each participant after obtaining their informed consent 
or assent (for minors) and a pre-test counseling. Both aliquots of blood were 
transported in a cold box from the site of collection to the University College 
Hospital. The 2 ml aliquot was delivered to the Genetics Research Laboratory at 
the Institute for Advanced Medical Research & Training (IAMRAT) for hae-
moglobin phenotype confirmation using the Biorad Variant 2 High Performance 
Liquid Chromatography (HPLC). The 3 ml aliquot was delivered to the Depart-
ment of Virology, College of Medicine, both at the UCH, University of Ibadan. 
At the Virology Department, the 3 ml aliquot was centrifuged at 3000 rpm for 15 
mins, plasma separated and stored in aliquots in −20˚C until analysed. A total of 
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1017 blood samples were collected from SCD Cases and 1017 samples from Non- 
SCD Controls. A structured questionnaire was used to capture demographic and 
some medical information. 

2.4. Laboratory Analysis 

Stored plasma samples were tested for the presence of HIV, HBV and HCV us-
ing commercially available 3rd and 4th generation ELISA kits in an internationally 
accredited ISO 15189 (SANAS) laboratory in the Department of Virology. Hea-
moglobin confirmation, analyses and quantification of study samples into Cases 
and Controls were carried out using the SweLab Alpha 3 Cell Counter and the 
Bio-Rad HLPC at the Genetics Research lab also an accredited laboratory at the 
College of Medicine, University of Ibadan. 

2.4.1. Diagnosis of HIV Infections  
Plasma samples were tested for the presence of HIV-1/2 infection using a fourth 
generation ELISA (GenScreen Ultra HIV Ag-Ab, Bio-Rad, Paris) that has the 
ability of detecting both HIV antigen and antibodies. Initially reactive samples 
were repeated using the same assay, and repeatedly reactive samples were further 
analysed by Western blot technique to confirm infection. The bands on the West-
ern blot strips were identified by comparing them to the bands on the positive 
control strip and results interpreted as follows: No band present: HIV-1 and 
HIV-2 negative; any two or more bands including any of the glycoproteins and a 
gag protein band: HIV positive; any band pattern not matching the criteria for 
positive HIV result: indeterminate.  

2.4.2. Diagnosis of HBV Infections  
HBV diagnosis was made using ELISA that detects surface antigen (Monolisa, 
Bio-Rad, Paris) or IgM antibodies to the core antigen (HBcIgM, Dia.PRO, Italy). 
All assays were performed according to manufacturer recommendation. Samples 
that were positive for either HBsAg or HBcIgM were considered positive for he-
patitis B virus infection. 

2.4.3. Diagnosis of HCV Infections  
A third generation ELISA (HCV-Ab, Dia.PRO, Italy) that detects HCV antibo-
dies was used for diagnosis of HCV infection. 

2.5. Data Analysis 

Data were analysed using descriptive statistics, McNemar Chi-square/Fishers exact 
test with IBM SPSS statistics version 25. 

3. Results 

A total of 2034 participants were enrolled for the study, including 1017 cases and 
1017 controls. Table 1 shows the demographic and some medical history of the 
study participants. There was no difference in the sex (p = 0.99) and age (p = 
0.50) distribution between the two groups. There was, however, a significant dif-
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ference in the history of blood transfusion (p < 0.001) and history of HBV vac-
cination (p = 0.001), with a higher rate of blood transfusion (55.7%) among in-
dividuals with SCD. On the other hand, the proportion of individuals who had 
HBV vaccination was higher (p = 0.001) among those without SCD. The male to 
female ratio for both groups was approximately 1.1:1. 

 
Table 1. Characteristics of study population. 

CHARACTERISTICS CASES CONTROL TOTAL p 

Sex     

Male 527 (51.8) 528 (51.9) 1055 (51.9) ## 

Female 490 (48.2) 489 (48.1) 979 (48.1)  

Total 1017 1017 2034  

Age     

0 - 9 yrs 305 (30.0) 344 (33.8) 649 (31.9) 0.50 

10 - 19 yrs 346 (34.0) 330 (32.4) 676 (33.2)  

20 - 29 yrs 207 (20.4) 201 (19.8) 408 (20.1)  

30 - 39 yrs 99 (9.7) 84 (8.3) 183 (9.0)  

40 - 49 yrs 37 (3.6) 33 (3.2) 70 (3.4)  

50 years+ 23 (2.3) 25 (2.5) 48 (2.4)  

Total 1017 1017 2034  

Study Centre     

CHOP 274 (26.9) 63 (6.2) 337 (16.6) <0.001 

RRSH 171 (16.8) 6 (0.6) 177 (8.7)  

HAEMATOLOGY 247 (24.3) 118 (11.6) 365 (17.9)  

OMCH 173 (17.0) 4 (0.4) 177 (8.7)  

IBSCF 105 (10.3) 36 (3.5) 141 (6.9)  

AMTH 19 (1.9) 41 (4.0) 60 (2.9)  

COMMUNITY 13 (1.3) 747 (73.5) 760 (37.4)  

JAJA CLINIC UI 15 (1.5) 2 (0.2) 17 (0.8)  

TOTAL 1017 1017 2034  

History of blood transfusion     

Yes 566 (55.7) 54 (5.3) 620 (30.5) <0.001 

No 451 (44.3) 963 (94.7) 1414 (69.5)  

Total 1017 1017 2034  

History of HBV Vaccination     

Yes 229 (22.5) 296 (29.1) 525 (25.8) 0.001 

No 778 (76.5) 715 (70.3) 1493 (73.4)  

I don’t Know 4 (0.4) 0 (0.0) 4 (0.2)  

Not Applicable 6 (0.6) 6 (0.6) 12 (0.6)  

Total 1017 1017 2034  

## - No p-value because the cases and controls were matched exact sex. 
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The overall prevalence of HIV, HBV and HCV infections was 0.6%, 6.1% and 
1.6%, respectively (Figure 1). The prevalence of HIV and HCV infections were 
higher among the controls (p = 0.12 & 0.03 respectively), while there was no sig-
nificant difference in the prevalence of HBV (p = 0.52) infection between the 
cases and controls. 

Table 2 shows the distribution of HIV infection by gender and age of the par-
ticipants. Out of the 2034 participants tested 13 were positive for HIV giving an 
overall prevalence of 0.6%. Although there was no difference in prevalence among 
males and females within each of the groups, the prevalence of infection was  
 

 
Figure 1. Prevalence of HIV, HBV and HCV among individuals with and with-
out Sickle Cell Disorder. 

 
Table 2. Distribution of HIV by gender and age group among individuals with or without 
SCD in Southwestern Nigeria. 

 

CASES CONTROL TOTAL p value 

No 
Tested 

No (%)  
positive 

No Tested 
No (%)  
positive 

No Tested 
No (%)  
positive 

 

Gender 

Male 527 0 (0.0) 528 7 (1.3) 1055 7 (0.7) 0.02 

Female 490 2 (0.4) 489 4 (0.8) 979 6 (0.6) 0.45 

Total 1017 
2 (0.2) 
p = 0.23 

1017 
11 (1.1) 
p = 0.55 

2034 
13 (0.6) 
p = 0.99 

0.02 

Age 
group 

0 - 9 305 1 (0.3) 344 2 (0.6) 649 3 (0.5) 0.99 

10 - 19 346 0 (0.0) 330 3 (0.9) 676 3 (0.4) 0.12 

20 - 29 207 0 (0.0) 201 2 (1.0) 408 2 (0.5) 0.24 

30 - 39 99 1 (1.0) 84 1 (1.2) 183 2 (1.1) 0.99 

40 - 49 37 0 (0.0) 33 2 (6.1) 70 2 (2.9) 0.22 

≥50 23 0 (0.0) 25 1 (4.0) 48 1 (2.1 ) 0.99 

Total 1017 
2 (0.2) 
p = 0.26 

1017 
11 (1.1) 
p = 0.07 

2034 
13 (0.6) 
p = 0.96 

0.02 
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higher (p = 0.02) among the male controls compared to cases. The prevalence 
was highest among those in the 30 - 39 (1%) age group in the SCD population 
and the 40 - 49 age group (6.2%) in the control group. Overall, the rate of HIV 
increased with age. Similarly, there was no difference in the rate of HCV infec-
tion between by gender within the two groups, but there was a non-significant 
trend toward higher prevalence among the female controls (0.8%) compared to 
the cases (0.4%). The overall rate of HCV infection among the 2034 participants 
was 1.6% (Table 3). The 20 - 29 age group had the highest HCV prevalence 
(2.4%) among those with SCD, while among those without SCD the prevalence 
was highest among those ≥50 (4.0%) and 20 - 29 (3.5%) of age. 

The overall prevalence of HBV infection was 6.1% however, there was no sig-
nificant difference in the prevalence of HBV infection by gender both within (p 
= 0.32, p = 0.99 and between (p = 0.41) the groups. Table 4 shows the distribu-
tion of HBV among study participants by gender and age. Although the preva-
lence was higher among males (7.4%) than females (5.5%) in the control group, 
the difference was not significant. However, there was a significant difference in 
the prevalence of HBV by age within the two groups (p = 0.001). The prevalence 
of HBV infection was highest among controls (13.1%) and cases (11.1%) in the 
30 - 39 age group. Overall, the prevalence of all three infections was higher in the 
adult population compared with the pediatric population (Figure 2), although 
this difference was not significant for HIV infection. Figure 3 shows the overall 
distribution of HIV, HBV and HCV infection by age. The age groups with the 
highest prevalence were 20 - 29, 30 - 39 and 40 - 49 for HCV, HBV and HIV, 
respectively.  

 
Table 3. Distribution of HCV among individuals with or without SCD in Southwestern 
Nigeria by gender and age group. 

 

CASES CONTROL TOTAL p value 

No 
Tested 

No (%)  
positive 

No Tested 
No (%)  
positive 

No Tested 
No (%)  
positive 

 

Gender 

Male 527 6 (1.1) 528 12 (2.3) 1055 18 (1.7) 0.23 

Female 490 4 (0.8) 489 10 (2.0) 979 14 (1.4) 0.12 

Total 1017 
10 (1.0) 
p = 0.75 

1017 
22 (2.2) 
p = 0.83 

2034 
32 (1.6) 
p = 0.72 

0.048 

Age 
group 

0 - 9 305 2 (0.7) 344 3 (0.9) 649 5 (0.8) 0.99 

10 - 19 346 2 (0.6) 330 9 (2.7) 676 11 (1.6) 0.03 

20 - 29 207 5 (2.4) 201 7 (3.5) 408 12 (2.9) 0.57 

30 - 39 99 1 (1.0) 84 1 (1.2) 183 2 (1.1) 0.99 

40 - 49 37 0 (0.0) 33 1 (3.0) 70 1 (1.4) 0.47 

≥50 23 0 (0.0) 25 1 (4.0) 48 1 (2.1) 0.99 

Total 1017 
10 (1.0) 
p = 0.39 

1017 
22 (2.2) 
p = 0.16 

2034 
32 (1.6) 
p = 0.12 

0.048 
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Table 4. Distribution of HBV infection among individuals with or without SCD in South-
western Nigeria by gender and age group. 

 
CASES CONTROL TOTAL p value 

No 
Tested 

No (%)  
positive 

No Tested 
No (%)  
positive 

No Tested 
No (%)  
positive 

 

Gender 

Male 527 30 (5.7) 528 39 (7.4) 1055 69 (6.5) 0.32 

Female 490 28 (5.7) 489 27 (5.5) 979 55 (5.6) 0.99 

Total 1017 
58 (5.7) 
p = 0.99 

1017 
66 (6.5) 
p = 0.25 

2034 
124 (6.1) 
p = 0.41 

0.52 

Age 
group 

0 - 9 305 9 (3.0) 344 12 (3.5) 649 21 (3.2) 0.83 

10 - 19 346 14 (4.0) 330 17 (5.2) 676 31 (4.6) 0.58 

20 - 29 207 18 (8.7) 201 23 (11.4) 408 41 (10.0) 0.41 

30 - 39 99 11 (11.1) 84 11 (13.1) 183 22 (12.0) 0.82 

40 - 49 37 4 (10.8) 33 3 (9.1) 70 7 (10.0) 0.99 

≥50 23 2 (8.7) 25 0 (0.0) 48 2 (4.2) 0.22 

Total 1017 
58 (5.7) 
p = 0.003 

1017 
66 (6.5) 
p = 0.001 

2034 
124 (6.1) 
p ≤ 0.001 

0.52 

 

 
Figure 2. Distribution of HIV, HBV & HCV Infection among the adult and pedia-
tric participants. 

 

 
Figure 3. Prevalence of HIV, HBV & HCV by age of study participants 
(cases & controls).  

https://doi.org/10.4236/wja.2021.113009


G. N. Odaibo et al. 
 

 

DOI: 10.4236/wja.2021.113009 110 World Journal of AIDS 
 

Although there was a trend toward higher prevalence of HIV, HBV and HCV 
in those with a history of blood transfusion among the SCD population, these 
differences were not significant. About 30% (620/2034) of the study participants 
had history of blood transfusion. Table 5 shows the relationship between HIV, 
HBV and HCV and history of blood transfusion among the study population. In 
the control group the prevalence of infection was slightly higher among those 
with no history of blood transfusion, although the difference was also not signif-
icant. The prevalence of HBV and HCV infection was higher in those who re-
ceived blood transfusion among the SCD cases, while the reverse was true among 
controls, although not statistically significant. Only 28.6% of the study popula-
tion reported history of receiving hepatitis B vaccine. Figure 4 shows the distri-
bution of HBV infection by HBV vaccination status. Overall, the prevalence of  

 

 
Figure 4. Distribution of HBV infection by Vaccination status in Cases and 
Controls. 

 
Table 5. Distribution of HIV, HBV and HCV by history of blood transfusion among in-
dividuals with or without SCD in Southwestern Nigeria. 

Infection 
Transfusion 

Status 

CASES CONTROL TOTAL p value 

No Tested 
No (%) 
positive 

No Tested 
No (%) 
positive 

No Tested 
No (%) 
positive 

 

HIV 

Transfused 566 1 (0.2) 54 0 (0.0) 620 1 (0.2) 0.99 

Not transfused 451 1 (0.2) 963 11 (1.1) 1414 12 (0.8) 0.12 

Total 1017 
2 (0.2) 
p = 0.99 

1017 
11 (1.1) 
p = 0.99 

2034 
13 (0.6) 
p = 0.13 

0.02 

HBV 

Transfused 566 34 (6.0) 54 3 (5.6) 620 37 (6.0) 0.99 

Not transfused 451 24 (5.3) 963 63 (6.5) 1414 87 (6.2) 0.41 

Total 1017 
58 (5.7) 
p = 0.69 

1017 
66 (6.5) 
p = 0.99 

2034 
124 (6.1) 
p = 0.92 

0.52 

HCV 

Transfused 566 6 (1.1) 54 0 (0.0) 620 6 (1.0) 0.99 

Not transfused 451 4 (0.9) 963 22 (2.3) 1414 26 (1.8) 0.09 

Total 1017 
10 (1.0) 
p = 0.99 

1017 
22 (2.2) 
p = 0.63 

2034 
32 (1.6) 
p = 0.18 

0.048 
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HBV infection was significantly higher (p = 0.03) among the non-vaccinated par-
ticipants when compared with those who had history of HBV vaccination. Al-
though the difference was not significant when considered as individual groups 
(i.e. cases or control), the prevalence was still higher among non-vaccinated cas-
es (6.3% vs 3.5%) and control (7.3% vs 4.7%). 

Overall, the rate of co-infection found in this study was 0.2% (4/2034). Three 
of these individuals were positive for both HBV and HCV, giving an HBV/HCV 
co-infection rate of 0.15%, while one was positive for both HBV and HIV, for an 
HIV/HBV co-infection rate of 0.05%. HIV-HCV coinfection or triple infection 
were not found in any of the participants. All coinfections were found among 
those with SCD, and 3 (75%) had history of blood transfusion. 

4. Discussion  

Based on our review of the literature, this is the only case control study on HIV, 
HBV and HCV involving a large number of individuals with SCD, from Sub- 
Saharan Africa. Nigeria has the highest burden of SCD in the world with a pre-
valence of 2% - 3% in the general population [2]. In a study carried out among a 
similar population in Ile-Ife, Nigeria, only 82 SCD and 90 sex and gender-ma- 
tched controls were enrolled in the study [27]. The large sample size in this study 
increases the quality, accuracy, reliability of the data generated, and reduces the 
margin of error, making extrapolation into the larger population more representa-
tive. 

The overall prevalence of HIV infection in this study was 0.6%. This is lower 
than the prevalence among the general population in Nigeria [28]. This could be 
relevant to a higher preponderance of infection from some other states. Howev-
er, it is within the range of HIV infection rates previously reported in Oyo state. 
According to the result of National HIV Sentinel Survey, the prevalence of HIV 
infection in Oyo State ranged from 0.2% - 2.1% in the 2012 survey and a mean of 
0.9% in the recent Nigeria HIV/AIDS Indicator and Impact Survey (NAIIS) [29]. 
This is also lower than reported among some other population groups in Ibadan 
[30] [31]. Although the rate of blood transfusion was significantly higher among 
the SCD patients than the control group in this study, the prevalence of HIV was 
significantly lower in the SCD patients than those without SCD, similar to the 
results from the National Programme on Immunization. This finding is also 
similar to the finding of a study in the US where the prevalence of HIV infection 
among SCD patients was 1.5% compared to 3.3% among those without SCD 
[32]. 

Recent studies have shown that SCD is associated with decreased HIV infec-
tion [32] [33]. This could be attributed to the enhanced immune defense in SCD 
[32] [33] or up regulation of inflammation, iron metabolism and immunologic 
changes in SCD that are not favorable for HIV replication [34] in association 
with expected precaution by SCD patients on sexual issues. The CCR5D32 mu-
tant allele has been shown to confer resistance against HIV infection [35]. Al-
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though we did not investigate the presence of this allele in our study population, 
a study in Brazil [36] showed a higher rate of the CCR5D32 mutant allele among 
SCD patients (5.1%) than healthy controls (1.3%). However, the difference ob-
served for SCD may be partly explained by the fact that SCD individuals have 
significantly less risky exposures for acquisition of HIV. 

The HBV prevalence of 6.1% obtained in this study is lower than that pre-
viously reported in different populations in various parts of Nigeria [37] [38] 
[39]. In a study conducted among hospital patients in Lagos, the prevalence was 
28.4% [40], while a higher prevalence was found in another study carried out 
among blood donors and hairdressers in Ibadan, Oyo state [8] [41]. One of the 
reasons for the difference in the HBV rate between these studies and ours is the 
number of participants enrolled for the studies. While the sample sizes of those 
studies ranged from 100 to 500, the sample size for our study was 2034. The pre-
valence of HBV among the SCD patients (5.7%) was lower than the prevalence 
of HBV among the controls (6.5%), but the difference was not statistically sig-
nificant. The prevalence of HBV in the SCD population in our study is lower than 
previously reported among SCD patients in Nigeria [5] [27]. The lower preva-
lence of HBV infection found in our study may be due to the preventive effect of 
HBV vaccine introduced into the National Programme on Immunization (NPI) 
in 2004, i.e., 15 years before this study [21]. This explanation is further sup-
ported by the fact that the prevalence of HBV infection was significantly lower in 
children younger than 18 years (3.7%) compared with adults (9.7%). The preva-
lence of HBV infection was also lower among vaccinated SCD patients and con-
trols than in the unvaccinated participants.  

In a review article on the status of HBV control in Africa region, Breakwell et 
al. [42] reported HBV vaccination coverage among children in Nigeria of 56% in 
2015. This coverage is expected to have increased by the time of our study. Also, 
a study conducted using samples collected in the pre- and post-HBV vaccination 
era showed a reduction in the prevalence of HBV infection from 4.6% to 2.0% 
[43] among residents in a rural community in Nigeria. Breakwell et al. [42] re-
viewed 26 publications on HBV infection among various populations and loca-
tions in Nigeria and reported a median prevalence of 6.9%, similar to the overall 
HBV prevalence of 6.1% found in our study. 

According to the WHO an estimated 71 million people are chronically infected 
with HCV, with about 20% of these infections occurring in Africa [16] [44]. 
The global incidence of HCV was 23.7 cases per 100,000 population (95% un-
certainty interval; range 21.3 - 28.7) with an estimated 1.75 million new HCV 
infections diagnosed in 2015. The overall prevalence of HCV found in this study 
was 1.6%. This is similar to the prevalence of HCV found among the general 
population in Nigeria, ranging from 1.5% to 2.5% [45]. This is also within the 
range of the estimated prevalence of HCV infection in West Africa [46]. We found 
that the prevalence of HCV was lower among those with SCD than those with-
out SCD. However, it is lower than the prevalence of HCV reported among SCD 
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patients in different parts of the country. For example, Lesi and Kehinde [47] 
found a prevalence of 5% among SCD patients in Lagos, Omote et al. [48] re-
ported a prevalence of 5% in SCDs in Jalingo, Taraba state, and Ejiofor found a 
prevalence of 5% among SCD in Benin City [49]. In a previous study among 180 
SCD samples collected from patients in 1998 in Ibadan, by Fasola et al. [5] re-
ported an HCV prevalence of 7.2%. The difference in the prevalence found in 
this current study and our previous study of about 20 years ago may be an indi-
cation of the improvement in blood safety over the years. Prior to the Fasola 
study [5], HCV screening was not routinely incorporated into blood donation 
services in the country. In addition, the relatively small sample size may have con-
tributed to the higher rate reported in the previous studies. The overall (1.6%) 
prevalence of HCV among those with SCD (1.0%) and those without SCD (2.2%) 
found in this study are higher than the prevalence of 0.4% found among 1572 
undergraduate students of a University in Oyo State, Nigeria [50]. It is also higher 
than the 0.8% reported among HIV negative individuals in a tertiary hospital in 
Lagos. [40]  

Although the difference was not significant, a higher prevalence of HCV in-
fection was found among the never transfused than those with history of blood 
transfusion. This is similar to the findings of Lesi and Kehinde [47], who reported 
a higher prevalence of HCV infection among the never transfused (7%) than the 
transfused (5%) among SCD patients in Lagos, Nigeria. Some researchers sug-
gested that blood transfusion may not be the major mode of transmission of HCV 
[41] [47]. The finding of this study seems to support this suggestion which is fur-
ther corroborated by our yet to be published data that showed that certain life- 
styles predispose to TTIs more than history of blood transfusion. This may also 
explain why the prevalence of HCV is lower among SCD patients than the con-
trols, even though the history of blood transfusion was significantly higher among 
those with SCD than the control group. However, in a study on the prevalence of 
antibodies to HCV among Nigerian patients with HIV infection, Inyama et al. 
[51] reported a higher prevalence of HCV infection among those with history of 
blood transfusion. 

All three infections were lower in the pediatric (<18 years) than the adult (>18 
years) population. It is well known that for viruses that cause chronic or latent 
infection, the prevalence of infection increases with age due to cumulative infec-
tion [52]. This, together with increased availability of vaccine for HBV, preven-
tion of mother-to-child transmission (PMTCT) programmes for HIV, and im-
provement in screening of blood for transfusion may explain the lower preva-
lence of all three infections in the pediatric population. However, it must be noted 
that the prevalence of the three infections in this study were higher than what 
has been reported in some other countries. In a study conducted among SCD 
patients in Oman by Alkindi et al. [11], a prevalence of 0%, 2.3% and 12.6% were 
reported for HIV, HBV and HCV infections, respectively. A lower prevalence of 
HBV (1%) and HCV (0.5%) was also reported among apparently healthy preg-
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nant women in Ayingba [53], although the prevalence of HIV infection in their 
study was higher. Al-kadassy et al. (2018) also reported a lower prevalence of 
HIV (0%), HBV (3.3%) and HCV (0.8%) among SCD patients in Hodeidah City, 
Yemen [54]. 

Co-infection of HIV, HBV and HCV infections are severe global public health 
problems, particularly in resource limited countries in sub-Saharan Africa where 
all three viruses are prevalent [38]. The three viruses share common route of 
transmission including sexual, mother-to-child, blood product, and co-infection 
is known to be associated with increased morbidity and mortality [25] [38] [43]. 
This makes detection of the infections in an individual a priority. Different rates 
of co-infection with these viruses have been reported in various populations in 
different parts of the country. The rate of 0.15% and 0.05% obtained respectively 
for HBV/HCV and HCV/HIV coinfection is low compared to previous reports 
in the country. Fasola et al. [5] reported an HBV/HCV coinfection rate of 7.2% 
among SCD patients in Ibadan, while Omote et al. [48] found an HBV/HCV pre-
valence of 1% among patients attending a tertiary hospital in Taraba state. How-
ever, the results of our study are similar to those of a study on HIV, HBV and 
HCV among pregnant women in Anyigba, Nigeria, in which an HIV/HCV coin-
fection rate of 0.5% was found [53]. Also similar to our study, the Anyigba study 
did not find anyone co-infected with all three viruses. In summary, the rate of 
HIV in this study is similar to the prevalence of 0.9% for Oyo State reported in 
the recent NAIIS [28]. The lower prevalence of HIV, HBV and HCV infection 
among SCD patients compared to earlier reports of about 2 decades ago suggests 
an improvement in the transfusion safety measures in the region. Furthermore, 
the prevalence of HBV and HCV found in this study are higher than observed in 
other reports among different populations and regions of Nigeria as well as other 
countries.  

5. Limitation 

The markers used for detection of HBV infection in this study measured current 
or ongoing infection, hence we are unable to identify individuals who were ex-
posed to HBV but cleared the infection. Anti-HBs is a marker of previous infec-
tion, however it is challenging to differentiate anti-HBs produced in response to 
natural infection and that produced in response to vaccination. 

6. Conclusion 

The prevalence of HIV, HBV and HCV infection among SCD patients when 
compared with prevalence reported about a decade ago in the same population 
indicates an improvement in the transfusion safety measures in the region. How-
ever, the prevalence of HBV and HCV found in this study is still relatively high 
when compared with reports from some other regions of the world. There is there-
fore a need for continued surveillance and subsidized cost of drugs for treatment 
of these infections, especially for SCD patients who already have a compromised 
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immunity. In addition, it is important to strengthen the preventive measures 
i.e. availability of vaccine for HBV, prevention of mother-to-child transmission 
(PMTCT) programmes for HIV, and improvement in screening of blood for 
transfusion in order to further reduce the rate of these infections in the study 
population. We also recommend that SCD patients be tested regularly for the pres-
ence of these viruses especially in communities with less rigorous blood screen-
ing so that infection can be detected early, and appropriate interventions admi-
nistered to positive individuals. In addition, other regions or countries with higher 
frequencies of HBV should pay more attention to the efficiency of their immu-
nization program and their lifestyles to further reduce the level of these infec-
tions in the SCD and other at-risk populations. 
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