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ARTICLE INFO ABSTRACT

Article history: Background: Patients with haematological disorders, such as sickle cell anaemia, are at an elevated risk of
Received 18 December 2024 transient aplastic crisis due to parvovirus B19 infection. The virus targets specific integration sites in the
Received in revised form 20 January 2025 human genome, disrupting cellular division. However, the molecular mechanisms of infection remain

Accepted 21 January 2025 poorly understood.

Aim: This study aimed to determine the prevalence of human parvovirus B19 among patients with sickle
cell anaemia in Khartoum State, Sudan.
Methods: Ninety patients (aged <5 to >15 years) with sickle cell disease attending Gaafer Ibnouaf

Keywords:
Sickle cell anaemia
Parvovirus B19

Seroprevalence Children’s Hospital between November 2016 and February 2017 were recruited. Sera and plasma samples
Genotypes were analyzed. IgG and IgM antibodies were measured using ELISA, and viral DNA was detected in plasma
Nested PCR using nested-PCR. Phylogenetic analysis of sequenced B19 strains focused on the overlapping region of the

minor (VP1) and major (VP2) capsid protein genes.
Results: Anti-parvovirus B19 IgG antibodies were detected in 57 of 90 patients (63.3 %), while IgM antibodies
were present in 7 (7.8 %). Viral DNA was identified in 23 (25.5 %) patients. Among the 23 DNA-positive patients,
7 (30%) were seronegative for both IgG and IgM antibodies, highlighting the importance of molecular diag-
nostics in identifying active infections, especially in early stages. Children under 5 years of age exhibited a
higher nucleic acid detection rate compared to older age groups, suggesting the importance of molecular testing
in younger patients particularly in the early detection of Parvovirus B19 during the acute phase of infection,
before the body has developed detectable antibodies and also in immunocompromised children, who may not
mount an antibody response detectable by serological methods. Phylogenetic analysis revealed two distinct
Sudanese clusters: one (50 % of sequences) formed a unique clade with low similarity to existing genotypes,
while the other (50 %) closely resembled genotype 1 A sequences from Iraq, Iran, and Tanzania.
Conclusion: Parvovirus B19 antibodies and DNA were detected at high prevalence among Sudanese children
with sickle cell anaemia. Screening for parvovirus B19 is critical for patients requiring blood transfusions,
particularly those with haematological disorders. This study provides the first report of parvovirus B19
detection, sequencing, and characterization among Sudanese patients with sickle cell anaemia.
© 2025 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/
4.0/).

Introduction

Erythrovirus B19, commonly known as Parvovirus B19, is a re-
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progenitors in the bone marrow, causing bone marrow failure and
various inflammatory disorders [1]. The virus has an icosahedral
capsid and a single-stranded, negative-sense DNA genome approxi-
mately 5.6 kb in length, flanked by two identical terminal hairpin
structures [2]. Its small capsid comprises two structural proteins,
viral protein 1 (VP1) and viral protein 2 (VP2), as well as a non-
structural protein (NS1) [3]. NS1 is the most abundant protein and
plays multiple roles, including site-specific DNA binding, regulation
of gene transcription, and control of viral replication. Additionally,
NS1 is cytotoxic to erythroid precursors, inducing apoptosis through
interaction with caspase pathways. Most clinical manifestations of
B19 virus infection are attributed to the cytolytic or apoptotic effects
of NS1 on infected erythroid precursors [4].

Parvovirus B19 is classified into three genotypes based on
genomic sequence variations. Genotype 1 is the most prevalent
worldwide, while genotype 2 was first identified in an HIV-positive
patient with chronic anaemia in Italy. Genotype 3 was initially found
in a child with transient aplastic anaemia in France and was later
reported as endemic in Ghana and Brazil [5].

The virus is primarily transmitted via respiratory secretions but
can also be transmitted vertically from mother to fetus, through
blood transfusions, and via organ or bone marrow transplantation
[6]. Close-contact environments, such as households, daycare cen-
ters, and schools, are common settings for transmission [6].

Individuals with conditions associated with reduced erythrocyte
production, such as iron deficiency anaemia, sickle cell disease,
thalassemia, acquired immune deficiency syndrome (AIDS), and
spherocytosis, are at a heightened risk of transient aplastic crises
following Parvovirus B19 infection [7]. The virus integrates into a
specific site in the human genome, impairing cell division and re-
ducing the production of new red blood cells. In patients with
haemolytic anaemia, reticulocyte counts often drop from the normal
range of 6-20% to as low as 0.1-0.5% [8].

In Sudan, the prevalence of sickle cell anaemia varies between 2 %
and 30 % [9]. Sickle cell anaemia was first reported in Sudan in 1926
by Archibald [9]. The disease is particularly prevalent in three re-
gions: Western Sudan, with up to 30 % prevalence among the Bag-
gara tribes; Southern Sudan, with up to 18 % prevalence among the
Nilotic tribes; and Blue Nile Province and Central Sudan, with pre-
valence rates ranging from 0-5 % among the indigenous population
and up to 16 % among immigrant tribes [9].

This study investigated the prevalence of human Parvovirus B19
infection among patients with sickle cell anaemia in Khartoum State,
Sudan, during the period from November 2016 to February 2017.

Previous research in Sudan has explored Parvovirus B19 in various
clinical contexts, highlighting its relevance in autoimmune and hae-
matological diseases. A study on the Sero-prevalence of Human
Parvovirus B19 Antibodies among Sudanese Patients with Rheumatoid
Arthritis demonstrated a significant presence of Parvovirus B19 anti-
bodies, suggesting a potential link to exacerbations of rheumatoid ar-
thritis. In the study Sickle Cell Disease in the Sudan: Clinical and
Biochemical Aspects, Parvovirus B19 was implicated as a trigger for
aplastic crises in sickle cell disease patients, a serious complication in
this vulnerable population. Additionally, a case study titled Parvovirus
B19 Infection Transmitted by Transfusion of Red Blood Cells Confirmed by
Molecular Analysis of Linked Donor and Recipient Samples documented a
rare case of Parvovirus B19 transmission via blood transfusion, under-
scoring the critical need for molecular screening in blood donations to
prevent such infections in at-risk individuals.

Materials and methods
Study site

The study was conducted in Khartoum State, located in Central
Sudan. Samples were collected from patients visiting Gaafer Ibnouaf
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Hospital between November 2016 and February 2017. A total of 90
patients were recruited for the study. Informed consent was ob-
tained from the parents or guardians of all children involved.

Data collection

Demographic data were collected using a structured ques-
tionnaire. The recorded information included age, gender, duration
of the disease, history of hospitalization, and history of blood
transfusion.

Blood sample collection and processing

A total of 5 ml of blood was obtained from each patient. Of this,
2.5 ml was dispensed into an EDTA tube, while the remaining 2.5 ml
was placed in a plain container. The samples were centrifuged im-
mediately after collection to separate plasma and serum, which were
subsequently stored at —20°C until analysis.

Haematological analysis

Complete haematological analysis was performed on all samples
using a Sysmex KX-21N haematology analyzer.

Detection of parvovirus B19 antibodies by ELISA

Parvovirus B19 IgG and IgM antibodies were detected in serum
samples using commercial ELISA kits (NovaTec Immunodiagnostica
GmbH, Dietzenbach, Germany), following the manufacturer’s in-
structions. The specificity and sensitivity of the kits were over 95 %.
Positive (reactive) and negative (non-reactive) samples were iden-
tified according to the manufacturer’s guidelines.

Detection of parvovirus B19 DNA by nested-PCR

Viral DNA was extracted from plasma samples using the viral
Gene-spin™ DNA/RNA Extraction Kit (iNtRON Biotechnology, Korea)
as per the manufacturer’s protocol. The extracted DNA served as a
template for the detection of the Parvovirus B19 HA gene using
nested-PCR.

In the first round of PCR, amplification was performed using the
S1 primer (CAAAAGCATGTGGAGTGAGG) and the S2 primer (CTACT
AACATGCATAGGCGC), generating a 398 bp product. The second
round of PCR used the S3 primer (CCCAGAGCACCATTATAAGG) and
the S4 primer (GTGCTGTCAGTAACCTGTAC), resulting in a 288 bp
product.

The first PCR cycle included DNA denaturation at 94°C for one
minute, followed by 30 cycles of primer annealing at 55°C for two
minutes and primer extension at 72°C for one minute. A final ex-
tension was conducted at 72°C for five minutes. The second PCR
cycle followed similar conditions, except the primer annealing step
was performed at 57°C. Amplified DNA fragments were analyzed via
gel electrophoresis.

Among the 23 samples sequenced using Sanger technology, one
sequence was excluded from phylogenetic analysis due to high
background noise in the chromatograms.

Sequencing and phylogenetic analysis

Sequence alignment and phylogenetic analysis were performed
using MEGA software (version 11). A total of 214 sequences were
analyzed, including 18 sequences generated in this study and 192
sequences downloaded from GenBank. GenBank’s B19 sequences
included genotype representative sequences (n=17) and all se-
quences deposited in NCBI during 2015-2019 (n = 175). Alignment of
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Fig. 1. Age group and gender distribution of participants. The left pie chart shows the proportion of participants across four age groups, with the largest group being " > 5-<10
years" (35.6 %), followed by "<5 years" (30.0 %). The right pie chart highlights the overall gender distribution, with a slightly higher proportion of males (55.6 %) compared to
females (44.4 %). These charts provide a comprehensive overview of participant demographics.

sequences was conducted using the accurate strategy in the MAFFT
tool (v7.313).

Aligned sequences were then used to generate the phylogenetic
tree based on the TN+F+G4 model, as suggested by the model se-
lection tool in the IQ-TREE web server (http://iqtree.cibiv.univie.ac.
at/) [10]. Phylogenetic trees were constructed using the 1000 boot-
strap alignments option to increase confidence and visualized using
Figtree software (http://tree.bio.ed.ac.uk/software/figtree/).

Results
Participant demographics

This study included 90 patients with sickle cell anaemia, com-
prising 50 males (55.6 %) and 40 females (44.4 %). The distribution of
participants by age and gender is detailed in Fig. 1.

Haematological profiles

The haematological profiles of male and female participants were
analyzed and compared (Table 1). The analysis showed no statisti-
cally significant differences between genders for total white blood
cell count (TWBC), red blood cell count (RBCs), hemoglobin (HGB),
platelet count (PLT), and lymphocyte counts, as indicated by p-va-
lues greater than 0.05.

Prevalence of parvovirus B19 infection

The prevalence of Parvovirus B19 infection was assessed using
serological and molecular methods. IgG seroprevalence was detected
in 63.3% (n=57) of patients, indicating prior exposure to the virus,
while IgM seroprevalence was found in 7.8 % (n=7), suggesting re-
cent or ongoing infection. Parvovirus B19 DNA, indicative of active
infection, was identified in 25.5% (n=23) of patients.

Among these 23 DNA-positive patients, 10 were positive for IgG
only, 4 were positive for both IgG and IgM, 2 were positive for IgM
only, and 7 were negative for both IgG and IgM (Figs. 2, 3, and 4).

Table 1

Comparison of Haematological Profiles by Gender. This table shows comparison of
mean values of haematological parameters (WBC, RBCs, HGB, PLT, and lymphocytes)
between male and female participants. Mean values and p-values indicate differences
between sexes. No statistically significant differences were observed (p > 0.05).

Hematological Parameter Sex Mean Value p-value

WBC (x103/uL) Male 15.086 0.25
Female 13.587

RBCs (x108/uL) Male 2711 0.719
Female 2.7355

HGB (g/dL) Male 7.92 0.064
Female 10.25

PLT (x103/uL) Male 410.36 0.851
Female 426.43

Lymphocytes (%) Male 42.608 0.067
Female 42.378

Age-related differences in parvovirus B19 infection

Serological analysis revealed no significant differences in IgG
(p=0.240) or IgM (p=0.217) levels across age groups. However, a
significant difference in DNA positivity was observed (p=0.016),
with the highest prevalence (47.8 %) identified in children under five
years of age (Fig. 5).

Phylogenetic analysis of parvovirus B19

Phylogenetic analysis of Parvovirus B19 sequences revealed two
distinct clusters (Fig. 6). The first cluster formed a unique group
(n=11) with sequences closely related to Brazilian strains reported
in 2016 and 2018. The second cluster (n=11) grouped with genotype
1A representative sequences (DQ225151.1 and DQ225149.1),
showing high similarity to strains from Iraq, Iran, and Tanzania.

Antibody profile distribution by PCR DNA status
The antibody profile of 90 patients was analyzed and categorized

based on their PCR DNA status (Fig. 2). Among PCR DNA-positive
patients (n=23, 25.6%), the most common antibody profile was
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Fig. 2. Stacked Bar Chart of Antibody Profiles by PCR DNA Status. This chart illustrates the distribution of antibody profiles (IgG+/IgM+ etc.) within the PCR DNA-positive and PCR
DNA-negative groups. The dominant profile among PCR DNA-positive cases was IgG+ & IgM-, while PCR DNA-negative cases overwhelmingly exhibited the same profile.

Proportion of PCR DNA Positive and Negative Cases

Positive

25.6%

74.4%

Negative

Fig. 3. Pie Chart of PCR DNA Status Distribution. This pie chart highlights the overall
prevalence of PCR DNA positivity and negativity in the study population, emphasizing
the dominance of PCR DNA-negative cases.

IgG+ & IgM- (43.5%), followed by IgG- & IgM- (30.4 %), IgG+ & IgM
+(17.4%), and IgG- & IgM+ (8.7 %). Conversely, PCR DNA-negative
patients (n=67, 74.4%) predominantly exhibited the IgG+& IgM-
profile (64.2 %).

Proportion of PCR DNA status
The overall population displayed a significantly higher propor-

tion of PCR DNA-negative cases (74.4 %) compared to PCR DNA-po-
sitive cases (25.6 %), as depicted in Fig. 3.

Antibody profile comparison between PCR DNA groups

A more detailed comparison of antibody profiles across PCR DNA-
positive and PCR DNA-negative patients is shown in Fig. 4. The clustered
bar chart provides a visual representation of the number of patients in
each antibody profile category, categorized by their PCR DNA status.

Age-specific distribution of antibodies and DNA positivity

The study analyzed the distribution of anti-Parvovirus B19 anti-
bodies (IgG+ and IgM+) and DNA positivity across four age groups
(Fig. 5). IgG+ positivity was predominant in all age groups, with the
highest prevalence in the > 5 to < 10 years age group (22 cases). IgM
+ positivity was low across all age groups, peaking at 3 cases in the
<5 years and > 10 to <15 years age groups. DNA positivity was
significantly associated with younger participants (p =0.016), with
the highest prevalence in the <5 years age group (11 cases), followed
by the > 10 to <15 years age group (6 cases).

Phylogenetic analysis of parvovirus B19

Phylogenetic analysis of Parvovirus B19 sequences revealed two
distinct clusters. The first cluster (n = 11) formed a unique clade with low
similarity to previously reported genotypes. The second cluster (n=11)
aligned closely with genotype 1 A reference sequences (DQ225151.1 and
DQ225149.1) and showed high similarity to strains from Iraq, Iran, and
Tanzania. Phylogenetic analysis was performed using MEGA software
with the TN+F+G4 substitution model, and bootstrap analysis (1000
replicates) supported the reliability of the clustering (Fig. 6).

Discussion

Few studies have investigated Parvovirus B19 infections in Sudan.
ELsedig et al. [11] analyzed 90 sera samples from rheumatoid arthritis
(RA) patients, reporting IgM and IgG seroprevalence rates of 34.4 % and
54.4 %, respectively, suggesting a potential role of B19 infection in RA
pathogenesis. Similarly, Adam et al. (2015) [12] screened 500 antenatal
clinic attendees, reporting an IgG seroprevalence of 61.4 %, with only
one IgM-positive case and no detectable DNA in PCR tests. They
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Fig. 4. Clustered Bar Chart of Antibody Profiles by PCR DNA Status. This chart clearly demonstrates the differences in antibody distribution between PCR DNA-positive and PCR
DNA-negative groups, with a notable prevalence of the IgG+ & IgM- profile in both groups.

identified a significant correlation between IgG seroprevalence and
multigravidity. Gasim et al. (2016) [13] reported a 49.7% IgG ser-
opositivity rate among 147 pregnant women with low hemoglobin
levels, linking lower hemoglobin levels to IgG seropositivity.

Sickle cell anaemia (SCA) is highly prevalent in Sudan, with rates
ranging from 0.8 % in central regions to 30.4 % in western Sudan [14].
However, no data previously existed on Parvovirus B19 prevalence
among SCA patients in the country. This study sought to address this
gap by assessing viral prevalence using PCR and ELISA for detecting
viral DNA and anti-B19 antibodies, respectively.

This study found a high IgG seroprevalence rate (63.3 %) among
SCA patients, like findings from Lagos, Nigeria (61.3%) [17], but
higher than rates reported in Saudi Arabia (37.6%) [15] and Egypt
(44 %) [ 16]. The IgM seroprevalence rate was 7.8 %, higher than those
reported in Saudi Arabia (2.89%) and Nigeria (5.3%) [15,17], but
lower than the 30 % rate reported in Egyptian children with SCA [16].

PCR analysis revealed Parvovirus B19 DNA in 25.5 % of samples, a
rate higher than those reported in Saudi Arabia (2.89 %) and Nigeria
(11.1%) [15,18], but lower than the 54 % DNA positivity observed in
Egyptian children with sickle cell anemia (SCA) [16]. Among the 23

Combined Distribution of Antibodies and DNA Positivity by Age Group
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Fig. 5. Combined Distribution of Antibodies and DNA Positivity by Age Group. This bar chart shows the prevalence of IgG+, IgM+, and DNA+ markers across four age groups.
IgG+is predominant, while IgM+ is low. DNA positivity is significantly higher in younger participants (<5 years, 11 cases), with a statistical association (p = 0.016).
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Fig. 6. Phylogenetic tree of Parvovirus B19 strains detected in sickle cell anaemia patients in Sudan (November 2016-February 2017). The tree illustrates two distinct clusters: one
unique clade with limited similarity to other genotypes and another cluster aligning with genotype 1A sequences from Iraq, Iran, and Tanzania. Genotype representative
sequences are highlighted in teal (genotype 1 A), green (genotype 1B), red (genotype 2), and purple (genotype 3). Study sequences are indicated in light and dark blue. Bootstrap

values (1000 replicates) support the clustering.
directly detect viral DNA helps differentiate Parvovirus B19 infection
from other viral illnesses with similar clinical presentations, ensuring
accurate diagnosis and timely management.

The higher DNA prevalence in Sudan compared to some regions
may reflect differences in population characteristics, disease burden,

DNA-positive cases, 7 (30%) were seronegative, emphasizing the

limitations of serological methods in detecting active infections.
This finding underscores the importance of molecular testing (PCR),

particularly for identifying cases that may go undetected through an-

tibody testing alone. PCR is especially valuable during the acute phase
or testing methodologies.

of infection, before the body has developed detectable antibodies, and
in immunocompromised children, who may not mount an antibody
response detectable by serological methods. Additionally, the ability to

Phylogenetic analysis identified two major clusters of B19 se-
quences in Sudan. One cluster (50%) formed a unique clade with
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limited similarity to other genotypes, potentially indicating localized
evolution of the virus. The second cluster (50 %) aligned with gen-
otype 1A strains from Iraq, Iran, and Tanzania. These findings sug-
gest the coexistence of both unique and globally distributed strains
of Parvovirus B19 in Sudan, highlighting potential shared reservoirs
or transmission pathways. This is the first molecular characteriza-
tion of Parvovirus B19 among SCA patients in Sudan, providing va-
luable insights into the virus’s genetic diversity in the region.

The high prevalence of Parvovirus B19 infection among Sudanese
SCA patients underscores the need for routine screening prior to
hospital admission or blood transfusion. Given the significant risk of
transient aplastic crises, routine nucleic acid testing for Parvovirus
B19 should be prioritized in this vulnerable population.

Conclusion

This study identified a high prevalence of Parvovirus B19 anti-
bodies and DNA among Sudanese children with sickle cell anaemia.
The findings underscore the importance of screening for Parvovirus
B19 prior to blood transfusions, particularly in patients with hae-
matological disorders such as sickle cell disease. Routine nucleic acid
testing (PCR) is critical for identifying active infections, especially in
cases where serological markers are absent.

To the best of our knowledge, this is the first report of Parvovirus
B19 detection, sequencing, and characterization among SCA patients in
Sudan. These results provide valuable insights into the genetic diversity
of the virus and its potential clinical and public health implications.
Further research is recommended to investigate the broader distribu-
tion, transmission dynamics, and impact of Parvovirus B19 on hae-
matological and public health outcomes in Sudan.
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