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Abstract                                                                                                                                  

Background: Patients suffering from a hematological disorder like patients with sickle cell 

anemia are at risk of transient aplastic crisis if infected with parvovirus B19. The virus integrates 

in a specific site in human genome and the infected cell fails to divide, but the molecular 

mechanisms of the infection are still insufficiently understood.                                                                      

Objective: To determine the human parvovirus B19 among patients suffering from sickle cell 

anemia in Khartoum (Sudan).                                                                                                                   

Materials and methods: Ninety participants with sickle cell disease were recruited between 

November 2016 to February 2017 from patients attending Gaafer Ibnouaf Hospital. Sera and 

plasma were collected from all patients, the virus antibodies IgG and IgM were detected by the 

enzyme-linked immuno-sorbent assay (ELISA) technique; and the virus DNA in plasma was 

detected by the nested-polymerase chain reaction technique. 

Results: Anti-parvovirus B19 IgG was found in 57/90 (63.3%) of sickle cell patients; and anti-

parvovirus B19 IgM was detected in 7/90 (7.8%) patients. The parvovirus B19 DNA was found 

in 23/90 (25.5%) of patients with positive parvovirus B19 DNA. 10 patients were anti-parvovirus 

B19 IgG positive, 4 were anti parvovirus B19 IgG and IgM positive, 2 were anti-parvovirus B19 

IgM positive, and 7 were anti-parvovirus B19 IgG and IgM negative.                                                                                                                                        

Conclusion: Parvovirus B19 infection is detected at high rates among Sudanese children with 

sickle cell disease.                                                                                                              
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Introduction 
 

Erythrovirus B19 or  Parvovirus B19 is a known human pathogenic member of the Parvoviridae 

genus Erythroparvovirus. It is classified as erythrovirus because of its capability to invade red 

blood cell precursors in the bone marrow1.  

It is a negative-sense, single-stranded DNA,~5.6 kb in length2, and consists of about five thou-

sand nucleotides. The small capsid is composed of two structural proteins, viral protein 1 (VP-1)  
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viral protein 2 (VP-2) and one non-structural protein (NS-1)3. 

B19V possesses several nonstructural (NS) proteins, the most abundant of which is NS1. It has a 

multiple functions, including site-specific DNA-binding, and regulation of gene transcription. 

NS1 trans-regulates the viral P6 promoter as well as some cellular promoters and thus controls 

B19V replication. This protein is highly cytotoxic for erythroid precursors and can induce 

apoptosis via interaction with caspase 3. Most of the B19V-associated clinical manifestations are 

thought to be related to damage of the infected erythroid precursors by NS1 cytolytic or 

apoptotic activity4. 

B19 strains have been divided into three genotypes according to their genomic sequence. 

Genotype 1 is the most common in world .The genotype 2 virus was first identified in human 

skin and in the serum of an Italian HIV-positive patient with chronic anemia. The genotype 3 

virus was found in France in the serum and bone marrow of a child with transient a plastic 

anemia. Following its discovery, genotype 3 also reported as endemic in Ghana and Brazil5. 

B19V is mainly transmitted through the respiratory route. Transmission in the household, and in 

school is common, although the virus can also be transmitted vertically, and via blood 

transfusion and organ/bone marrow transplantation6.                                                                                     

In Sudan, sickle cell anaemia was first reported in 1926 by Archibald. Three foci of the disease 

have been described: Western Sudan, with a prevalence rate of up to 30% among the Baggara 

tribes, southern Sudan, where a prevalence rate of up to 18% was found among the southern 

nilotes, and in the Blue Nile Province, central Sudan, a prevalence ranging from 0-5% among the 

indigenous population and up to 16% was found among the immigrant tribes in the area7. 

Persons with decreased erythrocytes caused by conditions such as iron deficiency anemia, human 

immunodeficiency virus (HIV), sickle cell disease, spherocytosis, or thalassemia are at risk of 

transient a plastic crisis if infected with parvovirus B198.                                                                                   

The virus integrates in a specific site in human genome. The infected cell fails to divide, 

impairing the production of new RBC, retic count often falls to as low as 0.1 to 0.5% from 

routine values of 6-20% in patient with hemolytic anemia9.                                                                         

The aim of this study was to determine the human parvovirus B19 infection among patients 

suffering from sickle cell anemia in Khartoum, Sudan.                                                                    

Materials and methods                                                                                                                               

The study was conducted in Khartoum (Sudan). Patients were hospitalized children at Gaafer 

Ibnouaf Hospital, recruited between November 2016 and February 2017. Through a structured 

questionnaire, demographical information as age, gender, disease duration, and past history of 

hospitalization and blood transfusion. The software used for the analysis of data was the 

Statistical Package for Social Sciences (SPSS) program. For categorical variables, proportions 

were compared by the Chi-square test as appropriate. The means and medians of the continuous 

variables were compared by Student’s t test program depending on the sample distribution. 

Frequencies, percentages, tables and graphs were used for presentation of the data.                                                                                                                           

Confidentiality of information obtained from participants investigated was maintained. Consent 

of children parents was taken before being enrolled in the study. Laboratory results of specimens  
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collected were handed to all participants included in the study. Permission to collect the 

specimens was obtained from Gaafer Ibnouaf Hospital. Approval to run the study was taken 

from Al Neelain University (Khartoum). Complete information regarding risk factors, if any, 

was handed to all participants parents without any concealment. Sampling was a non- probability 

purposive sampling type, and sample strategy was convenience where participants were chosen 

on the basis of accessibility.                                                                                                                                     

Five ml of blood were collected from each patient: 2.5 ml in ethylene diamine tetraacetic acid 

(EDTA) tubes and the other 2.5 ml were collected in plane containers and centrifuged 

immediately and serum was separated and stored at −20°C until tested. The EDTA samples were 

processed to obtain plasma and stored at −20°C until tested. The complete blood picture for each 

patient was measured by a hematology analyzer (Sysmex KX-21N).                                                                                                                                                    

Parvovirus B19 IgG and IgM antibodies were detected in the serum samples by ELISA technique 

using a commercial assay (NovaTec Immundignostica GmbH, Dietzenbach, Germany), as per 

the manufacturer’s instructions. The specificity and sensitivity for both IgM and IgG antibodies 

were more than 95%. Positive (reactive) and negative (none reactive) samples were calculated 

according to the manufacturer’s recommendations.                                                                                       

Plasma samples were further subjected to DNA extraction using the viral Gene-spin TM 

DNA/RNA Extraction Kit (iNtRON Biotechnology, Korea) as described by the manufacturer. 

The extracted DNA was subsequently used as a template for the detection of Parvovirus B19 

DNA by nested-PCR using two primer pairs10. Two rounds were run: in the first one, the 

extracted DNA was amplified in the presence of the first pair of the outer primers:                                          

Sense (S1) +5’-CAAAAGCATGTGGAGTGAGG-3’;                                                                                                

and Antisense (S2)-5’- CTACTAACATGCATAGGCGC-3’.                                                              

Concerning the second round, the amplicon obtained after the first period is again amplified in 

the presence of a second pair of inner primers:                                                                                                  

Sense (S3) +5’-CCCAGAGCACCATTATAAGG-3’                                                                                         

and Antisense (S4) -5’-GTGCTGTCAGTAACCTGTAC-3’.                                                                           

The first round of amplification was programmed as follows: a DNA denaturation for one minute 

at 94°C, annealing of outer primers for two minutes at 55°C and a phase of primers extension for 

one minute at 72°C. The primers extension is followed by a step of further extension for five 

minutes. Thirty cycles were programmed in the first period of amplification. In the second round, 

the amplification was performed in the presence of the pair of inner primers (S3and S4). The 

cycling parameters of the second amplification round were same as the first one expect that the 

primers annealing step is carried out at a temperature of 57°C instead of 55°C. Amplified DNA 

fragments were analyzed by 2% agarose gel electrophoresis. The size of each fragment was 288 

base pairs (Fig 1).  

Results   
 

This study included 90 sickle cell participants 50 (55.6%) were males and 40 (44.4%) were 

females. Most patients (32/3.6%) were in the age range >5 to ≤ 10 years; and the least patients 

(13/14.4%) were in the age range >15 years.  

The prevalence rate of parvovirus infection as determined by the anti-parvovirus B19 IgG was  
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Fig. (1): L: ladder (100bp), CP: Control Positive, CN: Control Negative,                                                            

A. B.C.D.E.F.G.H: Positive Samples, and I: Negative Sample 

 

57/90 (63.3%) of sickle cell patients. Anti-parvovirus B19 IgM was detected in 7/90 (7.8%) of 

sickle cell patients investigated.  

The Parvovirus B19 DNA was found in 23/90 (25.5%) of sickle cell patients. Out of the 23 

positive parvovirus B19 DNA patients, 10 were anti-parvovirus B19 IgG positive, 4 were anti- 

parvovirus B19 IgG and IgM positive, 2 were anti-parvovirus B19 IgM positive, and 7 were anti-

parvovirus B19 IgG and IgM negative (Table 1). 

 

Table (1):  Correlation of positive parvovirus  B19 DNA                                                                                     

with parvovirus  B19 IgG and IgM antibodies 

 

 

 

 

 

 

 

 

The  different in means of total white blood cells (TWBCs), red blood cells (RBCs), 

haemoglobin (Hb), platelets (PLTs), and lymphocytes count between male and female 

participants were found insignificant (Table 2).  
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DNA 
IgG pos 

IgM pos 

IgG pos 

IgM neg 

IgG  neg 

IgM  pos 

IgG  neg 

IgM  neg 

 

Total 

 

Percent 

 

      

Positive 4 10 2 7 23 25.6% 

Negative 0 43 1 23 67 74.4% 

Total 4 53 3 30 90 100% 
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Table (2): Means of TWBCs, RBCs, Hb, PLTs and lymphocytes                                                             

among male and female participants 
 

Blood indices Gender No. Mean p - value 

WBCs 
Male  

Female 
50 

40 

15.086 

13.587 

 

0.250 

RBCs 
Male 

Female 
50 

40 

2.7110 

2.7355 

 

0.719 

Hb 
Male 

Female 
50 

40 

7.92 

10.25 

 

0.064 

PLTs 
Male 

Female 
50 

40 

410.36 

426.43 

 

0.851 

Lymphocytes 
Male 

Female 
50 

40 

42.608 

42.378 

 

0.067 

 

The correlation of anti- parvovirus  B19 IgM and IgG with age incidence and prevalence rate of 

positive parvovirus  B19 DNA was found insignificant. However, it was significant between the 

prevalence rate of parvovirus  B19 positive DNA patients (Table 3). 

Table (3): Correlation of anti- parvovirus  B19 IgM and IgG                                                                                             

with age incidence and prevalence rate of positive parvovirus  B19 DNA 

Age (years) Positive IgG Positive IgM Positive DNA 

≤ 5 13 3 11 

> 5 to ≤ 10 22 1 2 

>10 to ≤ 15 12 3 6 

>15 10 0 4 

Total 57 7 23 

p - value 0.240 0.217 0.016 
 

Discussion  

Sickle cell anemia in Sudan is a highly prevalent disease and its prevalence rate varies between 

different areas ranging from 0.8% in central Sudan to 30.4% in Western Sudan11. There is no 

published data on the prevalence rate of parvovirus B19 infection among sickle cell anemia 

patients in Sudan.                                                                                                                                                

The present study aimed to assess the parvovirus B19 infection among these patients using the 

highly sensitive method nested PCR to detect the viral DNA and to use the serological methods  
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to detect recent and past infection parvovirus B19. In this study, we found a seroprevalence rate 

of 63.3% for IgG antibody among the participants investigated. Obeid12 reported  a 

seroprevalence rate of 37.6% for IgG antibody among sickle cell patients in Saudi Arabia, i.e 

lower than what we reported in this study.                                                                                                        

Our result is also higher than what reported by Manal and her co-workers13 who found a 

seroprevalence rate of 44% for IgG antibody in Egyptian children with sickle cell disease. 

However, our result is almost similar to that reported by Iheanacho and his colleagues14 from 

Lagos (Nigeria) who found a seroprevalence rate of 61.3% for IgG antibody                                       

On the other hand, this study found a seroprevalence rate of 7.8% for parvovirus B19IgM 

antibody. This finding is also higher than what reported by Obeid12 who found a seroprevalence 

rate of 2.89% for IgM antibody among sickle cell patient in Saudi Arabia; and a slightly higher 

seroprevalence rate than that reported by Iheanacho and his colleagues14 who found a 

seroprevalence rate of 5.3% for parvovirus B19 IgM antibody. However, the findings of this 

study is lower than that reported by Manal and her co-workers13 who found a seroprevalence rate 

of 30 % for IgM antibody in Egyptian children with sickle cell disease.                                             

Also, in this study parvovirus B19 DNA was detected in 25.5% of patients investigated, and this 

rate is higher than the 2.89% rate reported by Obeid12 among sickle cell patients in Saudi Arabia.  

Bamidele and his co-authors15  found a parvovirus B19 positive DNA rate in 2 cases (11.1%) of 

the 18 IgM seropositive Nigerian patients with sickle cell anemia.                                                       

Furthermore, the present study found a lower positive rate than that reported by Manal and her 

co-workers13 who reported a high rate (54%) of parvovirus B19 positive DNA among Egyptian 

children with sickle cell disease.                                                                                                                     

From above comparative studies, the prevalence rate of parvovirus B19 infection is clearly 

different and Sudan has a higher prevalence rate of infection.  

Conclusion: Parvovirus B19 infection is detected at high rates among Sudanese children with 

sickle cell disease.                                                                                                                                  

Recommendations: Based on the outcomes of this study, it may be recommended larger studies 

should be conducted in Sudan to determine the prevalence rate of parvovirus B19 infection 

among the Sudanese population and sickle cell patients. Also, it is wise to screen transfused 

blood for parvovirus B19 especially when intended to transfuse in patients suffering from sickle 

cell disease.                                                                                                                                  
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