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ABSTRACT

Background: Epstein-Barr virus (EBV)-associated post-transplant 
lymphoproliferative disorder (EBV-PTLD) is a known and serious condition for 
the hematopoietic stem cell transplantation. This study evaluated the prevalence 
of EBV in umbilical cord samples of healthy pregnant women in Baghdad, Iraq. 
Methods: 800 umbilical cord blood (UCB) samples were collected from healthy 
pregnant women. The enzyme linked immunosorbent assay (ELISA) test was 
conducted to detect IgM and IgG antibodies. The EBV deoxyribonucleic acid 
(DNA) was detected in the plasma and buffy coat contents using quantitative 
real-time polymerase chain reaction (RT-qPCR) and nested PCR techniques. 
Results: Four (IgG-positive), five and six samples were positive in the ELISA, 
Nested PCR and RT-qPCR assays, respectively. The age of contaminated women 
included 26-34 years. Notably, in the ELISA method, all the plasma samples 
were IgM-negative. 
Conclusion: The existence of EBV among healthy women is a concern and 
assessment of a larger sample size is necessary to determine large-scale presence 
of EBV infection. The RT-qPCR exhibited higher sensitivity than ELISA and 
nested PCR techniques which can be considered as a confirmatory test. For 
larger sample size investigation, the ELISA method is appropriate as a primary 
screening test for lower costs.
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Introduction
The Epstein-Barr virus (EBV)-associated Post-transplant 
lymphoproliferative disorder (EBV-PTLD) can also occur 
following the transplantation of umbilical cord blood 
(UCB) which increases the mortality rate. Hence, the 
EBV detection is essential in this approach.1-3

EBV is a type 4 human herpes virus infecting >90% 
of world population and establishes a life-long latent 
infection. The virus is among important infectious 
diseases causing blood infection in Iraq.4-6 In most cases, 
the virus enters the body through the pharynx, oral and 
lymphoid tissue epithelium causing malignancies in these 
tissues. The EBV binds to the C3d receptor of complement 
(CD21) on B cells and stimulates the DNA replication in 
these cells by expression of several antigens, such as viral 

capsid antigen (VCA), membrane antigen (MA), primary 
antigen (EA), both EA-D subgroups and EA-R, Ecthine 
Virus Nuclear Antigens (EBNA) and surface antigen, 
detectable by lymphocyte (LYDMA).1 EBNA, EA and 
VCA viral proteins are used in serological screening.7-9 
Memory B cells act as EBV reservoir due to lack of viral 
antigens expression. Notably, the transmission of EBV 
during delivery is also possible through the UCB.7 Patients 
who undergo hematopoietic stem cell transplantation 
are inevitably endured by conditions that can affect their 
immune system such as use of immunosuppressive drugs, 
chemotherapy regimens, and irradiation.8, 10 The EBV play 
an important role in the development of PTLD mortality 
rate.11-13 Moreover, the PTLD incidence ranges 8- 20% 
depending on the organ transplant.14, 15 The aim of this 
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study was detection of EBV DNA in the umbilical cord 
buffy coat and sera samples from healthy women using 
RT-qPCR, nested PCR and ELISA techniques in Iraq. 

Materials and Methods
Participants and Samples 

Sampling was conducted from umbilical cord bank. 
In this method, according to a questionnaire that was 
designed, we tried to sample the umbilical cord that none 
of mothers had history of an infectious disease (hepatitis, 
AIDS, …) or genetic disease or diabetes and being 
completely healthy with a mean age of 25.2±3 years.

The UCB samples were collected from 250 neonates 
immediately after the birth using a sterile clamp. 
By inserting the needle into the umbilical vein, 10 
mL of blood was collected into tubes containing 
ethylenediaminetetraacetic acid (EDTA). Also, 550 other 
samples were provided from the umbilical cord bank of 
Transfusion Organization. The were centrifuged at 2000 
rpm (10 min) and the buffy coat layer was isolated and 
transferred into a new microtube and the plasma was kept 
to another tube and placed at -70 °C.

ELISA Test
The ELISA test was performed for the detection of 

IgG and IgM antibodies which bind to capsid antigens 
in plasma (Invitrogen) into 96-well plates. Their titers 
were measured using ELISA reader (Thermo Fisher 
Scientific) at optical density (OD) of 450 nm, where the 
Immune Status Ratio (ISR) value ≥1.10 was considered 
a positive result.

DNA Extraction
The DNA was extracted using the protocol provided by 

Roch (Germany). Briefly, 200 μL of buffy coat/plasma 
was taken and inoculated into 1.5 ml nucleases free 
tubes and then 5 μL Poly (A), 200 μl Binding Buffer, 
5 μl of internal control and 50 μL Proteinase K were 
added. Then, all the reagents were mixed together with 
the sample and incubated for 20 s and then 10 min at 72 
°C. After that, 100 μl of Binding Buffer was added and 
then mixed again. Using a filter tube and centrifugation 
the contents were precipitated onto the filter. The elution 
buffer (50 μl) was added onto the filters and centrifuged for 
a minute at 8000g. the obtained DNA were kept at -80 °C.  
The Brome Mosaic Virus Internal Control (BMV IC) was 
purchased from the Promega Company. 

Quantitative Real-time PCR 
For the detection of EBV genomic DNA, the RT-qPCR 

technique was performed on extracted DNA (Qiagen kit). 

The primers designed in house included forward: AAA CCT 
CAG GAC CTA CGC TG, Reverse: AGA CAC CGT CCT 
CAC CAC and Taq man probe: TAG AGG TTT TGC TAG 
GGA GGA GAC GTG TG. After the EBV DNA verification, 
the Nested PCR and RT-qPCR were implemented.

Nested PCR
The nested PCR was performed using two pairs of 

primers as followings: EBV 1: GCC AGA GGT AAG 
TGG ACT TT, EBV 2: TGG AGA GGT CAG GTT ACT 
TA, EBV 3: TTC TGC TAA GCC CAA CAC TC and 
EBV 4: CTG AAC GTG AAC CGC TTA amplifying a 
192bp fragment.  

The tube components included 10X PCR Buffer (2.5 µL), 
1.25 µL (10 µM) of each primer, MgCl2 (3 µL, 2 µM), 0.5µL 
(100 μM) dNTP, Betain (2.5 µL, 2 µM), DNase/RNase free 
ddH2O (11.5 µL), 0.3 µL (1 U) of Taq polymerase and 2.5 
µL of template DNA were mixed. The first and second 
stages of nested-PCR, reaction conditions included 94 °C 
(3min), followed by 25 cycles of 94 °C (15s), 55°C (1 min), 
72 °C (1 min), 72 °C (10 min) and 4 °C (5 min). 

Data Analysis 
Data was analyzed using IBM SPSS version 20, where 

a P<0.05 was considered as a significant finding. 

Ethical Approval 
This study was approved by Baghdad University. The 

patients had the consent of participation in the study. 

Results 
Demographic Data of Participants

The women mean age included 25.2±3 years. There 
was not previous antiviral treatment among them. Also, 
none of them had underlying diseases such as diabetes 
or leukemia. 

ELISA Test 
In the ELISA assay, four (0.5% of) specimens were 

positive for anti-EBV IgG antibody. Additionally, none 
of the specimens were positive for the IgM, indicating 
lack of a primary intrauterine EBV infection. Moreover, 
798 samples (99.75%) were negative for both antibodies. 

Genomic Detection of EBV
Five (0.62% of) and six (0.75% of) samples were infected 

by the EBV DNA in the nested PCR and the RT-qPCR, 
respectively. These six participants aged 28-32 years 
(Table 1). None of them had used prior antiviral agent, 
but two had used antibiotic. Moreover, three (P=0.045) 
of them had the history of prior hospitalization which can 

Table 1: The demographic data of infected healthy women
Participant No. Age (year) Antiviral use Antibiotic use Prior hospitalization
1 28 No No Yes 
2 31 No No Yes 
3 29 No No No 
4 32 No Yes No 
5 31 No Yes No 
6 30 No No Yes 
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be considered as a risk factor for infection obtainment. 

Discussion 
EBV-PTLD includes serious and fatal complications 
following allogeneic hematopoietic stem cell 
transplantation of the UCB. This condition is developed 
due to the immunodeficiency B cell lymphocytes infected 
with the virus are transformed into lymphoblastic cells.16, 17  
The EBV remains latent in B cell lymphocytes and 
can be activated during the pregnancy.16-20 Serologic 
evidence of EBV infection has been found in over 94% 
of the world’s population without clinical manifestation 
in most of cases. However, if the infection occurs during 
puberty, the infection with the EBV can cause a benign 
lymphoproliferative disease, which is known as infectious 
mononucleosis.1, 10, 21 Primary infection is rare during 
pregnancy and only 1.3 to 4.2% of pregnant women in 
industrialized countries are EBV seropositive.10, 12 The 
anti-EA IgG has been detected among 55% of pregnant 
and 22-32% of non-pregnant women.22 In another study, 
antibodies against the Bam HI region of the EBV was 
detected in 13% of pregnant and 3% of non-pregnant 
women.23 EBV also causes several adverse conditions 
among offspring such as leukemia.11

In our study, of the800 umbilical cord samples, six and 
five cases were infected with the EBV using RT-qPCR 
and nested PCR, respectively, while four samples were 
positive in the ELISA assay. The age range of our patients 
was 25.2±3 years. The IgM titer has been detected among 
pregnant women with multiple sclerosis and age range 
similar to that from our study.24-26 The frequency of EBV-
infected cells in individuals varies from 23 to 625 cells 
per 107 B cells.7, 27-29 Therefore, more samples and more 
sensitive tests are needed to determine the accurate level 
of infection of the UCB cells.  Major limitations of this 
study included a narrow geographical area for the study 
and lack of gene expression analysis among positive cases. 

Conclusion
In this study, a low number of healthy pregnant women 
were infected by the EBV which highlight the possibility 
of infection transmission through vertical way or UCB 
cells. The RT-qPCR and nested PCR had higher sensitivity 
than ELISA method; moreover, qPCR exhibited higher 
sensitivity than nested PCR technique which can be 
considered as a confirmatory test; particularly when 
larger sample size and volume be adopted. In addition, 
risk factors such as prior hospitalization and drug usage 
should be investigated in future studies. 

Conflict of Interest: None declared.
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