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Abstract
Epstein-Barr virus (EBV) plays the most important role in various types of human cancers. Patients 
receiving chemotherapy have low white blood cell (WBC) counts that elevate the risk of infection and 
is the first public health priority in Iraq. WBCs are capable of tumor destruction and aid in combatting 
infection; they also promote tumor growth, metastasis and chemotherapy resistance. Low WBC count 
makes the body more predisposed to infection. Our study sought to investigate the relationship between 
low WBC count and EBV infection in cancer patients. A cross-sectional study was performed using 120 
samples obtained from cancer patients, who had a low WBC count and were receiving chemotherapy. 
The study included samples from 60 males and 60 females aged between 7 and 80 years from Najaf / 
Iraq. Among the different cancer types, breast cancer cases were high (24 patients; 20%); additionally, 
a high number of cancer patients (52; 43.3%) also had a low WBC count (≤2 to ≥4 in 109 / L of cells). 
There were no significant differences in the serological detection of positive cases for viral capsid 
protein IgM and EBNA-1 and EBNA-2 nuclear genes (P˃0.05) between the cancer patients of different 
age groups and genders. EBV infection is associated with a low WBC count in cancer patients receiving 
chemotherapy. No significant differences for patients was observed with respect to age and gender.
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iNtROduCtiON
 Epstein-Barr virus (EBV) belongs to the 
gammaherpesvirus subfamily that exclusively 
infects humans1-3. Various human tumors, such 
as the nasopharyngeal carcinoma and Burkett’s 
lymphoma (BL) are related to the actions of 
the EBV4,5. Viral nuclear antigens (EBNAs) and 3 
latent membrane proteins are expressed in the 
target cells during the latent stage of infection. 
EBNA is a complex of at least 6 proteins6. EBNA-1 
is responsible for the replication of EBV nucleic 
acids in the infected cells7. EBNA-2 has a role in 
B lymphocyte growth transformation, a function 
which is closely interrelated to transactivation of 
viral and cellular gene expression8. 
 The normal range for white blood cell 
(WBC) counts varies with age and pregnancy. 
Healthy childhood to reach adult levels of 4,500 
to 11,000 / mm3 (4.5 to 11.0 × 109 / L; 95% 
confidence interval (C.I.)9. The life cycle of WBC 
includes differentiation and development, loading 
migration within the vascular spaces of the bone 
marrow, and migration to tissues10. Following 
maturation, 80-90% of WBCs remain in the bone 
marrow for storage. This great back upper mist 
for a rapid increase in the circulating WBC count 
within hours. A relatively small pool (2–3%)of 
WBC circulate liberally in the peripheral blood11,12, 
the rest settle along the spleen or the margins 
of the walls of blood vessels. Majority of the life 
span of leukocytes is spent in storage. Notably, 
once a leukocyte is released into circulation and 
peripheral tissues, its life span ranges from 2-16 
days depending on the cell type13.
 The different types of WBCs are 
associated with a variety of diseases including 
hypersensitivity, tuberculosis, fungal infections, 
EBV infection, protozoa infections, leukopenia, 
Rickettsia, whooping cough, and acute or chronic 
leukemia14, 15. Numerous tumors may stimulate 
the granulocytes-macrophage or spinal cord16. 
Laboratory analysis can aid in diagnosing previous 
and/or recent EBV infections by examining 
the presence of antibodies associated with 
the resulting EBV antigens17. This includes the 
detection of IgG antibodies against the viral 
capsule antigen (VCA), which appears at the time 
of onset of clinical symptoms of acute infection 
and remains positive for life. The anti-VCA IgM 
antibodies appear at the same time as the anti-

VCA IgG but usually disappear within a few weeks; 
notably, anti-VCA IgM can persist for several 
months following infection in some cases18,19. Early 
antigen-EA and EBV nuclear antigen-EBNA20. Apart 
from detecting past and present viral infections, 
laboratory analysis can also help in deciphering if 
an individual is predisposed to viral infections21.
 WBCs are produced in the bone marrow 
and have a rapid growth, that is very sensitive 
to the effects of chemotherapy. Toxic effect of 
chemotherapy on the bone marrow may cause a 
decrease in the WBC count; certain medications 
can cause defects in the bone marrow as well22. 
Chemotherapy also destroys numerous cells of 
the bone marrow23. A decrease in circulating 
WBCs, with a total count that is less than 3.0 × 
109/L, is referred to as leukopenia25. WBCs serve 
as protection against bacterial and viral infections 
as well as other diseases. Hence, leukopenia is 
associated with a greater risk of infection when 
compared with individuals who have normal 
WBC counts24. Notably, not all cancer patients 
undergoing chemotherapy suffer from leukopenia. 
 Various techniques have been utilized 
in detecting EBV nucleic acids and measuring its 
DNA load26. PCR and RT-PCR have been applied 
to differences in specificity and sensitivity27. 
Real-Time PCR was very advantageous for 
confirming infection status, particularly of 
immunocompromised patients28,29, as their viral 
load is higher than that of healthy and carrier 
individuals30. The viral load declines following 
therapy31. A search for EBV nucleic acid is beneficial 
in EBV-related tumor patients, who show low 
blood levels for the virus because of the blood-
brain barrier30,32. EBV nucleic acid from apoptotic 
tumor cells have been identified in the plasma, 
serum33,34, and latently-infected tumor cells35.
 This research is aimed at identifying 
Epstein-Barr virus in cancer patients receiving 
chemotherapy, and subsequently determining the 
white blood cell counts of the patients based on 
age and genders.

MATERIALS ANd METHOdS
 In this study, 120 cancer patients 
receiving chemotherapy were recruited. The 
patients suffered with various types of cancers 
including, 24 breast cancer, 19 leukemia, 18 
lymphoma, 10 lung cancer, 10 colorectal cancer, 
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7 oropharyngeal cancer, 8 hepatocellular (liver) 
cancer, 5 bladder cancer, 5 brain cancer, 5 ovarian 
cancer, and 10 rare types of cancer cases. The age 
group of patients ranged between 25 and 64 years 
old. Blood samples were collected from patients 
during the period between October, 2018 and 
September, 2019. Samples were taken from the 
Central Euphrates Hospital oncology and cancer in 
Kufa, Al-Najaf province/Iraq. All official approvals 
were obtained from the hospital administration 
and participating patients after informing them 
of the purpose of the research. Patients were 
excluded if they were pregnant, had a newborn, 
underwent splenectomy, smoked or were taking 
medications.
Study design
 A cross- sectional study was performed, 
wherein the sample size was calculated using the 
equation of the study type.
data collection
 To obtain the necessary data, 5 ml of 
blood was withdrawn from the cancer patients. 
The blood samples were divided into two parts. The 
first portion was used for conducting a serological 
examination by separating out the serum from 
the sediment by centrifugation. Conversely, the 
second part was placed in EDTA tubes to conduct 
molecular diagnosis and determine the WBC 
count. A complete blood count (CBC) test with a 
peripheral smear may supply useful information, 
such as WBC maturity, type, and uniformity. 
Techniques
Viral capsid proteins detection
 All laboratory diagnoses were performed 
using each of the study sample. The diagnoses 
required the use of EBV-VCA IgM, VCA IgG, and 
EBV-1 antigen cortical antigens to determine 
previous or recent infections. VCA IgM is required 
to test the semi-automatic ELISA test group 
(DIESSE®, Germany) to assess positive and negative 
detection of VCA IgM and IgG antibodies in the 
120 serum samples that were collected from 
male (n = 60) and female (n = 60) cancer patients 
receiving chemotherapy in the Al-Najaf province. 
It appears that the anti-VCA IgM antibodies 
present at the time of acute EBV infection usually 
disappear within 4–6 weeks. Anti-VCA IgG was 
used to investigate the duration of a chronic EBV 
infection; anti-VCA IgG levels peak at 2–4 weeks 
after the onset of the disease, decreases slightly 

and then persists for the rest of the person’s life. 
Patients were ready for EBV infection if they did 
not have VCA antibodies38. Clinical outcomes of 
infectious mononucleosis infection were tracked in 
conjunction with the emergence of anti-VCA IgM 
and IgG antibodies. However, an unsTable antibody 
pattern was regarded as an early symptom of EBV 
infection39.
EBNA detection
dNA extraction
 DNA specimens in whole blood samples 
were collected from patients undergoing 
chemotherapy and were extracted using a kit 
(Roche Diagnostics Gmb H, Mannheim, Germany) 
as previously reported40,41.
Amplification of viral dNA
 PCR was carried out on a 3Prime Thermal 
Cycler, Techno Thermo cycler. 
 PCR cycles were performed as follows: 1) 
initial denaturation at 95°C for 5 min, 2) 35 cycles 
of denaturation at 95°C for 45 s each, 3) annealing 
at 56°C, 4) second annealing step at 72°C for 45 
s and 5) elongation at 72 °C for 1 min. Finally, 
following a 10 min elongation step, the samples 
were cooled to 4°C and visualized on a 2% (w/v) 
agarose gel42,43.
data analysis
 Statistical analysis was performed using 
the DNA Star software (version 10.0). A chi-
squared (X2) test was performed to define the 
distribution of EBV in patients. Significance was 
set at P value < 0.05. Statistical analyses were 
performed using SPSS 22.
Constant
 The study was approved by the Medical 
Ethics Committee at the Medical faculty/ University 
of Kufa.

Results
 The population distribution of the 120 
cancer patients receiving chemotherapy in the 
Al-Najaf Governorate was determined. Among 
the 120 patients, 30 patients were 7–25 years old 
(25%); 27 patients were 26–44 years old (22.5 %); 
35 patients were 45–63 years old (29.2%) and 28 
patients were 64–82 years old or older (23.3%) 
(Table 1). Cancer patients were found to be most 
commonly aged between 45 and 63 years old 
(29.2%) for both males and females, as shown in 
Table 2.
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 Table 3 shows the distribution of patients 
based on the cancer type. The most common 
cancer type with a high percentage occurrence 
was determined to be breast cancer (20%) in 
the city. This was followed by the moderately 
occurring leukemia (15%), lymphoma (15%), lung 
cancer (8.3%) and colorectal cancer (8.3%). The 
less common cancers included bladder, brain and 
ovarian cancers (4.2% each).

 The distribution of cancer patients on the 
basis of WBC count is shown in Table 4. At 95% 
C.I., the WBC count (in 109/L cells) was normal 
or more specifically equal to or greater than 4 in 
43.3% of the patients. Additionally, 31.7% and 25% 
of patients had a WBC count (in 109/L cells) of 2-3 
and less than or equal to 2, respectively. 
Serological determination
 EBV VCA IgM were used to detect any 
previous or recent EBV infection in female patients. 
They were required to conduct a serological 
assay to determine if the patients were positive 
or negative for the anti-VCA IgM. The sera of 60 
female cancer patients receiving chemotherapy 
were collected. The coefficients of variation for 
VCA IgM were 33.3%, 46.2%, 44.4%, and 42.8% 
for patients aged 7-25, 26-44, 45-63 and 64-82 
years, respectively. No significant differences were 
observed between the different age groups and 
the coefficients of variation for VCA IgM in females 
(P ≥ 0.05), as shown in Table 5.
 EBV VCA IgM was required to conduct 
an anti-VCA IgM ELISA to determine whether 
male cancer patients had been recently infected 
with EBV by assessing if they were positive for 
the anti-VCA IgM. The sera of 60 male cancer 
patients receiving chemotherapy were utilized. 
The coefficients of variation for the VCA IgM assay 

Table 1. The sequence of the primers (Synthesized by Bioneer)

Name of Sequence(5'-3')(F: Forward,  Analyzed Product
primer R: Reverse) region(B95-8 
size (bp)  coordinates)

EBNA-1  F TGATAACCATGGACGAGGAC 108 057–108 076 139
EBNA-1  R GCAGCCAATGCAACTTGGAC  
EBNA-2  F AGGCTGCCCACC CTG AGGAT 108 176–108 195 168
EBNA-2  R 5-GCCACCTGGCAGCCCTAAAG

Table 2.  Distribution of patients with cancer (n=120) 
by age group

Age groups No.  Percentage
per years of cases %

7-25 30 25.0
26-44 27 22.5
45-63 35 29.2
64-82 28 23.3
Total 120 100

Table 3. Distribution of patients with types of 
cancer(n=120) from male and female 

        Parameters

Type of cancer No. of cases (%) 

Breast cancer 24 20
Leukemia 19 15.8
Lymphoma 18 15
Lung cancer 10 8.3
Colorectal cancer 10 8.3
Oropharyngeal 7 5.8
cancer
Hepatocellular 8 6.7
(Liver) Cancer
Bladder cancer 5 4.2
Brain cancer 5 4.2
Ovarian Cancer 5 4.2
Rare types of cancer 10 8.3
Total 120 100

Table 4. Distribution of patients cancer by count of 
white blood cells (WBC)

Count of Cancer Cases Normal count
WBC (109 / L No.(%) (109/L) 95% 
  confidence interval

≤  2 30(25.0%) 4.0 - 11
03-Feb 38(31.7%) 4.0 - 11
≥4 52(43.3%) 4.0 – 11
Total 120(100%) 4.0 – 11

95% confidence interval
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were 64.6%, 53.8%, 55.6% and 57.1% for patients 
aged 7-25, 26-44, 10 (55.6%) and 8 (57.1%) years, 
respectively. No significant differences in the 
coefficients of variation for anti-VCA IgM were 
observed between males in different age groups 
(P ≥ 0.05), as shown in Table 6.
 EBNA-1 and EBNA-2 were used to perform 
sequential dilutions to asses if the patients were 
positive or negative with respect to anti-VCA IgM. 
The clinical results of 60 samples derived from 
female cancer patients undergoing chemotherapy 
were obtained. Serological identifications of EBNA-
1 and EBNA-2 were quantified and grouped by age. 
Females aged 7-25, 26-44, 45-63 and 64-82 years 
were determined to have 15 (25.0%), 13 (21.7%), 
18 (30.0%) and 14 (23.3%) EBNA-1 and EBNA-2 
levels, respectively. No significant differences in 
the serological EBNA-1 and EBNA-2 levels were 

detected between the various age groups (P˃ 
0.05), as indicated in Table 7.
 The presence of EBNA-1 and EBNA-2 
was detected by performing sequential dilutions 
of positive and negative samples concerned with 
anti-VCA IgM. Clinical results were obtained from 
60 samples that were collected from male cancer 
patients. Serological levels of EBNA-1 and EBNA-2 
in males aged 7-25, 26-44, 45-63 and 64-82 years 
were found to be 15 (25.0%), 13 (21.7%), 18 
(30.0%) and 14 (23.3%) respectively. No significant 
differences were observed between the various 
age groups of male patients (P˃ 0.05).
dissection
 The current study provides an analysis of 
the relationship between low WBC count, which 
is defined as less than 4,000 / mm3 (4.0 × 109/ 
L), and cancer patients receiving chemotherapy; 

Table 5. Serological identification of (VCA IgM ) by age groups of female patients

Age groups No. of VCA  IgM VCA IgM P value
(years) cases positive negative
    
25-Jul 15(25.0%) 5(33.3%) 10(66.7%) 
26-44 13(21.7%) 6(46.2%) 7(53.8%) 
45-63 18(30.0%) 8(44.4%) 10(55.6%) 0.895
64-82 14(23.3%) 6(42.8%) 8(57.1%) 
Total 60(100%) 25(41.7%) 35(58.3%) 

Table 6.  Serological identification of (VCA IgM) by age groups of male cases      

Age group Cancer  cases VCA IgM VCA IgM P value
(years) No.(%) positive negative 

25-Jul 15(25.0%) 7(64.6%) 8(53.3%) 0.942
26-44 13(21.7%) 7(53.8%) 6(46.2%) 
45-63 18(30.0%) 10(55.6%) 8(44.4%) 
64-82 14(23.3%) 8(57.1%) 6(42.9%) 
Total 60(100%) 32(53.3%) 28(46.7%) 

Table 7. Serological identification of (EBNA1,EBNA2) depending on age groups of female patients  
      
Age Cancer      ENBA 1      EBNA 2  P value
groups cases   
(years) No.(%) positive negative positive negative

25-Jul 15(25.0%) 5(33.3) 10(66.7%) 5(33.3) 10(66.7%) 0.98
26-44 13(21.7%) 6(46.2%) 7(53.8%) 5(38.5%) 8(61.5%) 0.785
45-63 18(30.0%) 8(44.4%) 10(55.6%) 6(33.3% 12(66.7%) 0.366
64-82 14(23.3%) 5(35.7%) 9(64.3%) 4(28.6%) 10(71.4%) 0.50
Total 60(100%)  24(40.0%)  36(60.0%) 20(33.3%) 40(66.7%)
  P value       0.864        0.960
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we discovered several novel findings. In our 
study, the highest number of cancer patients 
(35 patients; 29.2%) were aged between 45 and 
63 years among both males and females; this is 
discordant with previous findings44. Adult cancer 
patients with a low WBC count that are aged 
between 45 to 63 years remain susceptible to 
primary EBV infection. Additionally, 30 (25.0%) 
cancer patients were between the ages of 7 and 25 
years; this is in agreement with findings suggesting 
that infections in children are asymptomatic, but 
present with symptoms in infected teenagers45. 
The misdiagnosis of primary EBV infection in 
smaller and young children is attributed to atypical 
laboratory findings.A factor that is related to EBV 
infection is the cancer type. The highest number 
of patients from Najaf city that were included 
in our study suffered from breast cancer (24 
patients; 20.0%). Other studies have reported 
EBV infection in 26.37% (95% CI: 22–31%) of the 
44 patients included in the study46; hence, this 
indicates a strong statistical relationship between 
EBV infection and breast cancer.
 In our study, EBV infected 52/120 (43.3%) 
cancer patients with low WBC; the incidence rate 
is ≥4 (4.0 × 109 per L). EBV was previously reported 
to be prevalent in 26.37% (95% C.I.; 22–31%) of 
the 44 included patients46. This association may 
be correlated with nutritional status as protein 
deficiencies could lead to a compromised immune 
system Age is one of the most important risk 
factors for cancer patients with low WBC count. 
Our study found no significant (p ˃ 0.05) difference 
between EBV infection and low WBC in cancer 
patients receiving chemotherapy on the basis of 
gender and age. This result is in disagreement 
with previous findings48,49. Previous studies have 
shown that female cancer patients are more 

susceptible to infection compared to male cancer 
patients50,51; additionally, cancer patients receiving 
chemotherapy were also previously reported to 
temporarily suffer from a low WBC count, which 
returns to normal after a few days. During this 
period, patients have a chance of being infected 
by viruses. The adults patients may have reduced 
bone marrow, renal and hepatic function, and 
complication arising from other treatments.
 Moreover, negative anti-EBV VCA IgM and 
IgG test indicates that the patient has no immunity; 
conversely, if a patient tests positive for anti-EBV 
VCA IgM antibodies and positive or negative for 
the VCA IgG antibody, the result is interpreted and 
indicates that the person has an acute infection or 
is at the non-specificity phase. If the anti-EBV VCA 
IgM antibodies test is negative and the VCA IgG 
test is positive, the patient is considered to have 
been affected by infection. This is in accordance 
with previous findings52.
 The distribution of the EBV among 
cancer patients receiving chemotherapy was 
investigated due to immunosuppressive effects 
of chemotherapy. Significance was set at P value 
< 0.05 and the findings are in agreement with 
previous reports37,53. Viruses can reactivate from 
the latent phase when cancer patients or host 
undergo an immune impairment. 
 EBNA-1 is known as a faint multifunctional 
viral protein that binds with EBV54. It is the only EBV 
protein found in all malignant tumors associated 
with EBV55,56. It is important in creating and 
maintaining the changing state of cells while 
developing EBV57. EBNA-1 contains a recurrent 
chain of glycine and alanine residues that separates 
the protein into amino and carboxylic peripheral 
bands57. This sequence also appears to stabilize 
the protein and prevent its breakdown, while 

Table 8. Identification of EBNA1, EBNA2 depending of age groups of male cases
  
Age group Cancer      EBNA1       EBNA2  P value
(years) Cases     
 No.(%) positive negative positive negative 

25-Jul 15(25.0%) 6(40.0%) 9(60.0%) 4(26.7%) 11(73.3%) 0.3499
26-44 13(21.7%) 7(53.8%) 6(46.2%) 6(46.2%) 7(53.8%)) 0.783
45-63 18(30.0%) 10(55.6%) 8(44.4%) 9(50.0%) 9(50.0%) 0.747
64-82 14(23.3%) 7(50.0%) 7(50.0%) 6(42.9%) 8(57.1%) 0.775
Total 60(100%) 30(50.0%) 30(50.0%) 25(41.7%) 35(58.3%) 
   P value        0.826        0.539
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also weakening antigen processing and major 
histocompatibility complex (MHC)-associated 
antigen presentation. Consequently, CD8-cytotoxic 
T cells associated with CD8 are prevented from 
responding against HIV-infected cells58. EBNA-1 
is expressed from the Qp promoter during all 
transition time programs57 It is the only viral 
protein expressed in the first latency program54,58.
 EBNA-2 is one of six EBV viral nuclear 
proteins expressed in infected B lymphocytes, 
a protein modulus. EBNA-2 is involved in the 
regulation of latent viral transcription and 
contributes to immortalized EBV-infected cells58,59. 
EBNA-2 acts as a conversion molecule that binds 
to DNA binding proteins of cell sequences, 
recombinant signal binding protein JK (RBP-JK) 
and PU.1; it also works with multiple members of 
the RNA polymerase transcription complex59.

CONClusiON
 Epstein–Barr virus infection has been 
related to a low white blood cell count in cancer 
patients receiving chemotherapy. No significant 
differences in Epstein–Barr virus infection were 
observed between patients in terms of age and 
gender and between both virus strains. 
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