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a b s t r a c t 

Multiple sclerosis (MS) is an immune system-mediated neurodegenerative disease. Recent studies suggest that 

viral agents, especially the Epstein Barr virus (EBV), are etiological agents for MS. The roles of other viruses in 

MS have been investigated. Studies have shown an increase in the level of antibodies against bovine leukemia 

virus (BLV) in patients with MS. In this regard, our study aimed to examine the presence of BLV DNA in peripheral 

blood mononuclear cells (PBMCs) of MS patients in Iran. In this cross-sectional study, the presence of BLV in 109 

Iranian MS patients and 60 healthy controls was evaluated. The isolated PBMCs were used for DNA extraction 

and PCR, using specific primers for two distinct genes. The mean age of the participants was 39 ± 9.5 years, 

and 27 (24.77%) of them were male. Clinical evaluation of these patients showed the most frequent MS type 

to be relapsing-remitting MS (RRMS) (71; 65.14%). BLV evaluation did not show any BLV DNA presence in the 

PBMCs of individuals in either the MS or healthy control groups. Therefore, our study showed no evidence of 

BLV infection in Iranian MS patients. 

I

 

e  

o  

i  

2  

w  

d

 

u  

s  

m  

p  

d  

n  

v  

s  

v  

n

 

M  

(  

d  

e  

o  

r  

a  

d

 

a  

[  

h  

t  

h

R

2

B

ntroduction 

Multiple sclerosis (MS) is a chronic inflammatory demyelinating dis-

ase of the central nervous system (CNS) [1] . The onset of MS usually

ccurs between the ages of 20 and 40, and its prevalence in women

s more than twice that found in men. The incidence of MS varies from

–160 per 100 000 people, with around 2 million people affected world-

ide. The pooled prevalence of MS in Iran is 100 in 100 000, with the

isease rate in women 2.7 times higher than in men [2] . 

Although the causative agents and pathogenesis of MS are not fully

nderstood, it is believed the disease is caused by an autoimmune re-

ponse against myelin protein [3] . The pathology of MS includes de-

yelinated plaques, in which active mononuclear cells, including lym-

hocytes, macrophages, and microglia, affect the myelin and kill oligo-

endrocytes. Plaques mostly occur in periventricular white matter, optic

erves, and the spinal cord. The clinical signs of MS in different patients

ary depending on the location of the nerve fibers involved and the
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everity of the injury. MS is usually characterized by symptoms such as

ision problems, imbalance, confusion, fatigue, bladder problems, stiff-

ess, and spasms [4] . 

Four main clinical subtypes of MS are known: relapsing-remitting

S (RRMS), secondary progressive MS (SPMS), primary progressive MS

PPMS), and progressive-relapsing MS (PRMS). RRMS involves unpre-

ictable recurrences, with the recurrence interval anything from sev-

ral weeks to several years. This is the most common form of MS. SRMS

ccurs after the first stage, with increasing disability and fewer or no

elapses. PPMS is a neurological disability with periods of exacerbation

nd recovery, in which relapse is not experienced. PRMS is a progressive

isability with occasional recurrences [5] . 

Risk factors associated with MS include age, sex, genetic changes,

nd environmental factors, such as diet, smoking, vitamin D deficiency

6] , and infectious agents, including Epstein–Barr virus (EBV), human

erpes virus 6 (HHV6), and varicella-zoster virus (VZV) [7] . With regard

o dietary factors, a relationship between infections in meat or milk and
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Table 1 

Specific primer pairs used this study. 

Target gene Primer Sequence Amplification size Annealing temperature 

𝛽-actin 
Forward 5 ′ -TGGTTACAGGAAGTCCCTTGCC-3 ′ 101 bp 60 

Reverse 5 ′ -ATGCTATCACCTCCCCTGTGTG-3 ′ 

BLV Gag 
Forward 5 ′ -TCTGTGCCAAGTCTCCCAGATA-3 ′ 598 bp 56 

Reverse 5 ′ -AACAACAACCTCTGGGAAGGGT-3 ′ 

BLV Tax 
Forward 5 ′ -GGCCCCACTCTCTACATGC-3 ′ 207 bp 56 

Reverse 5 ′ -AGACATGCAGTCGAGGGAAC-3 ′ 
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Table 2 

Patients’ clinical and demographical data. 

Variable MS Healthy control 

Number of subjects 109 60 

Age, years (mean ± SD) 39 ± 9.5 21 ± 8 
Sex (male/female) 27/82 15/45 

Type of MS 

RRMS 71 (65.14%) NA 

SPMS 21 (19.26) NA 

PPMS 14 (12.84%) NA 

PRMS 3 (2.75%) NA 

Duration of MS, years (mean) 3 ± 2 NA 
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S has been reported, and suggested as a possible important element in

he development of the disease [8] . 

Bovine leukemia virus (BLV) is a Deltaretrovirus in the Retroviri-

ae family. The BLV genome contains Gag, Pol , and Env genes and Rex

nd Tax oncogenes, and has the potential to cause cancer in cows [9] .

D5 + IgM 

+ B-cells antibody in cattle can disrupt immunological regu-

ation and thus reduce milk production and reproductive inefficiency in

ows. The virus can also infect sheep and cause diseases such as B-cell

ymphosarcoma, leukemia, and/or lymphoma [10] . 

Studies have shown that around 60% of the world’s cows are in-

ected with the BLV virus [11] , and antibodies against BLV structural

roteins have been found in humans who consumed BLV-infected dairy

roducts [12] . Several studies have indicated an increase in the level of

ntibodies against BLV in patients with MS [ 13 , 14 ]. However, no study

as reported the prevalence of this virus in the PBMCs of MS patients.

herefore, our study aimed to measure the prevalence of BLV in the

BMCs of MS patients, as determined through polymerase chain reac-

ion (PCR). 

ethods 

In this cross-sectional study, 109 Iranian MS patients were evalu-

ted for the possible presence of BLV infection. After obtaining written

nformed consent, 5 mL of peripheral blood was collected from each pa-

ient in EDTA anticoagulant tubes. In addition, 60 healthy controls were

lso evaluated for the possible presence of BLV in the normal popula-

ion. 

The obtained peripheral blood was used for PBMC isolation using Fi-

oll density gradient centrifugation. The PBMC samples were stored at

 20°C before DNA extraction. The extraction was performed using the

igh Pure Viral Nucleic Acid Kit (Roche Diagnostics), according to the

anufacturer’s protocols. The extracted DNA quality was evaluated us-

ng a NanoDrop spectrophotometer. The extracted samples were stored

t − 20°C before applying PCR. 

FLK-BLV cells (Razi Vaccine and Serum Research Institute, Tehran,

ran) served as a positive control for optimizing PCR, and were con-

rmed by Sanger sequencing. Conventional PCR was performed for BLV

etection in PBMC samples for two viral genes ( Gag and Tax ). The spe-

ific primer pairs for the Gag and Tax regions were designed using

rimer3Plus software (version:3.2.6). The 𝛽-actin was used as the inter-

al control for the PCR reactions. The list of the primers for the current

tudy is provided in Table 1 . 

The mixture for 𝛽-actin, BLV Gag , and BLV Tax included 12 μL of the

ommercially available 2X Super MasterMix (Yekta Tajhiz Azma, Iran),

 μL of each gene-specific forward, 1 μL of reverse primers, 6 μL of tem-

let, and 5 μL of PCR-grade water. The PCR thermal program for all

enes was similar, except for the annealing temperature. The annealing

emperatures for each primer are listed in Table 1 . The thermal pro-

rams included 10 minutes at 95°C for primary denaturation, followed

y 45 cycles of 30 seconds at 95°C, 30 seconds at the primer-specific an-

ealing temperature, and 40 seconds at 72°C. Each PCR cycle contained

 final extension step for 10 minutes at 72°C. The PCR amplicons were

isualized using 1% agarose gel electrophoresis. 
234 
All the statistical evaluations were performed using SPSS (version

4), and a p -value of less than 0.05 was considered a significant differ-

nce for every appropriate statistical test based on the variable. 

esults 

The study results represent that the mean age of the patients was

9 ± 9.5, and 27 (24.77%) of them were male. The clinical evaluation of

he evaluated patients represents the most frequent MS type is RRMS

n = 71, 65.14%) followed by SRMS (n = 21, 19.26%) ( Table 2 ). There

ere no statistically significant differences between the MS type and

atients’ age or gender (P > 0.05). 

The BLV evaluation did not show any BLV DNA presence in the PBMC

f MS or HC groups. ( Figure 1 A ). All the PCRs include a positive control

or both genes of BLV. The 𝛽-actin was evaluated in all samples as an

nternal control ( Figure 1 B ). 

iscussion 

In 1978, Beverly et al. identified BLV as the causative agent of en-

ootic bovine leukosis (EBL). cDNA–DNA hybridization showed that the

irus is an exogenous retrovirus. The proviral sequences in the lympho-

ytes and normal tissues of bovine and ovine samples with positive serol-

gy and tumor were reported to be 45% and 38%, respectively [15] . 

Hausen first mentioned the role of infectious agents in beef and milk,

nd listed these as risk factors for some cancers [16] and MS [17] . How-

ver, a study by Lee et al. on samples from 517 leukemia patients and

62 lung cancer cases, using PCR assay and primers for the BLV en-

elope gene, showed negative results for all samples [18] . In a study

y Buehring et al. on 257 serum samples from healthy individuals, an-

ibodies against BLV p24 antigen were found in 74% of the samples.

owever, this study stated that antibodies against this virus could have

een caused by viral antigens consumed through food [12] . In a survey

y Nikbakht et al., detection of anti-BLV antibodies by ELISA and of

LV provirus by PCR in 454 healthy human samples showed that 12.5%

f people (57 samples) had antibodies against BLV, and that 12.3% of

hese antibody-positive samples (seven samples) (1.5%) were positive

or BLV DNA [19] . However, the authors discussed the possibility that

hese BLV proviruses may be non-integrated elements that circulate in

ody fluids, and thus do not demonstrate that BLV DNA is integrated

nto human cells. 
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Figure 1. Gel electrophoresis of the PCR products. (A) The 598 bp band for Gag and the 207 bp band for Tax of BLV, compared with the negative control. (B) The 

𝛽-actin 101 bp band as an internal control in four different samples. 

 

M  

a  

p  

S  

—  

a  

t  

C  

l  

a  

a

 

t  

e  

N  

w  

p  

c  

p  

s  

b  

t

C

 

p  

a

C

D

F

 

g

E

 

1

A

 

A  

p  

t  

s

A

 

D  

D  

C  

t

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

 

[  

 

 

[  

[  
There have been a few studies on the association between BLV and

S, most of which involved analyzing serum samples of patients. In

 study by Koprowsky et al. on serum and spinal fluid samples of MS

atients, antibodies were identified that reacted with the HTLV virus.

ince antibodies against the HTLV virus also react with the BLV virus

there is an 11% homology between the genomic sequence of HTLV

nd BLV virus — this study suggested that the possibility of infection of

hese patients with BLV should be considered [14] . In another study by

lausen et al. on 27 serum samples of MS patients, it was found that the

evels of antibodies against BLV increased in MS patients [13] . However,

s mentioned above, this increase in antibody levels could be due to viral

ntigens consumed through meat or milk contaminated with the virus. 

In our study, which was performed on 109 PBMC samples from pa-

ients with MS and 60 samples from healthy individuals, BLV DNA was

valuated by PCR with two pairs of primers for the Gag and Tax genes.

o bands were obtained for the patient and healthy groups. Our results

ere consistent with the study by Lee et al. on cancer and healthy sam-

les evaluated by PCR [18] . However, the small sample size of our study

ould considered a limitation. It is therefore suggested that more sam-

les should be assessed for detection of BLV provirus by PCR, and that

erum antibodies against BLV p24 antigen are evaluated simultaneously

y ELISA to determine the role of BLV antigens that may be transmitted

hrough the diet. 

onclusion 

The results of our study represent no evidence of BLV in Iranian MS

atients. Further evaluations of the possible association between BLV

nd MS are required for a clear conclusion. 
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