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Abstract	  
 

Background: Infectious Mononucleosis (IM) is a benign lymphoproliferation that results from 

primary Epstein-Barr virus (EBV) infection, delayed until adolescence or young adulthood. It 

is well established that EBV is also a co factor in the development of many malignant 

diseases, one of them being Hodgkin Lymphoma (HL). In addition to EBV infection, a history 

of IM has further been identified as a risk factor for HL. A genetic predisposition to both 

diseases has been proposed. This study aimed to evaluate single nucleotide polymorphisms 

(SNPs) associated with HL, in relation to IM development, to try and determine a common 

genetic factor between the diseases.  

 

Method: DNA samples from 343 individuals, 194 IM cases and 149 controls (EBV 

seropositive and asymptomatic EBV seroconvertors), were genotyped using TaqMan PCR 

technology for five SNPs associated with risk of HL and defense against viral infection. Two 

SNPs are located in genes encoding the EOMES and TCF3 proteins, essential for B and T 

cell development. Two SNPs locate to the IL-28b gene and the fifth SNP to the HLA class II 

locus and the DP-beta 2 gene. Minor allele frequency and genotype distribution were 

compared across the study groups. 

 

Results: The G allele of SNP rs6457715 (DP-beta 2 gene), is associated with increased risk 

of IM development (OR: 1.7, CI: 1.039-2.924, P=0.035). This association was pronounced for 

the GG genotype (OR: 7.3, CI: 1.984-26.735, P=0.003). Previous association with the HLA-

DRB1*01:01 allele and IM was also confirmed (OR: 4.7, CI: 1.713-12.919, P=0.003). 

 

Conclusion: The results suggest a common genetic factor, located in the DP-beta 2 gene, 

for IM and EBV positive HL.  Further investigation of the role of this gene, along with SNPs in 

linkage with this gene is required in larger study groups. 
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EBV: Epstein Barr virus 
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1 Introduction	  
 

1.1 Epstein Barr Virus 
 

Epstein-Barr virus (EBV) is a human, ubiquitous gamma herpesvirus, first discovered in 1964 

by Epstein et al. [1] The virus is generally transmitted orally via saliva and following primary 

infection, persists in a latent state for life, usually without complications. However, this 

persistent infection has oncogenic potential. EBV was the first virus discovered to cause 

cancer in humans and has been associated with several malignant diseases such as Burkitt 

lymphoma, nasopharyngeal carcinoma and Hodgkin lymphoma (Table 1). [2] The 

epidemiology of EBV infection varies between industrialized and developing countries with 

seroprevalence being close to 100% by the age of 4 in the developing world and estimates of 

25-70% in higher socioeconomic groups in the United States. Infection of individuals in higher 

socioeconomic groups is generally thought to occur later in life in a subset of individuals. [3] It 

is estimated that over 90% of the world’s adult population is infected with the virus, making 

EBV one of the most common and widespread human viruses. [4] 

Table 1: EBV associated diseases 

Disease EBV 
Association (%) 

Infectious mononucleosis 90 
Hodgkin lymphoma 30-40 
Burkitt lymphoma- endemic 97-100 
Burkitt lymphoma-sporadic 25 
Nasopharyngeal carcinoma* 100 
Gastric carcinoma** 5-15 
B cell lymphoproliferative disease 90 
T/NK cell lymphoma 5-100 
*Undifferentiated carcinoma of nasopharyngeal type 
**Gastric adenocarcinoma. 
 
 
 

EBV enters the body via the mouth and infects B lymphocytes in oropharyngeal lymphoid 

tissue (tonsil, adenoids), inducing their proliferation. The virus is then disseminated 

throughout the body in circulating infected B cells. Infection induces an EBV-specific, 

cytotoxic T-cell response (CTL) which is essential for control of the infection.  Upon resolution 

of primary infection a persistent virus carrier state is established in which around 1 to 60 x 106 

circulating B lymphocytes carry viral DNA. [5] EBV can also infect epithelial cells with infection 

of epithelial cells prior to infection of B-lymphocytes within the oropharynx proposed as a 
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potential entry mechanism for EBV. [6] 

The EBV genome contains a set of unique latent genes, EBV nuclear antigens (EBNA) 1, 2, 

3A, B and C, leader protein (LP), latent membrane proteins (LMP) 1, 2A and B, as well as two 

small EBV-encoded RNAs (EBERs) 1 and 2, which act in unison to induce proliferation and 

immortalization of B cells infected in vitro. EBNA2 is the main transactivator of viral and 

cellular genes, whereas LMP1 and 2A mimic CD40 and B-cell receptor signaling, 

respectively. [2] B cells expressing these latent antigens can be found in tonsillar tissue, but a 

more restricted latent viral gene expression is seen in peripheral blood B cells. [7] Although 

EBERs and LMP 2A mRNA are regularly detected, it now appears that in most cells the virus 

is transcriptionally silent. In EBV associated disease the expression of these viral proteins is 

altered resulting in three latency patterns noted in Table 2. [8] [9] A reduction in viral protein 

expression leaves an infected B cell essentially invisible to the immune system making 

detection of EBV associated tumor by CTLs difficult. 

 

Table 2: Latency types and genes expressed in EBV associated diseases  

Latency type Disease Latent genes 
expressed 

I Burkitt lymphoma EBNA1 

  Gastric carcinoma   

II Hodgkin Lymphoma EBNA1, LMP1, LMP2 

  Nasopharyngeal carcinoma   

III Infectious mononucleosis EBNA1, EBNA2, EBN3,  

  Other lymphoproliferative diseases LMP1, LMP2, BARF1 
 

 

1.2 Infectious Mononucleosis 
 

Infectious mononucleosis (IM) is an acute, lymphoproliferative disease caused by primary 

EBV infection. Primary EBV infection is usually acquired in childhood and generally results in 

no or nonspecific symptoms. Primary infection acquired during adolescence or early 

adulthood can however manifest as IM in 25-70% of cases. [10] 

 

Presentation of IM is normally characterized by fever, pharyngitis, lymphadenopathy and 

fatigue. Many patients also present with splenomegaly and/or hepatomegaly although these 

symptoms become more common in patients as the disease progresses. Complications 
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associated with more severe forms of the disease include encephalopathy, 

hemophagocytosis, fulminant hepatitis and splenic rupture. However, complications are rare 

and usually affect older patients with IM. Full recovery is generally made within 2-6 weeks but 

prolonged fatigue is common and chronic and fatal outcomes, although rare, do occur. [4, 11, 

12] 

 

The incidence of IM is common in western societies with 40-50 cases per 100.000 annually, 

whereas the disease is rare in developing countries. This is most likely explained by the 

natural epidemiology of infection demonstrating differences between developed and non-

developed countries, discussed above. [4] 

 

During IM, infected B lymphocytes in the oropharynx proliferate, leading to rapid expansion of 

CD8+ CTL’s, increased activity of CD4+ T cells and an increased number of NK cells. This 

drives a massive production of cytokines, mainly interferon γ (IFNγ) and tumor necrosis factor 

α (TNF α) and it is these cytokines that are responsible for the clinical presentation of IM. [4, 

10, 13]  

 

Those factors that determine the development of IM as opposed to a silent EBV infection are 

unknown. One theory suggests that the size of the initial viral inoculum is a contributory factor 

to disease development. A large dose, possibly acquired through sexual contact between 

young adults, would result in a high level of T cell stimulation, leading to a greater immune 

response.[10, 14, 15] However, comparable virus loads have been detected in acute IM 

patients and subjects with asymptomatic primary EBV infection. [16]  

 

An alternative possibility is that IM development may have a genetic basis. Polymorphisms in 

cytokine genes could result in altered cytokine release and affect susceptibility to infection. 

Polymorphisms leading to low amounts of IL-10 production have been associated with 

increased susceptibility to EBV infection [17, 18] whereas genetic variance in the IL-1 locus 

has been associated with EBV seronegativity. [19] In addition, genetic differences within the 

HLA region could also affect the presentation of viral peptides to T cells, resulting in reduced 

or less effective immune responses. [10] The HLA-DRB1*01:01 allele is significantly 

associated with IM development with the allele being overrepresented in patients with IM 

compared with individuals with an asymptomatic EBV infection. [20] Microsatellite markers 

within the HLA locus, D6S510 and D6S265, are also significantly associated with the 

development of IM, with individuals homozygous for allele 1 of D6S510 and allele 3 of 

D6S265 being up to 3 times more likely to develop the disease than others. [10] This data 

suggest that factors that alter the function of the immune response may contribute to the 

pathogenesis of IM. 
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1.3 EBV and Hodgkin Lymphoma 
 
As mentioned above, EBV infection is associated with the development of several tumors 

including Hodgkin lymphoma (HL). HL is a tumor of the lymph nodes made up of normal B 

and T cells with the malignant Hodgkin and Reed Sternberg cells (RS cells) making up 

around 1% of the tumor. HL is generally divided into two types, classic Hodgkin lymphoma 

(cHL) and nodular lymphocyte predominant Hodgkin lymphoma. [21] 

HL is one of the most common cancers in young adults in the developed world with around 

95% of cases being of the cHL type. Around 30-40% of cHL in the western world are EBV 

positive with the HRS cells containing the EBV genome and expressing viral antigens. [13] In 

addition to increased risk of HL with EBV infection, the risk of developing the disease is also 

increased (2-3 fold) in individuals with a history of IM (Figure 1). Estimates suggest that 1 in 

1000 IM patients will develop HL in the first few years after resolution of IM symptoms. [22] 

Taken together, this data suggests that the development of EBV positive HL is related to the 

control of primary EBV infection. [10, 13, 22, 23] 

 

 

 
 
 
 

Figure 1: Risk factors for development of HL 

 
 
As with IM, a genetic predisposition to HL development is proposed. This is supported by 

several strands of evidence. First, the incidence of HL varies significantly between racial and 

ethnic groups with the Asian population showing one of the lowest incidence rates. [2] 

Secondly, studies of cHL indicate a 3-9 fold increased risk of cHL in first-degree relatives of 

index cases. [24] Furthermore, a study of monozygotic and dizygotic twins demonstrated that 

the co-twin of a monozygotic cHL index case has a 100-fold increased risk of developing the 

disease. [16] These reports led to the search for a gene or genes associated with disease HL 

development.  
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1.4 Previous HL Genetic Association Studies 
 
Genetic studies have identified an association between microsatellite markers, D6S510 and 

D6S265, located within the HLA-A locus, and EBV positive cHL. [25] As mentioned in section 

1.2, the same two microsatellite markers have been associated with the development of IM. 

Studies of the HLA class I locus and EBV positive cHL patients have further demonstrated the 

significance of HLA class I polymorphisms in cHL risk. HLA-A*01 was associated with 

increased risk of EBV positive HL whereas HLA-A*02 was associated with decreased risk, 

with HLA-A*01 homozygous patients being up to 10 times more likely to develop EBV positive 

HL than patients homozygous for HLA-A*02. IM remained an independent risk factor for cHL 

in these studies although the effect was reduced by the presence of the HLA-A*02 allele 

suggesting some connection. [13] In allele selection modelling, Johnson et al confirmed the 

association with HLA-A*01 and also demonstrated associations with HLA-B*37:01, 

DRB1*15:01 and DPB1*01:01 and EBV positive HL. [26] 

 

Genome wide association studies (GWAS) have also identified single nucleotide 

polymorphisms (SNPs) within the HLA region associated with cHL overall and cHL stratified 

for EBV status.  The HLA class I SNPs rs2734986 and rs6904029 both show significant 

associations with EBV positive HL with rs2734986 associated with increased risk and 

rs6904029 with a decreased risk. Risk of cHL overall is decreased for the class I SNP 

rs2248462 and the HLA-class II SNP rs2395185. The HLA class II SNP rs6903608 is 

associated with an increased risk of EBV negative cHL. These observations suggest that 

EBV-related and EBV-unrelated cHL have different natural histories and that control of EBV 

infection is crucial in the process. [21]  

 

1.5 Single Nucleotide Polymorphisms Selected for 
Investigation 

 
Recently, SNPs outwith the HLA region and one further gene within the HLA region have 

been correlated with the development of HL [27, 28] (Table 3). These SNPs are located in 

genes involved in immune function and response and as such may be important in the 

pathogenesis of IM. 

Two of the SNPs selected, localize within genes necessary for immune cell development and 

differentiation. SNP rs3806624 has been associated with increased risk of all cHL. [27] This 

SNP localizes 5’ to the eomesodermin (EOMES) gene within the p53 response element 

affecting p53 binding as well as the encoded protein necessary for the differentiation of 

effector CD8+ T cells, crucial in defense against viral infections. The rs1860661 SNP localizes 

within the intron of Transcription factor 3 (TCF3), a gene coding for a protein required for the 
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development of B and T cells. This SNP has been shown to reduce the risk of EBV negative 

HL. [28] SNP rs6457715 is located within the DP-beta 2 gene, a pseudogene in the HLA 

class II region, the function of which is not yet understood. Recent studies have shown an 

association with increased risk of EBV positive cHL in individuals carrying the minor allele. 

 

In addition, two SNPs, rs8099917 and rs12979860 located upstream of the IL28b gene locus, 

are of interest in the development of IM.  These SNPs code for the cytokine interleukin 28b 

which is released in response to viral infections.  Recently, these SNPs, especially 

rs12979860, have been associated with an improved response to ribavirin treatment in 

patients with Hepatitis C infection and spontaneous clearance of the Hepatitis C virus. [29] 

Alteration of the IL-28b response may explain why some individuals develop the symptoms of 

IM upon delayed primary EBV infection and others do not. 

 

Table 3: SNPs selected for analysis 

SNP	   Association	   Localization	   Description	  

rs3806624  All cHL 5’ to the EOMES gene on 
chromosome 3 

Encoded protein 
necessary for the 

differentiation of effector 
CD8+ T cells 

rs1860661  
EBV 

negative 
cHL 

Within an intron of TCF3 on 
chromosome 19 

Encoded protein required 
for B and T lymphocyte 

development 

rs6457715 EBV positive 
cHL 

HLA class 2 region within 
the DP-beta2 gene 

Function of gene and 
SNP unknown 

rs8099917 

No cHL 
association 

Located upstream of the 
IL28b gene locus on 

chromosome 19 

Encoded protein is 
interleukin 28b which can 

be induced by viral 
infection.  

 
Associated with viral 

clearance and response 
to hepatitis C treatment 

rs12979860 

 
 

1.6 Study Objective 
Due to the immunopathological nature of both IM and HL, and the observation that both EBV 

infection and IM are independent risk factors for the development of EBV positive HL, a 

common genetic component is proposed for both diseases. The objective of this study is to 

investigate the role of SNPs associated with cHL and their contribution, if any, with the 

development of IM in a cohort of IM patients and controls. In addition, the SNPs will be 

investigated in the context of symptomatic versus asymptomatic delayed primary EBV 
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infection to determine if associations are a consequence of delayed primary EBV infection in 

general. 
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2 Materials	  and	  Methods	  
 

2.1 Study Population 
 
Participants enrolled in a study investigating EBV prevalence in students and carried out at 

the University of Edinburgh provided blood for DNA extraction.  Samples were collected from 

1999-2002 from students who registered at the University Health Service (UHS). Each 

student provided a blood sample, from which, serological testing was performed and EBV 

status determined as either positive or negative.  Those seronegative were asked to return if 

they displayed symptoms of IM.  In addition, serological testing was conducted upon exit from 

university to identify individuals who seroconverted without experiencing symptoms of IM.  

Individuals diagnosed with IM at the UHS, who were not a part of the original study, were also 

recruited and included in the study based on serological diagnosis of IM. These subjects were 

recruited from 1999 until 2012. 

 

In total, 343 individuals were recruited to this study. The group consisted of 194 IM cases and 

149 control cases. The control group was further divided into an EBV positive group and an 

asymptomatic group. (Table 4) 

 

Table 4: Study population 

 
 

 
The EBV positive group comprised subjects who were seropositive for EBV when the study 

began and had no previous history of IM. It is therefore likely that these individuals acquired 

the infection early in life and silently seroconverted. 

 

The asymptomatic group consisted of individuals who were seronegative upon enrollment but 

converted during the study period without experiencing the symptoms of IM.  This group 

 

Type 
Median age 

(yrs) 
Min. Age 

(yrs) 
Max. Age 

(yrs) 
Female 

(n) 
Male 

(n) Total (n) 

IM 20 16 65 123 71 194 

Positive 19 17 34 64 44 108 

Asymptomatic 18 18 26 26 15 41 

Total (n)       213 130 343 
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consisted of people ranging from 18-20 years of age and can therefore be classified as young 

adults experiencing delayed primary EBV infection without developing IM. 

 

The IM group was made up of individuals diagnosed with IM at the UHS. This includes 

subjects who were recruited during the study after having been diagnosed with IM in addition 

to those from the original study cohort. 

 

2.2 DNA Extraction 
 
DNA was extracted from cell pellets using a QIAamp mini DNA extraction kit (Qiagen, 

Crawley, UK). Briefly, approximately 2 million cells were lysed with a lysis buffer and QIAamp 

proteinase K at 50°C allowing binding of DNA to the QIAamp membrane located in the 

extraction columns. The QIAamp membrane bound DNA was washed twice to remove non-

DNA contaminants. Purified DNA was eluted from the spin columns in AE buffer. 

The extracted DNA was quantified using a Nanodrop spectrophotometer and diluted to 

10ng/µL with nuclease-free H20. [30] 

 

2.3 DNA Genotyping 
 

Genotyping and allelic discrimination of SNPs rs3806624, rs1860661, rs8099917, 

rs12979860 and rs6457715 was carried out at the Centre for Virus Research, University of 

Glasgow. PCR was performed using a SNP genotyping assay and the 7500 fast real time 

PCR system (Applied Biosystems, Paisley, UK). The 10µL reaction mix contained 1x TaqMan 

genotyping master mix, 1x SNP primer mix and 20ng of extracted nucleic acid. The PCR run 

consisted of an initial holding stage followed by a Cycling stage. The holding stage denatures 

DNA and activates Taq polymerase and consisted of 50.0°C for 2 minutes followed by 95.0°C 

for 10 minutes. The cycling stage consisted of 40 cycles of 15 seconds at 95.0°C followed by 

1 minute at 60°C. 

An allelic discrimination post read was performed on the 7500 fast real time PCR system on 

termination of the PCR. Analysis was performed using the 7500 software, version 2.3. 

	  

2.4 Statistical Analysis 
 
Statistical analysis was performed using SPSS Statistics software version 22 (IBM, Armonk, 

NY).  The Chi Square test was used to compare differences across groups. Binary logistic 

regression was used to test predictors of disease development. 
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To assess the minor allele frequency (MAF), data was coded into two groups: carriers and 

non-carriers. SNP genotypes were coded into three groups: homozygous (ancestral allele), 

heterozygous, homozygous (minor allele).  

HLA alleles were coded into two groups for each HLA allele (HLA-A*01:01, -B*08:01, -

B*37:01, -DRB1*01:01, -DRB1*15:01) and designated carriers or non-carriers. 

A p-value less than 0.05 was considered significant for all analyses. 
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3 Results	  
 

3.1 Minor Allele Frequency Analysis 
 

The IM cases (n=194) and positive controls (n=108) were compared in respect to the minor 

allele frequency (MAF) using a chi-square test (Table 5). 

 
 

Table 5: Comparison of MAF for SNPs rs3806624, rs1860661, rs8099917, rs12979860, 
rs6457715 

* chi-square test, p < 0.05 considered significant 

 

 

The frequency of the minor allele was greater in the IM group for rs6457715 with 50% of the 

IM group carrying the allele compared to 39% in the control group. This was of borderline 

significance (p=0.074).  The minor allele frequency was not significantly differently between 

the groups for all other SNPs. 

 

Table 6: Regression analysis of MAF for SNPs rs3806624, rs1860661, rs8099917, 
rs12979860, rs6457715 

SNP Minor allele P value* OR CI (95%) 

rs3806624   A 0.162 1.551 0.838-2.869 

rs1860661   A 0.278 1.401 0.762-2.574 

rs8099917   G 0.792 0.779 0.112-4.989 

rs12979860  A 0.483 0.697 0.255-1.909 

rs6457715 G 0.035 1.743 1.039-2.924 
*binary logistic regression, p < 0.05 considered significant, SNP: Single nucleotide 
polymorphism, OR: Odds ratio, CI: Confidence interval 
 

SNP 

Minor 
Allele 

IM cases (n=194) 
 

Positive Controls (n=108) 
 

P value* 
Number of 

carriers % Number of 
carriers % 

rs3806624 A 151 81.6 78 75.7 0.264 

rs1860661 A 155 80.7 81 75.7 0.307 

rs8099917 G 179 96.2 103 97.2 0.673 

rs12979860 A 169 87.6 99 91.7 0.275 

rs6457715 G 90 50.0 41 39.0 0.074 
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Binary regression analysis was performed for all five SNPs (Table 6). Significant results were 

observed for rs6457715 with an odds ratio (OR) of 1.743 (95% CI: 1.039-2.924, p=0.035). No 

other SNPs demonstrated a significant difference between the groups. 

 

3.2 Genotype Distribution Analysis 
 
The groups were also compared with respect to genotype distribution (Table 7). 

SNP rs6457715 demonstrated significant results when analyzed for genotype distribution with 

a chi-square test (p=0.01). The GG genotype was significantly higher (13.3% versus 2.9%) 

and the AA genotype was significantly lower (50% versus 61%) in IM cases compared to 

controls. Genotype distribution for the other SNPs was not statistically significant. 

 

Table 7: Comparison of genotype distribution for SNPs rs3806624, rs1860661, rs8099917, 
rs12979860, rs6457715 

SNP 
Genotype 

Number of 
IM cases 

(%) 

Number of 
Positive 

controls (%) 
Total (n) P value* 

rs3806624  AA 66 (35.3) 25 (24.3) 91 0.137 

rs3806624  AG 86 (46.0) 53 (51.5) 139  
rs3806624  GG 35 (18.7) 25 (24.3) 60  
rs1860661 AA 62 (32.3) 35 (32.7) 97 0.531 

rs1860661 AG 93 (48.4) 46 (43.0) 139 
 

rs1860661 GG 37 (19.3) 26 (24.3) 63 
 

rs8099917 AA 7 (3.8) 3(2.8) 10 0.854 

rs8099917 AG 63 (33.9) 34 (32.1) 97 
 

rs8099917 GG 116 (62.4) 69 (65.1) 185 
 

rs12979860 AA 101 (52.3) 56 (51.9) 157 0.482 

rs12979860 AG 68 (35.2) 43 (39.8) 111  
rs12979860 GG 24 (12.4) 9 (8.3) 33  
rs6457715 AA 90 (50.0) 64 (61.0) 154 0.010 

rs6457715 AG 66 (36.7) 38 (36.2) 104 
 

rs6457715 GG 24 (13.3) 3 (2.9) 27 
 

* chi-square test, p < 0.05 considered significant, SNP: Single nucleotide polymorphism 
 

 

Binary logistic regression was also performed with respect to genotype distribution. Here, 

genotypes containing the minor allele were compared to the ancestral homozygous genotype 

(Table 8).  
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Table 8: Regression analysis for genotype distribution for SNPs rs3806624, rs1860661, 
rs8099917, rs12979860, rs6457715 

SNP Genotype P value* OR CI (95%) 
rs3806624   AG 0.016 2.559 1.191-5.495 

  AA 0.136 1.692 0.847-3.379 
rs1860661   AG 0.741 1.127 0.555-2.288 

  AA 0.281 1.447 0.740-2.829 
rs8099917   AG 0.784 0.769 0.117-5.065 

  GG 0.683 0.662 0.91-4.795 
rs12979860  AG 0.606 0.728 0.218-2.430 

  AA 0.329 0.590 0.205-1.701 
rs6457715   AG 0.233 1.397 0.806-2.422 

  GG 0.003 7.283 1.984-26.735 
*Binary logistic regression analysis in comparison to ancestral allele genotype, p < 0.05 
considered significant SNP: Single nucleotide polymorphism, OR: Odds ratio, CI (95%): 95% 
Confidence interval 
 
 
SNPs rs3806624 and rs6457715 showed significant results. The ORs for rs3806624 were 

2.559 (95% CI: 1.191-5.495, p=0.016) and 1.692 (95% CI: 0.847-3.379, p=0.136) for 

genotypes AG and AA respectively.  

For rs6457715, the ORs were 1.397 (95% CI: 0.806-2.422, p=0.233) and 7.283 (95% CI: 

1.984-26.735, p=0.003) for the AG and GG genotypes, respectively. 

Only the OR for the GG genotype of rs6457715 and AG genotype of rs3806624 were 

significant. (Table 8) 

 

3.3 Analysis of all SNPs Associated with HL 
 

SNPs (rs6904029, rs6903608, rs2734986, rs2395185, rs248462) associated with HL 

development and previously genotyped for the same cohort of patients were available for 

inclusion in this analysis. MAF and genotypes were available for all IM cases (n=194) and 

positive control cases (n=108). All 10 SNPs were included in a regression analysis to 

determine associations with IM development. (Table 9) 
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Table 9: Comparison of minor allele carrier frequency for SNPs rs3806624, rs1860661, 
rs8099917, rs12979860, rs6457715, rs6904029, rs2734986, rs6903608, rs2395185, 

rs248462 

SNP Minor allele P value* OR CI (95%) 

rs3806624 A 0.128 1.642 0.863-3.109 

rs1860661 A 0.330 1.372 0.727-2.590 

rs8099917 G 0.771 0.757 0.116-4.937 

rs12979860 A 0.441 0.668 0.239-1.867 

rs6457715 G 0.055 1.700 0.990-2.921 

rs6904029 A 0.212 0.704 0.406-1.221 

rs6903608 
C 0.898 0.962 0.531-1743 

rs2734986 
G 0.098 0.622 0.354-1.092 

rs2395185 
T 0.783 1.085 0.608-1.935 

rs248462 
A 0.229 0.705 0.399-1.246 

*Binary logistic regression analysis, p < 0.05 considered significant  
SNP: Single nucleotide polymorphism, OR: Odds ratio, CI (95%): 95% Confidence interval 
 

 

As observed in Table 9, the OR for rs6457715 remained relatively stable when compared to 

the regression analysis described in Table 6, with an OR for rs6457715 of 1.700 (CI 95%: 

0.990-2.921, p=0.055). In this analysis, the p value for rs6457715 increased from p=0.035 to 

p= 0.055 and thereby slightly lost significance. No other SNPs were significantly associated 

with development of IM in this analysis. 
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Table 10: Comparison of genotype distribution for SNPs rs3806624, rs1860661, rs8099917, 
rs12979860, rs6457715, rs6904029, rs2734986, rs6903608, rs2395185, rs248462 

SNP Genotype P value* OR CI (95%) 

rs3806624 AG 0.018 2.656 1.185-5.955 

  AA 0.098 1.875 0.890-3.949 

rs1860661 AG 0.663 1.184 0.555-2.526 

  AA 0.197 1.596 0.785-3.247 

rs8099917 AG 0.954 0.944 0.135-6.585 

  GG 0.973 0.965 0.124-7.520 

rs12979860 AG 0.304 0.512 0.143-1.836 

  AA 0.326 0.576 0.191-1.731 

rs6457715   AG 0.220 1.441 0.803-2.585 

  GG 0.004 7.324 1.859-28.860 

rs6904029 AG 0.923 0.949 0.326-2.759 

  AA 0.226 0.692 0.381-1.256 

rs2734986   AG 0.730 1.119 0.590-2.124 

  GG 0.754 0.774 0.155-3.863 

rs6903608   CT 0.909 1.079 0.294-3.961 

  CC 0.063 0.549 0.292-1.032 

rs2395185   CT 0.703 1.216 0.444-3.330 

  TT 0.952 1.020 0.532-1.958 

rs248462     AG 0.763 1.333 0.205-8.658 

  AA 0.253 0.704 0.386-1.285 
*Binary logistic regression analysis, p<0.05 considered significant, SNP: Single nucleotide 
polymorphism, OR: Odds ratio, CI (95%): 95% Confidence interval 
 
 

In analysis of genotype distribution we observe significant results for rs6457715 with an OR of 

7.324 (CI 95%: 1.859-28.860, p=0.004) for the GG genotype. Significant results were also 

observed for the AG genotype of rs3806624 with an OR of 2.656 of (CI 95%: 1.185-5.955, 

p=0.018). No other significant associations were noted. (Table 10) 

 

 

3.4 Analysis of HLA alleles and SNPs 
 
HLA typing data were also available for the same cohort of patients. HLA alleles previously 

associated with EBV positive cHL and IM were selected for inclusion in our regression 

analysis. These included HLA-A*01:01 (increased risk HL), HLA-B*08:01 (increased risk HL), 

HLA-B*37:01 (increased risk HL, HLA-DRB1*01:01 (increased risk IM) and HLA-DRB1*15:01 

(decreased risk HL). The results are tabulated in Table 11. 
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Table 11: Comparison of minor allele and HLA allele carrier frequency 

SNP/Gene Minor allele/Allele P value* OR CI (95%) 

rs3806624 A 0.169 1.598 0.820-3.117 

rs1860661 A 0.478 1.270 0.657-2.456 

rs8099917 G 0.576 0.563 0.075-4.215 

rs12979860 A 0.583 0.734 0.243-2.214 

rs6457715 G 0.105 1.605 0.906-2.842 

rs6904029 A 0.315 0.743 0.416-1.327 

rs6903608 C 0.658 1.348 0.359-5.057 

rs2734986 G 0.218 0.674 0.360-1.262 

rs2395185 T 0.564 1.200 0.646-2.227 

rs248462 A 0.167 0.650 0.353-1.197 

HLA-A  01:01 0.705 0.767 0.194-3.025 

HLA-B  08:01 0.706 0.853 0.374-1.947 

HLA-B 37:01 0.960 0.951 0.135-6.724 

HLA-DRB1 01:01 0.004 4.065 1.545-10.692 

HLA-DRB1  15:01 0.353 1.394 0.692-2.808 

*Binary logistic regression analysis, p<0.05 considered significant, SNP: Single nucleotide 
polymorphism, OR: Odds ratio, CI (95%): 95% Confidence interval 
 

 

When the HLA alleles are added to the regression analysis the OR remained similar for 

rs6457715 although the p value rose from p=0.055 (Table 9) to 0.105 in this analysis (Table 

11).  

The HLA-DRB*01:01 allele demonstrated the most significant association with an OR of 

4.289 (CI 95% 1.545-10.692, p=0.004). No other associations were noted. 
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Table 12: Regression analysis of genotype distribution and HLA allele carrier frequency 

SNP Genotype P value* OR CI (95%) 
rs3806624   AG 0.414 0.749 0.375-1.498 
rs3806624   AA 0.043 0.416 0.178-0.974 
rs1860661   AG 0.843 0.922 0.412-2.063 

rs1860661   AA 0.274 1.508 0.723-3.145 

rs8099917   AG 0.726 0.691 0.087-5.456 

rs8099917   GG 0.843 0.801 0.090-7.139 
rs12979860  AG 0.352 0.522 0.133-2.053 
rs12979860  AA 0.451 0.635 0.195-2.066 
rs6457715   AG 0.392 1.311 0.706-2.435 
rs6457715   GG 0.015 5.802 1.399-24.059 
rs6904029   AG 0.850 1.115 0.362-3.432 
rs6904029   AA 0.348 0.739 0.393-1.390 
rs2734986   AG 0.915 0.922 0.208-4.093 
rs2734986   GG 0.203 0.633 0.313-1.281 
rs6903608   CT 0.460 1.700 0.416-6.943 
rs6903608   CC 0.762 1.396 0.162-12.060 
rs2395185   GT 0.356 1.675 0.561-5.000 
rs2395185   TT 0.971 1.013 0.502-2.044 
rs248462     AG 0.998 0.998 0.136-7.317 
rs248462     AA 0.167 0.634 0.332-1.211 
HLA-A           01:01 0.584 0.665 0.154-2.870 
HLA-B           08:01 0.825 0.907 0.380-2.164 
HLA-B           37:01 0.890 0.859 0.101-7.318 
HLA-DRB1   01:01 0.003 4.704 1.713-12.919 
HLA-DRB1  15:01 0.287 1.501 0.711-3.169 

*Binary logistic regression, p<0.05 considered significant, SNP: Single nucleotide 
polymorphism,  OR: Odds ratio, CI (95%): 95% Confidence interval 
 

 

In analysis of genotype distribution and HLA allele carrier frequency, significant values are 

observed for rs6457715 with an OR of 5.802 (95% CI: 1.399-24.059, p=0.015). Results for 

HLA-DRB1*01:01 were also significant with an OR of 4.704 (95% CI: 1.713-12.919, p=0.003) 

(Table 12). 
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3.5 Allele Frequency Analysis for SNPs 
 
The allele frequency was compared between the IM and positive control group. Results for 

rs6457715 proved highly significant (p=0.006) with allelic frequency for the minor allele of 

31.7% for the IM group versus 21% for the positive control group. Results for rs3806624 were 

of borderline significance (p=0,055) with an allelic frequency for the A allele of 58.3% in the 

IM group compared to 50%in the positive control group. Other SNPs did not show significant 

results in this analysis. 

 
 

Table 13: Allele frequency analysis of minor allele for IM and positive controls 

 
 

SNP 

 
 

Minor 
allele 

IM cases 
(n=194) 

 
Number of 
alleles (%) 

Positive 
cases (n=108) 

 
Number of 
alleles(%) 

 
 

P value* 

rs3806624 A 218 (58.3) 103 (50.0) 0.055 
rs1860661 A 217 (56.5) 116 (54.2) 0.587 
rs8099917 G 77 (20.7) 40 (18.9) 0.595 
rs12979860 A 116 (30.1) 61 (28.2) 0.640 
rs6457715 G 114 (31.7) 44 (21.0) 0.006 

*chi-square test, p<0.05 considered significant, SNP: Single nucleotide polymorphism 

 

 

3.6 Analysis of Symptomatic Versus Asymptomatic Delayed 
Primary EBV Infection 

 
The minor allele carrier frequency was compared with the asymptomatic group in addition to 

the IM and positive group as tabulated in Table 5. None of the SNPs demonstrated a 

significant association (Table 14). 
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Table 14: Comparison of minor allele carrier frequency in IM, positive control and 
asymptomatic groups 

SNP Minor 
allele 

Number 
of IM 
cases 

(%) 

Number of 
positive 

cases (%) 

Number of 
asymptomatic 

cases (%) 
P value* 

rs3806624 A 151 (81.6) 78 (75.7) 34 (85.0) 0.348 

rs1860661 A 155 (80.7) 81 (75.7) 72 (78.0) 0.589 

rs8099917 G 179 (96.2) 103 (97.2) 41 (100.0) 0.438 

rs12979860 A 169 (87.6) 99 (91.7) 38 (92.7) 0.418 

rs6457715 G 90 (50.0) 41 (39.0) 16 (39.0) 0.142 

*chi-square test, p<0.05 considered significant, SNP: Single nucleotide polymorphism 

 
 
Genotype distribution was also compared with the asymptomatic group included. Borderline 

significance was noted for rs3806624 (p=0.05) with the AA genotype proving to be more 

common in the IM group, 35.1% compared to 24.3% and 17.5% for the positive and 

asymptomatic groups respectively.  Significant results were also observed for rs6457715 

(p=0.015) where the genotype distribution for AG was evenly distributed through all three 

groups but the GG genotype evidently more common in the IM group with 13.3% of 

individuals being homozygous for G compared to 2.9% and 2.4% for the positive and 

asymptomatic groups respectively (Table 15). 

Table 15: comparison of genotype distribution in IM, positive control and asymptomatic 
groups 

SNP Genotype Number of IM 
cases (%) 

Number of 
positive 

cases(%) 

Number of 
asymptomatic 

cases (%) 

Total 
(n) P value* 

rs3806624 AA 65 (35.1) 25 (24.3) 7 (17.5) 97 0.05 

rs3806624 AG 86 (46.5) 53 (51.5) 27 (67.5) 166  
rs3806624 GG 34 (18.4) 25 (24.3) 6 (15.0) 65  
rs1860661 AA 62 (32.3) 35 (32.7) 13 (31.7) 110 0.864 

rs1860661 AG 93 (48.4) 46 (43.0) 19 (46.3) 158  
rs1860661 GG 37 (19.3) 26 (24.3) 9 (22.0) 72  
rs8099917 AA 7 (3.8) 3 (2.8) 0 (0.0) 10 0.775 

rs8099917 AG 63 (33.9) 34 (32.1) 14 (34.1) 111  
rs8099917 GG 116 (62.4) 69 (65.1) 27 (65.9) 212  
rs12979860 AA 101 (52.3) 56 (51.9) 18 (43.9) 175 0.439 

rs12979860 AG 68 (35.2) 43 (39.8) 20 (48.8) 131  
rs12979860 GG 24 (12.4) 9 (8.3) 3 (7.3) 36  
rs6457715 AA 90 (50.0) 64 (61.0) 25 (61.0) 179 0.015 

rs6457715 AG 66 (36.7) 38 (36.2) 15 (36.6) 119  
rs6457715 GG 24 (13.3) 3 (2.9) 1 (2.4) 28  

*chi-square test, p<0.05 considered significant, SNP: Single nucleotide polymorphism 
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The allele frequency was also analyzed including the asymptomatic group (Table 16). Results 

for rs6457715 remained significant (p=0.008) with the allelic frequency for the minor allele, G 

being 31.7% in the IM group compared to 21.0% in the positive control group and 21.7% in 

the asymptomatic group. No other significant association was made with rs3806624 

(p=0.125), which lost the significance observed in Table 15.     

Table 16: Allele frequency for IM, positive control and asymptomatic groups 

 

 

 

 

 

 

 

 

 

 

 
*chi-square test, SNP: Single nucleotide polymorphism 
	  

 

 
 
 
 

SNP 

 
 
 
 

Allele 

 
IM cases 
(n=194) 

 
Number of 

alleles 
(%) 

Positive 
cases 

(n=108) 
 

Number 
of alleles 

(%) 

 
Asymptomatic 
cases (n= 41) 

 
Number of 

alleles 
 (%) 

 
 
 
 

P value* 

rs3806624 A 218 (58.3) 103 (50.0) 41 (51.3) 0.125 

rs1860661 A 217 (56.5) 116 (54.2) 45 (54.9) 0.854 

rs8099917 G 77 (20.7) 40 (18.9) 14 (17.1) 0.710 

rs12979860 A 116 (30.1) 61 (28.2) 26 (31.7) 0.818 

rs6457715 G 47 (31.7) 44 (21.0) 17 (20.7) 0.008 
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4 Discussion 
 

This study aimed to identify genetic components leading to the development of IM as 

opposed to a silent EBV infection as well as to identify a common genetic factor to the 

development of both IM and patients with EBV positive Hodgkin lymphoma. 

 

The results suggest that SNP rs6457715 is associated with the development of IM. MAF 

analysis for SNP rs6457715 indicates that the minor allele G is associated with increased risk 

for IM, with the degree of significance (p=0.035). The genotype distribution analysis for 

rs6457715 also provided a significant association for increased risk of IM.  In the IM group, 

13.3% were homozygous for the minor allele G compared with 2.9% of the positive control 

group. Individuals heterozygous for the allele were evenly distributed between the two 

groups, with 36.7% and 36.2% of individuals heterozygous for the minor allele in the IM and 

positive control group, respectively.  With a p value of 0.01, these results show a significant 

difference in the genotype distribution for the two groups. Regression analysis of the 

genotype distribution for rs6457715 showed an interesting trend with an increase in OR 

between individuals carrying one or two minor alleles. This indicates a potential additive effect 

for the minor G allele and risk of IM with the increased risk for individuals with the GG 

genotype proving highly significant (p=0.003). Allelic frequency was also assessed. For 

rs6457715, the number of G alleles in the IM group was significantly higher than in the 

positive control group, further displaying the risk effects of the minor allele. 

 

When SNPs located in the HLA region and associated with HL development are added to the 

regression model little change is seen in the OR or p values when analyzed by genotype; the 

GG genotype of rs6457715 remained highly significant (p=0.004).  However, the significant 

effect for SNP rs6457715 in the minor allele carrier frequency analysis, decreased slightly, 

from p=0.035 to p=0.055. However, the OR remained similar suggesting that the associated 

IM risk for this SNP is independent of the other SNPs in the model. None of the other HLA 

region SNPs included in the analysis showed a significant association. 

 

Of the five HLA alleles added to the analysis, only HLA-DRB1*01:01 showed a significant 

association (p=0.03), replicating previous association with increased IM risk [20]. The OR for 

rs6457715 remained similar although the degree of significance decreased slightly (p=0.105) 

supporting an independent effect for the rs6457715 SNP with development of IM.  

 

Taken together, our model supports an independent association with risk of IM for SNP 

rs6457715 and HLA-DRB1*01:01. HLA-DRB1*01:01 has not been identified as a risk allele 

for HL, although other alleles/SNPs within the HLA class II region have been associated with 

disease risk. HLA-DRB1*15:01 and DPB1*01:01 are both associated with protection from 
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EBV positive HL whilst DRB1*03:01, DQB1*03:03, rs6903608 with EBV negative HL. This 

would suggest that no HLA risk allele is common to both IM and EBV positive HL. On the 

other hand, SNP rs6457715 is associated with the development of HL, specifically EBV 

positive cHL. Recent, unpublished data indicates that risk is increased 2.3 fold for minor allele 

carriers (personal communication from Professor Ruth Jarrett, Centre for Virus Research, 

University of Glasgow). There is no identified HLA allele association for this SNP and the 

function of the gene is unknown. However, it’s location within the HLA class II region 

suggests that it has a role in determining or shaping the immune response and this 

association with IM strengthens this hypothesis. Our results would therefor suggest a 

common genetic determinant, other than HLA, to both diseases. 

 

The Asymptomatic group was added into the analysis to assess genetic difference in those 

with delayed primary infection but with no IM symptoms. When analyzed for the minor allele 

carrier frequency, no significant results were noted. However, when analyzed in terms of 

genotype, significant associations were made for rs6457715 with 13.9% of individuals in the 

IM group homozygous for the G allele compared to 2.4% and 2.9% in the positive control and 

asymptomatic groups, respectively. The GG genotype is evidently more common in the IM 

group. Results for rs3806624 bordered on significance (p=0.05). The AA genotype was more 

common in the IM group, with 35.1% of individuals displaying the genotype compared to 

24.3% and 17.5% in the positive and asymptomatic group, respectively. SNP rs3806624 

showed substantially less significance when analyzed for genotype distribution without the 

asymptomatic group. This could be explained by the small sample size in the study. These 

data suggest that the association with rs6457715 is specific for symptomatic primary EBV 

infection. 

 

The observed fluctuation in p value observed with rs6457715 when analyzed with HLA SNPs 

and alleles could be explained by several factors. Firstly, the study may lack statistical power 

to detect weak associations due to the limited numbers of cases tested. Secondly, statistical 

background noise due to the increasing number of co-variants in the regression model may 

contribute to variation. Further studies are therefore needed to confirm the risk observed with 

the G allele of SNP rs6457715 and risk of IM. This would optimally be done with a larger 

study group to gain more statistical power and analyzed with more advanced statistical 

methodologies to reduce any statistical noise. The biological significance of the SNP and the 

gene in which it is located, also needs to be identified in order to gain a better understanding 

of the risk this SNP poses. 

 

In summary, our findings suggest that individuals carrying the G allele of SNP rs6457715 

have a 1.7 fold increased risk of developing IM. Our study also suggests an additive risk of 

carrying two G alleles, with the risk for homozygote individuals being over 7 fold. We also 

observed the prior noted association of HLA-DRB1*01:01 with IM risk but found no evident 
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linkage between rs6457715 and HLA-DRB1*01:01. In addition, SNP rs6457715 demonstrated 

no association with asymptomatic primary EBV infection. This could indicate that the minor 

allele is associated with an altered immune response leading to symptoms of IM and not 

directly with delayed primary infection. Lastly, the data suggest a common genetic element to 

both IM and EBV positive cHL with rs6457715 associated with increased risk for both. 
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