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Infectious	mononucleosis	(IM)	is	an	immunopathological	disease	caused	by	EBV	that	occurs	in	young	adults	
and	is	a	risk	factor	for	Hodgkin	lymphoma	(HL).	An	association	between	EBV-positive	HL	and	genetic	mark-
ers	in	the	HLA	class	I	locus	has	been	identified,	indicating	that	genetic	differences	in	the	HLA	class	I	locus	
may	alter	disease	phenotypes	associated	with	EBV	infection.	To	further	determine	whether	HLA	class	I	alleles	
may	affect	development	of	EBV-associated	diseases,	we	analyzed	2	microsatellite	markers	and	2	SNPs	located	
near	the	HLA	class	I	locus	in	patients	with	acute	IM	and	in	asymptomatic	EBV-seropositive	and	-seronegative	
individuals.	Alleles	of	both	microsatellite	markers	were	significantly	associated	with	development	of	IM.	Spe-
cific	alleles	of	the	2	SNPs	were	also	significantly	more	frequent	in	patients	with	IM	than	in	EBV-seronegative	
individuals.	IM	patients	possessing	the	associated	microsatellite	allele	had	fewer	lymphocytes	and	increased	
neutrophils	relative	to	IM	patients	lacking	the	allele.	These	patients	also	displayed	higher	EBV	titers	and	mild-
er	IM	symptoms.	The	results	of	this	study	indicate	that	HLA	class	I	polymorphisms	may	predispose	patients	
to	development	of	IM	upon	primary	EBV	infection,	suggesting	that	genetic	variation	in	T	cell	responses	can	
influence	the	nature	of	primary	EBV	infection	and	the	level	of	viral	persistence.

Introduction
Infectious mononucleosis (IM) is a benign lymphoproliferative 
disease that commonly occurs in adolescence or early adulthood 
and is characterized by fever, lymphadenopathy, and pharyngi-
tis. The symptoms are thought to be immunopathological in 
nature, resulting from cytokines such as IFN-γ and IL-2 being 
released from the large numbers of circulating, virus-specific, 
CD8+ CTLs typically seen in the acute disease (1). In support 
of this, a correlation between the level of activated CTL and the 
severity of IM symptoms has recently been reported (2). The 
symptoms of IM usually resolve within 6 weeks; however, rare 
chronic and fatal outcomes occur (3), and a recent survey sug-
gests that the number of hospital admissions with severe IM is 
increasing in Western countries (4).

IM is caused by EBV, a ubiquitous γ herpesvirus that infects over 
90% of the world’s population (5). Primary infection generally 
occurs in early childhood and is usually subclinical; however, in 
older patients, it manifests as IM in 25%–70% of cases (6, 7). After 
primary infection, EBV establishes latency in B lymphocytes with 
virus production in the oropharynx and is spread via saliva. This 
persistent infection is etiologically linked to a number of lymphoid 
and epithelial tumors, including Burkitt lymphoma, nasopharyn-
geal carcinoma (NPC), and Hodgkin lymphoma (HL).

HL is one of the most common tumors in young adults in the 
West, where its incidence is increasing (8). Approximately 1,500 new 
cases occur each year in the United Kingdom, and HL now accounts 

for 1 in 8 of all lymphomas diagnosed. In approximately 25%–50% 
of Western HL cases, malignant Reed-Sternberg cells carry the EBV 
genome (9) and express viral antigens. The etiological link between 
EBV and HL is further substantiated by the finding that a previous 
history of IM is a significant risk factor for EBV-associated HL with 
around 1 in 1,000 patients with IM later developing HL (10, 11).

The factors that determine the development of IM as opposed 
to silent primary EBV infection are unknown. One theory suggests 
that the size of the initial viral inoculum is a contributory factor 
in that a large dose, possibly acquired through sexual contact 
between young adults, would result in a high level of T cell stimu-
lation and hence the immunopathological symptoms of IM (6, 7). 
This theory is supported by the significant association reported 
between severe symptoms, high viral load, and increased T cell 
activation (2). However, in another study, comparable virus loads 
were found in acute IM patients and subjects with asymptomatic 
primary EBV infection (12).

Another possibility is that IM development has a genetic basis. 
Polymorphisms in cytokine genes and their receptors can result 
in high or low cytokine production, and recently, low IL-10 pro-
duction has been associated with susceptibility to EBV infection 
(13, 14) whereas polymorphisms in the IL-1 complex have been 
related to EBV seronegativity (15).

Genetic differences in the HLA locus are of interest since HLA class 1  
alleles may affect the efficiency of viral peptide presentation to T 
cells, with resultant differences in the effectiveness of the immune 
response. Clearance of hepatitis C virus, for example, has been asso-
ciated with HLA-A*03 and B*27 alleles while CTLs expressing differ-
ent but closely related HLA molecules have shown significant func-
tional differences when targeting identical HIV epitopes (16–18).  
Recent studies have highlighted HLA class I associations with both 
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EBV-positive HL and NPC. Diepstra et al. identified alleles of 2 mic-
rosatellite markers (D6S265: 126-bp allele; and D6S510: 284-bp 
allele) that are significantly associated with EBV-positive HL and a 
class III microsatellite, D6S273, that correlated with EBV-negative 
HL (19). Further work by the same group found SNPs within an 
80-kb region, located near the HLA-A and HcG9 genes, which are 
also associated with EBV-positive HL (20). In another study, a region 
between the D6S510 and D6S211 markers of the HLA-A locus was 
associated with the development of NPC (21). Microsatellite mark-
ers show the highest degree of linkage disequilibrium with the HLA 
locus that is located nearest in the genome. In haplotype prediction 
studies, both the D6S510 and D6S265 microsatellite markers have 
been shown to have strong linkage disequilibrium with the HLA-A 
locus, with D6S510 associated with HLA-A1 subtype and D6S265 
with HLA-A3 subtype (22).

Due to the well-substantiated association between IM and EBV-
positive HL, we speculated that the development of IM during pri-
mary EBV infection may also be associated with HLA class I poly-
morphisms. We therefore analyzed 2 microsatellite markers from 
the HLA class I region (D6S510 and D6S265) previously associ-

ated with EBV-positive HL and 2 SNPs (rs2530388 and rs6457110) 
situated at either end of the 80-kb region of interest to identify 
links between IM and allele frequency. One further marker from 
the class III region (D6S273) associated with EBV-negative HL was 
analyzed as a control.

Results
HLA class I microsatellite polymorphisms predispose to IM. HLA geno-
typing for the 3 microsatellite markers (D6S265, D6S510, and 
D6S273) was performed on EBV-seropositive, EBV-seronegative, 
and IM subject groups. We identified 10 alleles (range 284-306 
bp) for the D5S510 marker, 13 alleles (range 122-142 bp) for the 
D6S265 marker, and 9 alleles (range 128-144 bp) for the D6S273 
marker (Table 1). All 3 markers were in Hardy-Weinberg equilib-
rium for each group. Among EBV-positive subjects, a significant 
difference between those with symptoms of IM and those without 
symptoms was observed for allele 1 of marker D6S510 (41.8% and 
30.5% respectively, P = 0.01) and allele 3 of D6S265 (45.9% and 
35.2%, P = 0.02) (Table 1). Significant differences were also found 
between EBV-seronegative subjects and IM patients for the same 

Table 1
Allele frequency of microsatellite markers D6S510, D6S265, and D6S273 in EBV-seropositive, EBV-seronegative, and IM subjects

Locus	 Allele	 Base	pair		 EBV-positive		 EBV-positive		 P	valueA	 EBV-negative		 P	valueA	

	 	 size	 subjects	with	symptoms		 subjects	without	symptoms	 	 subjects	(n	=	100	alleles)	
	 	 	 of	IM	(n	=	196	alleles)		 of	IM	(n	=	292	alleles)	 	 Frequency	(%)	
	 	 	 Frequency	(%)	 Frequency	(%)
D6S510 1 284 41.8 30.5 0.01 28.0 0.02
D6S510 2 290 0.0 0.0 1.00 1.0 0.33
D6S510 3 292 10.2 13.7 0.26 11.0 0.84
D6S510 4 294 9.2 7.9 0.62 7.0 0.66
D6S510 5 296 6.6 3.8 0.20 2.0 0.10
D6S510 6 298 17.9 24.3 0.09 26.0 0.13
D6S510 7 300 0.5 1.7 0.41 1.0 1.00
D6S510 8 302 13.3 17.5 0.25 24.0 0.02
D6S510 9 304 0.0 0.3 1.00 0.0 1.00
D6S510 10 306 0.5 0.3 1.00 0.0 1.00
D6S265 1 122 10.2 13.1 0.40 11.2 0.84
D6S265 2 124 1.5 0.3 0.31 0.0 0.55
D6S265 3 126 45.9 35.2 0.02 31.6 0.02
D6S265 4 128 9.2 10.1 0.88 11.2 0.68
D6S265 5 130 17.9 23.2 0.18 25.5 0.13
D6S265 6 132 13.8 13.8 1.00 19.4 0.24
D6S265 7 134 0.5 1.7 0.41 1.0 1.00
D6S265 8 136 0.0 0.3 1.00 0.0 1.00
D6S265 9 138 0.5 0.7 1.00 0.0 1.00
D6S265 10 140 0.0 0.3 1.00 0.0 1.00
D6S265 11 142 0.5 0.0 0.40 0.0 1.00
D6S265 12 144 0.0 0.7 0.52 0.0 1.00
D6S265 13 146 0.0 0.7 0.52 0.0 1.00
D6S273 1 128 3.6 4.7 0.65 4.0 1.00
D6S273 2 130 5.7 5.4 1.00 6.0 1.00
D6S273 3 132 12.4 12.4 1.00 13.0 0.86
D6S273 4 134 27.3 25.2 0.60 23.0 0.48
D6S273 5 136 33.0 34.6 0.77 33.0 1.00
D6S273 6 138 1.6 4.4 0.12 2.0 1.00
D6S273 7 140 16.0 11.1 0.13 19.0 0.52
D6S273 8 142 0.5 1.7 0.41 0.0 1.00
D6S273 9 144 0.0 0.7 0.52 0.0 1.00

AFisher’s exact 2-sided P value.



research article

3044	 The	Journal	of	Clinical	Investigation   http://www.jci.org   Volume 117   Number 10   October 2007

2 alleles (allele 1: 28.0% versus 41.8%, P = 0.02; allele 3: 31.6% ver-
sus 45.9%, P = 0.02) as well as for allele 8 of D6S510 (24.0% versus 
13.3%, P = 0.02) (Table 1). Comparison of IM and EBV-seropositive 
groups revealed that individuals homozygous for allele 1 of the 
D6S510 marker and allele 3 of the D6S265 marker had odds ratios 
for development of IM of 2.7 (95% confidence interval [CI]: 1.1-
8.5) and 2.7 (95% CI: 1.1-6.4), respectively. The corresponding odds 
ratios for heterozygotes were 1.6 (95% CI: 0.9-2.9) and 1.4 (95% 
CI: 0.7-2.5) (Table 2). Odds ratios were also different upon com-
parison of IM and EBV-seronegative groups for allele 3 (D6S265 
marker) with odds ratios of 3.3 (95% CI: 1.0-4.1) for homozygotes 
and 1.8 (95% CI: 0.8-4.1) for heterozygotes (Table 2). The increased 
odds ratio in IM subjects homozygous for these alleles indicates 
a codominant effect. No significant frequency differences were 
observed between IM patients and either of the other 2 groups 
(EBV seropositive without IM symptoms or EBV seronegative) for 
alleles of the control marker D6S273.

Allele A of SNP rs253088 and allele T of rs6457110 are associated with 
IM. Analysis of SNP rs253088 (T/A) and rs6457110 (T/A) was per-
formed on 97 EBV IM, 49 EBV-seronegative, and 140 EBV-sero-
positive subjects. Both SNPs were in Hardy-Weinberg equilibrium 
for all 3 subject groups. A significant difference in frequency was 
found between EBV-seronegative subjects and IM patients for 
allele A of SNP rs253088 (30% versus 45%; P = 0.011) and for allele 
T of SNP rs6457110 (57% versus 70%; P = 0.038) (Table 3). Geno-
type analysis between EBV-seronegative subjects and IM patients 
was also performed. For the SNP rs253088, the frequency of the 
A/A genotype was higher in the IM group compared with serone-
gative subjects (23% versus 10%) while the T/T genotype was lower 
in the IM group (51% versus 32%; P = 0.049) (Table 3). Comparison 
between EBV-seropositive subjects and IM patients was of border-
line significance for allele A of rs253088 (37% versus 45%; P = 0.07) 
with no significant difference observed for allele T of rs6457110 
(P = 0.42). Further comparison between these groups for the gen-

Table 2
Genotype frequency and odds ratios of D6S510-allele 1, D6S510-allele 8, and D6S265-allele 3 in EBV-seropositive, EBV-seronegative, and 
IM subjects

Locus	and		 EBV-positive		 EBV-positive		 Odds	ratio		 P	valueA	 EBV-negative		 Odds	ratio		 P	valueA	

genotype	 subjects	with		 subjects	without		 (95%	CI)	 	 subjects		 (95%	CI)	
	 symptoms	of	IM		 symptoms	of	IM		 	 	 (n	=	49)	
	 (n	=	98)	 (n	=	149)

D6S510
Allele 1 heterozygotes 46 (47%) 61 (42%) 1.6 (0.9–2.9) 0.12 18 (36%) 2.0 (0.9–4.6) 0.07
Allele 1 homozygotes 18 (18%) 14 (10%) 2.7 (1.1–8.5) 0.02 5 (10%) 2.9 (0.9–11) 0.08
Allele 1 negative 34 (35%) 71 (49%)   27 (54%)
Allele 8 heterozygotes 20 (20%) 49 (34%) 0.5 (0.3–1.0) 0.04 18 (36%) 0.4 (0.2–0.8) 0.04
Allele 8 homozygotes 3 (3%) 1 (1%) 3.8 (0.3–203.6) 0.33 3 (6%) 0.4 (0.1–3.1) 0.35
Allele 8 negative 75 (77%) 96 (66%)   29 (58%)

D6S265
Allele 3 heterozygotes 48 (49%) 73 (49%) 1.4 (0.7–2.5) 0.09 21 (43%) 1.8 (0.8–4.1) 0.13
Allele 3 homozygotes 21 (21%) 16 (11%) 2.7 (1.1–6.4) 0.02 5 (10%) 3.3 (1.0–4.1) 0.04
Allele 1 negative 29 (30%) 60 (40%)   23 (47%)

AFisher’s exact 2-sided P value.

Table 3
Allele and genotype frequency of rs2530388 and rs6547110 SNPs in EBV-seropositive, EBV-seronegative, and IM subjects

Locus	 Allele	 EBV-positive	subjects	 EBV-positive	subjects	 P	valueA	 EBV-negative		 P	valueA	

	 	 	with	symptoms	of	IM		 	without	symptoms	of	IM 	 	 subjects		
	 	 (n	=	97	subjects;		 (n	=	140	subjects;	  (n	=	49	subjects;	98	alleles)	
	 	 194	alleles)	 280	alleles)	 	 Frequency	(%)	
	 	 Frequency	(%)	 Frequency	(%)
rs2530388 A 45 37 0.07 30 0.011
 T 56 63  70
 AA 23 12 0.098 10 0.049
 AT 45 49  39
 TT 32 39  51
rs6457110 A 30 34 0.427 43 0.038
 T 70 66  57
 AA 10 13 0.748 20 0.122
 AT 40 42  45
 TT 50 45  35

AFisher’s exact 2-sided P value.
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otype A/A of SNP rs253088 revealed an increase in IM subjects 
carrying the A/A genotype (23%) compared with EBV-seropositive 
subjects without IM (12%) although this did not reach statistical 
significance (P = 0.098) (Table 3). No significant differences were 
observed between EBV-seronegative and EBV-seropositive indi-
viduals for any of the alleles or genotypes.

Decreased total lymphocyte counts in IM patients positive for allele 1 
(D6S510 marker) and allele 3 (D6S265 marker). Clinical data and 
viral load estimations were available for 48 IM patients. For each 
allele studied, IM patients were grouped according to the presence 
or absence of each allele and counts of total lymphocytes, neu-
trophils, and monocytes; EB viral loads were assessed in relation 
to these groupings. The median total lymphocyte count was sig-
nificantly lower (P = 0.03) among patients positive for allele 1 of 
marker D6S510 than among those who were negative for the allele 
(Figure 1A; Table 4). The association was even stronger (P = 0.001) 
with respect to allele 3 of marker D6S265. Those positive for the 
allele had a median total lymphocyte count of 3.15 compared 
with a count of 6.80 among those who were negative for the allele 
(Figure 1D; Table 4). The reduction in total lymphocyte counts 

was accounted for by a reduction in individual median 
CD3+, CD8+, and CD4+ cell counts in IM cases that were 
positive for allele 1 of D6S510 and allele 3 of D6S265 
compared with those that were negative and were not 
due to variations in the time of bleeding (allele 1 posi-
tive and negative: median 9 days and 10 days, respec-
tively, after onset of symptoms, P = 0.87; allele 3 positive 
and negative: median 8 days and 12 days, respectively, 
P = 0.25). All subjects who were positive for allele 1 of 
marker D6S510 were also positive for allele 3 of marker 
D6S265, so the apparent association observed for allele 
1 of marker D6S510 may have been due to the linkage 
with the other allele. In contrast, the small number of 
subjects who were positive for allele 3 of marker D6S265 
but negative for allele 1 of D6S510 still had significant-
ly lower (P = 0.003) lymphocyte counts, indicating the 
importance of the latter allele even in the absence of 
the former (Table 4). Similar analyses were performed 
for the SNP alleles and genotypes. Allele A–positive 
(rs2530388) and allele T–positive (rs6457110) subjects 
had lower median total lymphocyte counts when com-
pared with allele-negative subjects; however, this did 
not reach statistical significance (rs2530388, P = 0.31; 
rs6457110, P = 0.67). Individuals homozygous for each 
of these alleles also displayed lower median total lym-
phocyte counts when genotypes were compared.

Altered neutrophil counts in IM patients positive for allele 1 
(D6S510 marker) and allele 3 (D6S265 marker). Although 
within the normal range for the Coulter counter, signif-
icantly higher neutrophil counts were observed among 
subjects positive for allele 1 of D6S510 compared with 
those who were negative for the allele (P = 0.03). How-
ever, as with total lymphocyte counts, a much stron-
ger association (P = 0.004) was observed for allele 3 of 
D6S265, in which the median count among those who 
were negative for the allele was below the normal range 
for the Coulter counter (Figure 1, B and E; Table 4).  
Again, the much stronger association for the latter 
allele suggests its relative importance. Similar analyses 
for the 2 SNPs revealed no significant differences.

No differences were observed in monocyte counts between any of 
the groups for the alleles examined. Allele 8 of the D6S510 marker 
was similarly analyzed with no significant differences observed.

Increased EB viral load in IM patients positive for allele 1 (D6S510 marker)  
and allele 3 (D6S265 marker). There was a suggestion that viral 
loads were raised among subjects positive for allele 1 of D6S510 
compared with those negative for the allele, but the association 
was of borderline significance (P = 0.053). Similarly, the viral load 
was raised among those who were positive for allele 3 of mark-
er D6S265, but the association was not significant (P = 0.12)  
(Figure 1, C and F; Table 4). This trend was also observed with 
allele A (rs2530388) and allele T (rs6457110) and for the homozy-
gous genotype of both alleles.

IM patients positive for allele 1 (D6S510 marker) and allele 3 (D6S265) 
marker present with milder symptoms. We analyzed the IM groupings in 
relation to the severity of clinical symptoms. Data on sore throats 
were available for 39 of the patients and were assessed as mild (able 
to swallow a normal diet) (24 subjects) or severe (unable to swallow a 
normal diet) (15 subjects). Among the 21 patients positive for allele 
1 of the D6S510 marker, 6 (71%) reported that their sore throats 

Figure 1
Analysis of microsatellite markers with clinical features in IM subjects. Panels A–C 
represent subjects positive and negative for the microsatellite marker D6S510-allele 
1; panels D–F represent subjects positive and negative for microsatellite marker 
D6S265-allele 3. Total lymphocyte counts (× 106/ml) (A and D); neutrophil counts  
(× 106/ml) (B and E); viral load (EBV genome copies per 106 cells) (C and F).
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were severe compared with 9 (50%) of the 18 cases negative for the 
allele (P = 0.20). Of the 25 patients positive for allele 3 of the D6S265 
marker, 8 (32%) reported severe sore throats compared with 7 (50%) 
of the 14 cases negative for the allele (P = 0.32) (Figure 2).

Discussion
In this study, we have assessed 2 HLA class I and 1 HLA class III 
microsatellite markers for evidence of an association with acute 
IM. Both HLA class I markers were found to be significantly associ-
ated with the development of IM, with allele 1 (284 bp) of marker 
D6S510 and allele 3 (126 bp) of marker D6S265 showing the stron-
gest effects. Furthermore, a codominant effect was observed in IM 
subjects homozygous for these alleles. An unexpected observation 
was that the frequency of marker D6S510-allele 8 (302 bp) was sig-
nificantly reduced in the IM group when compared with the sero-
negative group, perhaps indicating a role for this allele in protection 
from IM. However, the lack of any significant difference in allele fre-
quency between the EBV-seropositive subjects without symptoms of 
IM and the seronegative subjects for all 3 alleles is an indication that 
these alleles do not confer protection from subclinical EBV infec-
tion. No association was observed between the subject groups and 
the control HLA class III marker D6S273. These findings are similar 
to recent reports associating the HLA class I region, in particular the 
D6S510 (284-bp allele) and D6S265 (126-bp allele) microsatellite 
markers, with EBV-positive HL (19, 20) and provide further evidence 
for an etiological link between IM and EBV-positive HL.

Also in line with recent reports (20) showing an association 
between several SNPs from the HLA class I region and EBV-posi-
tive HL is our finding that allele A of SNP rs2530388 and allele 
T of rs6457110 are more frequent in the IM group compared 
with EBV-seronegative individuals. The A/A genotype for SNP 
rs2530388 is also more frequent in IM compared with our EBV-
seronegative group. The results suggest a genetic link between 
IM- and EBV-associated HL although the association between IM 
and the markers analyzed in this study is slightly weaker than the 
reported association with EBV-positive HL.

The markers we have identified as conferring a predisposition to 
IM are known to be in linkage disequilibrium with the HLA-A locus 
(22). A number of studies have shown that specific EBV peptides 
are presented in the context of specific HLA class I alleles (23, 24), 
and this association of HLA class I markers with IM suggests that 
the genetic makeup of an individual’s HLA class I locus dictates the 
efficiency of viral peptide presentation and the recruitment of T 
cells during the immune response to primary EBV infection. Thus, 

as IM is assumed to be immunopathological in nature, caused by T 
cell–derived cytokines, possession of these markers might be expect-
ed to result in an exuberant T cell response and severe IM. However, 
our results show that in individuals with these alleles, lymphocyte 
counts are significantly lower than in those without. Allele-positive 
patients also had higher viral loads than the allele-negative group. 
This increase was not accounted for by a higher proportion of B 
cells within the lymphocyte population in allele-positive subjects 
(allele 1 and 3 positive: 5%; allele 1 and 3 negative: 7%), suggesting 
that perhaps the virus-specific T cell response itself was insufficient 
to control the virus infection effectively. In addition, there is a sug-
gestion that IM patients with the alleles had milder IM symptoms 
than those without, and this could result from low cytokine produc-
tion by their virus-specific T cells. Thus, possession of either of the 
alleles we have identified appears to result in a weakened or aberrant 
immune response to EBV that predisposes to a mild form of IM.

The significantly higher neutrophil counts observed in IM patients 
positive for the alleles are more difficult to explain since there is no 
known direct link between the HLA locus and neutrophil function. 
As part of the innate immune response, neutrophils, together with 
natural killer cells and monocytes, form the main effector cells early 
in primary EBV infection. By releasing cytokines and chemokines, 
they attract other immune cells to the site of infection and are there-
after depleted, mainly by apoptotic cell death. Recent reports sug-

Table 4
Analysis of D6S510 and D6S265 microsatellite markers in IM patients

Locus	 Allele	 Status	 Total	number	 Total	lymphocytesA	 NeutrophilsA	 Viral	loadB

D6S510 1 Negative 19 5.8 (1.92–9.55) 2.36 (0.56–6.03) 2563 (0–16840)
  Positive 29 3.22 (1.32–8.97) 3.16 (1.52–5.47) 10466 (59–48283)
    P value = 0.03 P value = 0.03 P value = 0.05
D6S265 3 Negative 14 6.80 (4.13–9.55) 1.45 (0.56–5.97) 2409 (0–16840)
  Positive 34 3.15 (1.32–8.97) 3.16 (1.52–6.03) 8387 (26–48283)
    P value = 0.001 P value = 0.004 P value = 0.12
  PositiveC 5 3.01 (1.92–3.41) 3.69 (2.36–6.03) 3766 (26–7800)
    P value = 0.003 P value = 0.07 P value = 0.84

Comparison of total lymphocyte count, neutrophil count, and viral load. A×106 cells/ml. BEBV copies per 106 cells. CPositive for D6S265-allele 3 but negative 
for D6S510-allele 1.

Figure 2
Comparison of severe and mild sore throats in IM subjects. IM subjects 
positive and negative for marker D6S510-allele 1 and marker D6S265-
allele 3 were compared for differences in presentation of sore throats. 
Mild, black bars; severe, white bars. P values for comparison of mild 
symptoms between allele-positive and -negative subjects are indicated.
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gest that EBV can directly infect neutrophils and alter their cytokine 
production (25). However, it seems more likely that the low neutro-
phil counts observed in allele-negative subjects are a direct result 
of neutrophil apoptosis following recruitment of T cells to sites 
of infection. In a recent case control study on IM, the median neu-
trophil count in IM subjects at time of diagnosis was significantly 
lower than that of age-matched controls, with 26% of IM cases hav-
ing neutrophil counts below the lower limit of the normal range  
(P = 0.015, K. Macsween, unpublished observations). Thus, finding a 
significantly higher median neutrophil count (although still within 
the normal range) in allele-positive subjects in the present study may 
just reflect the milder IM symptoms in these subjects.

The classic Reed-Sternberg cells of HL represent postgermi-
nal center B cells, which contain nonfunctional immunoglobu-
lin genes (26, 27). In EBV-positive HL, these abnormal cells are 
thought to have been rescued from apoptosis in germinal centers 
by the expression of EBV latent membrane proteins 1 and 2, which 
provide crucial survival signals (28). We postulate that the HLA 
class I markers D6S510 and D6S265 predispose to EBV-associated 
HL by inducing a suboptimal T cell immune response to the virus 
during IM, which in turn would result in poor virus clearance, 
allowing a high level of virus persistence in B cells. Elevated levels 
of viral persistence may increase the chance of EBV infection and 
survival of abnormal B cells with malignant potential, providing 
an explanation for the link between HL and IM.

In summary, we have demonstrated an association between poly-
morphisms in the HLA class I region and IM and show evidence 
suggestive of reduced T cell control of EBV during primary infec-
tion in allele-positive cases.

Methods
Study population. EBV-seropositive and -seronegative individuals were 
recruited as part of an epidemiological study carried out at Edinburgh 
University. The study was approved by the Lothian Research Ethics Com-
mittee, and all participants provided written signed consent. Details 
for enrollment and serotyping have been published elsewhere (6, 7). In 
brief, all students enrolling at the university during 1999 and 2000 were 
approached to take part in the study, and upon recruitment, provided a 
blood sample for EBV serology. EBV-seronegative individuals were moni-
tored for development of IM and followed clinically until symptoms 
resolved (2, 29). Upon diagnosis (median 10 days after onset of symptoms: 
range 3–42 days), IM patients were examined and asked to provide a blood 
sample for full blood count, which was carried out on a Coulter coun-
ter (Beckman Coulter). Those students seronegative at enrollment who 
did not report symptoms of IM were asked to return for further testing 
upon exit from university. Students who remained EBV negative formed 
the seronegative group while students who tested as EBV positive were 

regarded as asymptomatic seroconverters and joined the EBV-seroposi-
tive group. A total of 150 EBV-seropositive asymptomatic seroconverters,  
50 EBV-seronegative subjects, and 98 IM patients were available for sub-
sequent analysis. There was no variation in ethnicity between groups: the 
majority of subjects were of white European descent (EBV seropositive: 
96.5%; EBV seronegative: 94%; IM: 92%); therefore, infection with different 
EBV types was assumed to be minimal.

HLA microsatellite genotyping. PBMCs were separated from whole blood by 
density gradient centrifugation, then washed and stored at –70°C. DNA was 
extracted from PBMCs using the Easy DNA Extraction Kit (Invitrogen) per 
the manufacturer’s instructions and stored at –20°C until required. Three 
microsatellite markers, 2 from the HLA class I (D6S265 and D6S510) and 
1 from the HLA class III regions (D6S273), were amplified using PCR per-
formed in a total volume of 10 μl containing 25 ng of DNA (19). The reaction 
mix contained 1× GoTaq Flexi buffer (pH 8.5), 2.5 mM magnesium chloride, 
200 μM dNTP (GE Healthcare), 25 μM of forward and reverse primer, and 
0.5 units of GoTaq Flexi polymerase (Promega). Each primer pair had 1 
primer 5′ labeled with fluorochrome 6-FAM (Table 5). The cycling condi-
tions consisted of an initial denaturation at 94°C for 5 minutes followed by 
35 cycles of 94°C for 30 seconds, 55°C or 62°C for 30 seconds, 72°C for 45 
seconds, and a final extension at 72°C for 5 minutes. One microliter of PCR 
product was diluted in 50 μl of nuclease-free water and then further diluted 
1 in 10 with Hi-Di formamide (containing GeneScan 500LIZ size standard, 
ABI; Applied Biosystems) before electrophoresis in an ABI 3730 (dye set 5) 
automated sequencer. ABI GeneMapper software (version 3.7; Applied Bio-
systems) was used to analyze the data.

SNP analysis. SNP analysis was carried out using TaqMan SNP Genotyp-
ing Assays from Applied Biosystems. Reactions were performed in a final 
volume of 25 μl containing 1× TaqMan Universal Master Mix with no 
AmpEraseUNG, 900 nM of each primer (Applied Biosystems), 200 nM of 
probes labeled with either FAM or VIC, and 20 ng of extracted DNA. Ther-
mal cycling (2 minutes at 50°C, 10 minutes at 95°C followed by 40 cycles of 
15 seconds at 95°C and 1 minute at 60°C) and allelic discrimination were 
performed on an ABI 7500 Real Time PCR System (Applied Biosystems).

Virus load quantification. The EBV-DNA load was determined by quantita-
tive competitive PCR as described by Stevens et al (30). The amplification 
reaction contained 50 mM KCL, 1.5 mM MgCl, 10 mM Tris-HCl (pH 8.5), 
200 μM dNTPs, 25 pmol of each primer (5′ primer labeled with biotin), 
and 1 U of Taq polymerase. Cycling conditions were 4 minutes at 95°C; 
40 cycles at 95°C, 55°C, and 72°C for 1 minute each; and 3 minutes at 
72°C. Products were captured on a streptavidin-coated plate and probed 
with digoxigenin-labeled wild-type and internal standard probes. Optical 
density was measured and used to calculate the number of copies.

Statistics. Microsatellite markers and SNPs were tested for Hardy-Wein-
berg disequilibrium by comparing the observed allele frequency with the 
expected frequency if equilibrium applied. Classical association analysis 
was conducted to compare allele frequencies between the groups (EBV-

Table 5
Primer and PCR information for microsatellite markers

Locus	 HLA	class	 Primer	sequence	(5′–3′)	 Number	of	alleles	 Annealing	temperature
D6S510 I Forward, AATGTTCCTGCTTTCATTTCTTT 10 62°C
  Reverse, 6FAM-GTCAAAACTGCAATGGGCTACTA
D6S265 I Forward, ACGTTCGTACCCATTAACCT 13 55°C
  Reverse, 6FAM-ATCGAGGTAAACAGCAGAAA
D6S273 III Forward, GCAACTTTTCTGTCAATCCA 9 55°C
  Reverse, 6FAM-GACCAAACTTCAAATTTTCGG
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positive with symptoms of IM, EBV-positive without symptoms of IM, 
EBV-negative) of subjects and tested using the Fisher’s exact test (this 
was not adjusted for multiple testing). Clinical characteristics (total 
lymphocyte count, neutrophils, and viral load) were compared across 
groups using the Mann-Whitney U test. The Fisher’s exact test was used 
to compare the severity of symptoms (as measured by sore throat) among 
IM cases who were positive compared with those who were negative for 
particular alleles.
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