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background

 

Infectious mononucleosis–related Epstein–Barr virus (EBV) infection has been associ-
ated with an increased risk of Hodgkin’s lymphoma in young adults. Whether the as-
sociation is causal remains unclear.

 

methods

 

We compared the incidence rates of Hodgkin’s lymphoma in two population-based
Danish cohorts of patients who were tested for infectious mononucleosis: 17,045 with
serologic evidence of having had acute EBV infection, and 24,614 with no such evidence.
We combined the cohort of patients who had serologically verified infectious mono-
nucleosis with a cohort of 21,510 Swedish patients with infectious mononucleosis
(combined total, 38,555). Biopsy specimens of Hodgkin’s lymphomas occurring dur-
ing follow-up in this combined cohort were tested serologically for the presence of EBV.
Using this information, we modeled the relative risk of EBV-negative and EBV-positive
Hodgkin’s lymphoma in different periods after the diagnosis of infectious mononucle-
osis and estimated the median incubation time for mononucleosis-related EBV-posi-
tive Hodgkin’s lymphoma.

 

results

 

Only serologically confirmed infectious mononucleosis was associated with a persist-
ently increased risk of Hodgkin’s lymphoma. Sixteen of 29 tumors (55 percent), obtained
from patients with infectious mononucleosis, had evidence of EBV. There was no evi-
dence of an increased risk of EBV-negative Hodgkin’s lymphoma after infectious mono-
nucleosis. In contrast, the risk of EBV-positive Hodgkin’s lymphoma was significantly
increased (relative risk, 4.0; 95 percent confidence interval, 3.4 to 4.5). The estimated
median incubation time from mononucleosis to EBV-positive Hodgkin’s lymphoma was
4.1 years (95 percent confidence interval, 1.8 to 8.3).

 

conclusions

 

A causal association between infectious mononucleosis–related EBV infection and the
EBV-positive subgroup of Hodgkin’s lymphomas is likely in young adults.

abstract
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espite the distinctive epidemio-

 

logic characteristics of Hodgkin’s lym-
phoma, its cause is unknown.

 

1

 

 In young
adults, the disease may be a rare consequence of ex-
posure to a common infectious agent.

 

2

 

 There is,
for example, a several-fold increase in the risk of
Hodgkin’s lymphoma after infectious mononu-
cleosis, the typical clinical manifestation of pri-
mary Epstein–Barr virus (EBV) infection in adoles-
cence.

 

3

 

The suspicion that EBV has a causal role in Hodg-
kin’s lymphoma is further strengthened by the dem-
onstration of EBV antigens in Reed–Sternberg cells
from 40 to 50 percent of patients with Hodgkin’s
lymphomas.

 

3

 

 However, there is an apparent discrep-
ancy

 

4

 

: the risk of Hodgkin’s lymphoma after infec-
tious mononucleosis is increased primarily among
adolescents and young adults,

 

5

 

 yet EBV can be dem-
onstrated in Reed–Sternberg cells in only a third
of patients with Hodgkin’s lymphomas in that age
group.

 

6

 

This apparent inconsistency may be due to bias
arising from misclassification caused by the simi-
larity between the symptoms of Hodgkin’s lympho-
ma and those of infectious mononucleosis. It is also
possible that the connection between infectious
mononucleosis–related EBV infection and Hodg-
kin’s lymphoma in young adults is restricted to a
subgroup of lymphomas that contain EBV, or that
the virus is lost from Reed–Sternberg cells, the so-
called hit-and-run hypothesis.

 

7

 

In the present study, we examined these hypoth-
eses using three population-based cohorts. We first
assessed the risk of Hodgkin’s lymphoma in two
Danish cohorts of patients who had a Paul–Bunnell
test for heterophil antibodies to determine whether
they had infectious mononucleosis. A positive test
was considered evidence of acute EBV infection
and, hence, of EBV-related infectious mononucleo-
sis, whereas a negative test was considered to indi-
cate the absence of acute EBV infection and, hence,
the absence of EBV-related infectious mononucleo-
sis. We then characterized the EBV status of Hodg-
kin’s lymphomas in patients who had had infectious
mononucleosis. To increase the statistical power of
our study, we combined the cohort of serologically
positive Danish patients with a cohort of hospital-
ized Swedish patients who had infectious mononu-
cleosis. All available biopsy specimens of Hodgkin’s
lymphomas that developed in these two cohorts of
patients with infectious mononucleosis were tested
for EBV antigens or EBV RNA. From these results,

we estimated the specific risks of EBV-positive and
EBV-negative Hodgkin’s lymphoma after the diag-
nosis of infectious mononucleosis.

 

risk of hodgkin’s lymphoma after 
a negative or positive paul–bunnell test

 

Subjects

 

In Denmark, the Statens Serum Institut served as the
national reference laboratory for the serologic diag-
nosis of EBV infection between 1940 and 1978. The
diagnostic method used was the Paul–Bunnell test
for heterophil antibodies.

 

8

 

 Information on name,
dates of birth and testing, and test results was rou-
tinely recorded for all tested persons. The hetero-
phil-positive cohort comprised all 22,017 persons
with a positive Paul–Bunnell test (antibody titers of
1:32 or higher) between 1943 and 1978.

 

9,10

 

 The het-
erophil-negative cohort comprised 32,790 persons
who represented a random sample of persons who
were tested for infectious mononucleosis and found
to have a negative serologic result (antibody titers
below 1:32) in the period from 1946 to 1978.

 

10,11

 

Linkages

 

With information on date of birth, sex, and name,
we used the Danish Civil Registration System to
link the two cohorts and to determine each sub-
ject’s unique 10-digit personal identification num-
ber (available since April 1, 1968) and vital status
as of December 31, 1997. Personal identification
numbers were established for 17,045 members of
the seropositive cohort (77 percent) and for 24,614
members of the seronegative cohort (75 percent).
Using the personal identification number as the
key, we linked all subjects to the population-based
Danish Cancer Registry in order to identify those
with Hodgkin’s lymphoma.

 

Follow-up

 

Follow-up for Hodgkin’s lymphoma started on
April 1, 1968, or the month after the Paul–Bunnell
test, whichever came later, and ended on the date of
diagnosis of Hodgkin’s lymphoma, death, emigra-
tion, or December 31, 1997, whichever came first.
The relative risk of Hodgkin’s lymphoma after a
Paul–Bunnell test was expressed as the standard-
ized incidence ratio (i.e., the ratio of the observed
number of cases of Hodgkin’s lymphoma to the ex-
pected number). In each cohort, the expected num-
bers of Hodgkin’s lymphomas were calculated with

d
methods
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use of the sex-, age-, and period-specific population-
based incidence of Hodgkin’s lymphoma and the
corresponding cohort-specific person-years at risk.
We estimated the relative risk of Hodgkin’s lym-
phoma overall and according to the time since Paul–
Bunnell testing, with 95 percent confidence intervals
based on Wald’s test, assuming that the observed
cases followed a Poisson distribution.

 

12

 

risk of ebv-positive and ebv-negative 
hodgkin’s lymphoma after infectious 
mononucleosis

 

Subjects, Linkages, and Follow-up

 

To assess the risks of EBV-positive and EBV-negative
Hodgkin’s lymphoma after infectious mononucle-
osis with sufficient statistical power, we combined
the Danish cohort of patients who had a positive
Paul–Bunnell test with a Swedish cohort of 21,510
patients who had at one time received a diagnosis
of infectious mononucleosis.

 

5

 

 We identified all per-
sons in the Swedish population-based Inpatient
Registry who had received a discharge diagnosis of
infectious mononucleosis between 1964 and 1994.
Using the patient’s unique national registration
number, we linked this cohort to the Swedish Cause
of Death Registry and the Registry of Population
and Population Changes to ascertain the subjects’
vital status as of 1995 and to the Swedish Cancer
Registry to identify those with Hodgkin’s lympho-
ma. Follow-up of the Swedish patients started the
month after the diagnosis of infectious mononu-
cleosis and ended on the date of diagnosis of
Hodgkin’s lymphoma, death, emigration, or De-
cember 31, 1995, whichever came first.

 

Tumor Specimens

 

Paraffin-embedded tumor specimens were available
for 33 of the 46 patients with Hodgkin’s lymphoma
(72 percent) identified in the combined Danish–
Swedish cohort of patients with infectious mono-
nucleosis. After histologic validation of the diagno-
sis, there was sufficient material for EBV analyses
for 32 of the 33 patients.

 

EBV Analyses

 

Antibodies for EBV analyses were obtained from
Dako. Paraffin sections were stained with use of a
standard immunohistochemical technique (EnVi-
sion, Dako). EBV latent membrane protein 1 was de-
tected in Reed–Sternberg cells with antibody cock-
tail CS 1-4.

 

13

 

 Antigen was retrieved by superheating

the samples in TEG buffer (10 nM TRIS and 0.5 nM
EGTA, pH 9) in a microwave oven. EBV-encoded
RNAs were detected by in situ hybridization with
the use of single-stranded digoxigenin-labeled ribo-
probes.

 

14

 

 In all samples that were negative for EBV-
encoded RNA, in situ hybridization was repeated
with use of a modified technique involving tyramine
signal amplification.

 

14

 

statistical analysis

 

Statistical analyses of the relation between infec-
tious mononucleosis and the risk of EBV-positive
and EBV-negative Hodgkin’s lymphoma were re-
stricted to the period two years or more after infec-
tious mononucleosis in order to minimize bias in
the follow-up of the cohort with a negative Paul–
Bunnell test. This left 40 of the 46 original patients
in the combined Danish–Swedish cohort. The EBV
status of the tumor was established in 29 of the pa-
tients in whom Hodgkin’s lymphomas developed
during this follow-up period; the tumor EBV status
in the remaining 11 patients was unknown.

Using odds ratios as a measure of relative risk,
we first compared the distribution of EBV-positive
and EBV-negative Hodgkin’s lymphomas among
the 29 patients with known EBV status with the dis-
tribution in an international, multicenter study that
included 1105 patients with Hodgkin’s lympho-
ma.

 

6

 

 Taking a cohort approach, we assessed the
overall relative risk (measured as standardized in-
cidence ratios, as described above) of EBV-positive
and EBV-negative Hodgkin’s lymphoma after in-
fectious mononucleosis. Since population-based
incidence rates are available only for Hodgkin’s lym-
phoma overall, we approximated EBV-status–spe-
cific rates by apportioning age-, sex-, period-, and
country-specific incidence rates for EBV-positive
and EBV-negative Hodgkin’s lymphoma according
to distributions identified on direct testing of EBV
tumors.

 

6

 

We next characterized the temporal variation
in the risk of EBV-positive and EBV-negative Hodg-
kin’s lymphoma after infectious mononucleosis
and estimated the median incubation period of in-
fectious mononucleosis–related Hodgkin’s lympho-
ma. Specifically, in a series of analyses we tested the
assumption that the relative risk of EBV-positive
and EBV-negative Hodgkin’s lymphoma, respective-
ly, was constant during the interval after infectious
mononucleosis against the alternative assumption
that the relative risk varied over time owing to an ad-
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ditional risk of lymphoma that was directly attrib-
utable to infectious mononucleosis and that was
assumed to follow the bell-shaped pattern charac-
teristic of incubation-period distributions of several
infectious diseases. We performed three of these
analyses, each of which included the 11 patients with
Hodgkin’s lymphoma whose tumor EBV status was
unknown: one analysis assumed that all 11 patients
were EBV-positive, one assumed they were all EBV-
negative, and one (the most likely scenario) assumed
that the missing data on viral status were uninfor-
mative with respect to the true EBV status. The tech-
nical details of the statistical analyses are provided
in the Supplementary Appendix, available with the
full text of this article at http://www.nejm.org.

 

risk of hodgkin’s lymphoma after 
a negative or positive paul–bunnell test

 

Demographic characteristics of the Danish patients
with a positive Paul–Bunnell test for heterophil an-
tibodies and the patients with a negative test are
shown in Table 1, together with similar information
on the cohort of Swedish patients with infectious
mononucleosis. In the cohort with a negative Paul–
Bunnell test, the relative risk of Hodgkin’s lympho-
ma was increased during the first two years of fol-
low-up but not thereafter (Table 2). In the cohort
with a positive Paul–Bunnell test, by contrast, the rel-
ative risk was more than doubled for up to two dec-
ades after testing (Table 2). These two patterns of
relative risk were significantly different (P=0.004).

results

 

risk of ebv-positive and ebv-negative 
hodgkin’s lymphoma after infectious 
mononucleosis

 

The diagnosis of Hodgkin’s lymphoma was con-
firmed in the 33 biopsy specimens from the 46 pa-
tients in the combined Danish and Swedish co-
horts with infectious mononucleosis (21 and 25
patients, respectively). The main characteristics of

 

Table 1. Person-Years and Subjects at Risk for Hodgkin’s Lymphoma 
in the Danish Cohort of Subjects with Positive or Negative Results 
on the Paul–Bunnell Test and in the Swedish Cohort of Patients 
with Infectious Mononucleosis, According to Sex and the Time 
since the Diagnosis of Infectious Mononucleosis.

Variable Danish Cohort Swedish Cohort

 

Negative
Paul–Bunnell Test

Positive
Paul–Bunnell Test

 

no. of person-years (no. of subjects)

 

Sex

Female 281,542 (12,041) 203,929 (7702) 121,523 (9673)

Male 296,720 (12,573) 242,827 (9343) 151,083 (11,837)

Time since diagnosis

<1 Yr 12,937 (14,500) 6,504 (7208) 20,555 (21,510)

1 Yr 14,245 (14,800) 7,664 (8144) 20,919 (21,453)

2–4 Yr 47,139 (16,887) 27,845 (10,324) 57,143 (20,461)

5–9 Yr 87,493 (18,977) 56,306 (12,300) 75,723 (17,661)

10–14 Yr 95,914 (20,465) 64,694 (13,881) 50,619 (12,595)

15–19 Yr 99,167 (21,584) 71,505 (15,312) 29,406 (7902)

≥20 Yr 221,367 (16,592) 212,239 (15,602) 18,241 (4114)

Total 578,262 (24,614) 446,757 (17,045) 272,606 (21,510)

 

* RR denotes relative risk, and CI confidence interval.

 

Table 2. Observed and Expected Numbers of Cases of Hodgkin’s Lymphoma and Relative Risk of Hodgkin’s Lymphoma in the Danish 
Cohort, According to the Results on the Paul–Bunnell Test, and in the Swedish Cohort of Patients with Infectious Mononucleosis.*

Variable Danish Cohort Swedish Cohort

 

Negative Paul–Bunnell Test Positive Paul–Bunnell Test 

 

Observed Expected RR (95% CI) Observed Expected RR (95% CI) Observed Expected RR (95% CI)

 

Overall 55 16.35 3.3 (2.6–4.4) 21 12.72 1.7 (1.1–2.5) 25 6.17 4.1 (2.7–6.0)

Time since diagnosis

<1 Yr 31 0.32 95.9 (67.4–136.4) 0 0.15 — 4 0.36 11.0 (4.1–29.2)

1 Yr 5 0.37 13.5 (5.6–32.5) 1 0.19 5.1 (0.7–36.5) 1 0.40 2.5 (0.4–17.8)

2–4 Yr 1 1.29 0.8 (0.1–5.5) 3 0.82 3.7 (1.2–11.3) 8 1.21 6.6 (3.3–13.2)

5–9 Yr 5 2.52 2.0 (0.8–4.8) 6 1.86 3.2 (1.4–7.2) 7 1.85 3.8 (1.8–8.0)

10–19 Yr 6 5.73 1.0 (0.5–2.3) 9 4.18 2.2 (1.1–4.1) 5 1.98 2.5 (1.0–6.1)

≥20 Yr 7 6.12 1.1 (0.5–2.4) 2 5.51 0.4 (0.1–1.5) 0 0.36 —
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Table 3. Characteristics of 46 Swedish and Danish Patients in Whom Hodgkin’s Lymphoma Developed after Infectious 
Mononucleosis.*

Patient
No. Country Sex

Interval between
Diagnoses Hodgkin’s Lymphoma

 

Subtype
Age at

Diagnosis
LMP-1
Status

EBER
Status

EBV
Status

 

yr

 

1 Sweden Male 1 mo Nodular sclerosis 28 – – –

2 Sweden Male 6 mo Tumor not available 19

3 Sweden Female 7 mo Tumor not available 22

4 Sweden Male 11 mo Lymphocytic predominance 52 – – –

5 Denmark Male 12 mo Mixed cellularity 24 + + +

6 Sweden Male 1 yr 10 mo Tumor not available 19

7 Sweden Male 2 yr 4 mo Mixed cellularity 25 + + +

8 Denmark Male 2 yr 4 mo Tumor not available 29

9 Sweden Female 2 yr 5 mo Tumor not available 24

10 Sweden Female 2 yr 7 mo Tumor not available 19

11 Sweden Male 2 yr 9 mo Nodular sclerosis 19 + + +

12 Denmark Male 2 yr 10 mo Mixed cellularity 24 + + +

13 Sweden Male 2 yr 10 mo Mixed cellularity 28 + + +

14 Sweden Male 3 yr Mixed cellularity 7 + + +

15 Sweden Male 3 yr Nodular sclerosis 30 + + +

16 Sweden Male 4 yr 10 mo Mixed cellularity 26 + + +

17 Denmark Male 4 yr 11 mo Tumor not available 23

18 Sweden Female 5 yr 7 mo Nodular sclerosis 22 NS + +

19 Sweden Male 6 yr 2 mo Mixed cellularity 15 + + +

20 Denmark Female 6 yr 4 mo Tumor not available 23

21 Sweden Female 6 yr 11 mo Nodular sclerosis 21 – – –

22 Denmark Female 7 yr Tumor not available 22

23 Sweden Male 7 yr 5 mo Mixed cellularity 30 NS + +

24 Sweden Female 7 yr 9 mo Nodular sclerosis 28 + + +

25 Denmark Male 8 yr 5 mo Mixed cellularity 34 + + +

26 Sweden Female 9 yr Nodular sclerosis 25 – – –

27 Denmark Male 9 yr 1 mo Nodular sclerosis 27 + + +

28 Denmark Male 9 yr 2 mo Mixed cellularity 28 + + +

29 Denmark Male 9 yr 5 mo Nodular sclerosis 31 – – –

30 Sweden Female 9 yr 9 mo Nodular sclerosis 27 – – –

31 Sweden Male 10 yr Nodular sclerosis 30 – – –

32 Denmark Male 10 yr 8 mo Tumor not available 26

33 Denmark Female 12 yr 3 mo Nodular sclerosis 27 – – –

34 Sweden Male 12 yr 7 mo Nodular sclerosis 19 – – –

35 Denmark Female 12 yr 8 mo Nodular sclerosis 29 + + +

36 Sweden Male 13 yr 9 mo Tumor not available 19

37 Sweden Male 14 yr 3 mo Nodular sclerosis 33 – – –

38 Denmark Male 14 yr 9 mo Nodular sclerosis 32 + + +

39 Denmark Female 15 yr 2 mo Tumor not available 32

40 Sweden Male 15 yr 2 mo Nodular sclerosis 73
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the 46 patients are given in Table 3. Among the 33
specimens, 20 (61 percent) were the nodular sclero-
sis subtype of Hodgkin’s lymphoma, 10 (30 percent)
were the mixed cellularity subtype, and 3 (9 per-
cent) were the lymphocytic predominance subtype.
EBV was demonstrated in 17 of the 32 specimens
that were tested (53 percent). The proportion of
EBV-positive specimens was similar among the
Danish patients (7 of 14 tumors) and the Swedish
patients (10 of 18) and among male patients (14 of
25) and female patients (3 of 7). Seven of 19 speci-
mens with nodular sclerosis were positive for EBV,
as were all 10 specimens with mixed cellularity; in
contrast, none of the 3 specimens with lymphocytic
predominance were EBV-positive.

In statistical analyses restricted to the 29 tumors
with known EBV status that were diagnosed more
than two years after infectious mononucleosis oc-
curred, EBV-positive tumors constituted a larger
proportion (55 percent) than expected (31 percent),
on the basis of a previous study of Hodgkin’s lym-
phoma

 

6

 

 (odds ratio, 2.7; 95 percent confidence in-
terval, 1.2 to 6.0). Using estimated incidence rates
of EBV-status–specific Hodgkin’s lymphoma, we
found that the relative risk of EBV-positive Hodg-
kin’s lymphoma was 2.8 (95 percent confidence in-
terval, 1.7 to 4.6), which was significantly higher
than the relative risk of EBV-negative Hodgkin’s
lymphoma (1.1 [95 percent confidence interval, 0.7
to 2.0], P=0.015).

Figure 1 shows the relative risks of EBV-positive

and EBV-negative Hodgkin’s lymphoma according
to three statistical models that included all 40 ob-
served cases of lymphoma. In all three scenarios
(all 11 patients whose tumor EBV status was un-
known were assumed to be EBV-positive, all were
assumed to be EBV-negative, or missing data on vi-
ral status were assumed to be uninformative with
respect to the true EBV status), the distribution of
EBV-negative cases of Hodgkin’s lymphoma was
consistent with the existence of a constant relative
risk rather than a bell-shaped relative risk (smallest
P value = 0.74). In contrast, the distribution of EBV-
positive cases of Hodgkin’s lymphoma was incon-
sistent with the existence of a constant relative risk
rather than a bell-shaped pattern of risk in all three
scenarios (largest P value<0.001). 

In the model in which the distribution of EBV-
positive and EBV-negative cases among the 11 pa-
tients with untested tumors was assumed to be
similar to that of the 29 tested lymphomas, the rela-
tive risk of EBV-negative Hodgkin’s lymphoma was
1.5 overall (95 percent confidence interval, 0.9 to
2.5), and the relative risk of EBV-positive Hodg-
kin’s lymphoma was 4.0 overall (95 percent confi-
dence interval, 3.4 to 4.5), but it varied considerably
over time (Fig. 1). The estimated median incubation
period for EBV-positive Hodgkin’s lymphoma at-
tributable to infectious mononucleosis was 4.1
years (95 percent confidence interval, 1.8 to 8.3),
whereas the risk peaked after 2.4 years (95 percent
confidence interval, 1.1 to 5.0).

 

* Biopsy specimens from 33 patients were available for histopathological analysis. In the case of Patient 40, there was in-
sufficient material for immunohistochemical staining of Reed–Sternberg cells for Epstein–Barr virus (EBV) latent mem-
brane protein (LMP-1) or in situ hybridization of Reed–Sternberg cells for EBV-related RNA (EBER). NS denotes an analy-

 

sis that was not successful. Minus signs indicate negative results, and plus signs positive results.

 

Table 3. (Continued.)

Patient
No. Country Sex

Interval between
Diagnoses Hodgkin’s Lymphoma

 

Subtype
Age at

Diagnosis
LMP-1
Status

EBER
Status

EBV
Status

 

yr

 

41 Denmark Male 16 yr 3 mo Lymphocytic predominance 39 – – –

42 Denmark Male 16 yr 11 mo Nodular sclerosis 39 – – –

43 Denmark Male 17 yr 4 mo Nodular sclerosis 37 – – –

44 Denmark Male 19 yr 11 mo Nodular sclerosis 34 – – –

45 Denmark Female 27 yr 9 mo Tumor not available 65

46 Denmark Male 38 yr 7 mo Lymphocytic predominance 57 – – –
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We investigated the risk of Hodgkin’s lymphoma
among persons with a history of infectious mono-
nucleosis and found that the risk of EBV-positive
tumors was increased among such persons, where-
as the risk of EBV-negative tumors did not differ
from the expected risk. These observations indi-
cate a causal association between infectious mono-
nucleosis–related EBV infection and EBV-positive
Hodgkin’s lymphoma in young adults.

Several studies have reported that there is an
increased risk of Hodgkin’s lymphoma shortly after
infectious mononucleosis is diagnosed.

 

3,5

 

 Although
an immediate increase in the risk may reflect rapid
progression from EBV infection to Hodgkin’s lym-
phoma, it is more likely due to the overlapping clin-
ical presentations of infectious mononucleosis and
Hodgkin’s lymphoma. We investigated this possi-
bility by comparing the risk of Hodgkin’s lymphoma
in two cohorts in which infectious mononucleosis
was suspected clinically. One cohort was seroposi-
tive, and the other was seronegative. The seronega-
tive cohort had a marked and immediate increased

risk of Hodgkin’s lymphoma, which dropped to uni-
ty within the first two years of follow-up. In contrast,
the risk of Hodgkin’s lymphoma in the seropositive
cohort remained increased for two decades. Some
members of the seronegative cohort may have had
false negative Paul–Bunnell tests, and infectious
mononucleosis–related Hodgkin’s lymphoma may
have developed in these subjects. It is more likely,
however, that the transient increase in risk in the ser-
onegative cohort reflects the inclusion of patients
with mononucleosis-like symptoms that were ac-
tually caused by incipient Hodgkin’s lymphoma.

There may have been similar biases with respect
to the combined cohort of Danish patients with pos-
itive Paul–Bunnell tests and Swedish patients who
were hospitalized with infectious mononucleosis.
Together, these findings indicate that the increased
risk of Hodgkin’s lymphoma observed shortly after
infectious mononucleosis may be partly explained
by bias and factors that are unrelated to the EBV in-
fection. In contrast, these biases cannot explain our
finding of a long-lasting increased risk of Hodg-
kin’s lymphoma after infectious mononucleosis.

As a second step in our study, we determined
whether EBV antigens and EBV RNA were present
in the biopsy specimens of Hodgkin’s lymphoma
from the combined Danish–Swedish cohort of pa-
tients who had a history of infectious mononucleo-
sis. These analyses revealed a higher-than-expected
proportion of EBV-positive tumors, with an estimat-
ed odds ratio for EBV-positive Hodgkin’s lymphoma
of 2.7 (95 percent confidence interval, 1.2 to 6.0).
We know of only two other studies that have ana-
lyzed the EBV status of patients with Hodgkin’s lym-
phoma in relation to a history of infectious mono-
nucleosis, and they yielded conflicting results.

 

15,16

 

Unlike previous investigators,

 

15,16

 

 we were able to
assess not only the internal distribution of EBV-pos-
itive and EBV-negative Hodgkin’s lymphoma but
also the risks of EBV-positive and EBV-negative
Hodgkin’s lymphoma, relative to those expected in
the general population and according to the time
since the diagnosis of infectious mononucleosis.
These analyses showed an increased and bell-
shaped pattern of the relative risk of EBV-positive
Hodgkin’s lymphoma after infectious mononucle-
osis, whereas there was no evidence of a similar pat-
tern for the relative risk of EBV-negative Hodgkin’s
lymphoma. Indeed, we found little to suggest an
increased risk of EBV-negative Hodgkin’s lympho-
ma overall.

Additional statistical analyses indicated that bias

discussion

 

Figure 1. Relative Risk of Epstein–Barr Virus (EBV)–Posi-
tive and EBV-Negative Hodgkin’s Lymphoma after Infec-
tious Mononucleosis.

 

Solid lines represent the relative risks of EBV-positive 
(blue) and EBV-negative (red) Hodgkin’s lymphoma, 
given that EBV status was determined in an unbiased 
way and that the missing data on viral status in 11 tu-
mors were uninformative with respect to their true EBV 
status. Short-dashed lines represent the relative risks of 
EBV-positive and EBV-negative Hodgkin’s lymphoma 
given that all tumors whose EBV status was unknown 
were EBV-positive. Long-dashed lines represent the rela-
tive risks given that all tumors whose EBV status was un-
known were EBV-negative. The analyses were restricted 
to the period two years or more after infectious mononu-
cleosis.
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in the retrieval of EBV-positive and EBV-negative
tumors for viral analyses could not explain the ob-
served time-dependent variation in the incidence
of EBV-positive Hodgkin’s lymphoma after infec-
tious mononucleosis. The finding that the risk of
EBV-negative tumors was not increased suggests
that this subgroup of Hodgkin’s lymphoma is not
associated with infectious mononucleosis–related
EBV infection, thus challenging the proposed hit-
and-run mechanism of viral escape in young-adult
Hodgkin’s lymphoma.

 

7

 

 Rather, our results indicate
that EBV infection in the form of infectious mono-
nucleosis is causally associated with EBV-positive
Hodgkin’s lymphoma in young adults.

We estimated that the median incubation peri-
od for Hodgkin’s lymphoma attributable to infec-
tious mononucleosis–related EBV infection was 4.1
years, with a peak in risk 2.4 years after infection.
These estimates are in accordance with those of a
large case–control study of Hodgkin’s lymphoma
in which the median interval between infectious
mononucleosis and Hodgkin’s lymphoma was five
years.

 

17

 

In contrast to previous studies of the associa-
tion between infectious mononucleosis and EBV-
positive Hodgkin’s lymphoma,

 

15,16 

 

ours did not rely
on a self-reported history of mononucleosis. Rath-
er, information on mononucleosis and Hodgkin’s
lymphoma was identified in independently and pro-
spectively collected population-based data, and tu-
mor analyses were carried out in our laboratory,
thereby excluding recall bias.

We used published data on the proportion of
EBV-positive and EBV-negative Hodgkin’s lympho-
mas in different age groups

 

6

 

 to estimate the EBV-
status–specific relative risks of Hodgkin’s lympho-
ma. Although we cannot be sure that the estimated
rates correspond exactly to the proportion of EBV-
positive lymphomas in Sweden and Denmark, the

use of other previously reported but smaller Dan-
ish

 

18

 

 and Swedish

 

19

 

 studies of the prevalence of
EBV in Hodgkin’s lymphoma did not materially alter
our risk estimates (data not shown).

We were able to assess the EBV status of 32 of
the 46 patients with Hodgkin’s lymphoma. Theo-
retically, we cannot rule out the possibility of a mar-
ginally increased risk of EBV-negative Hodgkin’s
lymphoma (though not a bell-shaped pattern) in
the event that a disproportionate percentage of pa-
tients whose tumor EBV status was unknown were
EBV-negative. However, we believe that bias in the
retrieval of tumors for EBV testing was unlikely to
have occurred.

EBV was detected by highly sensitive methods;
in situ hybridization can detect single EBV-encoded
RNA particles in archival material.

 

20

 

 The histo-
logic subtypes in the analyzed tumor samples cor-
responded closely with the expected distribution
among young adults, and the uneven distribution of
EBV-positive and EBV-negative tumors among the
histologic subtypes was consistent with previous
data.

 

6

 

 However, since our patients were predomi-
nantly young adults, we cannot draw conclusions
about associations between infectious mononucle-
osis–related EBV infection and EBV-positive Hodg-
kin’s lymphoma in either children or elderly pa-
tients or about Hodgkin’s lymphomas that occur
after subclinical EBV infection.

We emphasize that in absolute terms, the risk of
Hodgkin’s lymphoma after infectious mononucle-
osis is only on the order of 1 case per 1000 per-
sons.

 

5

 

 Consequently, other cofactors acting in con-
cert with infectious mononucleosis–related EBV
infection presumably must be present for the infec-
tion to give rise to Hodgkin’s lymphoma.

 

16

 

Supported by grants from the Danish National Research Founda-
tion, the Danish Cancer Society (97-100-07), Plan Denmark (99006),
the National Institutes of Health (1 RO1 CA 69269-01A2), and the
Swedish Cancer Society (4282-B00-O2XBB).

 

references

 

1.

 

Mueller NE. Hodgkin’s disease. In:
Schottenfeld D, Fraumeni JF Jr, eds. Cancer
epidemiology and prevention. 2nd ed. Ox-
ford, England: Oxford University Press,
1996:893-919.

 

2.

 

Gutensohn N, Cole P. Epidemiology of
Hodgkin’s disease in the young. Int J Cancer
1977;19:595-604.

 

3.

 

Epstein-Barr virus and Kaposi’s sarco-
ma herpesvirus/human herpesvirus 8. Vol.
70 of IARC monographs on the evaluation of
carcinogenic risks to humans. Lyons, France:
IARC Press, 1997.

 

4.

 

Mueller NE. Epstein-Barr virus and

Hodgkin’s disease: an epidemiological par-
adox. Epstein Barr Virus Rep 1997;4:1-2.

 

5.

 

Hjalgrim H, Askling J, Sorensen P, et al.
Risk of Hodgkin’s disease and other cancers
after infectious mononucleosis. J Natl Can-
cer Inst 2000;92:1522-8.

 

6.

 

Glaser SL, Lin RJ, Stewart SL, et al. Ep-
stein-Barr virus-associated Hodgkin’s dis-
ease: epidemiologic characteristics in inter-
national data. Int J Cancer 1997;70:375-82.

 

7.

 

Ambinder RF. Gammaherpesviruses
and “Hit-and-Run” oncogenesis. Am J Pathol
2000;156:1-3.

 

8.

 

Kristensen M. Studies on the sero-diag-

nosis of mononucleosis infectiosa. Acta
Pathol Microbiol Scand Suppl 1938;37:339-
56.

 

9.

 

Rosdahl N, Larsen SO, Clemmesen J.
Hodgkin’s disease in patients with previous
infectious mononucleosis: 30 years’ experi-
ence. Br Med J 1974;2:253-6.

 

10.

 

Haahr S, Koch-Henriksen N, Møller-
Larsen A, Eriksen LS, Andersen HMK. In-
creased risk of multiple sclerosis after late
Epstein-Barr virus infection: a historical pro-
spective study. Mult Scler 1995;1:73-7.

 

11.

 

Hjalgrim H, Rostgaard K, Askling J, et al.
Hematopoietic and lymphatic cancers in rel-

Copyright © 2003 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on July 12, 2009 . For personal use only. No other uses without permission. 



 

n engl j med 

 

349;14

 

www.nejm.org october 

 

2

 

, 

 

2003

 

1332

 

characteristics of hodgkin’s lymphoma after infectious mononucleosis

 

atives of patients with infectious mononu-
cleosis. J Natl Cancer Inst 2002;94:678-81.

 

12.

 

Rates and rate standardization. In:
Breslow NE, Day NE. Statistical methods in
cancer research. Vol. 2. The design and analy-
sis of cohort studies. Lyons, France: Interna-
tional Agency for Research on Cancer, 1987:
48-79. (IARC scientific publications no. 82.)

 

13.

 

Rowe M, Evans HS, Young LS, Hennessy
K, Kieff E, Rickinson AB. Monoclonal anti-
bodies to the latent membrane protein of
Epstein-Barr virus reveal heterogeneity of
the protein and inducible expression in vi-
rus-transformed cells. J Gen Virol 1987;68:
1575-86.

 

14.

 

Zhou XG, Sandvej K, Li PJ, et al. Epstein-
Barr virus (EBV) in Chinese pediatric Hodg-
kin disease: Hodgkin disease in young chil-

dren is an EBV-related lymphoma. Cancer
2001;92:1621-31.

 

15.

 

Sleckman BG, Mauch PM, Ambinder
RF, et al. Epstein-Barr virus in Hodgkin’s
disease: correlation of risk factors and dis-
ease characteristics with molecular evidence
of viral infection. Cancer Epidemiol Biomar-
kers Prev 1998;7:1117-21.

 

16.

 

Alexander FE, Jarrett RF, Cartwright RA,
et al. Epstein-Barr virus and HLA-DPB1-
*0301 in young adult Hodgkin’s disease: ev-
idence for inherited susceptibility to Ep-
stein-Barr virus in cases that are EBV(+ve).
Cancer Epidemiol Biomarkers Prev 2001;
10:705-9.

 

17.

 

Gutensohn N, Cole P. Childhood social
environment and Hodgkin’s disease. N Engl
J Med 1981;304:135-40.

 

18.

 

Vestlev PM, Pallesen G, Sandvej K,
Hamilton-Dutoit SJ, Bendtzen SM. Progno-
sis of Hodgkin’s disease is not influenced by
Epstein-Barr virus latent membrane pro-
tein. Int J Cancer 1992;50:670-1.

 

19.

 

Enblad G, Sandvej K, Sundström C,
Pallesen G, Glimelius B. Epstein-Barr virus
distribution in Hodgkin’s disease in an un-
selected Swedish population. Acta Oncol
1999;38:425-9.

 

20.

 

Hamilton-Dutoit SJ, Pallesen G. Detec-
tion of Epstein-Barr virus small RNAs in
routine paraffin sections using non-isotopic
RNA/RNA 

 

in situ

 

 hybridization. Histopa-
thology 1994;25:101-11.

 

Copyright © 2003 Massachusetts Medical Society.

 

electronic access to the 

 

journal

 

’s cumulative index

 

At the 

 

Journal’

 

s site on the World Wide Web 

 

(http://www.nejm.org)

 

 you can search 
an index of all articles published since January 1975 (abstracts 1975–1992, full-text 
1993–present). You can search by author, key word, title, type of article, and date. 
The results will include the citations for the articles plus links to the abstracts of 
articles published since 1993. For nonsubscribers, time-limited access to single 
articles and 24-hour site access can also be ordered for a fee through the Internet 
(http://www.nejm.org).

Copyright © 2003 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on July 12, 2009 . For personal use only. No other uses without permission. 


