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Risk of infectious mononucleosis
is not associated with prior
infection morbidity
Klaus Rostgaard1,2*, Ragnar Kristjánsson1, Olafur Davidsson1,
Jojo Biel-Nielsen Dietz1, Signe Holst Søegaard1,3,
Lone Graff Stensballe4 and Henrik Hjalgrim1,2,5,6
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Background: The probability of presenting with infectious mononucleosis (IM)
upon primary Epstein–Barr virus infection increases dramatically at the start of
puberty. Aiming to understand why that is, we assessed whether the number
of infection-related health events during two specific time periods−ages 10–
12 years (pre-teen window) and the three most recent years (recent window)
−could predict the likelihood of individuals aged 13–19 years developing IM.
Methods: We used sibship-stratified Cox regression to mitigate socio-
demographic confounding and bias. Consequently, we only followed
members of IM-affected sibships aged 13–19 years between 1999 and 2021
for IM, based on information from complete nationwide Danish administrative
and health registers. Estimates were further adjusted for sex, age, birth order
(1, 2, 3+) and sibship constellation [number of siblings and their signed (older/
younger) age difference to the index person]. Infection-related health events
defining the exposures considered were either a category of antimicrobial
prescription, or a hospital contact with an infectious disease diagnosis. We
measured evidence/probability of the associations using asymptotic Bayes
factors, rather than using p-value based testing.
Results: The adjusted hazard ratio (HR) for IM with 95% confidence limits for an
additional antimicrobial prescription in the pre-teen exposure window was [1.01;
0.98–1.04], and the corresponding adjusted HR for an additional antimicrobial
prescription in the recent exposure window was [1.02; 0.99–1.06].
Conclusions: IM was not preceded by unusual numbers of infections. Small
effect sizes, together with small variation in exposure, did not render the
assessed exposures useful for predicting IM for public health or the clinic.
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Introduction

Most individuals become infected with Epstein–Barr Virus (EBV), which then

establishes a persistent and mostly latent infection in the host (1). Primary EBV

infection usually occurs either in early childhood (ages 0–2 years) or during teenage

years (1). Primary EBV infection occurring in teenage years or later often presents as

infectious mononucleosis (IM), which is comparatively rare at younger ages (1). Recent
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investigations have shown that the probability of presenting with

IM upon primary EBV infection (the attack rate) increases

dramatically during puberty (1). As IM is caused by an

overreaction of the immune system, this change in attack rate is

most likely rooted in the changing capabilities and reactivity of

the immune system, specifically an exaggerated CD8+ response

(1, 2). Furthermore, puberty brings a maturation of the immune

system, at least with respect to expression and production of

immunoglobulin G antibodies, co-stimulatory molecules and

cytokine production by type 2 dendritic cells and plasmacytoid

dendritic cells, as well as boosting T helper 1 (Th1), Th17, and

T follicular helper immunity (3).

Firstly, understanding these rapid and age-related changes in

the IM attack rate may be helpful in combating IM and,

secondly, may yield clues to understanding similar changes in the

occurrence of other EBV-related diseases such as multiple

sclerosis (4), Hodgkin lymphoma (5), and inflammatory bowel

disease (6, 7) in corresponding age groups. Such an

understanding would strengthen the foundation for designing

EBV vaccines targeting long-term consequences of primary EBV

infection; i.e., in situations where experimental verification in

randomized clinical trials become infeasible, and the application

of such vaccines has to rely on a consensus in the broad

scientific community that all relevant aetiological details were

known, that the vaccine would work as intended, and at least not

harm in unforeseen ways (8, 9).

Cohort studies of teenagers and young adults with frequent

measurements of immune-related biomarkers before and shortly

after EBV infection and IM are practically non-existent (9–12).

This is the case, even though relatively small studies would be

large enough to yield statistically robust inference regarding the

kinetics of primary EBV infection and what drives the

presentation to be that of IM, given how common IM is (1).

Absent such data, we set out to assess whether counts of specific

types of immune-related health events, e.g., antimicrobial

prescriptions filled, in exposure windows before and during

adolescence could be predictive of IM in teenage years. Similar

methodology has been used with some success in aetiological

research regarding diseases in children and adolescents, and is

not always based on a priori hypotheses (13–16). Thus, eventual

associations between counts of immune-related health events and

IM risk may provide more preliminary evidence for a link

between puberty-associated biological processes and changes in

the IM attack rate (1, 3).
Methods

Cohort and design

All data used in this study were obtained from Danish

nationwide and complete administrative and health registers (17,

18). We followed individuals for IM from age 13 to 19 years

while resident in Denmark and before 1st January 2022. We

assessed counts of immune-related health events as exposures in

two three-year wide exposure windows. The pre-teen exposure
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window spanned ages 10–12 years, while the recent exposure

window ended three months before their attained age. This

3-month exclusion period was designed to sidestep any issues of

reverse causation, as the incubation period from EBV infection

to fulminant IM is about 6 weeks (1). Exposures and outcomes

originated from the Danish National Patient Register, covering

the period since 1977 (19), and from the Danish National

Prescription Register, established in 1994, recording prescriptions

for children under their own identity (rather than their legal

guardian’s) since 1996 (20, 21). Information on family relations,

residence, sex, birth dates, and civil status, allowing for the

calculation of all needed derivatives thereof, e.g., age, birth order,

and sibship constellation, was obtained from the Danish Civil

Registration System, which also through the unique personal

identification numbers underpins identity-secure linkage between

registers (17, 18).

To mitigate socio-demographic biases, we matched on sibship

and therefore only needed to follow individuals from IM-affected

sibships (9). We only followed individuals with known exposures,

i.e., residents of Denmark throughout the exposure window,

requiring the latter to start after December 31st, 1995. Thus, in

order to have complete information in the data available to us,

follow-up was restricted to calendar years from 1999 to 2021.
Outcome

We identified IM cases as individuals having a main,

secondary, or underlying diagnosis code of B27 [international

classification of diseases, 10th revision (ICD-10)] or 027 (ICD-8)

in a hospital contact in the Danish National Patient Register

(19), taking the earliest admission date for such a contact to be

the date of IM diagnosis.
Exposures

For all participants, we obtained information on antimicrobial

prescriptions [anatomical therapeutic chemical classification

system (ATC) codes J01A, J01C-J01G, J01M, J01X, J02A, J04A,

J05A, P01A, P02C] from the Danish Prescription Register,

covering the period since 1996 (20, 21). The prescriptions

included antibacterials, antimycobacterials, antifungals, antivirals,

antiprotozoals, and antihelmintics (16). The vast majority of

these products were intended for treating respiratory infections

(ATC codes: J01CA04, J01CE02, J01CR02, J01FA) (22). We

likewise obtained information on hospital contacts involving

main, secondary or underlying diagnoses for infectious diseases

(ICD-10 chapters A and B) from the Danish National Patient

Register (19). Both inpatient contacts, available from 1977

onwards, and outpatient contacts, from 1994 onwards,

were considered.

We tallied observed counts of each assessed health event per

exposure window. Inspired by previous work (9), we considered

health events as per three definitions: (a) any infection diagnosis

from a hospital (excluding IM), (b) any antimicrobial
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prescription mentioned above, and (c) the specialization to any

antiviral prescription (ATC code J05A).
Statistical methods

To mitigate socio-demographic biases we matched on sibship, i.e.,

used stratified Cox regression with calendar time as the underlying

time scale and sibships, defined by a common mother and father,

as strata. Given the design of the study, compared siblings could be

at most 7 years apart in age. Crude analyses in this model were

accompanied by analyses further adjusted for the important

predictors of IM: age, sex, sibship constellation [number of siblings

and signed (older/younger) difference in age to the index person],

and birth order to avoid bias towards the null in the Cox

regression model (23, 24). Part of this adjustment was performed

by entering an offset, to avoid technical estimation problems (12).

We calculated sex- and age-specific empirical IM incidence rates

(events/person years at risk) during follow-up in sibships with IM,

with age in 1-year categories and entering the log of the relevant

rates as part of this offset. The other part of this offset was the

siboffset (12), modelling the effect of a given time-dependent

sibship constellation as siboffset = Σk log (HRk) × predk using the

predictors and hazard ratios from (12). This modelling in turn was

based on number of siblings of a certain age (0,1,2,3 years) and

number of siblings with a certain age differential to the index child

in eight categories, and an interaction between the age of each

sibling and the age of the index person. Thus, adjustment was

performed by entering this time-varying offset and further

adjusting for birth order in categories of 1, 2, and 3 or more.
TABLE 1 Hazard ratios (HRs) with 95% confidence limits and associated Baye

Exposure Total exposure events HR (95%

A: Pre-teen exposure
10 Infection hospital contacts 163 1.01 (

11 Antimicrobials 7,902 1.02 (

12 Antivirals 175 1.07 (

13 Tetracyclines 50 1.12 (

14 Penicillins 5,620 1.03 (

15 Sulfamides 205 1.12 (

16 Macrolides 871 1.01 (

B: Recent exposure
20 Infection hospital contacts 239 0.98 (

21 Antimicrobials 12,868 1.03 (

22 Antivirals 368 1.00 (

23 Tetracyclines 1,270 1.03 (

24 Penicillins 7,751 1.06 (

25 Sulfamides 600 0.93 (

26 Macrolides 1,827 1.03 (

C: Recent exposure
30 Antimicrobials (females) 8,049 1.04 (

31 Antimicrobials (males) 4,819 1.00 (

32 Antimicrobials (<2010) 5,378 1.00 (

33 Antimicrobials (2010+) 7,490 1.06 (

34 Antimicrobials (females and 2010+) 4,768 1.06 (

35 Antimicrobials (males or <2010) 8,100 1.00 (
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All analyses were performed using the SAS statistical software

package (version 9.4 SAS Institute, Cary, NC, USA) and the

stratify macro (25). Ninety-five percent confidence intervals (CIs)

were based on Wald tests. The evidence for association between

exposure and outcome was assessed by asymptotic Bayes factors

(BFs), providing an objective tool for directly measuring

(relative) evidence for the alternative and the null hypotheses,

i.e., BF = (evidence for H1 of an association)/(evidence for H0 of

no association) (26). Asymptotic Bayes factors and related

functions are available in the EpiForsk R package (27), but here

we just calculated BF in SAS, since all other data processing and

analysis was performed in SAS.
Results

The association between number of infection-related health

events and subsequent IM risk was estimated among 10,840

children of age 13–19 years, comprising 5,123 IM affected

sibships in Denmark who experienced 5,228 IM events in the

period 1999–2021 based on complete, nation-wide registers.

Considering the two-by-three a priori defined exposures

(models 10–12, 20–22) we only found association to be likely

between recent antimicrobial use and IM (Table 1; panels

A and B). As a first attempt to pinpoint the basis of this

association we then considered two-by-four further exposures

(models 13–16, 23–26), covering the four most common types of

antibacterials: tetracyclines (ATC code J01A), penicillins (ATC

code J01C), Sulfonamides (ATC code J01E) and macrolides

(ATC code J01F). This yielded similar effect estimates (Table 1;
s factors (BFs) for IM per additional exposure event.

CI) crude HR (95% CI) adjusted BF crude BF adjusted

0.79–1.30) 1.00 (0.77–1.30) 0.45 0.45

0.99–1.05) 1.01 (0.98–1.05) 0.83 0.61

0.91–1.27) 1.10 (0.92–1.31) 0.60 0.67

0.79–1.59) 1.04 (0.73–1.49) 0.53 0.46

0.99–1.07) 1.02 (0.98–1.07) 0.90 0.73

0.92–1.36) 1.09 (0.89–1.33) 0.76 0.59

0.92–1.12) 1.00 (0.90–1.11) 0.47 0.45

0.80–1.21) 0.97 (0.78–1.22) 0.46 0.46

1.01–1.05) 1.03 (1.01–1.05) 11.49 5.58

0.91–1.11) 1.01 (0.92–1.12) 0.45 0.46

0.97–1.09) 1.03 (0.96–1.09) 0.65 0.59

1.02–1.09) 1.05 (1.01–1.09) 47.28 7.27

0.83–1.05) 0.94 (0.83–1.07) 0.76 0.64

0.97–1.09) 1.03 (0.97–1.10) 0.68 0.70

1.02–1.06) 1.02 (1.00–1.05) 38.03 1.37

0.96–1.03) 1.03 (0.99–1.06) 0.47 1.04

0.97–1.03) 1.00 (0.96–1.03) 0.46 0.46

1.03–1.09) 1.05 (1.02–1.08) 228.47 58.07

1.03–1.09) 1.04 (1.01–1.07) 327.31 5.94

0.97–1.02) 1.01 (0.98–1.04) 0.45 0.59
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panels A and B), prompting us to search for a bias or

subpopulations that could be responsible for the positive

association between recent antimicrobial use and IM risk,

specifically by stratifying our results by sex and calendar period

of the outcome (Table 1; panel C). This effort pinpointed the last

half of the study period among girls as seemingly the only

stratum showing an association. We then assessed the

distribution of antimicrobials use by IM case status (Table 2).

There was no suggestion of heterogeneity in antimicrobial

exposure according to later IM-status among girls in the period

before 2010 (BF = 0.62), but clearly more use of antimicrobials

among some of those who ended up as IM cases in girls in the

period from 2010 and onwards (BF = 8.95).
Discussion

Main findings and study rationale

Most observed effect sizes were very small, and those remaining

were restricted to the stratum of recent exposures in girls in the

second half of the study period (Table 1), making it unlikely to

represent a true biological phenomenon. These small effect sizes,

combined with the small variation in exposures (Table 1 and

Table 2), rendered the considered exposures irrelevant for

prediction or public health per se.

Being without access to relevant biomarker measurements

(9–12), we attempted to answer immunological questions using

only plain epidemiology. Admittedly, this is courageous; but it is

not impossible. On earlier occasions, we have, for example,

described biologically meaningful excess use of antimicrobials (and

variation in use between different types of antimicrobials) up to

several years prior to diagnosis of chronic lymphocytic leukemia, as

well as increased use of antimicrobials in children and

grandchildren of chronic lymphocytic leukemia cases (14). We have

also found the incidence of subtypes of Hodgkin lymphoma at age

10–25 years to be associated with antimicrobial use at age 0–9

years in biologically meaningful ways (13). Further, with varying

degrees of success, we and others have tried to find associations

between indirect markers of infections in early childhood, including

antimicrobial use and hospitalisations with infection diagnoses, and

subsequent risk of acute lymphoblastic leukemia (15). It has also

been shown that acute lymphoblastic leukemia cases had an altered

immune response at birth compared to their peers (16). Such

research motivated the present study despite the low odds of

finding anything conclusive using these indirect noisy data.
TABLE 2 Recent antimicrobial use in females, by case status (IM+) and time p

<2010

Exposure IM+ n IM+ % IM− n IM− % OR 95%
0 503 44.0 423 40.6 1.00 (Ref)

1 261 22.8 253 24.3 0.87 (0.70–1.

2 156 13.6 130 12.5 1.01 (0.77–1.

3+ 224 19.6 235 22.6 0.80 (0.64–1.
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IM and exposures in puberty

This study aimed to find common exposure patterns (not e.g., rare

genetic variants and acquired immunodeficiency disorders) responsible

for the common phenomenon, IM. Very few studies have addressed

putative associations between common immunological exposures

and EBV-seroprevalence/IM in adolescents and pre-adolescents (11,

28–30). They have found that EBV-seronegative individuals do not

appear to have lower levels of circulating antibody to common

vaccine antigens and pathogens (28), and that being infected with

EBV correlated with being infected with other herpes viruses

(notably CMV and HSV-1) (29, 30). Furthermore, socio-

demographic proxies for infectious exposures, including sibship

constellation, up to and during adolescence are presumably mediated

mostly through correlation with the same infectious exposures in the

first few years of life, where the highest EBV-seroconversion rates

occur (1, 12). Thus, the current contribution fits into a general trend

of not finding evidence of associations between common immune

system characteristics and IM (9, 11, 28, 31).

Puberty happens very differently in boys and girls and brings

with it a maturation of the immune system (3). The key driver of

IM occurrence in teen-age years is the IM attack-rate, the

probability of primary EBV infection presenting as IM, which is

immune-related, increases dramatically at the start of puberty,

and varies between the sexes in adolescence but not before (1).

We hoped that co-variation in antimicrobial use and IM risk

within IM-affected sibships would hint at which parts of the

puberty-induced changes in immune competence are relevant to

the observed sex differences in the attack rate. We further hoped

that this would help explain variation in the attack rate itself,

and hence the occurrence of IM. According to this logic, the

ideal predictor of IM risk would be an antimicrobial that was

used equally much by girls and boys before puberty, but with a

frequency of use that would change drastically and differentially

between boys and girls at entry into puberty.

A priori, it was known that the total use of antimicrobials was

similar in boys and girls before puberty, followed by a gentle and

steady increase during adolescence for girls compared to boys

(22). This we interpret as being due to behavioural differences;

girls earlier and to a larger extent manage their own health.
Strengths and weaknesses

Our results are based on the analysis of readily available

infection-related markers of health that seemingly are only
eriod.

2010+

CI IM+ n IM+ % IM− n IM− % OR 95% CI
697 41.6 744 46.9 1.00 (Ref)

08) 419 25.0 356 22.4 1.26 (1.05–1.50)

32) 223 13.3 216 13.6 1.10 (0.89–1.36)

00) 338 20.2 272 17.1 1.33 (1.10–1.60)
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weakly associated with both infection proxies (e.g., sibship

constellation) (9) and attack rate (as above), and, by implication,

with relevant biomarkers for either infections, immune

competence or IM risk. This provides a technical explanation as

to why the observed effect sizes must be small. Therefore, the

analyses of our exposures cannot provide evidence for puberty-

induced changes in the immune system as a major component of

IM occurrence. Based on our experience with these data and this

outcome (1, 9, 12, 22), this is the only noteworthy, but also

crucial limitation of this study. E.g., even accommodating

somehow the fact that many cases of IM would be unregistered

in our IM-affected sibships [30-year risk of IM being 13.3% and

22.4% in males and females, respectively (1), and IM clustering

in families (32)], this would not turn our null-finding into a

noteworthy signal. There exists no study on the validity of the

diagnosis of IM, but it is the only variable used in this study that

is likely to be misclassified to a noteworthy degree (17, 19–21,

33). Again, hypothetically fixing this problem would not turn our

null-finding into a noteworthy signal, especially because the

resultant bias is likely to be non-differential.

Our null finding, which we interpret to represent the workings

of common immuno-biological mechanisms in childhood and

adolescence should generalize well, at least to other WEIRD

(Western, Educated, Industrialised, Rich, Democratic)

populations (34), and by the very nature of a null result to other

populations as well; to have a signal and yet an overall null-

finding would require effects in opposite directions in strata of

such a population, which is not plausible.

Theoretical considerations would put small sub-populations of

the studied teenagers at an altered risk of IM, but these populations

were too small to be of any practical use or interest for this study.

The stratum of girls in 2010+ roughly coincided with a marked

decline in HPV-vaccine uptake in 2013 and the following years

among girls (35). Specifically, a cohort of girls emerged with

debilitating symptoms which they attributed to the HPV vaccine

(36). This cohort displayed increased use of health care services

and increased health-seeking behaviours in the years surrounding

HPV vaccination compared to their peers (36–39). This group

likely represents the main component of the above-suggested

emergent subcohort of persons with high health care utilization

and health-seeking behaviour, spuriously linking recent use of

antimicrobials with risk of IM in this stratum. Fatigue was one of

the common health complaints in this cohort of girls (36), and is

also a common and long lasting consequence of IM (40, 41).

Furthermore, EBV infection and IM have also been linked to

chronic fatigue syndrome (42). Therefore, it can be assumed, that

teenage girls suffering extreme fatigue would seek diagnostic

work-up for IM symptoms, and thus end up with an increased

incidence of registered/hospital-diagnosed IM.
Biological interpretation

The most obvious biological interpretation of the results is that

the immune response to EBV infection is not, to any noteworthy

degree, determined by general features of the host’s immune
Frontiers in Epidemiology 05
system. Rather, it is governed by specific immunologic pathways.

This study reinforces the impression from a diverse array of

studies that, with the possible exception of IL-10 genotypes, there

are no common immune system characteristics affecting the

clinical presentation of late primary EBV infection (9, 11, 28,

31). One of the main hypotheses proposed for explaining why

some individuals present with IM upon primary EBV infection,

while others do not, is the hypothesis of cross-reactivity; the

adolescent host may recruit many cross-reactive memory T-cells

previously created in response to other viral infection, which may

be more easily activated, but be less efficient, in controlling the

infection than primary responses from recruited naïve T-cells

(1, 43–45). If this hypothesised mechanism explained a

substantial fraction of IM, we would have expected to find a

signal in the form of increased antimicrobials use, due to more

infections, in future IM cases. However, as Balfour et al. (44),

we see no suggestion that this hypothesis is true and, as

noted earlier (1), we would find it surprising that cross-reactivity

should be a major explanation of such a dramatic change in

attack rate by the entry into puberty. However, due to a

lack of relevant biomarker measurements, this is clearly an

understudied hypothesis (44).
Conclusions

In conclusion, counts of infection-related health events, such as

an antimicrobial prescription, in either a pre-teen or recent three-

year exposure window did not predict meaningful variation in risk

of IM. This supports the impression that no common immune

system characteristics (except perhaps IL-10 genotypes) affect the

risk of IM. The hypothesis that cross-reactive memory T cells

substantially affect risk of presenting with infectious

mononucleosis upon primary EBV infection, must subsequently

be considered a little less likely.
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