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Abstract

Background

Public trust in the human papilloma virus (HPV) vaccination programme has been chal-
lenged by reports of potential severe adverse effects. The reported adverse symptoms were
heterogeneous and overlapping with those characterised as chronic fatigue syndrome
(CFS) and have been described as CFS-like symptoms. Evidence suggests that CFS is
often precipitated by an infection. The aim of the study was to examine if an infection in tem-
poral proximity to HPV vaccination is a risk factor for suspected adverse effects following
HPV vaccination.

Methods and findings

The study was a nationwide register-based cohort study and case-crossover analysis. The
study population consisted of all HPV vaccinated females living in Denmark, born between
1974 and 2006, and vaccinated between January 1, 2006 and December 31, 2017. The
exposure was any infection in the period £ 1 month around time of first HPV vaccination and
was defined as (1) hospital-treated infection; (2) redemption of anti-infective medication; or
(3) having a rapid streptococcal test done at the general practitioner. The outcome was
referral to a specialised hospital setting (5 national HPV centres opened June 1, 2015) due
to suspected adverse effects following HPV vaccination. Multivariable logistic regression
was used to estimate the association between infection and later HPV centre referral. The
participants were 600,400 HPV-vaccinated females aged 11 to 44 years. Of these, 48,361
(9.7%) females had a hospital-treated infection, redeemed anti-infective medication, or had
a rapid streptococcal test + 1 month around time of first HPV vaccination. A total of 1,755
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(0.3%) females were referred to an HPV centre. Having a hospital-treated infection in tem-
poral proximity to vaccination was associated with significantly elevated risk of later referral
to an HPV centre (odds ratio (OR) 2.75, 95% confidence interval (Cl) 1.72 to 4.40; P<
0.001). Increased risk was also observed among females who redeemed anti-infective med-
ication (OR 1.56, 95% CI1 1.33 to 1.83; P < 0.001) or had a rapid streptococcal test (OR 1.45,
95% Cl 1.10to 1.93; P=0.010). Results from a case-crossover analysis, which was per-
formed to adjust for potential unmeasured confounding, supported the findings. A key limita-
tion of the study is that the HPV centres did not open until June 1, 2015, which may have led
to an underestimation of the risk of suspected adverse effects, but stratified analyses by
year of vaccination yielded similar results.

Conclusions

Treated infection in temporal proximity to HPV vaccination is associated with increased risk
for later referral with suspected adverse vaccine effects. Thus, the infection could potentially
be a trigger of the CFS-like symptoms in a subset of the referred females. To our knowledge,
the study is the first to investigate the role of infection in the development of suspected
adverse effects after HPV vaccination and replication of these findings are needed in other
studies.

Author summary

Why was this study done?

o In Denmark, there was a human papilloma virus (HPV) vaccination crisis in 2015,
where reports of suspected adverse effects after HPV vaccination started increasing and
the HPV vaccination uptake decreased dramatically.

o All available evidence has found the HPV vaccine to be safe and the specific cause of the
reported adverse effects remains unknown.

o The reported symptoms were overlapping with those characterised as chronic fatigue
syndrome (CFS) and have been described as CFS-like.

« Infections are thought to be triggers of CFS, and we hypothesise that infections in tem-
poral proximity to vaccination could also play a role for the development of suspected
adverse effects following HPV vaccination.

What did the researchers find?

» Females who had a treated infection in temporal proximity to HPV vaccination were
more likely to be referred to a specialised hospital setting (HPV centre) because of sus-
pected adverse effects after HPV vaccination compared to HPV-vaccinated females
without an infection. The case-crossover and case time-control analyses made to control
for potential unmeasured confounding supported this finding.
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What do these findings mean?

o Infections might be a trigger of the suspected adverse effects in a subset of females
referred to an HPV centre.

« More research is needed in order to confirm these findings and to clarify whether infec-
tions alone or in combination with HPV vaccine could have caused the reported

symptoms.

Introduction

Human papilloma virus (HPV) vaccination has been shown to prevent cervical intraepithe-
lial neoplasia, which is preexisting to cervical cancer [1-3]. The HPV vaccination was intro-
duced as a self-paid vaccination in Denmark in 2006. Following this, a start-up programme
was initiated in 2008, and the HPV vaccine was implemented in the Danish childhood vac-
cination programme in 2009 targeting 12-year-old girls. In addition, several catch-up pro-
grammes have been completed, and, presently, all females born after 1984 have been offered
the HPV vaccine at some point. Initially, the HPV vaccine had great support with a vaccina-
tion uptake above 90% [4]. However, in 2015, the vaccination uptake decreased substan-
tially because of an increasing number of reported adverse effects resulting in public safety
concerns [5]. Consequently, in June 2015, the Danish government established 5 specialised
hospital settings (HPV centres) in order to medically evaluate and treat females with sus-
pected adverse effects following vaccination. The most frequently reported symptoms were
malaise, fatigue, dizziness, pain, and cognitive impairment [6]. However, no available evi-
dence has found a causal link between HPV vaccination and the reported symptoms and
diagnoses [7-15]. However, most of the existing evidence is based on studies investigating
specific hospital discharge diagnosis, which might not capture all females with suspected
adverse effects, e.g., if the females are predominantly seen in primary care, emergency
rooms, or outpatient clinics [8-11,15,16].Some of the females reported symptoms similar to
those characterised as chronic fatigue syndrome (CFS), which have therefore been
described as CFS-like symptoms. The aetiology and pathophysiology of CFS is largely
unknown, but changes in the immune system have been described and autoimmune mecha-
nisms are suspected to play a role [17-19]. Some studies report that CFS is often precipi-
tated by an infection [20-24]. Also, vaccinations have been proposed to be involved in the
onset of the pathophysiological process of CFS [25,26]. However, no association between
vaccination and CFS has been detected in epidemiological studies [8,25,26]. National health
authorities generally recommend to postpone a vaccination in case of acute infections with
fever, mainly because of difficulties in separating potential vaccine reactions from symp-
toms due to the infection [27-29]. However, no specific recommendation is given for an
already treated or recent infection [27-29]. We hypothesised that an infection in temporal
proximity to HPV vaccination could precipitate the reported CFS-like symptoms following
vaccination. Thus, the objective of this study was to examine the association between infec-
tion in temporal proximity to HPV vaccination and referral to an HPV centre because of
suspected adverse effects.
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Methods
Setting and data sources

The study was a nationwide Danish register-based cohort study. In Denmark, every citizen
is registered with a unique 10-digit civil personal registration (CPR) number, and we used
this to link information at the individual level between the following national registries. The
Danish National Patient Registry, which contains nationwide information on primary and
secondary diagnoses associated with each inpatient, outpatient, and emergency room visit
according to the International Classification of Diseases, 10th version (ICD-10) [30]. The
Danish Register of Medicinal Product Statistics, which contains information on redeemed
prescriptions of medication in community pharmacies. The information includes type and
product name of medication [31,32]. The Danish National Health Insurance Service Registry,
which contains information on contacts and specific services provided by the general prac-
titioner (GP). The register is a reimbursement register and provides no information on rea-
sons for contact, diagnosis, or test results [27,28]. Statistics Denmark, which contains
information on population statistics including socioeconomic variables. Electronic Patient
Journals, to identify females referred to an HPV centre for suspected adverse effects. There
is no study protocol available for publication.

Study population

The study population included all HPV-vaccinated females living in Denmark, born between
1974 and 2006, and vaccinated in the period between January 1, 2006 and December 31, 2017.
Females who received the first HPV vaccination at the GP were identified in the Danish
National Health Insurance Service Registry, in which the week of HPV vaccination is regis-
tered (service codes 8328, 8329, 8330 or 8334, 8335, and 8336). In addition, females who
redeemed a first prescription of a HPV vaccine (4-valent, 2-valent, or 9-valent) at a community
pharmacy were identified in the Danish Register of Medicinal Product Statistics (Anatomic
Therapeutic Chemical (ATC) codes J07BMO01, J07MB02, or J07BMO03). The HPV vaccination
date was a random allocated date in the week of receiving the first HPV vaccination at the GP
or the date of redeeming the first HPV vaccine prescription at the pharmacy. If a female was
registered with both a redemption of the HPV vaccine and a service code of HPV vaccination
at the GP within a period of 14 days, we used the first date registered.

Exposure

The exposure of interest was having an infection in the period from 1 month before until 1
month after the first HPV vaccination date. Presence of infection was defined by the follow-
ing markers: (1) admission date for an inpatient or outpatient hospital contact associated
with a primary (first-listed) discharge diagnosis of infection (specific ICD-10 codes in S1
Table); (2) date of redeeming at least one prescription of an anti-infective medication at a
pharmacy (specific ATC codes in S2 and S3 Tables); and (3) date of a rapid streptococcal
test (service code 7109) used to assist in the diagnosis of suspected pharyngitis at the GP.
We categorised and included each female at the date of the most severe infection cate-

gory * 30 days around the HPV vaccination, with severity going from hospital-treated infec-
tion (most severe), through redemption of anti-infective medication only, and to rapid
streptococcal test for pharyngitis without anti-infectives or hospital contact (least severe).
In subanalyses, we further categorised anti-infective medications according to type as an
indication of likely pathogens treated: bacterial, viral, fungal infection, and multiple infec-
tions (specific ATC codes in S2 Table), and according to likely site of the treated infection,
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e.g., urinary or upper respiratory tract (specific ATC codes in S3 Table). In a subanalysis,
we excluded prescriptions of tetracycline, as these can be prescribed for several conditions
including treatment of severe acne.

Outcome

Females could be referred to any of the HPV centres, established in 2015, by their GP or by a
medical specialist. The criteria for referral were unspecific or unexplained symptoms occurring
in temporal relation to HPV vaccination. The outcome in this study was referral to one of
these centres at some point in the period from July 1, 2015 until December 31, 2017.

Confounding factors

Variables that may potentially confound the associations by being associated with both risk of
infection and risk of later suspected adverse vaccine effects were identified a priori. Informa-
tion related to social position in terms of maternal education and socioeconomic status of the
family was obtained from Statistics Denmark for the year before first HPV vaccination [33].
We obtained information on chronic somatic conditions from the Danish National Patient
Registry. Information on psychiatric conditions and asthma was obtained from the Danish
National Patient Registry as well as from the Danish Register of Medicinal Product Statistics
(see specific ICD-10 codes and ATC codes in S1 Text) [28,29]. Information on the somatic
and psychiatric conditions were obtained in a period of 5 years before the date of first HPV
vaccination. Finally, we accounted for age and calendar year as use of antibiotics decreased
from 2008 to 2017 in all young age groups in Denmark [34].

Statistical analyses

Characteristics of the study population according to infection in temporal proximity to HPV vac-
cination status are presented using number and percentages. Also, we graphically present the age
distribution of the HPV vaccinated females according to year of vaccination as several catch-up
programmes including older girls and young women have taken place in different years. All
models were defined prior to conducting the study. We used simple and multivariable logistic
regression to estimate the crude and adjusted odds ratio (OR) with 95% confidence intervals
(CIs) as a measure of the association between each specific definition of infection and referral to
an HPV centre. In a sensitivity analysis, log binomial regression analysis was applied instead.
The associations were estimated both overall and stratified on age at vaccination (+18 years) and
year of vaccination (2006 to 2012 and 2013 to 2017), respectively. All analyses were adjusted for
the following variables: year of vaccination (2006 to 2008, 2009 to 2011, 2012 to 2013, 2014 to
2015, 2016 to 2017), age at vaccination (11 to 14, 15 to 17, 18 to 24, >25 years old), maternal edu-
cational level (PhD, higher education, medium-length education, basic education, high school or
vocational, and primary school), socioeconomic status of the family (owner of business, chief
executive or employee with high income, employee with middle income, employee with low
income, employee with unspecified income, unemployed, and pensioner), as well as chronic
somatic and psychiatric conditions in the 5 years prior to the first vaccine registration (yes/no).
Since referral to an HPV centre is rare and we have virtually complete follow-up in the study
period, the calculated ORs in the cohort study were interpreted as risk ratios.

Case-crossover and case time-control analyses

In order to understand whether unmeasured confounding could explain potential associations
between infections in temporal proximity to vaccination and referral to an HPV centre, we
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Cases (females referred to an HPV centre)

Control period Exposure Period
11-13 months < » + 1 months from
before HPV vaccination Case crossover study HPV vaccination

ﬁ

Case-time-control

Control period \4 Exposure Period
11-13 months R > + 1 months from
before HPV vaccination HPV vaccination

Controls (non-referred females)

Fig 1. Case-crossover and case time-control design (inspired by Hernandez-Diaz and colleagues [33]).

https://doi.org/10.1371/journal.pmed.1003768.9001

performed a case-crossover and a case time-control design (Fig 1) [35,36]. In a first step, we
used a case-crossover design, which only includes cases (all females referred to an HPV centre)
and uses cases as their own controls (using different exposure periods). Thus, this design can
effectively control for all personal time-stable factors. For each case, each type of infection was
ascertained for the same “risk-window period” as the main analysis (+1 month of vaccination)
and a “control-window period” of the same length the year before (11 to 13 months before vac-
cination). Exposure frequencies from the risk-window period and the control-window period
were compared by calculating a matched OR. The case-crossover OR (OR_,¢es) Was estimated
as the ratio of the number of cases exposed only in the risk-window period to the number of
cases exposed only during the control-window period (i.e., the ratio of discordant pairs). In a
second step, we used a case time-control design in order to control for temporal changes in
infections from 1 year to the other. To do that, we estimated the matched OR for controls (all
nonreferred females) as we did for cases: For each control, exposure frequencies from risk-
window period and the control-window period were compared through an OR (OR ontrols)-
The case time-control OR was estimated as OR,gjusted = ORcases / ORcontrols- All p-values related
to specific estimates in the statistical analyses were estimated by Wald tests.

All statistical analyses were carried out using STATA 13 statistical software.

This study is reported as per the RECORD-PE guideline (S1 Checklist).

Results

The study population consisted of 600,400 HPV-vaccinated females aged 11 to 44 years at the
time of first HPV vaccination. Fig 2 shows the age distribution according to year of vaccina-
tion. From 2006, the HPV vaccine was available as a self-paid vaccination. In 2008, a start-up
programme was initiated, and the HPV vaccine was included in the national childhood pro-
gramme in 2009. In addition, until 2016, several catch-up programmes targeting females aged
15 or older were carried out. The largest catch-up programme was completed in 2012 to 2013
where 239,797 (39.9% of all the HPV-vaccinated females) were vaccinated and 179,134 of these
(74.7%) were aged 18 or older (Table 1 and Fig 2). The characteristics of the study population
are presented in Table 1. Within 1 month before or after HPV vaccination, 2,608 (0.4%)
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Frequency

120,000

100,000

80,000 -

60,000
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20,000
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B 11-17 yearsold | 18+ years old

Fig 2. Age distribution at the time of first HPV vaccination according to calendar year.

https://doi.org/10.1371/journal.pmed.1003768.9002

females had a hospital-treated infection, 44,220 (7.4%) had redeemed a prescription of anti-
infective medication without hospital treatment, and 11,533 (1.9%) had a rapid streptococcal
test for pharyngitis infection at the GP with neither redemption anti-infective medication nor
hospital treatment. Overall, compared to females without infection, infected females more
likely suffered from asthma, lived in families where the parents either had low income, were
pensioners or unemployed, and tended to have mothers with shorter education (high school
or less). In addition, females with hospital-treated infections or females who redeemed anti-
infective treatment in temporal proximity to HPV vaccination were more likely to have
received the first HPV vaccination in the period from 2012 throughout 2013 and were gener-
ally older (18+ years). Finally, females with hospital-treated infections or females who
redeemed anti-infective treatment were more likely to suffer from chronic somatic conditions
and psychiatric conditions (Table 1).

Referral to an HPV centre was rare. A total of 1,755 (0.3%) of the HPV-vaccinated females
were referred to an HPV centre during the study period (Table 2). Overall, females with infec-
tion in temporal proximity to HPV vaccination had higher risk of referral to an HPV centre
compared to females without an infection. The strongest association was detected among
females who had a hospital-treated infection (OR 2.75, 95% CI 1.72 to 4.40; P < 0.001) com-
pared to females with no infection (Table 2). In addition, redemption of an anti-infective pre-
scription and having a rapid streptococcal test at the GP were also associated with a higher risk
of referral compared to no infection (OR 1.56, 95% CI 1.33 to 1.83; P < 0.001 and OR 1.45,
96% CI 1.10 to 1.93; P = 0.010), respectively (Table 2). Exclusion of prescriptions for tetracy-
cline from the anti-infective prescriptions did not change the result (OR 1.57, 95% 1.33 to 1.85;
P < 0.001). After stratifying on age at first HPV vaccination (+18 years), the higher risk of
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Table 1. Characteristics of the study population by infection in temporal proximity to HPV vaccination.

No infection

Infection stratified by severity of infection

n (%) Hospital-treated infection n | Redeemed anti-infective prescription |Rapid streptococcal test at the GP
(%) n (%) n (%)

N 600,400 542,039 2,608 (0.4)* 44,220 (7.4)* 11,533 (1.9)*
(90.3)*

Year of first HPV vaccination

2006-2008** 92,244 (17.0) | 360 (13.8) 7,111 (16.1) 2,618 (12.7)

2009-2011 154,190 648 (24.8) 9,492 (21.5) 3,647 (31.6)
(28.4)

2012-2013*** 210,084 1,215 (46.6) 24,719 (55.9) 3,779 (32.8)
(38.8)

2014-2015 43,238 (8.0) 227 (8.7) 1,662 (3.8) 820 (7.1)

2016-2017 42283 (7.8) | 158 (6.1) 1,236 (2.8) 669 (5.8)

Age at first HPV vaccination

11-14 years 297,822 704 (27.0) 10,530 (23.8) 6,163 (53.4)
(54.9)

15-17 years 55,286 (10.2) | 215 (8.2) 4,551 (10.3) 1,864 (16.2)

18-25 years 123,720 1,157 (44.4) 19,120 (43.3) 2,430 (21.1)
(22.8)

26+ years 65,211 (12.0) | 532 (20.4) 10,019 (22.7) 1,076 (9.3)

Socioeconomic position of the family

Owner of business 31,198 (6.0) 125 (5.1) 2,446 (5.8) 616 (5.5)

Chief executive or employee with high | 116,196 495 (20.1) 8,168 (19.4) 2,126 (19.0)

income (22.2)

Employee with middle income 95,706 (18.3) | 415 (16.9) 7,341 (17.5) 2,022 (18.0)

Employee with low income 142,086 687 (27.9) 11,670 (27.8) 3,253 (29.0)
(27.2)

Employee unspecified income 75,762 (14.5) | 349 (14.2) 6,131 (14.6) 1,751 (15.6)

Pensioners 26,740 (5.1) 199 (8.1) 3,426 (8.2) 585 (5.2)

Unemployed 32,057 (6.1) 173 (7.1) 2,515 (6.0) 798 (7.1)

Other 3,487 (0.7) 15 (0.6) 302 (0.7) 67 (0.6)

Missing 18,807 150 2,221 315

Maternal education

PhD or higher education 39,815 (7.6) 160 (6.5) 2,200 (5.2) 599 (5.3)

Middle education 128,242 534 (21.7) 9,746 (23.2) 2,616 (23.3)
(24.6)

Basic education 28,764 (5.5) 127 (5.2) 2,058 (4.9) 534 (4.8)

High school or vocational 219,380 1,048 (42.7) 17,724 (42.2) 4,897 (43.7)
(42.0)

Primary school 97,732 (18.7) | 549 (22.3) 9,638 (22.9) 2,387 (21.3)

Unknown 8,351 (1.6) 38 (1.5) 672 (1.6) 172 (1.5)

Missing 19,755 152 2,182 328

Chronic somatic condition before first HPV vaccination

Yes 125254 (47) | 435(16.7) | 3,966 (9.0) 685 (5.9)

Asthma before first HPV vaccination

Yes 64,103 (11.8) | 462(17.7) 7,412 (16.8) 1,944 (16.9)

Psychiatric condition before first HPV vaccination

Yes 138360 (7.1) | 462 (17.7) 7,063 (16.0) 948 (8.2)

“Row %.

**Start-up HPV vaccination programme including females born in the period 1993-1995.

***Large catch-up HPV vaccination programme for females born in the period 1985-1992.

GP, general practitioner; HPV, human papilloma virus.

https://doi.org/10.1371/journal.pmed.1003768.t001
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referral in females with an infection in temporal proximity to HPV vaccination was detected
in both age groups. However, point estimates tended to be larger for females 18+ years old. No
difference was noticed when stratifying on year of vaccination (2006 to 2012/2013 to 2017) (54
Table).

The most common type of redeemed anti-infective medication according to likely treated
pathogen was anti-bacterial (n = 34,863; 79% of all anti-infective prescriptions), while the most
likely site of the treated infection was the respiratory tract (18,663; 42%) (Table 3). Overall,
infections according to most types of anti-infective medication were associated with increased
risk of later referral to an HPV centre; however, no substantial differences were detected
between the likely treated pathogen or likely site of infection and later referral to an HPV cen-
tre. Additionally, classification of likely targeted site of the infection was not possible for
11,693 (26%) of the redeemed prescriptions as the anti-infective medication could be targeted
for infections in several different sites (Table 3). The sensitivity analyses using log binomial
regression analysis yielded almost identical results (S5 and S6 Tables).

Case-crossover and case time-control analyses

Although controls were more likely to experience a hospital-treated infection or anti-infective
prescription in temporal proximity to vaccination than in the year before (indicating moderate
trends of exposure to an infection), cases were even more likely to have an infection around
vaccination than in the year before (Table 4). Thus, after adjustment for the time trend, we
observed an association between anti-infective medication redeemed around the time of HPV
vaccination and later referral to an HPV centre (OR 1.40, 95% CI 1.08 to 1.81; P = 0.011).
Although the association with referral to an HPV centre was based on a small number of dis-
cordant pairs and not statistically significant for a hospital-treated infection happening around
the time of HPV vaccination, the point estimate was larger than for those with anti-infective
prescriptions (OR 1.84, 95% CI 0.74 to 4.56; P = 0.189). On the contrary, the association for
rapid streptococcal test at the GP and referral to an HPV centre due to suspected adverse
effects was weaker (OR 1.11, 95% CI 0.73 to 1.70; P = 0.718).

Table 2. Association between infection in temporal proximity to first HPV vaccination (+1 month) and later referral to an HPV centre for suspected adverse vac-
cine effects.

Total Females Females Unadjusted OR (95% Adjusted OR* (95% CI)
N) referred to | referred to an | CI)

an HPV HPYV centre

centre (n) per 10,000

Overall Stratified on age at vaccination

600,400 | 1,755 p-value p-value' | <18 years p-value' | >18 years p-value'
No infection 542,039 | 1,505 27.8 -ref- -ref- -ref- -ref-
Hospital contact | 2,608 18 69.0 2.50 (1.57;3.98) | <0.001 | 2.75(1.72;4.40) | <0.001 | 2.55(1.21;5.39) | 0.014 2.85 (1.56;5.23) | 0.001
due to infection
Redeemed anti- | 44,220 | 181 40.9 1.48 (1.26;1.72) | <0.001 | 1.56 (1.33;1.83) | <0.001 | 1.40 (1.10;1.78) | 0.007 1.71 (1.37;2.12) | <0.001
infective
prescription
Rapid 11,533 | 51 44.2 1.60 (1.21;2:11) | 0.001 1.45 (1.10;1.93) | 0.010 1.38 (0.99;1.91) | 0.056 1.72(0.99;2.99) | 0.057
streptococcal
test by the GP

*Adjusted for age at vaccination, year of vaccination, maternal education, socioeconomic position of the family, and chronic somatic conditions, asthma, and psychiatric
conditions.
"Wald test.

CI, confidence interval; GP, general practitioner; HPV, human papilloma virus; OR, odds ratio.

https://doi.org/10.1371/journal.pmed.1003768.t002
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Table 4. Case-crossover and case time-control analyses of the association between infection in temporal proximity to HPV vaccination (+1 month) and referral to
an HPV centre (reference period 11-13 months before HPV vaccination).

Referred females n/ | Referred Nonreferred females (time | Nonreferred females p- Referred females OR p-
discordant pairs females OR trend) n/discordant pairs | (time trend) OR (95% value™ | (95% CI) adjusted for value®
(95%) CI) time trend
Hospital-treated 14/7 2.00 (0.81;4.96) | 2,004/1,841 1.09 (1.02;1.16) 0.009 1.84 (0.74;4.56) 0.189
infections
Redeemed anti- 143/95 1.51 (1.16;1.95) | 35,025/32,519 1.08 (1.06;1.09) <0.001 | 1.40 (1.08;1.81) 0.011
infective prescription
Rapid streptococcal 47/43 1.09 (0.72;1.65) | 9,756/9,632 1.01 (0.98;1.04) 0.373 1.11 (0.73;1.70) 0.718
test
"Wald test.

CI, confidence interval; HPV, human papilloma virus; OR, odds ratio.

https://doi.org/10.1371/journal.pmed.1003768.t004

Discussion

In this nationwide population-based cohort study, which included designs to control for
unmeasured confounding, we observed that a hospital-treated infection or redemption of anti-
infective treatment in temporal proximity to HPV vaccination was associated with a higher
risk of referral to an HPV centre because of suspected adverse effects. The infected females had
a higher risk of referral to an HPV centre regardless of the type of redeemed anti-infective
treatment.

Strengths and limitations

A strength of our study is the population-based design with virtually complete follow-up,
which limits the risk of selection bias. Furthermore, in Denmark, there is free access to both
primary and secondary healthcare, and all information in the registries on diagnoses, prescrip-
tions, and special services were collected prospectively. Generally, the information from The
Danish National Patient Registry and Danish Register of Medicinal Product Statistics are of
high quality, and the validity of diagnoses and medication is high [30-32], and we therefore
consider the risk of information bias for these exposures low. Information on rapid streptococ-
cal test from the Danish National Health Insurance Service Registry does not include any
information on diagnoses or positive/negative test results and is therefore mainly a measure of
indication/suspicion of an infection. The GPs’ decision to provide a test or not in case of infec-
tion symptoms in temporal proximity to HPV vaccination is most likely unrelated to later
referral to an HPV centre, but the females’ individual healthcare attendance behaviour might
influence the likelihood of having a test for infection, and some infections might not be cap-
tured. Also, females with later symptoms who could recall other health effects (e.g., infection)
happening around the time of HPV vaccination might in theory be less likely to be referred, as
they had an alternative explanation for their symptoms. However, this potential detection bias
cannot explain the positive associations found in the present study. Another strength in our
study is that we were able to adjust for a range of confounders, including prior somatic condi-
tions, asthma, and psychiatric conditions, based on highly valid information from registries.
Additionally, we conducted a case-crossover and a case time-control analyses in order to con-
trol for unmeasured/uncontrolled confounding including potential differences in healthcare
attendance pattern. The results of the case-crossover and case time-control analyses supported
our findings for females with hospital-treated infections and for females who had redeemed
anti-infective medication. Conversely, the analysis did not support the finding for females
tested for pharyngitis at the GP. A possible explanation for this could be that having a test for
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infection at the GP is more likely influenced by healthcare attendance pattern than a hospital-
treated infection or receiving medication for an infection. This explanation is supported by
Danish case-control studies reporting differences in healthcare attendance prior to HPV vac-
cination between females referred to an HPV centre and nonreferred females [37-39]. The
associations detected for the treated infections using both study designs support the robustness
of these findings. A limitation of our study is that the HPV centres did not open until June
2015. We could therefore not include time to referral in our analyses. Also, some females
experiencing adverse effects well before this date might have had other diagnoses and treat-
ment and consequently never been referred to an HPV centre. To assess any bias from possible
incomplete outcome registration early in the study period, we stratified the main analysis on
calendar year of first HPV vaccination (2006 to 2012 and 2013 to 2017; see S4 Table). No
major differences in relative risk estimates across the periods were observed.

Comparison with other studies

To our knowledge, no other studies have investigated the association between infections in
temporal proximity to HPV vaccination and suspected adverse vaccine effects. However, some
studies have investigated the association between infection or vaccination and the CFS diagno-
sis. In a Norwegian nationwide register-based follow-up study, the researchers found that CFS
was associated with pandemic influenza infection, but not with a pandemic influenza vaccine
[26]. Correspondingly, in a case—control study, no association between vaccination against
meningococcal disease in teenagers and CFS was observed, whereas the authors found an asso-
ciation between infectious mononucleosis and CFS [25]. Finally, no association between HPV
vaccination and CFS was detected in another Norwegian nationwide register-based follow-up
study [8]. These studies support our hypothesis of infection in temporal proximity to HPV
vaccination as a potential trigger of the CFS-like symptoms. As we only included HPV-vacci-
nated females in our study, we are not able to differentiate possible effects of an infection in
itself from a potential interaction between an infection and the HPV vaccination. Further-
more, we are not able to differentiate effects of the infection per se from the treatment given
for the infection. Future studies should aim at investigating the specific mechanisms further.

Implications

In clinical guidelines, it is recommended to reschedule a vaccination in febrile persons for 2
reasons. First of all, the vaccination might not be effective, and, secondly, it is difficult to differ-
entiate between potential vaccine reactions and signs of illness [27]. However, treated infec-
tions are not described as a reason for delay of vaccination [27]. In our study, we observed that
infection in temporal proximity to HPV vaccination was associated with a higher risk of refer-
ral to an HPV centre because of suspected adverse effects than noninfected females. To our
knowledge, this is the first study to investigate this association. If these results can be replicated
in other study populations, health authorities should consider primarily scheduling school-
based HPV vaccination programmes and individual vaccinations in the months where the risk
of infections is low, in order to lower the risk of misinterpretation of symptoms. However,
potential consequences of HPV vaccine postponement should also be taken into account. It is
important to emphasise that the absolute risk of referral to an HPV centre was low and that
having an infection in temporal proximity to first HPV vaccination only explained a limited
proportion of the total number of referrals (14.5% of the referred females had an infection in
temporal proximity to first HPV vaccination). However, preventing erroneous suspicion of
suspected adverse effects following HPV vaccination is not only of interest for the individual;
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it is also important in a public health perspective in terms of maintaining public confidence
towards the HPV vaccination programme.

Conclusions

Infection in temporal proximity to HPV vaccination was associated with a higher risk of refer-
ral to an HPV centre because of suspected adverse vaccine effects. The infection could poten-
tially be a trigger of the CFS-like symptoms in a subset of the referred females. Further studies
are needed to detect whether interaction between infection and HPV vaccination plays a role.
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