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Background: It has been hypothesised that the measles-mumps-rubella (MMR) vaccine may afford
cross-protection against SARS-CoV-2 which may contribute to the wide variability in disease severity
of Covid-19.

Methods: We employed a test negative case-control study, utilising a recent measles outbreak during
which many healthcare workers received the MMR vaccine, to investigate the potential protective effect
of MMR against SARS-CoV-2 in 5905 subjects (n = 805 males, n = 5100 females).

I;;Jl;v;?ég;q Results: The odds ratio for testing positive for SARS-CoV-2, in recently MMR-vaccinated compared to not
Covid-19 recently MMR-vaccinated individuals was 0.91 (95% CI 0.76, 1.09). An interaction analysis showed a sig-
MMR vaccine nificant interaction for sex. After sex-stratification, the odds ratio for testing positive for males was 0.43

(95% C1 0.24, 0.79, P = 0.006), and 1.01 (95% CI 0.83, 1.22, P = 0.92) for females.
Conclusion: Our results indicate that there may be a protective effect of the MMR vaccine against SARS-
CoV-2 in males but not females.

© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

A hallmark of Covid-19, caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), is the wide variability in dis-
ease severity, from asymptomatic infection to severe respiratory
failure and death [1]. Even though a number of risk factors for sev-
ere infection have been identified, such as old age, male sex and
elevated BMI, it is still incompletely understood why some individ-
uals become so severely affected. The fact that children under the
age of 10 appear more protected against severe disease has given
rise to many hypotheses, such as age-related differences in distri-
bution and affinity of the viral receptor angiotensin converting
enzyme 2 receptors, or pre-existing immunity to coronaviruses
[2]. It has also been postulated that childhood vaccinations against
other infections can be of importance, supported by reports indi-
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cating that live attenuated vaccines may confer protection against
non-targeted pathogens [3]. Furthermore, amino acid sequence
homologies have been found between the SARS-CoV-2 and
measles, rubella and mumps viruses [4,5], and a recent study
showed a significant inverse correlation between mumps IgG titres
and Covid-19 severity in individuals who had received the
measles-mumps-rubella (MMR) vaccine in childhood [6]. There
have also been early reports regarding populations with recent
MMR vaccination, in whom Covid-19 infections appear less severe
or the mortality rate has been lower [7].

A placebo-controlled randomised clinical trial of 30 000 sub-
jects is presently recruiting to study the protective effect of MMR
vaccination against laboratory test-confirmed symptomatic
Covid-19 [8]. Pending these trial results, we utilised a recent
measles outbreak in 2018, during which many health care workers
(HCW) received the MMR vaccine. We employed a test negative
case-control study, considered suitable for estimating vaccine
effectiveness [9] and recently used in several Covid-19 vaccine
studies [10,11], to investigate whether recent MMR vaccination
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may protect against SARS-CoV-2 and/or the development of severe
Covid-19.

2. Methods
2.1. Exposure

A measles outbreak in 2018 in Gothenburg, Sweden, made it
apparent that immunity against measles, defined as having had
measles or having received two doses of measles-containing vac-
cine, was heterogeneous among HCW, especially those born
between 1960 and 1981. Those born before 1960 are assumed to
have been infected by measles, and MMR coverage in those born
in 1982 and later is very high. The single-antigen measles vaccine
was introduced in Sweden in 1971, but the implementation was
incomplete and it was replaced by the MMR vaccine in 1982. Data
from before 1970 is lacking, but approximately 89% of those born
in 1970 are believed to have received at least one dose of
measles-containing vaccine, with this coverage increasing to and
remaining above 90% for those born 1972 and after [12]. All
HCW employed by the Region Vdstra Gotaland were thus required
to review their vaccination status and MMR vaccine was offered
free of charge via the workplace to all who were not considered
immune.

2.2. Outcome

During the Covid-19 pandemic, all HCW experiencing symp-
toms indicative of Covid-19 (e.g., fever, dry cough, upper respira-
tory tract symptoms) have been offered PCR-testing for SARS-
CoV-2 via the workplace, starting in March 2020 with prioritised
units (intensive care, infectious diseases, transplant surgery etc.)
and thereafter continuously expanding to include HCW in all areas.
Serology testing for prior SARS-CoV-2 infection became available
to HCW in late May 2020, to test for past infection, including in
those who had been unable to access a PCR test in the early phases
of the pandemic. Studies have shown that the vast majority of
SARS-CoV-2 infected individuals seroconvert [13,14]. Nasal swabs
were qualitatively analysed using the cobas 6800 PCR system
(Roche) or using a validated in-house assay (5.2% of samples).
Serum samples were screened for nucleocapsid-specific antibodies
using the qualitative Architect system (Abbott) and positive sam-
ples were confirmed with the quantative iFlash 1800 (YHLO).

The study population thus consisted of HCW (in hospitals and
primary care, as well as administrative personnel, laboratory tech-
nicians, cleaners etc.) employed by the region born in 1960-1981
and who had been tested for SARS-CoV-2 via the workplace (PCR
and|/or serology with the appropriate laboratory code). To be eligi-
ble for participation, the HCW had to have been working within the
region since the measles outbreak in 2018.

Approval was obtained from the Swedish Ethical Review
Authority (Registration number 2020-05168). Data extraction of
SARS-CoV-2 tests belonging to HCW was performed on the 5th of
October 2020. Eligible subjects were contacted twice during a
three-week period (starting on the 23rd of October 2020) via their
work email for inclusion, and written informed consent was
obtained from all participants before engaging in any study-
related activities. An electronic questionnaire was sent to the par-
ticipants containing questions regarding MMR vaccination in 2018
or later, SARS-CoV-2 PCR and/or serology test results, the severity
of Covid-19 infection graded on a five-point scale (1: asymp-
tomatic; 2: managed symptoms at home without any assistance;
3: managed symptoms at home but required assistance for activi-
ties of daily life; 4: hospitalised, medical ward; 5: hospitalised,
intensive care ward), and comorbidities believed to increase the
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risk of severe Covid-19 (hypertension, cardiovascular disease,
chronic kidney disease, type 1/2 diabetes mellitus, chronic obstruc-
tive pulmonary disease, immunodeficiency, malignancy, and obe-
sity (BMI > 30)).

2.3. Statistical analyses

Differences between the test-positive and test-negative
groups, and recently and not-recently MMR-vaccinated groups,
were tested using Fischer’s exact test for dichotomous variables
and student t test for continuous variables. Logistic regression
was used to estimate the odds of testing positive for SARS-CoV-
2 or developing severe Covid-19 (severity 4-5) in subjects receiv-
ing MMR vaccine in 2018 or later compared to those who had
not. Possible interactions were assessed by addition of an interac-
tion term in the logistic regression models, and P < 0.05 for the
interaction term was interpreted as statistically significant. The
interaction term included the two parameters of interest multi-
plied by each other. The results are presented as odds ratios with
a 95% confidence interval (CI). Age, sex, BMI > 30 and the pres-
ence of one or more of the above-mentioned comorbidities were
considered possible confounders for testing positive and disease
severity, and were included as covariates in the adjusted logistic
regression models. All statistical analyses were performed using
SPSS (version 27).

3. Results

The survey was sent to 12 940 eligible HCW, of which 5905
(45.6%) responded and gave consent to participate. The demogra-
phy, vaccination status, SARS-CoV-2 test status, Covid-19 details
and prevalence of important risk factors of respondents are pre-
sented in Table 1.

In total, 756 HCW (12.8%) responded that they had tested pos-
itive by PCR and/or serology. Test positivity differed significantly
between the sexes (12.4% of women and 15.3% of men, P = 0.03),
and in subjects with a BMI over and under 30 (12.4% of subjects < 30
and 15.3% of subjects > 30, P = 0.02). Lab records confirming the
stated test-positivity were unavailable for 73 (10%) subjects, inter-
preted as the positive test result was attained outside of the HCW-
testing and were thus included.

Of the 1409 HCW reporting recent MMR vaccination, 990
(70.3%) had received one dose, 227 (16.1%) two doses, and 192
(13.6%) could not recall how many doses they had received. The
rate of recent MMR-vaccination was higher for women than men
(24.5% compared to 19.9%, P = 0.004). Of those recently vaccinated,
there was no significant difference in the number of doses admin-
istered between women and men (P = 0.81). When considering the
number of MMR doses given to subjects born 1960-1970 and
1971-1981, a significantly larger proportion of vaccinated subjects
born in the earlier period had received two doses than one (28.2%
compared to 10.9%, P < 0.0001; no significant differences between
the sexes).

The odds ratio for testing positive for SARS-CoV-2 in recently
MMR-vaccinated compared to not recently MMR-vaccinated sub-
jects was 0.91 (95% CI 0.76, 1.09) (Table 2). Adjustment for age,
sex, BMI > 30 and one or more comorbidities did not alter the
results. Because of an interaction between sex and recent MMR
vaccination (P = 0.008 for the interaction term recent MMR
vaccination x sex), sex-stratified analyses were also performed.
The OR for testing positive in recently vaccinated compared to
not recently vaccinated females was not significant, but was signif-
icant for males: OR 0.43 (95% CI 0.24, 0.79, P = 0.006). Adjustment
for age, BMI > 30 and one or more comorbidities did not effect
these ORs.
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Table 1
Descriptive statistics. Values are numbers (%) unless stated otherwise.
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Total (n = 5905)

Positive test result' (n = 756)

Negative test result (n = 5149)

Recently MMR-vaccinated”

Total 1409
Age, median (IQR)’ 48 (43-53)
Sex

Male 160

Female 1249
BMI®

<30 1173

>30 229
Comorbidity’

>1 220

None 1189
Number of days of symptoms, median (IQR)® -
Severity®

1-3 -

4-5 -
Most recent MMR vaccine dose, year

2018 985

2019 116

2020 25

Unknown 283
Not recently MMR-vaccinated
Total 4496
Age median (IQR)* 50 (44-55)
Sex

Male 645

Female 3851
BMI°

<30 3776

>30 691
Comorbidity’

>1 840

None 3656
Number of days of symptoms, median (IQR)® -
Severity”

1-3 -

4-5 -

169 (12.0) 1240 (88.0)
47 (43-52) 48 (43-53)
13 (8.1) 147 (91.9)*
156 (12.5) 1093 (87.5)
138 (11.8) 1035 (88.2)°
31(13.5) 198 (86.5)
24 (10.9) 196 (89.1)
145 (12.2) 1044 (87.8)
14 (7-21) -

166 (98.2) -

3(1.8) -

116 869

16 100

2 23

35 248

587 (13.1) 3909 (86.9)
50 (45-55) 50 (44-55)
110 (17.1) 535 (82.9)*
477 (12.4) 3374 (87.6)
475 (12.6) 3301 (87.4)°
110 (15.9) 581 (84.1)
100 (11.9) 740 (88.1)
487 (13.3) 3169 (86.7)
14 (7-20) -

573 (97.6) -

14 (2.4) -

1
2 MMR (measles-mumps-rubella) vaccine.
3 Age on the 1st of January 2020, IQR: interquartile range.
4 Difference in sexes in positive and negative test groups, P = 0.027.
5 BMI: body mass index (n = 5869).
6 Difference in BMI > 30 in positive and negative test groups, P = 0.016.
7
immunodeficiency, malignancy.
8 Number of sick days due to Covid-19 (n = 728).
9 Severity 1-3: no hospital admission. Severity 4-5: hospital admission.

Table 2
0dds ratios for testing positive for SARS-CoV-2.

SARS-CoV-2 positivity by PCR in 13%, serology in 49%, both in 28% and unknown 10%.

Comorbidities, excluding BMI > 30: hypertension, cardiovascular disease, chronic kidney disease, type 1/2 diabetes mellitus, chronic obstructive pulmonary disease,

0dds ratio (95% CI) Adjusted odds ratio' (95% CI)

Not recently MMR-vaccinated
Recently MMR-vaccinated?
Stratification for

Sex Female
Male

Age 1960-1970
1971-1981

Base
0.91 (0.76-1.10)

Base
0.91 (0.76-1.09)

1.01 (0.83-1.23) 1.01 (0.83-1.22)
0.43 (0.24-0.79)* 0.44 (0.24-0.80)"
0.81 (0.62-1.06) 0.81 (0.62-1.06)
1.01 (0.79-1.30) 1.02 (0.79-1.31)

! Adjusted for age, sex, BMI > 30, >1 comorbidity: hypertension, cardiovascular disease, chronic kidney disease, type 1/2 diabetes mellitus, chronic obstructive pulmonary

disease, immunodeficiency, malignancy. Stratified analyses not adjusted for factor
2 MMR-vaccinated in 2018-2020.
3 P =0.006.
4 P =0.008.

No interaction was seen between age and recent MMR vaccina-
tion (P = 0.26). However, because a higher proportion of subjects
born before 1970 recently had received two MMR doses than those
born later, analyses were also stratified by age (Table 2). The ORs

of stratification.

were not statistically significant for either age group, and the con-
fidence intervals overlapped with a wide margin. When consider-
ing if more doses could afford a higher level of protection, the OR
for testing positive was 0.92 (95% CI 0.75,1.13) for one dose and
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0.79 (95 %CI 0.50, 1.19) for two doses, excluding subjects who
could not recall how many doses they had received. When only
considering males, the ORs were 0.54 (95% CI 0.27, 1.07) for one
dose (n = 100) and 0.21 (95% CI 0.03, 1.58) for two doses (n = 24).

The severity of Covid-19 among recently vaccinated and not are
shown in Table 1. Fourteen not recently vaccinated subjects had
required hospitalisation (severity group 4-5, 2.4%) compared to
only three recently vaccinated subjects (1.8%), making the OR for
hospital admission 0.74 (95% CI 0.21, 2.60). After adjusting for
age, sex, BMI > 30 and the prevalence of one or more comorbidi-
ties, the adjusted OR for hospital admission was 0.94 (95% CI
0.26, 3.46).

In sensitivity analyses, exclusion of subjects whose test-
positivity could not be confirmed in the lab records did not change
conclusions based on statistical significance levels (data not
shown). Similarily, when considering subjects vaccinated in 2019
or 2020 (n = 141) and subjects vaccinated only 2018 (n = 985) sep-
arately, results remained largely unchanged, with odds ratios of
0.95 (95% CI1 0.56, 1.52) and 0.89 (95% CI 0.72, 1.10) respectively.

4. Discussion

The concept that existing vaccines may afford protection
against heterologous pathogens is particularly appealing in pan-
demic situations, and the potential of MMR vaccine protecting
against Covid-19 has been considered [7,8]. Our results suggest
that MMR-vaccination up to 2.5 years prior affords no substantial
protective effect against SARS-CoV-2 infection when considering
the whole study population. However, in sex-stratified analyses,
there was a significantly reduced risk of testing positive in recently
MMR-vaccinated men, equating to an estimated 57% vaccine effec-
tiveness at preventing symptomatic disease (P = 0.006).

A meta-analysis of more than three million cases of COVID-19
have shown that the proportions of COVID-19 cases are similar
between the sexes, but males are approximately three times more
likely to require intensive care [15]. Simultaneously, females usu-
ally develop greater immune responses to vaccination than males
[16], though this does not necessarily have to translate to higher
protection. It could be argued that factors specific for females mask
potential protective effects of MMR-vaccination, such as higher
levels of adult vaccination (due to screening for rubella-
antibodies in conjunction with pregnancy). However, there were
no statistically significant differences between the sexes regarding
the number of doses administered during the 2018 measles out-
break, indicating that women in this age group had not had more
vaccine doses during childhood or adulthood than men. Whilst
the protective effectiveness seen in men in this study is interesting,
the result is based on few subjects (n = 805) and it cannot be ruled
out that it may be due to residual confounding.

There was no indication that more recent MMR vaccination
(vaccinated in 2020 or 2019 compared to in 2018) afforded higher
protection from symptomatic infection, but there was a tendency
that two doses may have afforded higher protection compared to
one. The low number of subjects developing severe Covid-19 in
our population makes drawing any conclusions about the potential
of MMR vaccine protecting against severe Covid-19 symptoms dif-
ficult. Of note, of the 17 severe Covid-19 cases in this study, all
three who had been recently MMR vaccinated were female.

This study has several limitations. The study population is of a
specific age group, and has an excess of females which, whilst rep-
resentative of HCW, does not reflect the general population. Whilst
we believe that by considering both PCR and serology results, the
testing can be considered comprehensive of the first wave of infec-
tion, as information regarding numbers of symptomatic HCW and
proportions tested is lacking, we do not have the opportunity to

4417

Vaccine 39 (2021) 4414-4418

completely assess this. By using work email, the possibility that
some HCW missed the study invitation because of long-term sick
leave due to Covid-19 cannot be excluded, which could be a source
of bias. Data regarding occupation type and level of exposure to
Covid-19 patients is also lacking. A questionnaire had to be used
to gather data, as vaccinations are unavailable from the electronic
medical journal system used in the county. It is thus possible that
MMR vaccination was subjected to recall bias, though considering
MMR vaccine was administered maximumly 2.5 years before this
study, this is unlikely. It is also possible that the SARS-CoV-2-
negative group contains some false negatives due to delayed PCR-
testing or absence of seroconversion. However, these would likely
be evenly distributed between the recently MMR-vaccinated and
not recently MMR-vaccinated groups and thus there would be little
bias towards the null-value due to non-differential misclassifica-
tion of outcome. Lastly, the observational nature of this study
includes risk of unknown bias and confounding.

In conclusion, we performed a test negative case-control study
using a recent measles outbreak with MMR vaccination in HCW to
investigate the potential protective effect of MMR vaccine against
SARS-CoV-2 and severe Covid-19. Whilst our results do not support
a substantial protective effect of the MMR vaccine in the whole
study population, a significant effectiveness of approximatly 57%
at preventing symptomatic disease was seen in men. However, it
cannot be excluded that these results are due to residual confound-
ing. Despite the fact that antigen-specific vaccines against SARS-
CoV-2 are now available, they are far from universally accessible
and the potential global health gains of non-specific disease-
modifying immunisations are vast. It will be very interesting to
see the results from the planned RCT on the protective effects of
MMR vaccination against Covid-19, and the present study empha-
sizes that it may be important to perform sex-stratified analyses.
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