Nt

Iranian Journal of Immunology

https://iji.sums.ac.ir

Does Prior Immunization with Measles, Mumps, and
Rubella Vaccines Affect the Antibody Response to
COVID-19 Antigens?

Danesh Hassani', Mohammad Mehdi Amiri', Faezeh Maghsood', Vahid Salimi?, Gholam
Ali Kardar®, Omid Barati*, Seyed Mohammad Reza Hashemian®, Mahmood Jeddi-Tehrani®,
Amir-Hassan Zarnani', Fazel Shokri'™*

"Department of Immunology, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran;
2Department of Virology, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran;
Simmunology Asthma & Allergy Research Institute, Children’s Medical Center, Tehran University of Medical
Sciences, Tehran, Iran; “Health Human Resources Research Center, School of Management and Medical
Informatics, Shiraz University of Medical Sciences, Shiraz, Iran; Chronic Respiratory Diseases Research
Center (CRDRC), National Research Institute of Tuberculosis and Lung Diseases (NRITLD), Shahid Beheshti
University of Medical Sciences, Tehran, Iran; ®Monoclonal Antibody Research Center, Avicenna Research
Institute, ACECR, Tehran, Iran

ABSTRACT

Background: Incidence and severity of SARS-CoV2 infection are
significantly lower in children and teenagers proposing that certain
vaccines, routinely administered to neonates and children may
provide cross-protection against this emerging infection.
Objective: To assess the cross-protection induced by prior measles,
mumps and rubella (MMR) vaccinations against COVID-19.
Methods: The antibody responses to MMR and tetanus vaccines
were determined in 53 patients affected with SARS-CoV2 infection
and 52 age-matched healthy subjects. Serum levels of antibodies
specific for NP and RBD of SARS-CoV2 were also determined in
both groups of subjects with ELISA.

Results: Our results revealed significant differences in anti-NP
(P<0.0001) and anti-RBD (P<0.0001) IgG levels between patients
and healthy controls. While the levels of rubella- and mumps-
specific IgG were not different in the two groups of subjects,
measles-specific IgG was significantly higher in patients (P<0.01).
The serum titer of anti-tetanus antibody, however, was significantly
lower in patients compared to healthy individuals (P<0.01).
Conclusion: Our findings suggest that measles vaccination trigger
those B cells cross-reactive with SARS-CoV2 antigens leading to
production of increased levels of measles-specific IgG.
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pandemic disease with a greater incidence

in the elderly population. So far, more than

Based on statements from the World
Health Organization (WHO) and reports
from different countries, COVID-19 is a
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25 million people have been infected and
almost 850 thousand died from this disease
worldwide (1). The severity of COVID-19
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increases with age and children have milder
clinical symptoms with very low mortality
rates. In a study in 2135 reverse transcription
polymerase chain reaction (RT-PCR) positive
children in an outbreak region in China, only
one child died while most cases had no or
mild clinical manifestations (2, 3).

There are some probable hypotheses to
explain the differences in immune response,
severity, and duration of the disease in
children compared to adults and elderly
people. Among them, one may consider
differences in the serum sex hormone
levels (4) and differences in the neuro-
immune-endocrine interface; for instance,
the anterior pituitary hormone responses to
environmental and inflammatory stresses
via cytokines like interleukin 6 (IL-6) (4-6).
Another hypothesis is the influence of prior
vaccinations in children who receive a large
number of vaccines as part of the Expanded
Program of Immunization (EPI) integrated
into the national vaccination scheme
proposed for all infants and children by the
WHO. Many viral and bacterial vaccines
are routinely administered to all children
after birth, such as BCG, pertussis, tetanus,
diphtheria, hepatitis B, measles, mumps and
rubella (7). Waning of the immune response
occurs for most of these vaccines after several
years, depending on the vaccine formulations
and physicochemical characteristics of the
immunogens (8, 9). Base on the durability of
the immune response to these vaccines, they
may cross-protect the immunized subjects
against other viral or bacterial infections.

Vaccination with the triple measles,
mumps, and rubella (MMR) vaccines started
in the early 1970s following pandemics of
viral infections like measles that caused an
estimated 2.6 million deaths each year (7,
10, 11). All these infections are caused by
single-stranded ribonucleic acid (ssRNA)
viruses similar to the causative agent of
COVID-19 infection. We hypothesized that
the lower incidence, severity, and mortality
of COVID-19 in children might be associated
with cross-reactivity of the MMR antibodies
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produced in children after vaccination with the
SARS-CoV 2 antigens. However, these MMR
antibodies are likely to gradually decrease
with age, particularly in elderly persons.
The present study was designed to examine
this hypothesis by analyzing MMR specific
antibody titers as well as the serum titers
of specific antibodies for the nucleocapsid
protein (NP) and receptor-binding domain
(RBD) of SARS-CoV?2 in the affected patients
and healthy subjects. The antibody response
to the tetanus vaccine was also investigated
in patients and healthy subjects as a control.

MATERIALS AND METHODS

Patients and Healthy Controls

One hundred and five individuals,
including 53 COVID-19 patients (38 males,
15 females; mean age, standard deviation:
59.97, 12.30) and 52 healthy subjects (48
male, 4 female; mean age, standard deviation:
52.86, 4.79) were enrolled in this study. The
healthy control serum samples were selected
from archived sera that were collected before
August 2019 with a documented history of
MMR and tetanus vaccination. Patients’
sera were collected from subjects with RT-
PCR positive results who were admitted to
the Masih Daneshvari Hospital affiliated
to Shahid Beheshti University of Medical
Sciences and later fully recovered from the
disease. Fever, respiratory distress, and cough
were the most frequent symptoms observed in
the patients. Blood samples were collected 2-5
weeks after approval of their RT-PCR results
for routine paraclinical analysis.
Enzyme-linked  Immunosorbent
(ELISA)

Measles, mumps, and rubella-specific IgG
antibodies were measured using commercial
ELISA kits (measles and mumps, Euroimmun,
Lubeck, Germany; rubella, Pishtazteb, Karaj,
Iran). Tetanus-specific IgG antibodies were
measured using an indirect ELISA, as
previously described (12).

Assay
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COVID-19 IgG antibodies were
measured using an indirect ELISA. Briefly,
the nucleocapsid and RBD spike proteins
(Sino Biological, China) were coated at 1
pg/ml in PBS on the wells of a microplate
(MaxiSorp, Nunc, Denmark). After blocking
the microplate with 3% skim milk-PBS,
1/200 diluted sera were added to the plate.
Subsequently, HRP-conjugated mouse
monoclonal anti-human IgG antibody (Sina
Biotech Co., Tehran, Iran) was added to the
microplate. The optical densities (OD) of
the samples were measured at 450 nm after
addition of tetramethylbenzidine (TMB)
(Pishtazteb) substrate solution followed by
0.5 M sulfuric acid stop solution.

Statistical Analysis

Graph Pad Prism version 8 (Graph
Pad Software, San Diego, California) and
Statistical Package for Social Sciences (SPSS
v.22) were used for statistical analyses. The
Kolmogorov-Smirnov test was done for
normal distribution. Differences in serum
IgG levels between patients and healthy
individuals were analyzed with the Mann-
Whitney U test and the correlation of antibody
titers within each group was determined by
Pearson correlation test. P values of less than
0.05 were considered statistically significant.
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RESULTS

Determination of Serum Titers of the Viral
Nucleocapsid and RBD Specific Antibodies
NP and RBD specific IgG antibody
levels were shown to be significantly higher
in patients compared to the healthy control
group (P<0.0001 and P<0.0001, respectively)
(Figure 1). None of the control subjects
displayed elevated levels of these antibodies.

Determination of Serum Levels of MMR and
Tetanus Antibodies

Anti-mumps and anti-rubella IgG antibody
levels were found to be similar in patients and
healthy subjects. Serum levels of measles-
specific IgG, however, were significantly
higher in patients (P<0.01), whereas tetanus
antibody titer was significantly higher in
healthy subjects compared to the patients’
group (P<0.01) (Figure 2).

A highly significant correlation was found
between RBD and NP antibodies in patients
(r=0.576, P<0.0001). Such correlations could
not be established for other antibodies in
patients or healthy subjects, except for the
measles-specific antibody which was found
to be significantly correlated with the NP
antibody titer in the patients (r=0.293, P<0.01)
(Figure 3).
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Figure 1. Anti-spike RBD and anti-nucleocapsid IgG antibody levels in serum of COVID-19 patients and

healthy controls; (****P<0.0001).
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Figure 2. Serum IgG levels against (A) mumps, (B) rubella, (C) measles, and (D) tetanus in COVID-19

patients and healthy controls; (**P<0.01).
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Figure 3. Statistical correlation between serum levels of (A) anti-spike RBD with anti-nucleocapsid
antibody and (B) anti-measles with anti-nucleocapsid antibody in COVID-19 patients.
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DISCUSSION

Difference in mortality and symptom severity
between children and elderly subjects in
COVID-19 patients is an unresolved and
mysterious issue. One of the essential
factors for variations in immune responses
at population and also at individual levels is
the major histocompatibility complex (MHC)
diversity (13, 14). This complex, however, is
not expected to act differentially in children
and adults.

Historically, such a difference have also
been reported for other viral respiratory
epidemics and pandemics such as seasonal
influenza, severe acute respiratory syndrome
(SARS)and Middle Eastrespiratory syndrome
(MERS) (15). One reason for this difference
could be associated with the more recent
vaccinations of the children by a variety
of vaccines, such as Bacillus Calmette—
Guérin (BCG), diphtheria, pertussis, and
tetanus (DPT), hepatitis B, polio, rotavirus
and MMR. Some of these vaccines might be
able to induce cross-protection against other
pathogens. BCG, for example, has been shown
to confer non-specific protection against
pathogens unrelated to Mycobacterium
tuberculosis, such as Candida albicans,
Staphylococcus aureus and a variety of
respiratory viruses (16-20), through a process
known as trained immunity. This type of
immunity refers to an enhanced non-specific
immune response to an unrelated infection
mediated by innate immune cells, such as
monocytes, macrophages and natural killer
(NK) cells (21, 22). Epidemiological data
suggest that countries that implement BCG
vaccine in their neonatal vaccination scheme,
experience less contagion and mortality rates
due to COVID-19 infection (23, 24).

Mass neonatal vaccination with MMR
vaccines globally might also results in innate
immune responses leading to induction of
interferons (IFN)s and NK cells, thereby
offering non-specific immunity against
SARS-CoV2 in children. MMR vaccines
consist of attenuated enveloped ssRNA
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viruses that have glycoprotein spikes, similar
to SARS-CoV2. There is 32%, 31% and 33%
homology between the spike amino acid
sequences of measles, mumps and rubella,
respectively, with that of the SARS-CoV2
(25). Thus, the chance of cross-protection
provided by the combined effects of [FNs
and NK cells together with cross-reactive
antibodies induced by MMR is higher than
vaccines that are not expected to induce
cross-reactive antibodies, such as BCG.

We intended to assess whether COVID-19
infection may induce an anamnestic antibody
response to MMR viruses through activation
of MMR-specific memory B cells cross-
reacting with SARS-CoV2; or by induction
of primary B cells specific for SARS-CoV2
proteins, particularly the spike protein, with
cross-reactivity with the MMR antigens. If
this is the case, then we should expect a rise
in MMR-reactive antibodies in serum of
COVID-19 patients. To test this hypothesis,
we measured the IgG level against MMR
viruses in the serum of 53 recovered
COVID-19 patients and compared it with
that of the age-matched normal individuals.

Nucleocapsid and RBD specific antibodies
were initially measured in the serum of both
groups. The results indicate significantly
higher levels of these COVID-19 specific
antibodies in patients. None of the healthy
subjects demonstrated elevated levels of these
antibodies (Figure 1), suggesting thatthey have
not been recently contaminated with SARS-
CoV2 or other members of the Coronavirus
family. Indeed, the serum samples of healthy
subjects were collected several months before
the outbreak of COVID-19 in Iran.

We then measured the antibody titer against
MMR viruses in the serum of both groups.
Our data demonstrated significantly higher
levels of antibody against measles, but not
rubella or mumps viruses (Figure 2). We also
measured the antibody response to tetanus
toxin as a control. Vaccination against tetanus
is also included in the national vaccination
scheme and all infants are given this vaccine
early after birth (26). Surprisingly, higher
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antibody levels were observed in the serum
of healthy subjects compared to the patients
group (Figure 2). Interpretation of this finding
is challenging, but it could be due to general
suppression of the immune response during
the course of COVID-19 infection in affected
patients (27, 28).

Our findings with regards to elevated titers
of measles antibody in serum of COVID-19
patients is supported by epidemiological data,
which show the correlation between routine
MMR vaccination and lower COVID-19
death rates (29). it was reported that milder
symptoms observed in the 955 sailors on the
USS Roosevelt navy who tested positive for
COVID-19 (only one hospitalization) may
have been due to the fact that all US navy
recruits were compulsorily vaccinated with
MMR (30). Taken together, such findings
may support initiation of clinical trials using
measles or the triple MMR vaccines in high-
risk groups such as the health care workers to
fight against COVID-19 infection.
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