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Background: The objective of this study is to compare the measles immunoglobulin G (IgG) and rubella IgG levels in patient groups 
with mild and severe COVID-19 disease and reveal the possible relationship.
Methods: This study was conducted among COVID-19-confirmed patients over 18, under 65 years of age. This study involved 75 
participants- divided into two groups. The first group usually comprised asymptomatic patients who did not require hospitalization 
(n=43), and the second group consisted of patients who had diffuse pneumonia on thoracic CT and required hospitalization (n=32).
Results: Anti-measles and anti-rubella IgG titers were detected to be higher in the group with severe disease compared to the group 
with mild disease (p=0.001 and p=0.001, respectively). The analyses were repeated by taking n=27 in Group 1 and n=27 in Group 2, 
which were similar in terms of age, gender and number. In the analysis performed without any age difference between the groups, no 
significant difference was found between the two groups in terms of Anti Measles IgG antibody titers (p=0.068). However, Anti 
Rubella antibody titers were found to be higher in the group with severe COVID-19 disease than in those with mild disease (p=0.03). 
Regardless of the severity of the disease, there was a positive correlation between Anti Rubella and Anti Measles IgG antibody titers 
and age (p=<0.001 Spearman’s rho 0.517; p=0.008 Spearman’s rho 0.304, respectively).
Conclusion: We believe that the pre-existing Anti-Rubella IgG antibodies in the patient may increase in parallel with the patient’s 
viral load by recognizing the common macrodomain of SARS-CoV-2 and Rubella viruses. The common macrodomain of SARS-CoV 
-2 and Rubella viruses is also present in the attenuated rubella virus used in the MMR vaccine4. In this case, we predict that previously 
administered MMR vaccine may be protective for COVID-19 patients. disease compared to those with mild disease.
Keywords: COVID-19, measles, rubella, antibody, SARS-CoV-2, immunoglobulin G

Introduction
The clinical course of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection may be asymptomatic, 
or it may result in respiratory failure, pneumonia, and death.1 The world continues to witness the rapid transformation of 
the SARS-CoV-2 virus with the Omicron variants (BA.1, BA.2, BA.3, BA.4, and BA.5) of the SARS-CoV-2 virus. The 
continuous change of Omicron variants brings about considerable challenges in establishing herd immunity for SARS- 
CoV-2.2 However, vaccines help significantly reduce disease severity.3 The fact that COVID-19 vaccines and effective 
antiviral drugs are still inaccessible in middle- and low-income countries and inequality in access to vaccines increase the 
risk of COVID-19 infection in low-income countries, mostly in Africa, and the likelihood of the emergence of new 
variants of the SARS-CoV-2 virus.2,3 Studies have reported that COVID-19 infection is severe, especially in the elderly 
and adult population with a single comorbidity, while the disease progresses with mild symptoms in young people and 
the pediatric age group.4–6 Likewise, it has been stated in the literature that children are less likely to be infected in other 
epidemics with viruses from the same family as the SARS-CoV-2 virus, such as severe acute respiratory syndrome 
(SARS) and Middle East respiratory syndrome (MERS).7 A reason for this difference may be associated with the more 
recent immunization of children with multiple vaccines such as Bacillus Calmette–Guérin (BCG), Diphtheria-Pertussis 

Risk Management and Healthcare Policy 2024:17 2789–2801                                             2789
© 2024 Başbulut et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Risk Management and Healthcare Policy                                               Dovepress

Open Access Full Text Article

Received: 8 April 2024
Accepted: 5 November 2024
Published: 14 November 2024

R
is

k 
M

an
ag

em
en

t a
nd

 H
ea

lth
ca

re
 P

ol
ic

y 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0001-8235-9524
http://orcid.org/0000-0003-0025-8717
http://orcid.org/0000-0002-0722-8425
http://orcid.org/0000-0001-8981-6871
http://orcid.org/0000-0002-0238-8008
http://orcid.org/0000-0003-4799-6848
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


and Tetanus (DPT), hepatitis B, polio, and Measles-Mumps-Rubella (MMR).8 Furthermore, some vaccines, such as 
BCG, may provide cross-protection against other pathogens not related to Mycobacterium tuberculosis.9 The BCG 
vaccine has been shown to provide non-specific protection against pathogens such as Candida albicans, Staphylococcus 
aureus, and various respiratory viruses.10–13 The said type of immunity refers to a non-specific immune response 
mediated by innate immune cells such as monocytes, macrophages, and natural killer (NK) cells.14,15 In addition to 
the non-specific immune response present in vaccines, what makes the MMR vaccine interesting in COVID-19 infection 
is the similarities and identities between the SARS-CoV-2 virus and measles, mumps, and rubella viruses. It has been 
demonstrated that the SARS-CoV-2 virus and the rubella virus have 29% amino acid sequence identity, suggesting that 
they have the same protein coat in the macro domain. The region in question is also present in the attenuated rubella virus 
used in the MMR vaccine.16 SARS-CoV-2 spike glycoproteins are viral membrane fusion proteins with structural 
similarities to the fusion proteins of the measles virus. Likewise, the 30 amino acid sequence is similar between the 
spike glycoprotein of the SARS-CoV-2 virus and the measles fusion glycoprotein.17 Furthermore, a strong correlation 
was revealed between the magnitudes of T-cell responses to SARS-CoV-2 (Spike-S1 and Nucleocapsid) and MMR 
vaccine proteins.18 For the above-mentioned reasons, cross-reactive antibodies against the measles and rubella viruses 
can also be induced in COVID-19 infection. In this antibody response, it is expected that cross-protection antibodies will 
be induced due to the presence of identical amino acids and non-specific immune response will increase with other 
vaccines such as BCG due to the strong correlation between the magnitudes of T-cell responses to SARS-CoV-2 and 
MMR vaccine proteins.19 Due to this effect, an increase in measles and rubella IgG antibodies can be expected in the 
serum of COVID-19 patients. SARS-CoV-2 antibody titer values also vary depending on the patient’s viral load and the 
extent and magnitude of the T-cell response to the virus. The disease severity increases with the increasing viral load and 
magnitude of the T-cell response.20,21 Because of the amino acid identity of respiratory diseases such as measles and 
rubella with COVID-19 and the strong correlation between the magnitudes of T-cell responses to SARS-CoV-2 and 
MMR vaccine proteins, MMR vaccines may be effective in combating COVID-19, especially in low-income countries 
where the access to SARS-CoV-2 virus vaccines is difficult. In 1971, Merck licensed the MMR vaccine for use in the 
USA.22 The MMR vaccine was added to the Republic of Turkey’s Ministry of Health in 2006. The first dose of vaccine is 
given at the age of 1 year, and the second dose given at the age of 4–6 years.22 In our country, between 2009 and 2019, 
the single-dose MMR vaccination rate varied between 94–98% depending on the year, while the two-dose MMR 
vaccination rate varied between 85–98% depending on the year.²³ Due to the presence of identical amino acid sequences 
between the rubella and measles viruses and the SARS-CoV-2 virus, pre-existing rubella and measles IgG antibodies may 
be induced in COVID-19 patients due to cross-reactivity, and these induced antibodies can be detected to be higher in 
patients with severe disease than in those with less severe disease, depending on viral load, as in the SARS-CoV-2 
antibody response. The objective of this study is to compare the measles immunoglobulin G (IgG) and rubella IgG levels 
in patient groups with mild and severe COVID-19 disease and reveal the possible relationship.

Method
Study of Design and Participants
This study is a prospective, observational, single-center case-control trial. The patients included in the study were 
selected from among the patients who presented to the COVID-19 outpatient clinic of Samsun University Samsun 
Training and Research Hospital between May 1 and September 1, 2020. Both oropharyngeal and nasopharyngeal swabs 
were taken from patients with any symptom and/or symptoms of COVID-19 infection, from individuals who had 
suspected contact with a patient diagnosed with COVID-19 infection, or from patients who would be routinely operated 
on before the operation. The swabs were taken to the laboratory, and the SARS-CoV-2 real-time reverse transcriptase 
polymerase chain reaction (rRT-PCR) test was studied using the SARS-CoV-2 RT-qPCR detection kit (Bioeksen, 
Istanbul, Turkey). All patients over 18, under 65 years of age, who were not pregnant, and who did not have any 
chronic disease with positive test results were included in the study. All diseases of the patients registered in our 
hospital’s automation system of the Ministry of Health of the Republic of Turkey and all previously prescribed drugs 
were evaluated in terms of the presence of chronic disease. The presence of chronic disease such as hypertension, 
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diabetes mellitus, thyroid disease, hyperlipidemia, renal disease, cardiovascular disease, hematological disease, malig-
nancies, and lung diseases such as asthma/chronic obstructive pulmonary disease was determined, and such patients were 
excluded from the study.

The study’s purpose and procedures were explained to each patient. After oral and written information about the study 
procedures was provided, the participants were asked to sign a written informed consent form for participation. 
Confidentiality throughout the study was ensured. Our study was performed in line with the declarations of Helsinki.

The presence of pulmonary involvement in the patients was evaluated by the thoracic computed tomography (CT) 
imaging method. Since the period between May 1 and September 1, 2020, when patients were selected for our study, was 
the first wave of the pandemic, in other words, the first period of the pandemic, the chest computerized tomography (CT) 
imaging method was applied to every patient with suspected COVID-19 or contact with COVID-19 in our hospital. 
Moreover, between these dates, hemogram, C-reactive protein (CRP), d-dimer, and ferritin tests were studied for each 
patient in our hospital in terms of the availability of laboratory findings, important in determining the hospitalization 
criteria according to the COVID-19 treatment algorithm of the Republic of Turkey Ministry of Health.

Selection of the Patient and Control Groups
The patients were divided into two subgroups according to the disease severity: asymptomatic-mild and severe COVID- 
19 cases. Patients with mild or asymptomatic COVID-19 infection who did not require treatment and follow-up in the 
hospital were classified as group 1, while patients with moderate or severe viral pneumonia consistent with COVID-19 
infection on thoracic CT imaging and requiring hospitalization were classified as group 2.

Inclusion criteria for group 1 were patients whose nasopharyngeal swab samples were confirmed as positive by the 
SARS-CoV-2 real-time reverse transcriptase polymerase chain reaction (rRT-PCR) test, without viral pneumonia on 
thoracic CT or findings compatible with COVID-19 infection. Inclusion criteria for group 2 were patients with the 
laboratory-confirmed diagnosis of COVID-19 (with positive SARS-CoV-2 rRT-PCR test results).

Enzyme-Linked Immunosorbent Assay (ELISA)
In addition to routine blood tests, 5 cc venous blood samples were collected from each patient to detect anti-measles IgG 
and anti-rubella IgG antibody titers. Venous blood samples were taken from group 1 patients at the time of admission to 
the hospital and from group 2 patients during the first two days of hospitalization, and the blood was centrifuged at 
3000 rpm for 10 minutes, separated into sera, and stored in Eppendorf tubes at −80 °C until the tests were performed. 
Measles and rubella IgG levels were studied with the enzyme-linked immunosorbent assay (ELISA) test kit following the 
manufacturer’s recommendations (Anti-Measles Virus IgG ELISA Euroimmun, Lübeck, Germany; Anti-Rubella Virus 
IgG ELISA Euroimmun, Lübeck, Germany). The results were quantitatively evaluated in an ELISA reader (Tecan 
Infinite M200 Pro, Austria) by creating a standard curve according to the absorbance and concentration values of the 
calibrators used in the commercial kit. The antibody results were expressed as international units per milliliter (IU/mL). 
According to the manufacturer’s protocol, when measles IgG titers were < 8 IU/mL, they were considered seronegative; 
when they were between ≥8 and <11 IU/mL, they were considered borderline; when they were ≥11 IU/mL, they were 
considered seropositive. According to the manufacturer’s protocol, when rubella IgG titers were < 200 IU/mL, they were 
accepted as seronegative; when they were between ≥200 and <275 IU/mL, they were accepted as borderline; when they 
were ≥275 IU/mL, they were accepted as seropositive.

Statistical Analysis
The statistical program “SPSS 20.0 (Statistical Package for the Social Sciences, SPSS Inc., Chicago, Illinois)”, “Jamovi 
project (2020), Jamovi (Version 1.8.1) [Computer Software] (retrieved from https://www.jamovi.org), and JASP (Version 
0.14.1.0) (retrieved from https://jasp-stats.org) were used for statistical analysis. The normal distribution of numerical 
variables was analyzed by the Shapiro–Wilk, Kolmogorov–Smirnov, and Anderson-Darling tests. Descriptive data were 
presented as mean ± standard deviation (SD) and median, minimum-maximum values for continuous variables depending 
on their distribution. Number and percentage were employed for categorical variables. Differences between Anti Measles 
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and Anti Rubella antibody titers in age groups were assessed by Kruskal Wallis test. Post-hoc analysis of Kruskal Wallis 
test was performed using Dunn test for significant.

In the comparison of two independent groups, Student’s t-test (independent samples t-test) was used when numerical 
variables were normally distributed. The Mann–Whitney U-test was applied for the non-normally distributed variables. 
To compare differences between categorical variables by groups, Pearson’s chi-square and Fisher’s exact tests were used 
in 2×2 tables, and the Fisher-Freeman-Halton test was used in RxC tables. All comparisons found not to be normally 
distributed were performed with a Spearman’s rank correlation coefficient, and the obtained rho values are presented 
here. Spearman correlation test was conducted to investigate whether independent variables such as age and laboratory 
values such as CRP, d-dimer, lymphocyte count and the median of anti-measles/rubella IgG antibody titers impact the 
length of hospital stay, and rho values were determined as the correlation coefficient. The level of significance (p-value) 
was accepted as <0.05 in all statistical analyses.

We compared the measles and rubella IgG titers of the patients enrolled in the study with the length of hospital stay 
for each individual in both the severe and mild disease groups. Using a one-tailed test, it was determined that a sample 
size of 26 per group would provide 95% power for the study, with alpha set at 0.05 and correlation value set at 0.50. The 
minimum required sample size was achieved in both groups (n=43 in Group 1, n=32 in Group 2). Sample sizing was 
performed using SAS software, version 9.2 (SAS Institute, Cary, NC).

Results
There were 1433 individuals with positive SARS-CoV-2 rRT-PCR test results from the nasopharyngeal swab samples 
taken from the patients who presented to our hospital between May 1, 2020, and September 1, 2020. Of the patients, 
26.94% (n=386) were over 65 years of age. Of the remaining 1047 individuals, 34.4% (n=360) had an additional 
comorbid disease. No findings suggesting pulmonary involvement of COVID-19 disease were found on thoracic CT in 
40.9% (n=281) of 687 people under 65 years of age who did not have any comorbid disease. Of these patients without 
pulmonary involvement, 70.8% (n=198) had two or more symptoms/signs. Of the 83 patients who had no or only one 
symptom, 40 refused to participate in the study. Forty-three patients who gave consent to participate in the study were 
accepted as the group with mild disease and were enrolled in the study.

Of 406 individuals with pulmonary involvement on thoracic CT (5.7% had mild unilateral involvement on tomo-
graphy; 56.8% had bilateral mild or moderate pulmonary involvement), 152 had bilateral severe pulmonary involvement 
compatible with viral pneumonia on thoracic CT. Thirty-two patients who accepted to participate in the study were 
enrolled in the study as the second group, ie, the group with severe disease.

Comparison of the Groups’ Demographic Findings, Clinical Features, and Laboratory 
Values
Whereas the mean age of the group with mild disease was 34.7 ± 13.2 years, the mean age of the group with severe 
disease was 47.2 ± 10.6 years. The difference between them was statistically significant (p<0.001) (Table 1).

Patients were categorized into five-year age groups. They were assessed for Anti Measles and Anti Rubella IgG 
antibody titers, regardless of COVID-19 severity.There was no statistically significant difference between age groups in 
terms of Anti Rubella IgG antibody titers (p=0.135). A statistically significant difference was observed between age 
groups in terms of Anti Measles antibody titers (p=0.002). In the post-hoc analysis, a statistically significant difference 
was found between the 18–23 age group and the 60–65 age group (p=0.047). (Table 2).

Upon classifying the patients as over and under 50 years of age, the number of patients over 50 years of age was 
similar between the groups (p=0.117). Sex distribution was similar between the groups (p=0.728). Table 1 contains the 
demographic characteristics of the patient groups included in the study.

Of the patients in the mild disease group, 86% did not have any symptoms. One patient had fatigue, two patients had 
only mild cough, two patients had diarrhea, and one patient had myalgia. The symptoms of the patients in this group were 
mild, and the symptoms improved in one to two day during the follow-up.
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Table 1 Demographic and Clinical Characteristics of the Study 
Groups

Group 1 
(n=43)

Group 2 
(n=32)

P value

Age (years) 34.7 ± 13.2 47.2 ± 10.6 <0.001*

Age groups
50–65 8 (40) 12 (60) 0.117*

<50 35 (63.6) 20 (36.4)

Gender
Female 12 (27.9) 11 (34.4) 0.728**
Male 31 (72.1) 21 (65.6)

Presence of symptoms 6 (14.0) 32 (100.0) <0.001**
Type of symptoms

Fever 0 (0.0) 24 (75.0) 0.001**
Fatigue 1 (16.7) 5 (15.6) 0.999**
Cough 2 (33.3) 16 (50.0) 0.663**
Dyspnea 0 (0.0) 18 (56.2) 0.021**
Diarrhea 2 (33.3) 5 (15.6) 0.302**
Nausea and vomiting 0 (0.0) 4 (12.5) 0.999**
Others 1 (16.7) 6 (18.8) 0.999**

Outcome 0.427**
Survival 43 (100.0) 31 (96.9)
Mortality 0 (0.0) 1 (3.1)

Notes: Bold numbers emphasize significant p values *independent samples t-test **Pearson’s 
Chi-Square, Fisher’s Exact, or Fisher-Freeman-Halton test.

Table 2 Comparison of the Anti-Measles and Anti Rubella IgG Titers 
Between the Age Groups

Age Groups n Mean Rank p value

Measles IgG titers (IU/mL) 18–23 13 21,38 0.002

24–29 5 20,00

30–35 13 30,04
36–41 8 40,56

42–47 12 48,21

48–53 8 45,44
54–59 9 49,00

60–65 7 53,43

Rubella IgG titers (IU/mL) 18–23 13 32,08 0.135

24–29 5 24,10

30–35 13 37,58
36–41 8 31,25

42–47 12 34,17
48–53 8 45,38

54–59 9 44,94

60–65 7 56,64
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All patients in the severe disease group were symptomatic. The most common complaints of the patients were fever 
(n=24, 75%) and dyspnea (n=18, 56%). Whereas 22 patients (68.8%) were hospitalized in the ward, 10 patients (31.2%) 
were treated in the intensive care unit. The mean oxygen saturation value of the patients at the time of admission to the 
hospital was 91% (62.0–97.0), and the mean length of hospital stay of the patients in this group was ten days (5.0–21.0). 
Furthermore, the overall mortality rate was 3.1%. Table 1 represents the clinical characteristics of the patient groups 
included in the study.

While ferritin, CRP, and D-dimer values were detected to be higher in the severe disease group than in the mild 
disease group, lymphocyte counts were found to be lower (ferritin p=0.003, CRP p<0.001, D-dimer p<0.001, p< 0.001, 
respectively). The differences in laboratory values between the groups were statistically significant (Table 3).

In the severe disease group, no significant correlation was revealed between the length of hospital stay and the 
patients’ age and laboratory values (Anti-measles and anti-rubella IgG titers, lymphocyte count, ferritin, CRP, and 
D-Dimer) variables (Table 4 and Figure 1).

While anti-measles IgG seropositivity of the patients in the mild disease group was 79.1%, this rate was 93.8% in the 
severe disease group. No significant difference was revealed between the groups in terms of measles IgG seropositivity 
rates (p=0.103). Whereas the median values of measles IgG antibody titers were 711 IU/mL [0.0–5000.0] in the mild 
disease group, they were 2575 IU/mL [97.0–5000.0] in the severe disease group. The measles IgG antibody titers of the 

Table 3 Comparison of the Laboratory Investigations Between the Groups

Parameters Group 1 (n=43) Group 2 (n=32) p value

Measles IgG titers (IU/mL) 711.0 [0.0–5000.0] 2575.0 [97.0–5000.0] 0.001*

Measles IgG
Negative 9 (20.9) 2 (6.2) 0.103**
Positive 34 (79.1) 30 (93.8)

Rubella IgG titers (IU/mL) 47.0 [0.0–171.0] 99.5 [26.0–200.0] 0.001*

Rubella IgG
Negative 3 (7.0) 0 (0.0) 0.256**
Positive 40 (93.0) 32 (100.0)

Lymphocyte count (109/L) 2.2 [0.9–4.6] 1.2 [0.1–4.3] <0.001*

Ferritin (ng/mL) 106.0 [5.8–440.0] 405.0 [33.0–2000.0] 0.003*

C-reactive protein (mg/L) 2.4 [0.3–31.0] 44.0 [1.7–243.0] <0.001*

D-Dimer (ng/mL) 190.0 [20.0–1250.0] 400.0 [190.0–16,600.0] <0.001*

Notes: Bold numbers emphasize significant p values *Mann–Whitney U-test **Pearson’s Chi-Square or 
Fisher’s exact test.

Table 4 Correlation Between Numerical Parameters and the Length of Hospital Stay in 
Group 2 Patients

Parameters Spearman’s rho p value

Length of hospital stay (days) vs. – Age 0.326 0.079

– Measles IgG titers −0.206 0.276
– Rubella IgG titers 0.150 0.428

– Lymphocyte count −0.044 0.816

– Ferritin 0.123 0.617
– C-reactive protein −0.060 0.753

– D-Dimer 0.213 0.329
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severe disease group were higher. The difference between the two groups was statistically significant (p=0.001) (Table 3 
and Figure 2).

When the patients were classified as over 50 years old and under 50 years old, anti-measles IgG antibody seropositivity 
was 100% in patients over 50 years of age, and measles antibody seropositivity was 80% in patients under 50 years of age 
(p=0.031). The difference between the groups was found to be statistically significant. The median value of anti-measles IgG 
antibody titers was 2733 IU/mL (475.0–5000.0) in patients over 50 years of age (n=20), and the median value of measles IgG 
antibody titers was 818 IU/mL (0.0–5000.0) in patients under 50 years of age (n=55). The difference between the groups in 
terms of anti-measles IgG antibody titers was significant (p=0.014). Table 5 contains the anti-measles IgG seropositivity rates 
and titer values of the groups over 50 years old and under 50 years of age.

Anti-Rubella IgG Antibody Results
Whereas anti-rubella IgG seropositivity was 93.0% in the mild disease group, it was 100% in the severe disease group 
(p=0.256). While the median values of anti-rubella IgG titers were 47.0 IU/mL [0.0–171.0] in the mild disease group, 

Figure 1 (A) Correlation between Anti Rubella IgG and age. (B) Correlation between Anti Measles IgG and age. (C) Correlation between anti Rubella IgG and the length of 
hospital stay in Group 2. (D) Correlation between anti Measles IgG and the length of hospital stay in Group 2.
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they were determined as 99.5 IU/mL [26.0–200.0] in the severe disease group. The anti-rubella IgG titers of the severe 
disease group were higher. The difference between the two groups was statistically significant (p=0.001) (Table 3 and 
Figure 3).

Upon categorizing the patients as over and under 50 years of age, anti-rubella IgG seropositivity was 100% in patients 
over 50 years of age, and it was 94.5% in patients under 50 years of age (p=0.560). The median value of anti-rubella IgG 
titers in patients over 50 years of age (n=20) was 111 IU/mL (16.0–200.0), and the median value of rubella IgG titers was 
48 IU/mL (0.0–200.0) in patients under 50 years of age (n=55). The difference between the groups in terms of anti- 
rubella IgG titers was found to be significant (p=0.029) (Table 5).

The levels of Anti Rubella and Anti Measles IgG antibodies were found to have a positive correlation with age, 
irrespective of the disease severity (p=<0.001, Spearman’s rho 0.517; p=0.008, Spearman’s rho 0.304, respectively). The 
correlation graphs illustrating the relationship between age and antibody levels can be seen in Figure 3.

Because the mean ages were not similar between the groups, a new analysis was performed to exclude the age factor. 
When the patients were grouped by age in 5-year periods, there was a significant difference between the 18–23 age group 
and the 60–65 age group in terms of Anti Measles IgG antibody titers. There were 7 patients aged 60–65. 5 of the 

Figure 2 Measles IgG titers in Groups 1 and 2.

Table 5 Comparison of the Laboratory Investigations Between the Over and Under 50 Years Patient Groups

Parameters Group >50 Years (n=20) Group ≤50 Years (n=55) p value

Measles IgG titers (IU/mL) 2733 [475.0–5000.0] 818 [0.0–5000.0] 0.014*

Measles IgG
Negative 0 (0.0) 11 (20.0) 0.031**
Positive 20 (100.0) 44 (80.0)

Rubella IgG titers (IU/mL) 111 [16.0–200.0] 48 [0.0–200.0] 0.029*

Rubella IgG
Negative 0 (0.0) 3 (5.5) 0.560**
Positive 20 (100.0) 52 (94.5)

Group 1 (n=8) Group 2 (n=12) p value Group 1 (n=35) Group 2 (n=20) p value

Measles IgG titers (IU/mL) 2207.50 [494.0–5000.0] 2805.5 [748.0–5000.0] 0.624* 644.0 [0.0–5000.0] 2377 [97.0–5000.0] 0.004*
Rubella IgG titers (IU/mL) 80.0 [16.0–161.0] 149.50 [26.0–200.0] 0.082* 45 [0.0–171.0] 77.50 [31.0–200.0] 0.012*

Notes: Bold numbers emphasize significant p value *Mann–Whitney U-test **Pearson’s Chi-Square or Fisher’s exact test.
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patients had severe disease, while 2 had mild disease. There were 13 patients in the 18–23 age group, and all of the 
patients had mild disease. The 18–23 and 60–65 age groups were excluded from the study to determine if the difference 
in antibody titers between the groups could be attributed to age. The groups were similar in terms of sample size, age and 
gender. The minimum sample size required in our study was 26. The minimum sample size required in both groups was 
n=27 for Group 1 and n=27 for Group 2. The mean age of Group 1 was 40.04±9.032, and the mean age of Group 2 was 
44.67±9.401. There was no statistically significant difference in terms of mean age between the groups (p=0.071). While 
47.6% of Group 1 was female and 51.5% was male, 52.4% of Group 2 was female and 48.5% was male (p=0.78). After 
analyzing the data, no significant difference was found between the two groups in terms of Anti-Measles IgG antibody 
titers (p=0.068). The Anti-Measles IgG antibody titer in Group 1 was 9228 (min 109, max 5000), while it was 2373 
(min 97, max 5000) in Group 2. However, the levels of Anti Rubella IgG antibodies were higher in the group with severe 
disease. The difference in anti-Rubella IgG antibody levels between the two groups was statistically significant 
(p=0.003). The median anti-Rubella IgG antibody titer value in Group 1 was 45 (range: 0 to 171), while in Group 2 it 
was 79 (range: 31 to 200).

Discussion
The relationship between the measles, mumps, and rubella (MMR) vaccine and COVID-19 is still not clear. There is 
a systematic review published to this end.1 However, the results were presented as a qualitative review since it was 
impossible to conduct a meta-analysis due to the heterogeneity of the control and study groups included in this research 
differences in results, and insufficient data availability with different study designs. In this study, a total of 11 studies, 8 
of which directly mentioned the impact of the MMR vaccine on COVID-19, were included in the qualitative synthesis. 
A quasi-experimental study reported the positive impact of the MMR vaccine on reducing the severity of COVID-19 
disease.23 A genomic data analysis study reported that rubella IgG titers increased with the increasing severity of 
COVID-19 disease.16 In the mentioned systematic review, data up to November 28, 2020, were analyzed, and two more 
controlled randomized trials investigating the relationship between COVID-19 and the MMR vaccine have been 
performed since this date.18,19,23 One of the controlled randomized trials stated higher measles IgG antibodies in 
COVID-19 patients compared to individuals who had never had the disease, ¹9 while rubella IgG titers were reported 
to be lower in COVID-19 patients compared to individuals who had never had the disease.24

Our study is one of the pioneering studies investigating the relationship between measles IgG and rubella IgG titers 
and the disease severity in which patients with comorbid diseases and older than 65 years of age among COVID-19 
patients were excluded from the study and in which the pulmonary involvement of patients with thoracic CT images and 

Figure 3 Rubella IgG titers in Groups 1 and 2.
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thus the severity of COVID-19 disease were evaluated objectively. In the present study, we detected anti-rubella IgG 
titers as 47.0 IU/mL in the mild disease group and as 99.5 IU/mL in the severe disease group. The difference between the 
two groups was statistically significant (p=0.001). We revealed that the anti-rubella IgG titer values of the severe disease 
group were higher than the mild disease group. Whereas the median anti-measles IgG titer values were 711 IU/mL in the 
mild disease group, they were 2575 IU/mL in the severe disease group. The difference between the two groups was 
statistically significant (p=0.001). We detected that the anti-measles IgG titers median values of the severe disease group 
were higher.

Sumbul et al25 compared the rubella and measles IgG titers of COVID-19 patients and those who had never had the 
disease. They reported lower rubella IgG titers in COVID-19 patients in comparison with individuals who had never had 
the disease. However, while this study reported the mean age of the control group as 51.5 years, the mean age of the 
patient group was reported as 42.0 years. In the present study, when we grouped the patients as over 50 years of age and 
under 50 years of age, anti-measles IgG and anti-rubella IgG antibody titers were revealed to be higher in the patient 
group over 50 years of age than in the group under 50 years of age (p=0.014 and p=0.029, respectively). Rubella vaccines 
were licensed for the first time in the United States of America in 1969. Before the rubella vaccine was licensed, rubella 
was a common childhood disease.26 Patients older than 50 years coincided with the periods of rubella epidemics, they 
were more likely to be exposed to wild virus. Considering that each interaction with the wild virus could potentially 
boost patients’ immune response and increase antibody levels.

In the present study, when we grouped the patients as over 50 years of age and under 50 years of age, anti-measles 
IgG and anti-rubella IgG antibody titers were revealed to be higher in the patient group over 50 years of age than in the 
group under 50 years of age (p=0.014 and p=0.029, respectively).

Gold et al24 could not identify any correlation between measles and rubella antibody titers and disease severity. 
Similarly, we could not detect a relationship between measles antibody titers and disease severity. On the contrary, we 
detected higher measles and rubella antibody titers in patients with severe disease than those with mild disease. It has 
been stated in the literature that additional comorbid diseases increase the severity of COVID-19 disease.27,28 The study 
by Gold et al presented no data on the exclusion of additional comorbid diseases.29 In this study, we excluded patients 
with additional comorbid diseases. Thus, we attempted to exclude the factors that we thought might affect the disease 
severity in the study. Furthermore, the disease severity scores in this study are different from those in our study. In our 
scoring, each patient was evaluated with thoracic CT in terms of whether there was pulmonary involvement and the 
severity of pulmonary involvement.

Young et al compared the rubella IgG antibody titers of patients with severe COVID-19 infection hospitalized in the 
intensive care unit with the rubella IgG antibody titers of patients hospitalized in the ward with milder COVID-19 
infection and identified that the rubella IgG antibody titers of patients hospitalized in the intensive care unit were higher 
than the group with milder disease.16 Similar to the said study, we revealed the anti-rubella IgG antibody titer values of 
the severe disease group to be higher compared to the mild disease group, and the difference between the two groups was 
statistically significant (p=0.001). Young et al16 demonstrated the presence of 29% amino acid sequence identity in the 
surface-exposed macrodomains of the SARS-CoV-2 and rubella virus, suggesting that this macrodomain could be 
recognized by antibodies developed against the rubella virus. Moreover, they presented data showing that patients 
with SARS-CoV2 infection had increased rubella IgG levels to a level consistent with secondary rubella infection. 
Similar to this study, we found that anti-Rubella antibody titers were higher in the group with severe COVID-19 disease 
compared to those with mild disease. Like Young et al,16 we believe that the macrodomain common to these two viruses 
might be recognized by antibodies previously developed against the rubella virus during SARS-CoV-2 infection.

Finally, Hassani et al compared COVID-19 patients and the control group comprising healthy individuals in terms of 
measles, rubella, and mumps IgG antibodies and determined higher measles IgG antibody titers in COVID-19 patients in 
comparison with the control group. In this study, they included patients who had recovered from COVID-19.¹9 But in our 
study samples were taken from these patients during their illness. It’s important to note that since the groups were 
different, the study may have produced different results.

The group with severe disease was older. Since this group coincided with the periods of measles and rubella 
epidemics, they were more likely to be exposed to wild viruses. Considering that each interaction with the wild virus 
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could potentially boost patients’ immune response and increase antibody levels, a new group was formed without any age 
discrepancies, and the analyses were repeated. There was no significant difference found between the two groups in terms 
of Anti-Measles IgG antibody titers (p=0.068). Based on these data, it was concluded that the difference in the Anti- 
Measles IgG antibody titer values between the severe disease group and the mild disease group could be due to age.

However, in the analysis performed without considering age differences between the groups, higher Anti 
Rubella antibody titers were found in the group with severe COVID-19 disease compared to those with mild 
disease. The difference between the two groups was statistically significant (p=0.03). In our initial analysis, we 
found that the difference in Anti Rubella IgG antibody titer values between the group with severe disease and the 
group with mild disease was not related to age. Young et al demonstrated that there is a 29% amino acid sequence 
identity between the SARS-CoV-2 virus and the Rubella virus.16 This suggests that they share the same protein 
fold in the macro domain which is also present in the attenuated rubella virus used in the MMR vaccine.

In the severe disease group, no significant relationship was found between the duration of hospital stay and laboratory 
values (Anti Measles and Anti Rubella IgG titers, lymphocyte count, ferritin, CRP and D-Dimer). No correlation was found 
between the duration of hospital stay and Anti Measles and Anti Rubella antibody titers. However, the study was conducted 
during the early period of the COVID-19 pandemic in our country, when COVID-19 cases were just beginning to emerge. 
Patients admitted to our hospital were not discharged until their SARS-CoV-2 rRT-PCR test results were negative. Therefore, 
we believe that there might not be a correlation between the duration of hospital stay and antibody titers.

Since the patient’s age and comorbid diseases were not taken into account, the viral load emerges as one of the most 
crucial factors in determining the severity of COVID-19 disease. Han et al30 detected high SARS-CoV-2 viral loads in 
patients treated in the intensive care unit. A higher antigen load, in general, triggers higher antibody titers in patients.30 

Our findings show that there may be a specific increase in rubella immunoglobulin G (IgG) antibody titers in COVID-19 
patients. The SARS-CoV-2 viral load was not studied in our study. Nevertheless, we predict that antibody titers may be 
higher due to cross-reaction with rubella because of amino acid similarity. In our study, we did not take age and comorbid 
diseases into account when assessing disease severity. We hypothesize that the presence of pre-existing Anti Rubella IgG 
antibodies in the patient might increase as a secondary infection, in line with the patient’s viral load. This could happen 
due to the recognition of the common macrodomain of SARS-CoV-2 virus and Rubella virus, and may be detected at 
higher levels in the group with severe disease.

The current study has some limitations. The sample size was small in both groups with severe and mild disease. Due 
to the early stages of the COVID-19 pandemic, there were a limited number of patients hospitalized for severe COVID- 
19 pneumonia who did not have any other health conditions and were under 65 years of age in the study. Hence, the 
number of groups with mild and severe disease was not equal.

Titrations of mumps IgG antibodies, a component of the MMR vaccine, were not included in the study. Moreover, the 
vaccination history of the patients was not questioned. Therefore, the measured antibodies are likely to be due to natural 
infection as well as vaccination. SARS-CoV-2 PCR Ct (Threshold Cycle) values, indicating the patients’ SARS-CoV-2 
viral load, could not be reached, and, therefore, a direct comparison of viral load could not be made between the severe 
disease group and the mild disease group. In the study, blood was collected from the patients during the COVID-19 
infection, and blood was not taken before the infection.

As a result, there are studies in the literature that yield conflicting results concerning the relationship between the 
measles, mumps, and rubella (MMR) vaccine and the severity of COVID-19 infection, and the relationship in question 
has not been revealed in the literature. ³² In our study, we identified that rubella antibody titers were higher in patients 
with severe disease compared to individuals with mild disease. These findings suggest that previous MMR vaccination 
might provide protection for patients with COVID-19. Further research is required on this subject.
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