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Abstract

Öz

Objective: Many hypotheses have been proposed and researched regarding why coronavirus disease 2019 (COVID-19) disease is clinically
milder and has better outcomes in pediatric patients. These include
immune differences, inflammatory response level, T-lymphocyte profile,
ACE 2 expression level, melatonin secretion level, less exposure to environmental contaminants, less chronic diseases, and cross-immunity to
other viruses.

Giriş: Pediatrik hastalarda koronavirüs hastalığı 2019 (COVID-19) hastalığının neden klinik olarak daha hafif geçirildiği ve sonuçlarının daha iyi
olduğuna yönelik birçok hipotez öne sürülmüş ve araştırılmıştır. Bunlar
arasında bağışıklık farklılıkları, inflamatuvar yanıtın düzeyi, T-lenfosit profili, ACE 2 ekspresyonu düzeyi, melatonin salgılanma düzeyi, çevresel kirleticilere daha az maruz kalma, kronik hastalıkların daha az görülmesi ve
diğer virüslere karşı gelişen çapraz bağışıklık yer almaktadır.

Material and Methods: In this study, it was aimed to examine the relationship between measles, rubella, mumps, hepatitis A and B vaccine
serological responses and the asymptomatic or symptomatic course
of COVID-19 infection in children diagnosed with COVID-19. Between
March and June 2020, we compared the symptomatic status of children
with COVID-19 who were vaccinated for these factors and who did not
have a history of measles, rubella, mumps, hepatitis A and hepatitis B
infection among the SARS-CoV-2 PCR positive cases.

Gereç ve Yöntemler: Bu çalışmada, COVID-19 tanılı çocuklarda kızamık,
kızamıkçık, kabakulak, hepatit A ve B aşı serolojik yanıtları ile bu yanıtlarla COVID-19 enfeksiyonun asemptomatik ya da semptomatik seyri arasındaki ilişkinin incelenmesi amaçlanmıştır. Mart-Haziran 2020 tarihleri
arasında hastanemizde SARS-CoV-2 PCR pozitif saptanan olgulardan kızamık, kızamıkçık, kabakulak, hepatit A ve hepatit B enfeksiyonunu geçirme öyküsü olmayan ve bu etkenlere yönelik aşılanmış olan COVID-19 tanılı çocuk olguların, semptomatik olup olmama durumları karşılaştırıldı.

Results: Seventy-two patients were included in the study. Half of the
patients were males. The median age of the cases was 167 months (min:
18 months, max: 213 months). Thirty-seven (51.3%) of all cases were asymptomatic and 35 (48.6%) were symptomatic. There was no statistically significant difference between measles, rubella, mumps, hepatitis A
and hepatitis B serological vaccine responses and clinical classification.

Bulgular: Çalışmaya 72 hasta dahil edildi. Hastaların yarısı erkekti. Olguların median yaş değeri 167 aydı (min: 18 ay, maks: 213 ay). Tüm olguların
37 (%51.3)’si asemptomatik, 35 (%48.6)’i ise semptomatik idi. Kızamık, kızamıkçık, kabakulak, hepatit A ve hepatit B serolojik aşı yanıtları ile klinik
sınıflama arasında istatistiksel olarak anlamlı fark saptanmadı.
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Conclusion: As a result, in our study, no significant association was found
between measles, rubella, mumps, hepatitis A and hepatitis B serological
vaccine responses and symptom development status in COVID-19. Further studies are needed to investigate the reasons for the better clinical
course of the disease in pediatric cases compared to adults.

Sonuç: Sonuç olarak çalışmamızda; kızamık, kızamıkçık, kabakulak, hepatit A ve hepatit B serolojik aşı yanıtları ile COVID-19 hastalığında semptom
gelişme ve gelişmeme durumu arasında anlamlı bir ilişki bulunmamıştır.
Pediatrik olgularda hastalığın erişkinlere göre daha iyi klinik seyrinin nedenlerine yönelik ileri araştırmalara ihtiyaç vardır.
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Introduction
COVID-19 pandemic caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) continues to affect
the whole world. As of October 2020, over 40 million people in
216 countries have contracted the COVID-19 disease, and over
one million deaths have occurred (1). According to the preliminary report by the Chinese Disease Control and Prevention Center, most of the patients affected were aged between
30-79, and there were few patients aged under 19 (2). Again,
in a large-sized case series, it has been reported that children
and young adults typically have a mild form of the disease,
but older patients, especially with comorbidities, have a severe form of the disease and a higher mortality rate (3). It has
been demonstrated in a meta-analysis of studies on children
that pediatric patients have a mild course of the disease when
compared to adult patients (4,5). Since most of the studies
are centered around adult patients, the reason why children
have a mild course of the disease is still vague. The less severe
course of the disease in children has been associated with
lower exposure to the virus and with factors related to the
host. Immunity differences, level of inflammatory response,
T-lymphocyte profile, the expression level of angiotensin converting enzyme 2 (ACE 2), the level of melatonin secretion, less
exposure to environmental pollutants, less presence of chronic diseases, and cross immunity developed to other viruses
have been indicated among the possible reasons debated on
the subject in relevant articles (6-8). Moreover, it has been argued that non-specific effect of attenuated live vaccines such
as Bacillus-Calmette-Guerin (BCG) and Measles, Mumps, Rubella (MMR) might have a mitigating effect on COVID-19 clinical findings (9). Similarly, due to the structural alikeness of the
spike (S) protein of coronaviruses and the fusion proteins of
measles and mumps, it is considered that children previously
immunized with the MMR vaccine may develop cross reactive
antibodies against coronavirus (10).
In this study, it was aimed to investigate the relation between the serologic responses of MMR, hepatitis A and B
vaccines in children diagnosed with COVID-19 and the asymptomatic or symptomatic course of the COVID-19 infection
through these responses.

Materials and Methods
The study included cases whose reverse transcriptase-polymerase chain reaction (RT-PCR) detected positive

for SARS-CoV-2 virus with the Bio-speedy SARS CoV-2 double
gene RT-qPCR kit (Bioeksen-Turkey) on combined oropharyngeal-nasopharyngeal swab sample in our hospital between
March 2020 and June 2020. Inclusion criteria were as follows:
SARS-CoV-2 PCR positivity, not having caught any of the measles, mumps, rubella, hepatitis A and hepatitis B diseases, being immunized against measles, mumps, rubella, hepatitis A
and hepatitis B, and at least one month should have passed
from the immunization against the specified agents. Exclusion criterion was determined as the presence of conditions
decreasing serologic response to vaccines (immunodeficiency or history of dialysis, receiving steroid treatment, having
received intravenous immunoglobulin). Vaccination status of
the patients was obtained from the vaccination cards of the
Ministry of Health. It was seen from the vaccination cards that
all patients had received BCG immunization and all had BCG
scars. The patients were divided into two clinical classes as asymptomatic and symptomatic:
1.

Asymptomatic; no clinical signs and symptoms and no
abnormal finding on pulmonary imaging

2.

Symptomatic; presence of the symptoms that fit to the
case definition of COVID-19, including fever, fatigue, muscle pain, cough, and diarrhea.

In addition to the routine blood samples taken during
hospital presentation, HbsAg, AntiHbs, AntiHbc IgM, AntiHbc
IgG, measles IgG, rubella IgG, mumps IgG, and AntiHAV IgG
levels were studied. Serum samples taken from patients were
studied on ALEGRIA (Orgentec Diagnostika GmbH, Mainz,
Germany) ELISA with the kits belonging to the same device in
the Medical Microbiology Laboratory of our hospital, and the
results were evaluated in line with the manufacturer’s recommendations. Furthermore, in serum samples, HBsAg, AntiHbs,
AntiHbc IgM, AntiHbc IgG, and AntiHAV IgG tests were studied
with the Chemiflex method on the ARCHITECT i2000SR device
(Abbott- Germany), and the results were evaluated in line with
the manufacturer’s recommendations. For the study, approval
was obtained from the Ethics Board of or hospital and from
the Scientific Research Board of the Ministry of Health (Ethics Board No: 2020/7-24). Additionally, informed consent was
received from the parents of the children participating in the
study.
SPSS 24.0 program was used for data analysis. Mean ±
standard deviation was used when continuous data showed
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conformity to normal distribution, median (minimum-maximum) was used when continuous data did not show conformity to normal distribution, and number (n) and percentages
(%) were used for categorical variables. Chi-square test was
used in the comparisons for categorical variables. Statistical
significance in the study was accepted as p< 0.05.

Results
Seventy-two patients were included into the study. Thirty-six (50%) of the patients were boys, 36 (50%) were girls,
and their median age was 167 months (min: 18 months, max:
213 months). When evaluated as per clinical classification, 37
(51.3%) of all cases were asymptomatic and 35 (48.6%) were
symptomatic. When clinical classification was compared according to sex, a statistically significant difference was not
found (p= 0.908) (Table 1). The cases were divided into 5
groups as regards age range. Ten of the cases (13.8%) were
in the 1-5 years age group, 9 (12.5%) were in the 5-10 years
age group, 30 (41.6%) were in the 10-15 years age group, and

23 (31.9%) were aged 15 years and over. When clinical classification was compared according to age groups, a statistically
significant difference was not observed (p= 0.106) (Table 1).
When vaccine serologic responses were reviewed as regards clinical classification, AntiHbs response of 70 cases was
evaluated. While AntiHbs response was detected positive in
16 (45.7%) of the 35 asymptomatic cases, it was negative in
19 (54.3%). While 14 (40%) of the 35 symptomatic cases were
positive, 21 (60%) were negative for AntiHbs response. When
statistically evaluated, a significant difference was not determined between hepatitis B serologic response and clinical
classification (p= 0.629) (Table 2). Seventy-two cases were
evaluated for measles serology. While measles IgG response
was positive in 21 (58.3%) of the 36 asymptomatic cases,
it was negative in 15 (41.7%). Of the 36 symptomatic cases,
23 (63.9%) were positive and 13 (36.1%) were negative for
measles serology. When statistically evaluated, a significant
difference was not determined between measles serology

Table 1. Demographics and clinical characteristics of the patients
Asymptomatic

Symptomatic

Total

p

Female
Male

18 (50%)
19 (52.7%)

18 (50%)
17 (48.6%)

36 (50%)
36 (50%)

0.908

Age range
1-5 years
5-10 years
10-15 years
>15 years

5 (50%)
6 (66.7%)
19 (63.3%)
7 (30.4%)

5 (50%)
3 (33.3%)
11 (36.7%)
16 (69.6%)

10 (13.8%)
9 (12.5%)
30 (41.6%)
23 (31.9%)

Sex

0.106

Table 2. Comparison of vaccine serologic responses and clinical responses
Asymptomatic

Symptomatic

p

16 (45.7%)
19 (54.3%)

14 (40%)
21 (60%)

0.629

Total n= 70

35

35

Measles IgG
Positive
Negative

21 (58.3%)
15 (41.7%)

23 (63.9%)
13 (36.1%)

Total n= 72

36

36

Rubella IgG
Positive
Negative

20 (83.3%)
4 (16.7%)

19 (86.4%)
3 (13.6%)

Hepatitis B IgG
Positive
Negative

Total n= 46

24

22

Mumps IgG
Positive
Negative

19 (76%)
6 (24%)

12 (54.5%)
10 (45.5%)

Total n= 47

25

22

8 (38.1%)
13 (61.9%)

8 (42.1%)
11 (57.9%)

21

19

Hepatitis A IgG
Positive
Negative
Total n= 40

e219

0.629

0.775

0.121

0.769
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and clinical classification (p= 0.629) (Table 2). Rubella serology was evaluated in 46 cases. Of the 24 asymptomatic cases,
rubella serology was positive in 20 (83.3%) and negative in 4
(16.7%). Of the 22 symptomatic cases, rubella IgG response
was positive in 19 (86.4%) and negative in 3 (13.6%). When
statistically evaluated, a significant difference was not determined between rubella serology and clinical classification (p=
0.775) (Table 2). Forty-seven cases were evaluated in terms of
mumps serology. Of the 25 asymptomatic cases, mumps serology was positive in 19 (76%) and negative in 6 (24%). Out of
the 22 symptomatic cases, mumps serology was positive in 12
patients (54.5%) and negative in 10 (45.5%). When the results
were evaluated statistically, a significant difference was not
detected between mumps serology and clinical classification
(p= 0.121) (Table 2). Forty cases were evaluated for Hepatitis
A serology. Of the 21 symptomatic cases, it was positive in 8
(38.1%) and negative in 13 (61.9%) patients. Of the 19 symptomatic cases, it was positive in 8 (42.1%) and negative in 11
(57.9%) patients. However, a significant difference was not
found between hepatitis A serology and clinical classification
(p= 0.769) (Table 2).

Discussion
Severe acute respiratory syndrome coronavirus 2 causes
acute respiratory infections in varying degrees in different
age groups, and children have a relatively mild course of the
disease when compared to adults (3,5). According to a report
from Centers for Disease Control and Prevention (CDC), the
number of cases aged under 18 years make up of 8.8% of total cases in the United States of America (11). Mortality rate
is less than 0.1% of total deaths (11). Similar to other data, it
has been reported in epidemiological studies from our country that children have a mild course of COVID-19 (12,13). One
of the possible reasons for this is that the cells in the immune
system of children and adults show differences in function
and content. With advancing age, adaptive immune system
is dysregulated, T cells are decreased, and immune memory
gained by vaccines is diminished (14). This effect is not only
seen in adaptive immune response but also in innate immune
response, and an increase is observed in proinflammatory
cytokine production (15). In terms of SARS-CoV-2, while an
evident decrease is in lymphopenia, CD4+ and CD8+ T cell,
auxiliary T cell and storage T cell numbers, lymphopenia has
been less reported in children (16,17). Dhochak et al. (18) have
also commented that children’s adaptive immune response
against SARS-CoV-2 is better. It is considered that this condition is due to the fact that children’s immune system is secondarily more active and “trained” thanks to live vaccines and
frequent viral infections, and thus the infection is controlled at
an early stage (6,18). Trained immunity is defined as the reactivation of innate immune cells through re-programming by
metabolic and epigenetic changes that develop secondary to
vaccines or previous infection (19).
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Observational or experimental studies have shown that
some attenuated live vaccines administered during childhood have non-specific effects that provide a decrease in
infection-related mortality and hospitalization rates (20-22).
In a cohort study from Denmark, having had the MMR vaccine decreased hospitalization rated due to any infection (23).
Similarly, there have been data suggesting that vaccination
with MMR diminishes hospital presentation due to respiratory
syncytial virus (24). The non-specific effect of the vaccines is
considered to be associated with the fact that vaccines “train”
the leucocyte precursors in the bone marrow against infectious agents and provide a more effective function and with T
cell-mediated cross reactivity (25,26).
Studies conducted so far have demonstrated that natural killer cells (NK) and interferons (IFN), which are a part of
innate immune system, have an important role against viral
infections (27,28). It has been put forth that viral vaccines,
even in the clinical absence of an infection, stimulates NK cell
reproduction and that this response has a longer lifespan, and
therefore, viral vaccines can be a potentially therapeutic option in preventing severe viral infections (29).
In an experimental immunological study, it has been asserted that BCG vaccine induces epigenetic modulations of
human monocytes, leading to an increase in the production
of proinflammatory cytokine and thus provides a protective
effect against another infection (30). In another randomized
study with placebo controls, it has been demonstrated that
BCG vaccine sustains epigenetical re-programming in monocytes in vivo and is protective against an experimental infection caused by yellow fever virus vaccine strain (31). As a result of all studies investigating the non-specific effects of BCG
vaccine, BCG vaccine has been shown to provide decrease
in acute upper respiratory tract infections (32). BCG vaccine
was also administered in our patients. These data have given
rise to the hypothesis that BCG vaccine might have protective
effect against COVID-19, and clinical studies have been commenced on BCG vaccination (33-36).
The possible protective effects of viral vaccines have
become a current issue since proinflammatory cytokines,
IFN production, and NK cell response are at the forefront in
COVID-19 pathogenesis (37,38). The similarity found between
the mode of transmission of measles, mumps, rubella viruses
and SARS-CoV-2 and between their primary replication characteristics in the upper respiratory tract has made us consider
that the innate immune response stimulated by MMR vaccination might have a cross protective effect against SARS-CoV-2.
Similarly, the mild course of the COVID-19 disease seen in 955
sailors of the U.S.S Roosevelt of the U.S Navy has been interpreted as the possible protective effect of BCG vaccine administered to the sailors when they joined the Navy (39). Franklin
et al. (40) have carried out an amino acid sequencing analysis
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based on the similarity between the glycoproteins of measles, mumps and coronaviruses and have found a 29% amino
acid sequencing similarity between rubella and SARS-CoV-2.
In animal studies where attenuated live recombinant measles vaccine has been used as a vector, the antibodies formed
had neutralizing effect on SARS-CoV and induced antibody
production (41,42). In a prospective observational study
carried out in Mexico by Larenas-Linnemann et al. (43), the
possible protective and mitigating effect of MMR vaccine on
COVID-19 clinic has been researched. This study included 255
adults and children vaccinated by MMR due to the fact that
an increase was seen in measles cases during the time when
COVID-19 pandemic started in their country and a program
for re-immunization against MMR was initiated by their Ministry of Health. These 255 cases were followed for COVID-19
infection and SARS-CoV-2 RT-PCR test and/or antibodies specific to SARS-CoV-2 were studied. Of the 255 cases vaccinated
for MMR, COVID-19 did not develop during the notification
period in 219 cases, Definite COVID-19 infection was seen in
24 patients, and highly-probable COVID-19 infection was observed in 12 patients. In 13 of these 36 cases, of whom 6 were
children, COVID-19 disease had a mild course despite the risk
factor, which was associated with the non-specific effect of
MMR vaccine (43). In line with these data, we also aimed at
investigating the effect of the antibody response of the hepatitis A and B and MMR vaccines administered in the childhood
on the asymptomatic course of COVID-19 in children. A significant difference was not found between the seropositivity rate
related to hepatitis A, B and MMR vaccines in asymptomatic
children and the symptomatic group. AntiHbs seropositivity adn AntiHAV IgG seropositivity in cases included into the
study were found respectively as 42.8% and 40%. Again, measles IgG, rubella IgG, and mumps IgG seropositivity rates were
detected respectively as 61.1%, 84.7%, and 73.8%. In comparison with the literature, seropositivity rates of measles, rubella,
mumps, and hepatitis A and B were found low (44-46). However, seropositivity rate that develops after vaccination is known
to be related to intrinsic (age, genetics, and etc.) and extrinsic
(vaccine type, way of administration, and etc.) factors (47). We
are of the opinion that these reasons might have caused the
low seropositivity rates found in our study. The presence of intrinsic factors affecting age response between the groups and
low number of patients are limitations to our study.
To conclude, children have a milder course of SARS-CoV-2
infections when compared to adults, and a better recovery
and prognosis is seen in children. The reasons for this condition are still vague. In our study, a significant relation was
not found between the asymptomatic and symptomatic presentation of COVID-19 and the children’s serologic response
to measles, rubella, mumps, and hepatitis A and B vaccines in
children diagnosed with COVID-19. Further studies in terms
of the possible effects of immunization are needed to better
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understand the reasons of good clinical course and outcomes
seen in children when compared to adults.
							
Ethics Committe Approval: Approval for the study was obtained
from the İzmir Tepecik Training and Research Hospital Ethics Committee and the Scientific Research Committee of the Ministry of
Health (Decision no: 2020/7-24).
Informed Consent: Patient consent was obtained.
Peer-review: Externally peer-reviewed.
Author Contributions: Concept- YCD, SA; Design- KAA, SA;
Supervision- KAA, YCD; Resource- SA, BA; Data Collection and/
or Processing- SA, EKY; Analysis and/or Interpretation- SA, KAA;
Literature Search- SA, UG; Writing- SA, KAA; Critical Review- KAA, BA,
YCD, DY.
Conflict of Interest: Authors declared no conflict of interest.
Financial Disclosure: The authors declared that this study has
received no financial support.

References
1.

WHO Coronavirus Disease (COVID-19) Dashboard. Available from:
https://covid19.who.int/?gclid=EAIaIQobChMIlIbIwbnF7AIVBfuyCh1zQAeJEAAYASAAEgKvCvD_BwE. (Published 2020.) Accessed date:
October 21, 2020. [CrossRef]
2. Guan Wei-Jie, Ni Zheng-Yi, Hu Y, Liang Wen-Hua, Ou Chun-Quan, H
Jian-Xing, et al. Clinical characteristics of coronavirus disease 2019 in
China. N Engl J Med 2020;382(18):1708-20. [CrossRef]
3. Wu Z, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) Outbreak in China: Summary of
a report of 72314 cases from the Chinese center for disease control and
prevention. JAMA 2020;323(13):1239-42. [CrossRef]
4. Ma X, Liu S, Chen L, Zhuang L, Zhang J, Xin Y. The clinical characteristics
of pediatric inpatients with SARS-CoV-2 infection: A meta-analysis and
systematic review. J Med Virol 2021;93(1):234-40. [CrossRef]
5. Chang TH, Wu JL, Chang LY. Clinical characteristics and diagnostic
challenges of pediatric COVID-19: A systematic review and meta-analysis. J Formos Med Assoc 2020;119(5):982-89. [CrossRef]
6. Brodin P. Why is COVID-19 so mild in children? Acta Paediatr Int J Paediatr 2020;109(6):1082-3. [CrossRef]
7. Zhu L, Lu X, Chen L. Possible causes for decreased susceptibility of children to coronavirus. Pediatr Res April 2020:1-1. [CrossRef]
8. Shneider A, Kudriavtsev A, Vakhrusheva A. Can melatonin reduce the
severity of COVID-19 pandemic? Int Rev Immunol 2020;39(4):153-62.
[CrossRef]
9. Jr Fidel PL, Noverr MC. Could an unrelated live attenuated vaccine serve
as a preventive measure to dampen septic inflammation associated
with COVID-19 infection? mBio 2020;11(3):1-4. [CrossRef]
10. Walls AC, Tortorici MA, Snijder J, Xiong X, Bosch BJ, Rey FA, et al. Tectonic
conformational changes of a coronavirus spike glycoprotein promote
membrane fusion. Proc Natl Acad Sci U S A 2017;114(42):11157-62.
[CrossRef]
11. Centers for Disease Control and Prevention. CDC COVID Data Tracker.
Centers for Disease Control and Prevention. Available from: https://
covid.cdc.gov/covid-data-tracker/#cases_casesinlast7days. (Published
2020.) Accessed date: 10 October 2020. [CrossRef]

e222

Şahin et al.
Effect of Viral Seropositivity on COVID-19 in Children

12. Cura Yayla BC, Özsürekçi Y, Aykaç K, Derin Oygar P, Laçinel Gürlevik S, İlbay S, et al. Characteristics and management of children with
COVID-19 in Turkey. Balkan Med J 2020 37(6):341-7. [CrossRef]
13. Korkmaz MF, Türe E, Dorum BA, Kiliç ZB. The epidemiological and
clinical characteristics of 81 children with COVID-19 in a pandemic
hospital in Turkey: An observational cohort study. J Korean Med Sci
2020;35(25):e236. [CrossRef]
14. Simon AK, Hollander GA, McMichael A. Evolution of the immune system in humans from infancy to old age. Proc Biol Sci
2015;282(1821):20143085. [CrossRef]
15. Franceschi C, Capri M, Monti D, Giunta S, Olivieri F, Sevini F, et al. Inflammaging and anti-inflammaging: A systemic perspective on aging
and longevity emerged from studies in humans. Mech Ageing Dev
2007;128(1):92-105. [CrossRef]
16. Shi Y, Tan M, Chen X, Deng X, Li F, Liang K, et al. Immunopathological
characteristics of coronavirus disease 2019 cases in Guangzhou, China.
Immunology 2020;160(3):261-68. [CrossRef]
17. Lu X, Zhang L, Du H, Zhang J, Li YY, Qu J, et al. SARS-CoV-2 Infection in
Children. N Engl J Med 2020;382(17):1663-65. [CrossRef]
18. Dhochak N, Singhal T, Kabra SK, Lodha R. Pathophysiology of COVID-19:
Why Children Fare Better than Adults? Indian J Pediatr 2020;87(7):53746. [CrossRef]
19. Netea MG, Domínguez-Andrés J, Barreiro LB, Chavakis T, Divangahi M,
Fuchs E, et al. Defining trained immunity and its role in health and disease. Nat Rev Immunol 2020;20(6):375-88. [CrossRef]
20. Aaby P, Benn CS. Developing the concept of beneficial non-specific effect of live vaccines with epidemiological studies. Clin Microbiol Infect
2019;25(12):1459-67. [CrossRef]
21. Moorlag SJCFM, Arts RJW, van Crevel R, Netea MG. Non-specific effects of
BCG vaccine on viral infections. Clin Microbiol Infect 2019;25(12):147378. [CrossRef]
22. Nankabirwa V, Tumwine JK, Mugaba PM, Tylleskär T, Sommerfelt H,
PROMISE-EBF Study Group. Child survival and BCG vaccination: A community based prospective cohort study in Uganda. BMC Public Health
2015;15(1):175. [CrossRef]
23. Sørup S, Benn CS, Poulsen A, Krause TG, Aaby P, Ravn H. Live vaccine
against measles, mumps, and rubella and the risk of hospital admissions for nontargeted infections. JAMA 2014;311(8):826-35. [CrossRef]
24. Sørup S, Benn CS, Stensballe LG, Aaby P, Ravn H. Measles-mumps-rubella vaccination and respiratory syncytial virus-associated hospital
contact. Vaccine 2015;33(1):237-45. [CrossRef]
25. Kaufmann E, Sanz J, Dunn JL, Khan N, Mendonça LE, Pacis A, et al. BCG
educates hematopoietic stem cells to generate protective innate immunity against tuberculosis. Cell 2018;172(1-2):176-90.e19. [CrossRef]
26. Sankoh O, Welaga P, Debpuur C, Zandoh C, Gyaase S, Poma MA, et al.
The non-specific effects of vaccines and other childhood interventions:
The contribution of INDEPTH Health and Demographic Surveillance
Systems. Int J Epidemiol 2014;43(3):645-53. [CrossRef]
27. Samuel CE. Antiviral actions of interferons. Clin Microbiol Rev
2001;14(4):778-809. [CrossRef]
28. Xu M, Muto T, Yabe T, Nagao F, Fukuwatari Y, Okumura K. The relationship between the frequency of the common cold and the activities of
natural killer cells. Environ Health Prev Med 2000;4(4):212-16. [CrossRef]
29. Schapiro JM, Segev Y, Rannon L, Alkan M, Rager‐Zisman B. Natural killer (NK) cell response after vaccination of volunteers with killed influenza vaccine. J Med Virol 1990;30(3):196-200. [CrossRef]
30. Kleinnijenhuis J, Quintin J, Preijers F, Joosten LA, Ifrim DC, Saeed S, et al.
Bacille Calmette-Guérin induces NOD2-dependent nonspecific protection from reinfection via epigenetic reprogramming of monocytes. Proc
Natl Acad Sci U S A 2012;109(43):17537-42. [CrossRef]

J Pediatr Inf 2021;15(4):e217-e222

31. Arts RJW, Moorlag SJCFM, Novakovic B, Li Y, Wang SY, Oosting M, et al.
BCG vaccination protects against experimental viral infection in humans through the induction of cytokines associated with trained immunity. Cell Host Microbe 2018;23(1):89-100.e5. [CrossRef]
32. Yitbarek K, Abraham G, Girma T, Tilahun T, Woldie M. The effect of Bacillus Calmette-Guérin (BCG) vaccination in preventing sever infectious
respiratory diseases other than TB: Implications for the COVID-19 pandemic. Vaccine 2020;38(41):6374. [CrossRef]
33. Texas A&M University. BCG Vaccine for Health Care Workers as Defense
Against COVID 19 -Full Text View- Available from: ClinicalTrials.gov.
https://clinicaltrials.gov/ct2/show/NCT04348370. Accessed date: October 11, 2020. [CrossRef]
34. TASK Applied Science. BCG Vaccination for Healthcare Workers in
COVID-19 Pandemic -Full Text View- Available from: ClinicalTrials.gov.
https://clinicaltrials.gov/ct2/show/NCT04379336. Accessed date: October 11, 2020. [CrossRef]
35. U.S. National Library of Medicine. BCG Vaccination to Protect Healthcare Workers Against COVID-19 -Full Text View- Available from: ClinicalTrials.gov. https://clinicaltrials.gov/ct2/show/NCT04327206. Accessed
date: October 11, 2020. [CrossRef]
36. Hellenic Institute for the Study of Sepsis. Bacillus Calmette-guérin Vaccination to Prevent COVID-19 -Full Text View- Available from: ClinicalTrials.gov. https://clinicaltrials.gov/ct2/show/NCT04414267. Accessed
date: October 11, 2020. [CrossRef]
37. Keam S, Megawati D, Patel SK, Tiwari R, Dhama K, Harapan H. Immunopathology and immunotherapeutic strategies in severe acute respiratory syndrome coronavirus 2 infection. Rev Med Virol 2020;30(5):e2123.
[CrossRef]
38. Anbarasu A, Ramaiah S, Livingstone P. Vaccine repurposing approach
for preventing COVID 19: Can MMR vaccines reduce morbidity and
mortality? Hum Vaccines Immunother 2020;16(9):2217-18. [CrossRef]
39. MMR Vaccine May Reduce COVID-19 Hospitalization Rate According
to World Organization. Available from: https://www.globenewswire.
com/news-release/2020/05/01/2026166/0/en/MMR-Vaccine-May-Reduce-COVID-19-Hospitalization-Rate-According-to-World-Organization.html .Accessed date: October 11, 2020. [CrossRef]
40. Franklin R, Young A, Neumann B, Rocio Fernandez, Alexis Joannides,
Amir Reyahi, et al. Homologous protein domains in SARS-CoV-2 and
measles, mumps and rubella viruses: preliminary evidence that MMR
vaccine might provide protection against COVID-19. medRxiv 2020.
[CrossRef]
41. Escriou N, Callendret B, Lorin V, Combredet C, Marianneau P, Février M,
et al. Protection from SARS coronavirus conferred by live measles vaccine expressing the spike glycoprotein. Virology 2014;452-453:32-41.
[CrossRef]
42. Liniger M, Zuniga A, Tamin A, Azzouz-Morin TN, Knuchel M, Marty RR, et
al. Induction of neutralising antibodies and cellular immune responses against SARS coronavirus by recombinant measles viruses. Vaccine
2008;26(17):2164-74. [CrossRef]
43. Larenas-Linnemann DE, Rodríguez-Monroy F. Thirty-six COVID-19 cases preventively vaccinated with mumps-measles-rubella vaccine: All
mild course. Allergy 2020. [CrossRef]
44. Çalık Ş, Tosun S, Arı A, Coşkuner SA, Bayık H, Aygün O, et al. Hepatitis A
seroprevalence in different age groups in a region with low and moderate socioeconomic level in izmir province: Results of a fieldwork. Klimik
Derg 2019;32(3):310-4. [CrossRef]
45. Süleyman A, Gökçay G, Badur S, Aykin S, Kiliç G, Tamay Z, et al. Süt
çocukluğunda Hepatit B aşısı uygulanan çocuklarda serolojik durumun
değerlendirilmesi. Mikrobiyol Bul 2012;46(1):47-56. [CrossRef]
46. Carryn S, Feyssaguet M, Povey M, Di Paolo E. Long-term immunogenicity of measles, mumps and rubella-containing vaccines in healthy
young children: A 10-year follow-up. Vaccine 2019;37(36):5323-31.
[CrossRef]

