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Summary

Background: The impact of countries’ bacillus Calmette–Guérin (BCG) 
vaccination policies on the course of coronavirus disease (COVID-19) 
outbreak is a curiosity. In this study, the relationship between BCG vac-
cination status and severity of COVID-19 pneumonia and the factors af-
fecting disease severity were investigated.
Methods: A retrospective cross-sectional study was conducted between 
March and June 2020 in patients diagnosed with COVID-19 pneumonia, 
confirmed by severe acute respiratory syndrome coronavirus-2 polymerase 
chain reaction positivity in a nasopharyngeal sample and pulmonary in-
filtrates in computed chest tomography, in a state hospital in Istanbul, 
Turkey. Socio-demographic features, body mass index, smoking status, 
concomitant diseases, income rates and BCG vaccination status of subjects 
were analyzed.
Result: The study population comprised 123 adults with COVID-19 pneu-
monia [mean age = 49·7 years, standard deviation = 13·3 years; 82 (66·7%) 
male]. While the rate of cases vaccinated with BCG is lower (68·5 versus 
88·2%, P  =  0·026), mean age (54·0  ±  11·5 years versus 38·3  ±  10·7 years; 
P  <  0·001), diabetes (32·6 versus 5·9%, P  =  0·002) and low income (84·3 
versus 52·9%, P  <  0·001) are higher in patients with severe disease  
compared to those with mild disease. According to multivariate analysis  
increasing age [odds ratio (OR)  =  1·119; 95% confidence interval  
(CI) = 1·062–1·178, P < 0·001] and low income (OR = 3·209; 95% CI = 1·008–
10·222, P  =  0·049) are associated with severe disease in COVID-19 
pneumonia.
Conclusion: This study reveals that BCG vaccination is not associated with 
disease severity in COVID-19 pneumonia. Age and low income are the 
main determinants of severe COVID-19 pneumonia.
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Introduction

The epidemic caused by severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2) in Wuhan, China in December 
2019 was identified in February 2020 by the World Health 
Organization (WHO) as coronavirus disease 2019 (COVID-
19) [1,2]. SARS-CoV-2 infection may appear asymptomatic 
or may present as mild upper respiratory tract disease; 

however, viral pneumonia may also lead to respiratory failure 
[3]. While treatment research into the coronavirus pandemic 
continues globally, the group of patients with a high prob-
ability of severe disease is still to be determined.

COVID-19 mortality and morbidity rates differ dispro-
portionately between countries regarding the level of 
measures and restrictions taken by them. It is possible 
that the socio-cultural or lifestyle differences of citizens 
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and differences in the health policies of countries are 
vastly different in COVID-19 epidemiology in different 
countries. Accordingly, factors underlying the severe epi-
demic in some countries need to be clarified. It has recently 
been suggested that countries’ bacillus Calmette–Guérin 
(BCG) vaccination policies can affect the epidemiology 
of COVID-19 [4]. This hypothesis is mainly based on the 
fact that countries such as Italy, who do not have a BCG-
vaccination policy, are severely affected by the COVID-19 
outbreak despite implementing a high level of social isola-
tion measures, whereas countries with an immunization 
policy, such as Japan, were slightly affected by the outbreak, 
even though they did not take a high level of measures 
[4].

In the present study, the severity of COVID-19 pneu-
monia in BCG-vaccinated and -unvaccinated people is 
compared and factors associated with the severity of the 
disease are investigated in a country that has been run-
ning a national BCG vaccination programme for nearly 
70 years.

Materials and methods

Study population and data collection

This retrospective cross-sectional study was conducted 
in subjects who were diagnosed with COVID-19 pneu-
monia based on a positive SARS-CoV-2 polymerase chain 
reaction result from combined nasal–throat swab samples 
and pulmonary infiltrates in computed chest tomography 
in a state hospital in Istanbul, Turkey between 11 March 
and 10 June 2020. The study population was grouped 
according to the severity of COVID-19 pneumonia 
according to the Turkish Ministry of Health COVID-19 
guide; (1) subjects with severe clinical condition with 
tachypnoea (≥  30/min), oxygen saturation below 90% 
breathing room air, together with bilateral diffuse pul-
monary infiltrates and hospitalized, and (2) subjects with 
a mild clinical condition followed-up on an out-patient 
basis [5].

Socio-demographic characteristics, body mass index, 
smoking history, co-morbid diseases and symptoms were 
recorded from the patients’ files. Subjects earning a mini-
mum wage (monthly income approximately less than 
$US355) were defined as low income. BCG vaccination 
history was determined based on subjects’ self-declaration, 
together with observation of the vaccine scar by consult-
ant pulmonologist.

Outcomes and measures

The main outcome of the study is comparison of BCG-
vaccination status between severe and mild subjects with 
COVID-19 pneumonia. Secondly, socio-demographic and 

clinical factors that are determinant for severe COVID-19 
pneumonia are evaluated.

Statistical analysis

Continuous variables were expressed as mean ± standard 
deviation (SD) and categorical variables were expressed 
as numbers (percentages). For comparison, independent 
Student’s t-test and the χ2-test were used for continuous 
and categorical variables, respectively. Binomial logistic 
regression was performed  to assess the association 
between disease severity and study parameters. All sta-
tistical tests were two-sided, and a P-value <  0·05 was 
considered statistically significant. The analyses were 
performed using the Statistical Package for the Social 
Sciences® version 22.

Standard protocol approvals

The study was approved by the Kartal Dr Lütfi Kırdar 
Education and Research Hospital Ethics Comittee (13 May 
2020, 2020/514/177/35).

Results

The study population comprised 123 adults aged 19–87 
years who received a diagnosis of COVID-19 pneumonia 
in a state hospital in Istanbul, Turkey. Among the study 
population, 34 (27·6%) subjects had mild pneumonia and 
89 (72·4%) had severe pneumonia. Ninety-one (74·0%) 
patients were vaccinated with BCG. Socio-demographic, 
smoke-related and co-morbidities of subjects are sum-
marized in Table 1. Comparison of characteristics of 
BCG-vaccinated and -unvaccinated COVID-19 pneumo-
nia patients revealed that mean age and low income rate 
were significantly higher in BCG-unvaccinated subjects 
compared to BCG-vaccinated subjects. The severe disease 
rate was significantly higher in BCG-unvaccinated subjects 
compared to BCG-vaccinated subjects (87·5 versus 67·0%; 
P  =  0·026) (Table 2). Mean age, rate of diabetes, low 
income and BCG-vaccination status parameters differed 

Table 1. Study population characteristics (n = 123)

Age, years (mean ± SD) 49·7 ± 13·3
Gender (male) 82 (66·7)
Body mass index, kg/m2 (mean = SD) 27·1 ± 4·2
Low income 93 (75·6)
BCG scar present 91 (74·0)
Current smoker 14 (11·4)
Comorbidities
Diabetes mellitus 31 (25·2)
Hypertension 23 (18·7)
Coronary artery disease 4 (3·3)

Data are expressed as n (%), unless otherwise stated.
BCG = bacille Calmette–Guérin; SD = standard deviation.
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significantly between mild and severe COVID-19 pneu-
monia patients (Table 3). The effects of age, gender, income, 
BCG-vaccination status, smoking, diabetes and hyperten-
sion on the likelihood of severe COVID-19 pneumonia 
were examined by binary logistic regression analysis. 
According to the Hosmer and Lemeshow test, the intended 
model was found significant by including independent 
variables in the initial model, in which the constant term 
was included (χ2  =  15.397, P = 0·052). As a result of 
the analysis, 58·8% of patients with mild COVID-19 
pneumonia and 92·1% of patients with severe COVID-19 
pneumonia were accurately estimated. In total, the pre-
dictive power of the model was found to be 82·9%. When 
independent variables are included in the analysis, the 
Nagelkerke R2 value explains 47·3% of the change in 
disease severity. In the model where the dependent vari-
able is COVID-19 pneumonia, severity odds ratio values 
and significance levels are given in Table 4. The analysis 
revealed that increased age and low income independently 
predict severe disease among COVID-19 pneumonia 
patients. In contrast, BCG-vaccination status is not asso-
ciated with the severity of COVID-19 pneumonia.

Discussion

In this study, conducted in patients with COVID-19 pneu-
monia, the characteristics of subjects with severe and mild 
disease were investigated. According to the study results, 
BCG vaccination status is not related to clinical condition 
in COVID-19 pneumonia, whereas increasing age and low 
income are factors associated with severe COVID-19 
pneumonia.

BCG vaccine, a live attenuated bacterial vaccine derived 
from Mycobacterium bovis, is recommended in countries 
with a high incidence of tuberculosis [6]. As well as 

immunization against tuberculosis, BCG vaccine provides 
an improved immune response against some viral patho-
gens, including respiratory syncytial virus, influenza A 
virus and herpes simplex virus type 2. These non-specific 
immune effects, known as trained immunity, occur via 
epigenetic reprogramming of monocytes and production 
of interleukin (IL)-1β, tumour necrosis factor (TNF) and 
IL-6 during subsequent viral infection [7]. Observational 
studies on clinical reflection of the immunopathogenesis 
of BCG vaccine report that BCG vaccination and the 
presence of a BCG scar among infants reduce the risk 
of respiratory tract infections [8,9].

Countries’ vaccination policies gained importance dur-
ing the COVID-19 pandemic. Analyses of the relationship 
between countries’ BCG vaccination databases and their 
COVID-19 statistics suggest that BCG vaccination sig-
nificantly reduces COVID-19 mortality rates, and that 
the earlier a country establishes a BCG vaccination policy, 
the lower are COVID-19 deaths per million inhabitants. 
National BCG vaccination policies are also thought to 
be related to flattened COVID-19 growth curves [4,10]. 
Another report, which analyzed data of 210 countries 
and territories, have shown that the BCG-vaccination 
policy was associated with lower COVID-19 morbidity 

Table 2. Comparison of characteristics of BCG-vaccinated and -unvac-
cinated cases with COVID-19 pneumonia (n = 123)

BCG-unvaccinated 
cases (n = 32)

BCG-vaccinated 
cases (n = 91) P

Age, years (mean ± SD) 58·2 ± 13·2 46·7 ± 12·1 < 0·001
Male gender 23 (71·9) 59 (64·8) 0·467
Body mass index;  

kg/m2 (mean ± SD)
26·6 ± 2·6 27·3 ± 4·7 0·437

Low income 31 (96·9) 62 (68·1) 0·001
Current smoker 3 (9·4) 11 (12·1) 0·678
Diabetes 10 (31·3) 21 (23·1) 0·360
Hypertension 9 (28·1) 14 (15·4) 0·112
Coronary artery disease 1 (3·1) 3 (3·3) n.a.†

Severe clinical condition 28 (87·5) 61 (67·0) 0·026

Data are expressed as n (%), unless otherwise stated.
†Statistical analysis could not be performed due to the small number 

of subjects.
BCG = bacillus Calmette–Guérin; n.a. = not available.

Table 3. Comparison of characteristics of COVID-19 subjects with mild 
and severe disease (n = 123)

Mild (n = 34) Severe (n = 89) P

Age, years (mean ± SD) 38·3 ± 10·7 54·0 ± 11·5 < 0·001
Male gender 22 (64·7) 60 (67·4) 0·776
Body mass index, kg/m2 

(mean ± SD)
26·8 ± 5·3 27·2 ± 3·7 0·601

Low income 18 (52·9) 75 (84·3) < 0·001
BCG-vaccinated 30 (88·2) 61 (68·5) 0·026
Current smoker 3 (8·8) 11 (12·4) 0·756
Diabetes 2 (5·9) 29 (32·6) 0·002
Hypertension 3 (8·8) 20 (22·5) 0·083
Coronary artery disease 1 (2·9) 3 (3·4) n.a.†

Data are expressed as n (%), unless otherwise stated.
†Statistical analysis could not be performed due to the small number 

of subjects.
BCG = bacillus Calmette–Guérin; SD = standard deviation.

Table 4. Results of binomial logistic regression

Exp (B) 95% CI for Exp(B) P

Increased age 1·119 1·062–1·178 < 0·001
Gender 0·510 0·164–1·591 0·246
Low income 3·209 1·008–10·222 0·049
BCG-unvaccinated 0·995 0·224–4·417 0·994
Smoking 2·777 0·533–14·478 0·225
Diabetes 0·287 0·052–1·577 0·151
Hypertension 2·227 0·441–11·237 0·332

BCG = bacillus Calmette–Guérin; CI = confidence interval.
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and mortality rates, but not with case-fatality rate. High 
median age, low per-capita gross domestic production 
adjusted to purchasing power and high per-capita health 
expenditure were found to be related to higher morbid-
ity and mortality rates in COVID-19 [11]. In Turkey, 
the national BCG immunization programme has been 
implemented since 1953 for control of tuberculosis. BCG 
vaccination rates reached 94·4% in 2013 [12,13].

The study population consisted of BCG-vaccinated 
and -unvaccinated COVID-19 pneumonia cases in order 
to compare the severity of the disease in the two groups. 
BCG-vaccinated and -unvaccinated groups were similar 
in terms of body mass index, gender distribution, smok-
ing status and the presence of diabetes and hypertension. 
However, they were significantly different in terms of 
age and income; for instance, the BCG-unvaccinated 
group was significantly older compared to the BCG-
vaccinated group and almost all subjects in BCG-
unvaccinated group were in the low-income group. A 
possible explanation for the low income of people without 
BCG vaccination is migration from rural to urban areas 
in search of employment and earning a living. As the 
major outcome of the study in severe COVID-19 pneu-
monia patients, the rate of cases not vaccinated with 
BCG was significantly higher than in patients with mild 
COVID-19 pneumonia. However, the most important 
confounding factor was the uneven distribution of income 
between the unvaccinated and the vaccinated groups. 
Accordingly, logistic analysis revealed that increasing age 
and low-income level were predictive of severe disease, 
whereas BCG vaccination status is not related to the 
severity of COVID-19 pneumonia.

This is the first study, to our knowledge, to evaluate 
the severity of clinical condition with BCG-vaccination 
status in COVID-19 pneumonia patients. Previous reports 
are based on analysis of COVID-19 statistics and coun-
tries’ national BCG vaccination policies. However, inter-
national comparisons of COVID-19 epidemiology are 
difficult, because the ways in which countries record 
COVID-19 cases and deaths are different depending on 
the polymerase chain reaction results or clinical deci-
sion. Population characteristics of countries, such as 
population density, median age and urban population 
and mainly SARS-CoV-2 test rates, are major confound-
ers that may lead to misjudgement that a BCG vaccina-
tion policy is beneficial [14]. According to a report 
published very recently, there was no statistically sig-
nificant difference in the SARS-CoV-2 positive test results 
between the BCG-vaccinated and the non-vaccinated 
groups [15]. In Brazil, which has been carrying out the 
BCG vaccination programme since 1920, the morbidity 
and mortality rates of COVID-19 disease have reached 
today’s distressing levels, and also question any 

protective role of BCG vaccination in the COVID-19 
outbreak.

A second, most important, finding of the present study 
is that increasing age and low income are the predictors 
of severe disease in COVID-19 pneumonia. Age has been 
reported as the main risk factor for disease severity and 
mortality in COVID-19 since the beginning of the out-
break [16–23]. The relationship between low income and 
serious COVID-19 emerged mainly after news that low-
income minority residents from the United States were 
most affected, especially in New York City. According to 
various reports from different states, non-Hispanic black 
patients were disproportionately hospitalized with diagnosis 
of COVID-19. However, the absence of any difference in 
intensive care unit admission and mortality rates in black 
patients suggests that the distinction in SARS-CoV-2 infec-
tion rates is due to socio-economic inequalities rather 
than racial and ethnic differences [24,25]. In line with 
previous reports on the importance of socio-economic 
inequalities in COVID-19, in the present study low income 
was an independent predictor of severe disease.

Most prevalent co-morbidities reported in serious or 
critically ill subjects with COVID-19 are diabetes mellitus, 
chronic lung disease and cardiovascular disease [16–
18,20,21]. The percentage of COVID-19 cases with at least 
one underlying health condition was higher among those 
hospitalized compared to non-hospitalized patients [17]. 
However, data from different countries may vary for vatious 
reasons, such as health policies implemented, the propor-
tion of the elderly population, the prevalance of concomitant 
diseases and whether or not co-morbidities are under 
control. The prompt measures taken by the Turkish gov-
ernment early in the epidemic may be the reason why 
co-morbid disease rates were not an independent predictor 
of severe COVID-19 pneumonia in the present study 
because, immediately after the first COVID-19 case was 
detected in Turkey, people with chronic illness were con-
sidered on leave in the public and private sectors.

The major strength of the present study is that sever-
ity of COVID-19 pneumonia is assessed in BCG-
vaccinated and -unvaccinated inhabitants of the same 
country, which implements a national BCG vaccination 
policy. Another strength of the study is that all patients 
were evaluated in a single centre, providing homogeneity 
in the clinical evaluation of patients. The main limita-
tion of the study is the relatively low number of subjects. 
However, as BCG vaccine is administered regularly in 
the country, the number of individuals who have not 
been vaccinated is limited. Secondly, data on the clinical 
follow-up of patients, such as clinical recovery time, 
admission to the intensive care unit and mortality rate, 
were not evaluated because they were outside the scope 
of the study.
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