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Background: Ecological studies showed that countries with national Bacillus 
Calmette-Guerin (BCG) vaccination programs for tuberculosis prevention 
reported lower incidences of severe and fatal COVID-19 than countries without 
such programs. Several studies have demonstrated that the BCG vaccine can 
induce long-term trained Immunity in bone marrow progenitor cells. In this 
study, we tried to evaluate the relationship between tuberculin skin test results, 
BCG scar, and COVID-19 outcomes among patients with confirmed COVID-19. 
Materials and Methods: This was a cross-sectional study. Cases included 160 
patients with confirmed COVID-19 in Zahedan hospitals (southeast Iran) in 
2020, selected by convenient sampling. PPD test was performed for all patients 
through the intradermal technique. Collected data included demographic 
information, underlying conditions, PPD test results, and COVID-19 outcome. 
Analysis was conducted utilizing ANOVA, χ2 test, and multivariate analysis 
(logistic regression). 
Results: The univariate analysis showed a positive relationship between older 
age, having underlying diseases, and positive tuberculin skin test results with 
the outcome of COVID-19. We also found a lower frequency of BCG scar 
among patients with death outcomes than recovered ones. In the multivariate 
analysis by logistic regression through the backward method, only age and 
underlying diseases remained predictors of death. 
Conclusion: Tuberculin test results might be dependent on age and underlying 
conditions. Our study did not show relationship between BCG vaccine and 
mortality in COVID-19 patients. Further investigations in different settings are 
required to reveal the efficacy of the BCG vaccine in preventing this devastating 
disease. 
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INTRODUCTION 

Globally, up to 3 September 2021, there 

were 218,946,836 confirmed reported cases of COVID-19, 

including 4,539,723 deaths, to the WHO (1). Significant 

mortality due to severe pneumonia with ARDS and 

respiratory insufficiency, particularly in older patients, has 

made COVID-19 the most critical global health challenge  

 

since December 2019. Numerous efforts have been made to 

prevent and treat this novel respiratory tract infection. 

Only an effective vaccine can prevent the spread of the 

virus .Ecological studies have demonstrated that countries 

with national Bacillus Calmette-Guerin (BCG) vaccination 

programs for tuberculosis (TB) prevention have reported 
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lower rates of fatal and severe COVID-19 than countries 

without such programs (2). BCG vaccine strengthens the 

human immune system against several types of viruses, 

including human respiratory syncytial Virus (hRSV) and 

human papillomavirus (HPV). Current evidence indicates 

that the BCG vaccine can prevent viral infections by 

fostering immune responses against viruses (3).  The 

World Health Organization (WHO) recommends BCG 

vaccination (one dose) in all neonates of countries with a 

high incidence of tuberculosis (TB) (4). Long-term 

protection of the BCG vaccine has been reported in 

controlled trials up to approximately 60 years after 

vaccination (5). 

Specific microbial contacts can activate long-lasting 

epigenetic changes in innate immune cells. This immunity 

not only enhances later response to a second infection with 

the same microbe but also to other microbial insults. 

Furthermore, trained immunity or innate immune memory 

has been documented for the BCG vaccine. Activation of 

the Immune memory can enhance responsiveness to 

subsequent triggers and is called trained immunity (6).  

Several studies have demonstrated that the BCG 

vaccine can induce long-term trained Immunity in bone 

marrow progenitor cells through epigenetics changes (6, 7). 

Tuberculosis skin test with purified protein derivative 

(PPD) skin test, through the Mantoux technique, is a type 

IV hypersensitivity skin reaction to the tuberculin antigen. 

Koch developed this test through the intradermal 

technique and was further developed by Charles Mantoux 

in 1912. A tuberculin skin test is interpreted by measuring 

the hypersensitivity reaction (delayed-type 

hypersensitivity) to tuberculin purified protein derivative 

derived from Mycobacterium tuberculosis. Cell infiltration 

makes induration of the skin at the injection site. Reading 

should be done 48 to 72 hours after the test (8).  

In this study, we tried to evaluate the relationship 

between tuberculin skin test results, BCG scar, and 

outcomes among patients with confirmed COVID-19 in 

Zahedan, southeast Iran. 

MATERIALS AND METHODS 
Study design and subjects 

This was a cross-sectional study. Cases included 160 

patients with confirmed COVID-19 in Zahedan hospitals in 

2020 selected by convenience sampling. Severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) 

infection was confirmed through nasopharyngeal 

polymerase chain reaction (PCR) test in all cases. After 

explaining the research purpose and obtaining Informed 

consent, the PPD test was performed through the 

intradermal technique (Mantoux technique). The standard 

recommended tuberculin test was administered by 

injecting 0.1 mL of a liquid containing 5 TU (tuberculin 

units) of PPD into the top layers of the skin (intradermal) 

of the forearm. Results were read 48 hours later by 

measuring the skin induration diameter. Patients were 

followed until the outcomes of recovery or death. COVID-

19 outcome was recorded in four groups: 1) outpatient 

recovery, 2) recovery after hospitalization without 

intensive care need, 3) recovery after intensive care, and 4) 

death.  

 

Data collection 
Data checklists were completed for patients that 

included demographic data, underlying conditions 

(hypertension, cardiovascular disease, diabetes, chronic 

lung diseases, immunocompromising conditions, chronic 

kidney diseases, and obesity), PPD test results, and 

COVID-19 outcomes. 

 

 Statistical analyses 
Continuous and categorical data were expressed as 

mean ± SD (standard deviation) and number (%). The 

relationship between skin PPD test results, BCG scars, and 

COVID-19 outcomes were analyzed using ANOVA and χ2 

tests. Multivariate analysis (logistic regression) was 

conducted to determine the predicting effect of different 

variables on the death outcome. A P-value of <0.05 was 

considered statistically significant. 
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RESULTS 
This study was performed on 160 patients with 

confirmed COVID-19 infection, including 93 males and 67 

females. The mean age of the patients was 49.2 ±13.5 years. 

The frequencies of different outcomes were as follows: 52 

(32.5%) outpatient cases recovered completely, 78 (48.7%) 

patients recovered after hospitalization without intensive 

care need, 10 (6.3%) patients recovered after intensive care, 

and 20 (12.5%) cases perished. 

Table 1 shows the statistical differences in the mean 

ages between different outcomes of COVID-19. Pearson 

correlation analysis showed a positive correlation between 

the severity of COVID-19 and age (r=0.401, P<0.001). The 

frequency of underlying diseases in patients who died was 

significantly higher than in those who recovered (P<0.001) 

(Table 2). 

Tuberculin skin test results and the frequency of BCG 

scar among the study population with COVID-19 infection 

are summarized in Table 3. The study's results revealed 

that the rate of positive tuberculin skin test among the 

deceased patients was significantly greater compared to 

other groups (P<0.001). Moreover, as seen in the table, the 

frequency of BCG scar was statistically lower in patients 

with death outcomes compared with the recovered ones 

(P< 0.001). 

 In addition, quantitative analysis (Table 4) indicated 

that the results of the tuberculin skin test (the mean 

diameter of the skin induration) in patients with a death 

outcome were significantly higher compared to the other 

groups (P= 0.020). The results of the multivariate analysis 

(logistic regression through the backward method) to 

determine the predicting effect of different variables on 

death are summarized in Table 5. This table shows four 

backward steps to assess the predictive effects of different 

variables and demonstrates that only age and underlying 

diseases remained predictors of death. 

 
Table 1. Comparison of mean age between three groups of patients  
 

Groups N 
% Mean Std. Deviation 95% Confidence Interval 

for Mean P value 

Outpatient recovery 52 41.74 9.06 39.16 44.31 
 
 

0.007 

Recovery after hospitalization without intensive care need and  
Recovery after intensive care 88 50.76 13.57 47.88 53.63 

Death 20 60.65 12.43 54.82 66.47 
Total 160 49.15 13.50 47.03 51.27 

 
Table 2. Comparison of the frequency of underlying diseases between three groups of patients 
 

Groups  
N 

Underlying Diseases  
P value No Count (%) Yes Count (%) 

Outpatient recovery 52 46(88.5) 6 (11.5)  
 

<0.001 
 Recovery after hospitalization without intensive care need and Recovery after intensive care 88 35 (39.8) 53 (60.2) 
Death 20 1 (5) 19 (95) 
Total 160 82 (51.2) 78 (48.8) 
 
Table 3. Tuberculin skin test results and BCG Scar among studied patients with COVID-19 infection 
 

Groups Tuberculin skin test results P Value BCG Scar P Value Positive Number (%) Negative Number (%) Positive Number (%) Negative Number (%) 
Outpatient recovery (group1) 6 (11.5) 46 (88.5) 

<0.001 

51 (98) 1 (2) 

<0.001 

 
Recovery after hospitalization without 
intensive care need and Recovery after 
intensive care 
(combined group2 and group3) 

26 (29.5) 62 (70.5) 67 (76.1) 21 (23.9) 

 
Death (group 4) 14 (70) 6 (30) 11 (55) 9 (45) 

Total 46 (28.7) 114 (71.3) 129 (80.5) 31 (19.5) 
*: Induration more than 10 millimeter 
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Table 4.  Quantitative results of tuberculin skin test among studied patients with COVID-19  
 
Groups Number Mean (mm) Std. Deviation Minimum Maximum P Value 
Outpatient recovery   52 3.13 4.16 0 18 

0.020 
Recovery after hospitalization without intensive care need and  
Recovery after intensive care 

88 4.55 4.63 0 20 

Death 20 6.35 4.60 0 17 
 

Table 5. Logistic regression analysis; prediction effect of different variables for death in COVID-19 patients 
 
 B S.E. Wald P Value Odds ratio 

Step 1 

Age 0.052 0.02 4.46 0.035 1.05 
Gender -0.72 0.57 1.57 0.209 0.48 
PPD induration 0.08 0.05 2.17 0.140 1.08 
BCG Scar 0.45 0.59 0.58 0.446 1.57 
Underlying Diseases 2.53 1.07 5.54 0.019 12.61 
Constant -6.72 1.69 15.67 0.00 0.00 

Step 2 

Age 0.05 0.02 6.41 0.01 1.06 
Gender -0.75 0.57 1.74 0.18 0.46 
PPD induration 0.09 0.05 2.62 0.10 1.09 
Underlying Diseases 2.59 1.07 5.85 0.01 13.39 
Constant -6.51 1.67 15.17 0.00 0.00 

Step 3 

Age 0.05 0.02 5.62 0.01 1.05 
PPD induration 0.08 0.05 2.42 0.11 1.09 
Underlying Diseases 2.48 1.07 5.38 0.02 12.03 
Constant -7.18 1.59 20.38 0.00 0.00 

Step 4 
Age 0.04 0.02 4.39 0.03 1.04 
Underlying Diseases 2.69 1.06 6.34 0.01 14.79 
Constant -6.40 1.44 19.58 0.00 0.00 

 

DISCUSSION 
In univariate analysis, our results showed a positive 

relationship between older age, having an underlying 

disease, positive tuberculin skin test results, and the 

outcome of COVID-19. We also found a lower frequency of 

BCG scars among patients with death outcomes than in 

other groups of recovered patients. Many studies have 

revealed that age and underlying diseases are risk factors 

for COVID-19 disease severity, ICU admission, and death 

(9-14). We investigated whether PPD test results correlated 

with the outcomes of patients with COVID-19. Cell-

mediated immunity has a prominent role in protecting 

against certain viral infections (15), and T cells are the 

primary immune cells that react against viral infections 

(16). Gamma interferon (IFN-γ) released by macrophages 

and cytokines produced by antigen-specific T cells are the 

primary immune responses against M. tuberculosis (17, 18). 

 

A significant correlation has been reported between 

IFN-γ and the PPD-Skin test (19, 20). Several studies have 

reported the activation of host immune system as Th1 and 

Th2 response in COVID-19 and concluded that higher IFN-

γ concentrations might be related to the ultimate discharge 

or death outcomes in patients with COVID-19 (21). 

In our study, the univariate analysis demonstrated a 

relationship between COVID-19 outcomes and PPD skin 

test indurations which is consistent with the above studies. 

The innate immune memory is not specific, and infection 

with one infectious agent often can confer protection 

against other microorganisms. Similarly, the nonspecific 

immunity following BCG vaccination might have 

protective effects against several other infections, such as 

C. albicans, S. aureus, human respiratory syncytial virus 

(hRSV), and human papillomavirus (HPV) (2, 22-27). 
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BCG is one of the most well-known vaccines that can 

induce heterologous protection against other agents and 

diseases such as respiratory syncytial virus and yellow 

fever caused by RNA viruses. BCG is demonstrated to be 

also protective against malignancies and their recurrence 

(28). This non-specific effect of BCG is partially mediated 

via innate immune memory/trained immunity by 

epigenetic changes in cells of the innate and adaptive 

immune systems (29). Since the 1970s, in many countries 

with a high TB burden, the BCG vaccine has been routinely 

administered to newborns (30). BCG vaccine shifts 

lymphocyte balance towards Th1, increases gamma 

interferon secretion, and intensely activates regulatory T 

Cells (Tregs) (31). 

As shown in our study, the frequency of BCG scar was 

statistically lower in patients who died than in all other 

recovered patients. Several other studies in countries with 

a rigorous BCG vaccination program have shown 

significant relationships between BCG vaccination and 

lower COVID‐19 morbidity and mortality (25, 32-37). 

In a multivariate analysis by logistic regression through 

the backward method, only age and underlying diseases 

remained predictors of death. These results are in line with 

the publications that concluded that tuberculin test results 

are dependent on age and underlying conditions. This 

inconsistency between our results (multivariate analysis) 

and the above studies might be due to ecological fallacy. 

Most of the mentioned studies are ecological, and 

associations between individual exposure and outcome are 

likely to be confounded by unmeasured variables (38). 

Measures in ecological studies are aggregated of 

population-level data because; societies are studied instead 

of individuals. The results of these studies are confounded 

(called ecological fallacy), which happens when 

relationships determined at a group level are assumed to 

be true in individuals (39). 

The finding that patients who died were older on 

average is both considerable and exciting. Moreover, this 

group of patients was more likely to have hypertension, 

diabetes, cardiovascular disease, and chronic obstructive 

pulmonary disease. The older age and underlying 

conditions played significant roles in the higher mortality 

rate in the patients, despite the higher PPD positivity and 

lower rates of BCG scar in the group who did not survive. 

   

CONCLUSION 
Our study did not show relationship between BCG 

vaccine and mortality in COVID-19 patients. Further 

investigations in different settings with larger populations 

are required to reveal the BCG vaccine’s efficacy in 

preventing this devastating disease.  

 

Limitation 
Some patients did not consent to PPD testing, and a 

group of them were not accessible for follow-up, and we 

had to exclude them. 
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