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Appendix S1 1 

Childhood BCG vaccination seems to selectively protect adult males from COVID-19 infection  2 

Supplementary methods 3 

Study population. Individuals ≥ 16 years of age from Rostock city who were registered with the 4 

Rostock public health authority (Gesundheitsamt Rostock) after a close contact to an individual 5 

infected with COVID-19 (with or without developing a COVID-19 infection subsequently) were eligible 6 

to participate. To standardize contact tracing within the country the following events were classified 7 

as “close contacts” (associated with a high risk of transmission) by the German federal government 8 

agency responsible for disease control and prevention, the Robert Koch institute (RKI): Cumulative, 9 

face-to-face contact (<1,5 meters of physical distance) of at least 15 minutes without a protective 10 

mask; direct contact with secretions or body fluids; exposure to a likely relevant concentration of 11 

aerosols; Medical staff in contact (≤2 meters) with a confirmed case without a protective masks 12 

(https://www.rki.de). As a public health measure these close contacts were submitted into 13 

mandatory 14-day quarantine. 14 

Over the course of two recruitment rounds in August and December 2020 800 participants were 15 

contacted by mail to receive an invitation letter, information sheet, informed consent form and a 16 

questionnaire. The questionnaire was developed with the evasys web-based platform V8.1 (evasys 17 

GmbH, Luneburg, Germany) which allowed completion either in written form or online. The 18 

questionnaire comprised questions on demographics, BCG vaccination status, kind and intensity of 19 

contact and COVID-19 related symptoms. Participants were asked to self-assess the impact of COVID-20 

19 related symptoms on their state of health (i.e. no impact, some illness without being bedridden, 21 

bedridden for more than a day, symptoms leading to hospital admission). Participants were invited to 22 

the Institute of Medical Microbiology, Virology and Hygiene, University Medicine Rostock, for a blood 23 

sample and evaluation of their BCG vaccination status.  24 

Ethical considerations. The study was conducted according to the guidelines of the Declaration of 25 

Helsinki, and approved by the Ethics Committee of the University Medicine Rostock (Registration 26 

number A 2020-0136). All participants provided written informed consent before the survey forms 27 

and blood samples were collected. 28 

BCG vaccination status. Participants were asked to report: If BCG vaccination was recorded on a 29 

vaccination certificate and, if so, indicate the year of vaccination (typically, BCG vaccine was 30 

administered between day 1-3 of birth); If they had any personal memory of the vaccination process; 31 

If BCG vaccination was reported to them by a close relative; At visit, participants were checked for 32 
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the presence of a typical scar on the left upper arm or left thigh. If available, official vaccination 33 

documents were checked for records of BCG vaccination. BCG vaccination status was then assessed 34 

under consideration of the history of the BCG vaccination program in East and West Germany as 35 

depicted in Figure 1. If BCG vaccination status was inconclusive participants were excluded from 36 

analysis.   37 

 38 

Figure 1: Flowchart representing the classification of BCG vaccination status in the study.  39 

 40 

Antibody testing. At visit, a blood sample (serum) was drawn filling one 9 ml S-monovette 41 

(SARSTEDT, Nümbrecht, Germany). Samples were refrigerated at 8 °C within 60 minutes after blood 42 

draw. IgG antibody testing was done using an indirect chemiluminescent immunoassay (CLIA), the 43 

COVID-19 VIRCLIA® IgG MONOTEST (Vircell, Granada, Spain). Testing was conducted on a VIRCLIA® 44 

automated processor (Vircell) in combination with the VIRCLIA® AUXILIARY REAGENTS (Vircell) 45 

according to the manufacturer`s specifications.  46 

COVID-19 status. Participants were considered cases if they had been reported to the public health 47 

authority as the result of a positive PCR test and/or if the antibody test turned positive. Participants 48 

without a preceding positive PCR test result and with a negative antibody test result were considered 49 

controls. Antibody testing was performed at least three weeks after participants experienced 50 

symptoms. 51 

Statistical analysis. All data analysis was carried out using Stata/IC version 15.1. Unadjusted analysis 52 

using Chi-squared tests and logistic regression models was conducted to explore the relationship 53 

between the primary outcome (COVID-19 infection) and the primary exposure (BCG vaccination 54 

status) as well as age category and sex (P values < 0.05 were considered significant, Odds ratios [RR] 55 

were accompanied by 95% confidence intervals [CI]).  ORs were then adjusted for sex and age using 56 

logistic regression models. Likelihood ratio (LR) tests were used to test logistic regression models 57 

with and without interaction terms to assess effect modification. Confounders and effect modifiers 58 

were integrated into the final model using multiple regression analysis. Analysis of COVID-19 related 59 

symptoms among infected participants was conducted as an overall estimate and stratified by age [≤60 

30 and >30 years of age] and sex using Chi-squared test or Fisher’s exact test as appropriate. 61 

 62 

Supplementary results:  63 
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One hundred ninety participants were included for primary analysis. A total of 231 questionnaires 64 

were returned from 800 sent out questionnaires (response rate = 28.9%). Forty-one participants 65 

could not be included for analysis due to missing data on BCG status (n=11), Covid-19 status (n=22), 66 

BCG and COVID-19 status (n=6), and COVID-19-vaccination (n=2) (Figure 2). 137 birth vaccination 67 

certificates of 190 included participants were available (117 showing a record of BCG vaccination and 68 

20 showing no record of BCG vaccination). 69 

 70 

Figure 2: Flowchart representing total number of participants and exclusion criteria. 71 

BCG status was highly correlated with age. Age varied from 17 to 85 years and was highly correlated 72 

with BCG vaccination status (Spearman’s rank correlation coefficient: 0.54). There were no non-73 

vaccinated participants older than 46 years. The crude odds ratio for the association between BCG 74 

status and COVID-19 infection among all 190 participants was 0.77 (95%CI 0.40-1.49, p=0.43). Due to 75 

the lack of non-vaccinated individuals in higher age groups possible confounding by age could not be 76 

accounted for. Therefore, it was decided to include only individuals up to 46 years into the further 77 

analysis of the association of interest to form three age groups (17-26, 27-36, 37-46) (n=147). Within 78 

these three age groups there were 55 infected and 92 non-infected, 99 individuals were considered 79 

vaccinated, 48 individuals were considered to be not vaccinated with BCG (27-36 years: 24 80 

vaccinated and 31 non-vaccinated, 37-46 years: 50 vaccinated and 13 non-vaccinated, 37-46: 25 81 

vaccinated and 4 non-vaccinated). There were 87 females (59.2%) and 60 males (40.8%). All 82 

participants were born in Germany, 85 (57.8%) in the state of Mecklenburg-Vorpommern and 62 83 

(42.2%) in other states of Germany. Unadjusted analysis showed weak evidence of a protective effect 84 

of BCG vaccination. The crude OR for the association between BCG vaccination and COVID-19 85 

infection for the 147 participants included in further analysis was 0.59. The odds of COVID-19 86 

infection were therefore 41 % lower for BCG vaccinated individuals than for non-vaccinated 87 

individuals. However, the 95% CI (0.29-1.21) included 1 and the resulting p-value of 0.143 was 88 

statistically not significant. There was no significant association between age or sex and COVID-19 89 

infection (table 1).  90 

Age confounded the association between BCG vaccination status and COVID-19 infection. An age 91 

adjusted OR was estimated and compared to the crude OR for the association between BCG 92 

vaccination status and COVID-19 infection. The age adjusted OR showed a decrease of 15% to 0.50 93 

(95% CI: 0.23-1.10) which was interpreted as an indication of confounding by age. Therefore, after 94 

removing the confounding effect of age, the evidence of an association between BCG vaccination 95 
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status and COVID-19 infections became stronger (p = 0.083). A LR test performed to test for 96 

interaction yielded a P value of 0.79, indicating no effect modification by age. 97 

Sex modified the association between BCG vaccination status and COVID-19 infection. Adjustment 98 

for sex did not change the crude OR significantly, however for males and females markedly differing 99 

ORs were found (0.19 [95%CI: 0.05-0.69, p= 0.005] for males and 1.18 [95%CI: 0.47-2.94, p= 0.876] 100 

for females). A LR test performed to test for interaction yielded a P value of 0.015. The relationship 101 

between BCG vaccination status and COVID-19 infection thus seemed to be modified by gender with 102 

men having lower odds of acquiring a COVID-19 infection had they received a BCG vaccination 103 

compared to women. 104 

The final model: Males had a lower risk of infection if BCG vaccinated and a higher risk if BCG non-105 

vaccinated, compared to women. Based on the results obtained in the above investigation a final 106 

model of the relationship between BCG vaccination and COVID-19 infections was fitted that included 107 

age as a confounder and sex as an effect modifier. BCG vaccination status was associated with a 108 

lower likelihood of COVID-19 infection for men but not for women (ORs 0.13 and 1.04, respectively). 109 

For men, we found a highly significant association with 95% CIs ranging from 0.04-0.48 (p=0.002) 110 

while for women 95% CIs ranged from 0.40-2.71 (p=0.938). Likewise the effect of sex on COVID-19 111 

infections was considered for non BCG vaccinated and BCG vaccinated participants individually. 112 

There was some evidence of a negative relationship between non-vaccinated males and females and 113 

COVID-19 infection suggesting that BCG non-vaccinated females have a lower risk of infection 114 

compared to men (and vice versa)(OR 0.29, 95%CIs 0.08-1.00, p=0.05). There was weak evidence of a 115 

positive relationship between BCG vaccinated males and females and COVID-19 infection suggesting 116 

that vaccinated females have a higher risk of infection compared to vaccinated men (and vice versa) 117 

(OR 2.32, 95%CIs 0.92-5.81, p= 0.084) (table 2).  118 

BCG vaccination status did not seem to affect COVID-19 related symptoms or severity. All COVID-19 119 

infected participants (n=78) were included to test for an association between COVID-19 related 120 

symptoms and BCG vaccination status. For all participants that reported their symptoms (n=77) no 121 

correlation between experiencing fever/shortness of breath/joint pains/ fatigue/dry cough/loss of 122 

smell and BCG vaccination status was found (overall estimate and conducted separately for males 123 

and females and two age groups [≤30 and >30 years of age] using Chi-squared test and Fisher’s exact 124 

test as appropriate, P values not shown).  There was some evidence of a correlation between loss of 125 

taste and BCG vaccination status among the young age group with more BCG vaccinated participants 126 

reporting loss of taste compared to non-vaccinated  (p=0.016). However, this finding stands alone 127 

and, crucially, no correlation was seen between loss of smell and BCG vaccination status. Six 128 

participants did not report impact of symptoms on their state of health resulting in a sample size of 129 

72. No correlation between impact of symptoms on state of health and BCG vaccination status was 130 
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found (overall estimate using Chi-squared: p=0.258; Fisher’s exact test for age groups [≤30 and >30 131 

years of age]: p = 1.000 and 0.734, respectively; Fisher’s exact test for males and females: p= 0.563 132 

and 0.383, respectively).  133 

 134 
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