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Background. The live smallpox and Bacillus Calmette-Guérin (BCG) vaccinations have been associated with better adult sur-
vival in both Guinea-Bissau and Denmark. In Guinea-Bissau, human immunodeficiency virus (HIV)-1 became an important cause 
of death after smallpox vaccination was phased out globally in 1980. We hypothesised that smallpox and BCG vaccinations were 
associated with a lower prevalence of HIV-1 infection, and we tested this hypothesis in both Guinea-Bissau and Denmark.

Methods. We conducted 2 studies: (1) a cross-sectional study of HIV infection and vaccination scars in Guinea-Bissau including 
1751 individuals and (2) a case-base study with a background population of 46 239 individuals in Denmark. In Guinea-Bissau, HIV-1 
transmission was almost exclusively sexually transmitted. In Denmark, we excluded intravenous drug users. Data were analyzed 
using logistic regression.

Results. Bacillus Calmette-Guérin and/or smallpox vaccination compared with neither of these vaccines was associated with 
an adjusted odds ratio (aOR) for HIV-1 of 0.62 (95% confidence interval [CI], 0.36–1.07) in Guinea-Bissau and 0.70 (95% CI, 
0.43–1.15) in Denmark. We combined the results from both settings in a meta-analysis (aOR = 0.66; 95% CI, 0.46–0.96). Data from 
Guinea-Bissau indicated a stronger effect of multiple smallpox vaccination scars (aOR = 0.27; 95% CI, 0.10–0.75) as follows: women, 
aOR = 0.18 (95% CI, 0.05–0.64); men, aOR = 0.52 (95% CI, 0.12–2.33); sex-differential effect, P = .29.

Conclusions. The studies from Guinea-Bissau and Denmark, 2 very different settings, both suggest that the BCG and smallpox 
vaccines could be associated with a decreased risk of sexually transmitted HIV-1. It might be informative to pursue this observation 
and explore possible protective mechanisms as part of the search for an HIV-1 vaccine.
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In 1980, the world ceased to use the live-attenuated smallpox 
vaccine [1]. Previous studies did not investigate whether stop-
ping smallpox vaccine affected general health. However, subse-
quent studies have shown that live vaccines may have beneficial 
nonspecific or heterologous effects (NSEs), which may be medi-
ated via training of the innate immune system and provide 
cross-protection against unrelated pathogens [2, 3].

With respect to potential NSEs of smallpox vaccine, 2 stud-
ies in Guinea-Bissau showed lower mortality among individu-
als with smallpox vaccination scars compared with individuals 

with no vaccination scars 20–25 years after smallpox vaccina-
tion stopped [4, 5]. The beneficial association increased with 
the number of smallpox vaccination scars and was most 
pronounced in women. In Denmark, register-based studies 
showed that smallpox vaccination was associated with reduced 
incidence of all-cause infectious disease hospitalization [6], 
and smallpox vaccination as well as Bacillus Calmette-Guérin 
(BCG) vaccinations were associated with lower risk of death 
due to natural causes [7].

Human immunodeficiency virus (HIV)-1 was first regis-
tered in Guinea-Bissau in the late 1980s after smallpox vacci-
nation had stopped [1]. Human immunodeficiency virus-1 
subsequently became a common cause of adult death. With 
the failure to produce an effective HIV vaccine, and with the 
knowledge that smallpox vaccine reduced all-cause mortality, 
we hypothesized that having been smallpox vaccinated was 
associated with protection against contracting HIV-1 infection. 
Bacillus Calmette-Guérin may have similar NSEs [7], and, in 
Denmark, smallpox vaccine and BGC vaccine were phased 
out at the same time, and effects were difficult to disentangle. 
Therefore, we examined whether BCG and smallpox vaccine 
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were associated with a lower prevalence of HIV-1 in Guinea-
Bissau and Denmark.

METHODS

Our research comprises a cross-sectional study from Guinea-
Bissau and a case-based study from Denmark.

The Cross-Sectional Study From Guinea-Bissau

The Bandim Health Project maintains a health and demo-
graphic surveillance system in Guinea-Bissau. This includes 
registration of all pregnancies and childbirths as well as a full 
census of the total study population every 2 or 3  years. The 
cohort from Guinea-Bissau was surveyed in an HIV preva-
lence survey (2004–2006) followed by a vaccination scar survey 
(2005–2007).

The “HIV prevalence survey” was conducted in 3 districts 
between May 2004 and December 2006. The study included 
384 randomly selected houses (10% sample of houses), and all 
individuals aged 15 years or older in these houses were inter-
viewed [8]. There was a parituclar focus on older individuals; 
therefore, the survey also included individuals aged 50 years or 
older who lived in houses that were not included in the ran-
dom sample of houses. In total, 79% of eligible individuals had 
HIV status examined [8]. Similar to previous surveys, the pro-
portion of HIV-tested individuals was higher among women 
(85%) than men (71%) [8]. Antiretroviral treatment was not 
generally available in Bissau when the survey was conducted. 
The National Laboratory in Guinea-Bissau used Enzygnost 
HIV-1/HIV-2 Plus ELISA (Behring, Marburg, Germany) to 
screen for HIV-1 and HIV-2 infection. Confirmation of positive 
sera was performed using Capillus HIV-1/HIV-2 (Cambridge 
Biotech Limited, Galway, Ireland) and Immunocomb II HIV-1 
and -2 BiSpot RST (Orgenics, Yavne, Israel) [8]. We analyzed 
HIV-1-positive tests.

The “vaccination scar survey” was conducted between 
January 2005 and May 2007. Three field workers examined 
vaccination scars and interviewed study participants. The field 
workers examined upper arms for scars and registered up to 5 
scars. Scars were classified as BCG, smallpox vaccination, or 
uncertain based on size, color, and general appearance of the 
scar. The circumference of the scar was marked with a pen: 
transparent adhesive tape was placed over the marking and then 
transferred to the questionnaire.

The questionnaires from the HIV survey and the vaccination 
scar survey were double entered, and scar sizes were assessed 
by the same data entry clerk. The scar size was calculated as the 
mean of the sum of the diameters. Sixty-two (3.5%) individuals 
had a difference in birth date of more than 5 years in the 2 sur-
veys, and this was mostly among the elderly. We considered the 
scar survey to be most correct and retrieved year of birth from 
this source. The scar survey questionnaire included background 
information on year of birth, sex, field worker, place of birth, 
schooling, religion, ethnicity, employment (private sector, state 

sector, or military services), travels abroad, and living outside 
Guinea-Bissau before 1980. Census information about quality 
of house (zinc roof, electricity, indoor toilet) and ownership of 
television was used to define a socioeconomic status variable 
(0–4 items).

The Case-Based Study From Denmark

The case-based study from Denmark used a background cohort 
of all children born in 1965–1976 and attending school in 
Copenhagen. This cohort experienced the phase out of BCG 
and smallpox vaccinations from the Danish vaccination pro-
gram (vaccination policies are explained elsewhere [7]). School 
health examination records were archived in the Copenhagen 
Municipal Archives with personal identification numbers (ID) 
and information on anthropometry, social and health condi-
tions, and vaccinations. The ID enabled us to link individu-
als to national vital and health registers. We sampled all HIV 
cases in the entire background cohort (Figure 1), as identified 
from the Danish National Patient Registry (DNPR) using the 
following International Classification of Diseases (ICD) codes: 
07983 (ICD-8, 1983–1993) and B20-B24 (ICD-10 from 1994 
onwards). More than 99.7% of Danish HIV cases are HIV-1, 
and the Danish healthcare system provides free HIV treatment 
[9]. Vaccination information and potential confounders were 
digitalized from the school health records for all cases and 
compared with already digitalized information from a subco-
hort comprising 13% of the background cohort. Vital informa-
tion (ie, date of birth, death, and emmigration) came from the 
Danish Civil Registration System.

Sexually Transmitted Human Immunodeficiency Virus-1 

The route of transmission may be important to understand 
whether BCG and smallpox vaccination have effects against 
HIV-1 infection. Human immunodeficiency virus-1 is almost 
exclusively sexually transmitted in Guinea-Bissau: injection 
drug use is virtually nonexistent in Guinea-Bissau [10], and 
blood transfusions have been screened for HIV since 1987 [8]. 
In Denmark, blood transfusions was screened for HIV since 
1986, and injection drug use is a common cause of HIV-1 [9]. 
For similarity, in the Danish data, we excluded individuals if 
they were registered with diagnoses indicating injection drug 
use in DNPR during follow up.

Statistical Analyses

For both studies, we present the potential risk factors for being 
smallpox and BCG vaccinated as prevalence ratios (PRs) 
adjusted for sex and year of birth using Poisson regression with 
robust variance estimates [11]. Logistic regression models were 
used to estimate the odds ratio (OR) for the association between 
vaccination scar status and HIV-1 infection. Assuming a causal 
structure, we identified potential confounders in the fully 
adjusted models, which included year of birth in 10-year inter-
vals, sex, field worker, place of birth, schooling, religion, ethni-
city, employment, socioeconomic status, traveled abroad, and 
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lived abroad (Guinea-Bissau) or family social class, sex, immi-
gration, and year of birth (Denmark). We accounted for house 
clustering in the study from Guinea-Bissau and for the sam-
pling approach related to sex and year of birth for the Danish 
study with robust variance estimates [6]. For the Danish study, 
we calculated the association in adjusted OR (aOR) by apply-
ing a case-base design [12]. Missing information about family 
social class was single imputed for 4 HIV cases and 256 non-
HIV cases to prevent bias occurring from restricting the cohort 
to individuals with full information. Entry was at 15  years of 
age or January 1, 1983 (when HIV/acquired immune deficiency 
syndrome was part of ICD-8), whichever occurred last. End 
of follow up was the last update of the DNPR (December 31, 
2014). Individuals were censored if they had ever been regis-
tered with injection drug use, emigrated, died, or had unknown 
whereabouts according to the Danish Civil Registration System 
during follow up and before HIV-1 registration. We used (1) 
inverse probability-of-censoring weighting (IPCW) based on 
potential common causes to exposure and (2) censoring among 
controls to handle non-HIV censoring before end of follow up 
[13]. The results from both studies were combined in random 
effect meta-estimates, interpreted as an average of different true 
effects between studies [14].

Previous studies have shown that the beneficial effect of 
smallpox vaccination on mortality increased with the num-
ber of smallpox vaccination scars [15]; therefore, we tested the 
effect of multiple smallpox vaccination scars in the Guinea-
Bissau study. Information on the number of smallpox vaccines 
was not available in the Danish data.

We conducted several analyses to test the robustness of the 
conclusions. At the exploratory stage, P values should not be 
“corrected” for multiple testing [16]. In our complementary 
analysis of Guinean and Danish data, we used a stabilized 
inverse probability of treatment weighted model (sIPTW) to 
give association measures closer to a randomized controlled 
trial in a similar population (see additional information in 
Supplementary Analysis 1) [13]. As a supplementary analysis to 
the Danish study, we conducted the commonly reported hazard 
ratio using a Cox proportional hazards model for case-cohorts 
with age as the underlying time scale to estimate the hazard ratio 
(HR) of HIV-1 by BCG and smallpox vaccination status. The 
proportional hazards assumption was tested with Schoenfeld 
residuals. All statistical analyses were conducted using Stata 
14.1 (StataCorp LP, College Station, TX).

Ethics

The HIV survey and the vaccination scar survey in Guinea-
Bissau were approved by the Ministry of Health’s Ethics 
Committee in Guinea-Bissau, and the Danish Central Scientific 
Ethics Committee gave its consultative approval. All partic-
ipants were counseled and provided informed verbal consent 
before HIV testing [8]. The field workers conducting the sur-
veys were not aware of the HIV status of the participants. The 

Danish Data Protection Agency approved the Danish study: 
registry-based research does not require approval by an ethics 
committee in Denmark.

RESULTS

The Guinea-Bissau study included 1751 individuals with 75 
HIV-1 cases (Figure 1), and the analyzed study population in 
Denmark was derived from an eligible background cohort of  
46 239 individuals, using 5506 individuals as a subcohort with 
104 HIV-1 cases (Figure 1).

Guinea-Bissau

Two thousand three hundred six individuals born before 
January 1, 1974 were eligible for this study, because they had a 
probability of being smallpox vaccinated (Figure 1). On aver-
age, there was more than 1 year between the HIV survey and the 
subsequent scar examination, thus 1751 individuals (76% of the 
eligible population) were analyzed (Figure 1). The prevalence 
of HIV-1 was 4.3% in both the analyzed study population and 
the eligible population. Seventy-five of the included individu-
als were HIV-1 infected. The female/male prevalence ratio of 
HIV-1 was 1.53 (0.97–2.42), and 5% women and 3% men were 
infected with HIV-1. Supplementary Figure 1 shows the age dis-
tribution of HIV-1-positive individuals.

In the population included in the study, 22% (393) had no 
vaccination scars, 46% (808) had smallpox vaccination scars 
only, 11% (191) had BCG vaccination scars only, and 21% (359) 
had both BCG and smallpox vaccination scars. The median 
diameter of scars classified as smallpox scars was 15.0  mm 
(25–75 percentiles: 11.5–19.3) and 5.0 mm (25–75 percentiles: 
4.0–6.5 mm) for BCG vaccination. Sixty-eight percent of men 
and 66% of women had a smallpox vaccination scar (10-year 
age interval adjusted PR  =  0.99 [0.77–1.18]), whereas 32% of 
men and 31% of women had BCG vaccination scars (10-year 
age interval adjusted PR = 0.92 [0.78–1.09]) (Table 1). Twenty-
five percent (445 of 1751) of the study population had 2 or more 
smallpox vaccination scars.

Individuals with smallpox and/or BCG vaccination scars had 
a lower prevalence of HIV-1 compared with individuals with-
out smallpox and BCG vaccination scars (aOR = 0.62; 95% con-
fidence interval [CI], 0.36–1.07) (Table  3). Multiple smallpox 
vaccination scars were associated with a lower prevalence of 
HIV-1 (aOR = 0.27; 95% CI, 0.10–0.75) compared with indi-
viduals without smallpox or BCG vaccination scars. The aOR 
for multiple smallpox vaccination scars was 0.18 (95% CI, 0.05–
0.64) for women and 0.52 (95% CI, 0.12–2.33) for men (sex-dif-
ferential effect, P = .29) (Table 4).

Denmark

The eligible background cohort of 46 239 individuals had 143 
HIV-1 cases, and the 13% subsample was equivalent to 6015 
individuals. We excluded 39 (27%) HIV-1 cases and 509 (8%) 
individuals in the subcohort for reasons indicated in Figure 1. 
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Hence, 104 HIV-1 cases were analyzed (21 women, 83 men) 
along with a subcohort of 5506 of individuals. Among these, 
18% (996) had no vaccination, 7% (402) had smallpox vacci-
nation only, 27% (1491) had BCG vaccination only, and 48% 
(2617) had both BCG and smallpox vaccination (Table  2). 
Smallpox vaccinated individuals were more likely to be BCG 
vaccinated, and those having all other childhood vaccinations 
was positively associated with both smallpox and BCG vaccina-
tion (Table 2). The prespecified potential confounders, immi-
grants and family social class, were associated with BCG and 
smallpox vaccination, and more women had smallpox vaccines 
than men (Table 2).

During follow up, 9% of individuals were censored in the 
subcohort (emigration, 6%; death, 2%; unknown whereabouts, 
0.3%). To correct the study population for non-HIV-positive 
individuals leaving the study before end of follow up, we used 
inverse probability of censoring weights, which resulted in a 
weighted subcohort of ~5506. Bacillus Calmette-Guérin and/or 
smallpox vaccination was associated with an IPCW aOR of 0.70 
(95% CI, 0.43–1.15) for having HIV-1 compared with neither of 
these (Table 3).

Combined Estimate

The combined meta-estimate from both study locations for 
BCG and/or smallpox scars/vaccinations compared with none 
of these vaccines gave an aOR of 0.66 (95% CI, 0.46–0.96) 
(Table 3). The estimate for women was an aOR of 0.52 (95% CI, 
0.32–0.84); the estimate for men was an aOR of 0.77 (95% CI, 
0.48–1.24) (sex-differential effect, P = .26).

Sensitivity Analyses

We tested for an association with any smallpox and BCG vac-
cination scar versus none of these in the alternative analyses 
using inverse probability of treatment weights and found simi-
lar results in both Guinea-Bissau and Denmark (Supplementary 
Table 1). The Cox proportional hazard estimate in the Danish 
study indicated a similar association to the IPCW logistic regres-
sion, but the result should be interpreted cautiously because the 
test for proportional hazards was 0.05 (Supplementary Table 1).

DISCUSSION

Our studies from 2 very different settings suggest that small-
pox and/or BCG vaccinations were associated with a lower 

Eligible study population
2306 individuals [99 HIV-1 cases]

Exclusion of 1613 Individuals born after1st of January
1974 not o�ered smallpox vaccinated

Study population
3919 participants in the HIV survey with known HIV status

[152 HIV-1 cases]

All HIV-1 cases 
143 individuals

Sub-cohort(including HIV cases within the
sub-cohort)

6015 (19 HIV-1 cases)

54 individuals received no questionnaires by mistake

Exclusion of 9 individuals with missing scar status

Exclusion of 10 individuals with missing information
about schooling, employment, and socio-economic

status

Exclusion of 2 individuals who refused to take part
No exclusion of HIV-1 cases due to

no observation time after start of
follow up

Exclusion of 146 individuals lost to follow 
up (2), emigrated (136) or died (8) before 

end of follow up (0 HIV-1 cases)

Exclusion of 9 duplicates

Exclusion of 177 individuals who moved before scar 
survey

Exclusion of 56 individuals who died before scar survey

Exclusion of 238 individuals who were travelling / absent
at day of visit: 238

Exclusion of 224 individuals without
information of atleast one childhood

vaccine (0 HIV-1 cases)

Exclusion of 1 HIV-1 casewithout 
information of atleast one childhood

vaccine

Exclusion of 17 individuals with a missing 
school health record (1 HIV-1 case)

Exclusion of 74 individuals with an invalid 
ID (0 HIV-1 cases)No HIV-1 cases with an invalid ID

Study population
75 HIV-1 cases in a cohort of 1751individuals

Exclusion of 12 HIV-1 cases with a
missing school health record

Study population
104 HIV cases in total (13 within the sub-cohort, and 91 outsidethe sub-cohort)
5506 individuals in the baseline sub-cohort (the IPCW sub-cohort was ~5506)

Single imputation of: 253 individuals 
without family social class (0 HIV-1 cases)

Single imputation of 4 HIV-1 cases 
with missing family social class

Inverse probability weighting of censoring 
for 469 non-HIV-1 censorings during 

follow up.

Exclusion of 26 HIV-1 cases who had 
injection drug use registered before 

HIV diagnosis.

Exclusion of 48 individuals who had 
injection drug use registered during follow 

up. (5 HIV-1 cases)

Exclusion of 1383 individuals with 
missing ID

Eligible background cohort
46239 individuals with an ID

Background cohort
47622 individuals in the Copenhagen School Health Record Registerborn1965-76

A B

Figure 1. Flow chart of the study population in (A) Guinea-Bissau and (B) Denmark.
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Table 1. Baseline Variables by Smallpox and BCG Vaccination Scar Status in Guinea-Bissau

n = 1751

Smallpox Vaccination Scar BCG Vaccination Scar

No Smallpox 
Vaccination Scars

Smallpox 
Vaccination Scars

aPR (95% CI)a P Valueb

No BCG Vaccination 
Scars

BCG Vaccinaion 
Scars

aPR (95% CI)a P Valuebn (%) n (%) n (%) n (%)

Sex

 Male 218 (32%) 469 (68%) 1 (ref) .81 464 (68%) 223 (32%) 1 (ref) .35

 Female 366 (34%) 698 (66%) 0.99 (0.88–1.11) 737 (69%) 327 (31%) 0.92 (0.78–1.09)

BCG Vaccination Scar

 No 393 (33%) 808 (67%) 1 (ref) .76

 Yes 191 (35%) 359 (65%) 1.02 (0.90–1.16)

Smallpox Vaccination Scar

 No 393 (67%) 191 (33%) 1 (ref) .65

 Yes 808 (69%) 359 (31%) 1.04 (0.86–1.26)

Assistent

 A 108 (28%) 279 (72%) 1 (ref) .04 266 (69%) 121 (31%) 1 (ref) <.01

 B 424 (36%) 739 (64%) 0.86 (0.75–0.98) 834 (72%) 329 (28%) 0.96 (0.78–1.18)

 C 52 (26%) 149 (74%) 1.01 (0.83–1.23) 101 (50%) 100 (50%) 1.63 (1.25–2.12)

Birth Place

 Bissau city 215 (39%) 341 (61%) 1 (ref) .47 369 (66%) 187 (34%) 1 (ref) .76

 Elsewhere 369 (31%) 826 (69%) 1.05 (0.92–1.19) 832 (70%) 363 (30%) 0.97 (0.81–1.16)

School level

 No school 263 (33%) 530 (67%) 1 (ref) .13 603 (76%) 190 (24%) 1 (ref) <.01

 Primary 136 (27%) 377 (73%) 1.15 (0.99–1.33) 353 (69%) 160 (31%) 1.26 (1.01–1.58)

 Secondary 185 (42%) 260 (58%) 1.16 (0.96–1.40) 245 (55%) 200 (45%) 1.51 (1.17–1.95)

Religion

 Animist 125 (35%) 232 (65%) 1 (ref) .30 274 (77%) 83 (23%) 1 (ref) .10

 Catholic or 
Protestant

195 (30%) 464 (70%) 1.14 (0.97–1.34) 429 (65%) 230 (35%) 1.35 (1.04–1.73)

 Muslim 75 (36%) 134 (64%) 1.03 (0.83–1.28) 134 (64%) 75 (36%) 1.37 (1.00–1.88)

 Other 189 (36%) 337 (64%) 1.03 (0.87–1.21) 364 (69%) 162 (31%) 1.19 (0.91–1.55)

Ethnicity

 Papel 280 (34%) 542 (66%) 1 (ref) .04 575 (70%) 247 (30%) 1 (ref) .81

 Manjaco 52 (24%) 165 (76%) 1.17 (0.99–1.40) 145 (67%) 72 (33%) 1.10 (0.84–1.43)

 Balanta 86 (46%) 103 (54%) 0.82 (0.66–1.01) 124 (66%) 65 (34%) 1.10 (0.84–1.45)

 Other 166 (32%) 357 (68%) 1.04 (0.91–1.19) 357 (68%) 166 (32%) 1.07 (0.88–1.31)

Work

 Unemployed 270 (37%) 454 (63%) 1 (ref) .41 510 (70%) 214 (30%) 1 (ref) .51

 Employed 228 (35%) 416 (65%) 1.05 (0.92–1.20) 424 (66%) 220 (34%) 1.01 (0.84–1.23)

 Militaty 34 (32%) 73 (68%) 1.00 (0.77–1.30) 69 (64%) 38 (36%) 1.23 (0.85–1.78)

 State-employed 52 (19%) 224 (81%) 1.16 (0.97–1.40) 198 (72%) 78 (28%) 1.21 (0.90–1.64)

SES

 0 160 (38%) 258 (62%) 1 (ref) .23 304 (73%) 114 (27%) 1 (ref) .07

 1 317 (35%) 593 (65%) 1.05 (0.91–1.21) 627 (69%) 283 (31%) 1.17 (0.94–1.46)

 2 69 (27%) 184 (73%) 1.16 (0.96–1.41) 162 (64%) 91 (36%) 1.37 (1.04–1.80)

 3 25 (24%) 80 (76%) 1.19 (0.92–1.53) 62 (59%) 43 (41%) 1.57 (1.11–2.24)

 4 13 (20%) 52 (80%) 1.31 (0.97–1.76) 46 (71%) 19 (29%) 1.11 (0.68–1.80)

Travel Abroad

 No 560 (34%) 1092 (66%) 1 (ref) .66 1133 (69%) 519 (31%) 1 (ref) .48

 Yes 24 (24%) 75 (76%) 1.06 (0.83–1.34) 68 (69%) 31 (31%) 1.14 (0.79–1.66)

Living Outside of Guinea-Bissau

 No 547 (34%) 1051 (66%) 1 (ref) .29 1104 (69%) 494 (31%) 1 (ref) .24

 Yes 37 (24%) 116 (76%) 1.11 (0.91–1.35) 97 (63%) 56 (37%) 1.18 (0.89–1.56)

Abbreviations: aPR, annual percentage rate; BCG, Bacillus Calmette-Guérin; CI, confidence interval; ref, reference group; SES, socioeconomic status.
aPrevalence ratios and 95% CIs are estimated by Poisson regression adjusted for sex and year of birth in 10-year intervals with robust estimation of variance clustered by house 
bWald test.
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prevalence of HIV-1 when combining the evidence from 
Guinea-Bissau and Denmark. The pattern was consist-
ent across all combinations of smallpox and BCG vaccina-
tions, but estimates from comparison groups with smaller 
samples had high uncertainty. The indication that multiple 
smallpox vaccination scars were associated with an add-
itionally lower aOR of being HIV-1 infected compared with 

individuals without any vaccinationscars in the study from 
Guinea-Bissau, where this information was available, suggest 
a biological dose response relationship. Although not statis-
tically significant, the association tended to be stronger for 
women than for men; the beneficial effect of smallpox vacci-
nation on adult mortality in Guinea-Bissau was also stronger 
for women than for men [4, 5].

Table 2. Baseline Variables by Smallpox and BCG Vaccination Status Among the Baseline Subcohort in Denmark

n = 5506

Smallpox Vaccination BCG Vaccination

No Smallpox 
Vaccination

Smallpox 
Vaccination

aPR (95% CI)a P Valueb

No BCG 
Vaccination BCG Vaccinaion

aPR (95% CI)a P Valuebn (%) n (%) n (%) n (%)

Sex

 Men 1306 (47%) 1471 (53%) 1 (ref) 0.07 708 (25.5%) 2069 (74.5%) 1 (ref) .96

 Women 1181 (43.3%) 1548 (56.7%) 1.07 (0.99–1.15) 690 (25.3%) 2039 (74.7%) 1 (0.94–1.06)

BCG

 No 996 (71.2%) 402 (28.8%) 1 (ref) <.01

 Yes 1491 (36.3%) 2617 (63.7%) 1.22 (1.1–1.36)

Smallpox Vaccination

 No 996 (40%) 1491 (60%) 1 (ref) <.01

 Yes 402 (13.3%) 2617 (86.7%) 1.16 (1.06–1.26)

Other Childhood Vaccinations but Smallpox and BCG Registered

 All other recommended 1789 (46.9%) 2025 (53.1%) 1 (ref) <.01 922 (24.2%) 2892 (75.8%) 1 (ref) <.01

 Some other 
recommended

626 (41.1%) 897 (58.9%) 0.87 (0.81–0.95) 440 (28.9%) 1083 (71.1%) 0.87 (0.81–0.94)

 None other 72 (42.6%) 97 (57.4%) 0.79 (0.64–0.97) 36 (21.3%) 133 (78.7%) 0.93 (0.78–1.11)

Eczema

 No or missing 2289 (44.2%) 2890 (55.8%) 1 (ref) .15 1284 (24.8%) 3895 (75.2%) 1 (ref) .27

 Yes 198 (60.6%) 129 (39.4%) 0.88 (0.74–1.05) 114 (34.9%) 213 (65.1%) 0.93 (0.81–1.06)

Immigration

 No 2331 (44.2%) 2938 (55.8%) 1 (ref) <.01 1298 (24.6%) 3971 (75.4%) 1 (ref) .01

 Yes 156 (65.8%) 81 (34.2%) 0.69 (0.56–0.87) 100 (42.2%) 137 (57.8%) 0.81 (0.68–0.96)

Family Social Class

 I 196 (51.9%) 182 (48.1%) 1 (ref) .18 113 (29.9%) 265 (70.1%) 1 (ref) .33

 II 310 (47.5%) 343 (52.5%) 0.98 (0.82–1.18) 138 (21.1%) 515 (78.9%) 1.07 (0.92–1.24)

 III 368 (42%) 509 (58%) 0.97 (0.82–1.14) 201 (22.9%) 676 (77.1%) 1.02 (0.89–1.18)

 IV 772 (41.6%) 1084 (58.4%) 0.95 (0.81–1.11) 418 (22.5%) 1438 (77.5%) 1.03 (0.9–1.17)

 V 486 (41.8%) 676 (58.2%) 0.91 (0.77–1.07) 307 (26.4%) 855 (73.6%) 0.96 (0.83–1.1)

 Unclassifiable 178 (54.4%) 149 (45.6%) 0.78 (0.63–0.97) 100 (30.6%) 227 (69.4%) 0.93 (0.78–1.12)

 Missing (imputed for 
analysis)

177 (70%) 76 (30%) Not calculated 121 (47.8%) 132 (52.2%) Not calculated

Siblings

 None 382 (48.6%) 404 (51.4%) 1 (ref) .33 224 (28.5%) 562 (71.5%) 1 (ref) .07

 One 1178 (44.2%) 1488 (55.8%) 1.03 (0.92–1.15) 603 (22.6%) 2063 (77.4%) 1.05 (0.96–1.15)

 Two or more 809 (44.4%) 1012 (55.6%) 0.97 (0.86–1.09) 503 (27.6%) 1318 (72.4%) 0.97 (0.88–1.07)

 Missing (imputed for 
analysis)

118 (50.6%) 115 (49.4%) Not calculated 68 (29.2%) 165 (70.8%) Not calculated

Daycare Before School

 No 422 (35.3%) 773 (64.7%) 1 (ref) .71 293 (24.5%) 902 (75.5%) 1 (ref) .12

 Yes 1854 (50.6%) 1807 (49.4%) 0.98 (0.9–1.07) 947 (25.9%) 2714 (74.1%) 1.06 (0.98–1.15)

 Missing (imputed for 
analysis)

211 (32.5%) 439 (67.5%) Not calculated 158 (24.3%) 492 (75.7%) Not calculated

Abbreviations: aPR, annual percentage rate; BCG, Bacillus Calmette-Guérin; CI, confidence interval; ref, reference group.
aPrevalence ratios and 95% CIs are estimated by Poisson regression adjusted for sex and year of birth.
bWald test.
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Strengths and Limitations

Because there is no central register of smallpox vaccinations in 
Guinea-Bissau, we relied on reading smallpox and BCG vaccina-
tion scars to determine vaccination status. In a small validation 
study in the capital, 90% (62 of 69)  of Bandim residents with a 
smallpox vaccination identified in the city register had a smallpox 
vaccination scar, which was identified by field workers in the study 
area; a few minor scars were missed [4]. Misclassified smallpox 
vaccination scars can lead to conservative estimates. Unfortunately, 
we cannot check whether the individuals censored between the 
HIV survey and the subsequent vaccination scar survey differed 
with regard to confounders relevant to the scar survey. As in 2 pre-
vious scar surveys, there was some variation in how fieldworkers 
measured the size of the scar [4, 5]; however, the fieldworkers con-
ducting the scar survey were not involved in the HIV survey.

The main concerns in the Guinean study are the potential 
common causes for “not” having smallpox and BCG vaccina-
tion scars and to acquire HIV-1. We adjusted for 11 potential 
confounders that we think cover social mechanisms for vacci-
nation and HIV-1, but we cannot exclude residual confound-
ing. The study population was examined for vaccination scars 
in 2005–2007 and in relation to the HIV-survey cohort in 

2004–2006; therefore, only a selected population survived until 
then. If HIV-1-infected individuals with several smallpox vac-
cination scars died more rapidly before follow-up than HIV-1-
infected individuals without scars, then this could explain the 
estimate we found. However, we know from previous follow-up 
studies that individuals with several smallpox vaccination scars 
have significantly better survival rates [4]. The study popula-
tion included a higher proportion of elderly patients due to 
the sampling approach, but this would not affect the estimates 
(assuming an age-homogeneous effect) because all analyses 
were stratified by 10-year age intervals.

For the Danish study, both BCG and smallpox vaccinations 
were given long before the individuals contracted HIV-1, which 
ensures temporality. We cannot be certain that all the included 
HIV-1 cases were related to sexual transmission because injec-
tion drug use is underreported in Danish health registries.

We used the complementary sIPTW analyses, which sup-
ported the main conclusion. The 2 studies differ on several 
conditions: the measurement of vaccination (health record vs 
scar read), the study population’s characteristics, climate, HIV-1 
infection pressure, competing diseases, and social interac-
tions. We interpret the consistent pattern across such different 

Table 3. BCG and Smallpox Vaccination and HIV-1 in Guinea-Bissau and Denmark: Separate and Combined Estimates

Smallpox/BCG 
Vaccinated

Guinea-Bissau (GB) Denmark (DK) Combined Estimatee

% (HIV/All)
Adjusted ORa  

(95% CI) IPCW % (HIV/Allb)c
IPCW and Adjusted  

ORd (95% CI) GB Weight DK Weight
Combined Estimate of 

Adjusted ORs

All

 −/− 6.1% (24/393) 1 (ref) 1.6% (16/1011.9) 1 (ref) - - 1 (ref)

 +/− 3.3% (27/808) 0.72 (0.39–1.33) 1.5% (6/407.6) 0.52 (0.17–1.60) 77% 23% 0.67 (0.39–1.14)

 −/+ 4.7% (9/191) 0.50 (0.23–1.10) 1.5% (22/1511.4) 0.70 (0.41–1.18) 31% 69% 0.63 (0.41–0.98)

 +/+ 4.2% (15/359) 0.59 (0.28–1.25) 2.3% (60/2665.7) 0.74 (0.44–1.26) 33% 67% 0.69 (0.45–1.06)

 Either or 3.8% (51/1358) 0.62 (0.36–1.07) 1.9% (88/4584.7) 0.70 (0.43–1.15) 45% 55% 0.66 (0.46–0.96)

Women

 −/− 6.9% (17/247) 1 (ref) 1.0% (5/492.3) 1 (ref) - - 1 (ref)

 +/− 3.7% (18/490) 0.64 (0.30–1.36) 1.0% (2/202.6) 0.53 (0.12–2.35) 79% 21% 0.61 (0.31–1.21)

 −/+ 7.6% (9/119) 0.73 (0.31–1.71) 0.6% (4/697.8) 0.45 (0.13–1.59) 67% 33% 0.62 (0.31–1.26)

 +/+ 4.8% (10/208) 0.56 (0.23–1.36) 0.7% (10/1353.6) 0.37 (0.17–0.81) 44% 56% 0.43 (0.25–0.78)

 Either or 4.5% (37/817) 0.63 (0.33–1.21) 0.7% (16/2254.0) 0.40 (0.19–0.82) 56% 44% 0.52 (0.32–0.84)

Men

 −/− 4.8% (7/146) 1 (ref) 2.1% (11/519.5) 1 (ref) - - 1 (ref)

 +/− 2.8% (9/318) 0.90 (0.32–2.51) 2.0% (4/204.9) 0.51 (0.12–2.07) 66% 34% 0.74 (0.32–1.71)

 −/+ 0% (0/72) N/A 2.2% (18/814.0) 0.82 (0.48–1.38) N/A N/A N/A

 +/+ 3.3% (5/151) 0.62 (0.16–2.37) 3.8% (50/1311.9) 0.92 (0.49–1.70) 18% 82% 0.86 (0.49–1.51)

 Either or 2.6% (14/541) 0.60 (0.23–1.55) 3.1 (72/2330.7) 0.84 (0.49–1.45) 24% 76% 0.77 (0.48–1.24)

Abbreviations: BCG, Bacillus Calmette-Guérin; CI, confidence interval; DK, Denmark; GB, Guinea-Bissau; HIV, human immunodeficiency virus; IPCW, inverse probability of censoring 
weighted; NA, nonapplicable; OR, odds ratio; ref, reference group. 
aLogistic regression adjusted for year of birth in 10-year intervals, sex, field worker, place of birth, schooling, religion, ethnicity, employment, socioeconomic status, traveled abroad, and 
lived abroad and stratified by house with robust variance.
bNon-HIV cases are weighted by the inverse probability of being censored during follow up.
cNote the percentages cannot be interpreted as the prevalence of HIV-1, because only a subcohort of the background cohort is included in the denominator, whereas all HIV-1 cases in the 
background cohort are included in the numerator (an estimation of the prevalence is given in Supplementary Table 1). Because the cohort was sampled by birth year and vaccination cover-
age decreases with time, the percentage of HIV cases cannot directly be compared among vaccination groups.
dLogistic regression adjusted for family social class, sex, immigration, year of birth and weighted by the inverse probability of being censored during follow-up and with robust variance 
clustered by birth year and sex.
eThe combined adjusted odds ratios from Denmark and Guinea-Bissau were combined in random effect meta-estimates.



8 • OFID • Rieckmann et al

studies to suggest an underlying causal effect. Our random 
effects meta-analysis estimate should not be interpreted as an 
effect of 1 well defined intervention, but rather a combination 
of effects occurring across different settings, where one would a 
priori expect different effects.

Consistency With Other Studies

When the smallpox vaccination was first introduced, several 
reports suggested that it prevented more than smallpox infec-
tion [17]. Very few formal studies of associations between 
smallpox vaccination and (non-smallpox) mortality and mor-
bidity have been conducted, but they have consistently found 
that smallpox vaccination is associated with improved general 
health. In high-income countries, smallpox vaccination was 
associated with fewer infectious disease hospital admissions [6] 
and less risk of asthma [18], multiple sclerosis [19], and some 
cancers [20–24]. In Denmark, having documented BCG and 
smallpox vaccinations at school was associated with reduced 
mortality by 46% (range, 19%–64%) in up to 40 years after vac-
cination [7].

Increasing evidence suggests that the nonspecific effects of 
BCG vaccination are more pronounced if BCG-vaccinated 
individuals develop a BCG scar [25–29]. Smallpox and BCG 
vaccination status were assessed by scar status in the study from 
Guinea-Bissau, whereas it was assessed by recorded vaccina-
tion dates in the Danish study. This might have influenced the 
lower point estimate for HIV-1 by smallpox and/or BCG vacci-
nation (scars) in Guinea-Bissau of 0.62 compared with 0.70 in 
Denmark (due to low power, we cannot rule out that this result 
could be due to chance) (Table 3).

In 2 studies from Guinea-Bissau, smallpox vaccination scars 
were associated with better survival [4, 5], a beneficial associa-
tion that also increased with the number of vaccination scars, 
as we observed in the present study. Multiple studies indicate 
a beneficial boosting effect on nonspecific outcomes from 
revaccination with the same live vaccines [15], corroborating 
our finding that multiple smallpox vaccination scars were asso-
ciated with an additionally lower prevalence ratio of HIV-1 in 
our study in Guinea-Bissau (Table  4). Because smallpox and 
BCG vaccination may have different mechanisms for a poten-
tial reduced risk of HIV-1, several different live vaccines could 
be expected to be associated with a lower risk of HIV-1, com-
pared with having received 1 live vaccine. However, we did not 
observe a lower effect by having received both smallpox and 
BCG vaccination compared with 1 of the 2 in either the study 
from Guinea-Bissau or Denmark (Table 3).

Possible Biological Mechanisms

The nonspecific effects of vaccines challenge our current 
understanding of the immune system, which considers only 
the pathogen-specific effects of vaccination. The immunolog-
ical mechanisms underlying nonspecific effects are still largely 
unknown, but new evidence is emerging. In brief, nonspecific 
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effects may occur via effects on the innate immune system, the 
adaptive immune system, or both [2]. With respect to the innate 
immune system, BCG may induce epigenetic modifications of 
innate immune cells, leading to long-lasting innate immune 
memory [3]. Very recent in vitro studies indicate that small-
pox vaccine induces similar “innate training”, which increases 
cytokine responses of monocytes to unrelated stimuli. There 
are possible benefits associated with this immune activation; 
however, it was recently observed that BCG was associated with 
increased simian immunodeficiency virus (SIV) acquisition in 
infant macaques, leading to speculation that the BCG-induced 
immune activation could have facilitated SIV infection [30].

For the adaptive immune system, cross-reactive epitopes can 
lead to the formation of cross-reactive T-memory cells, which 
can induce long-lasting heterologous T cell-mediated immu-
nity [31]. The vaccinia virus used for the smallpox vaccination 
shows homologs of the HIV-1 envelope glycoprotein, suggest-
ing a potential for cross-reactive immunity [32]. We know that 
several viruses interact with and inhibit HIV-1 replication and 
sometimes alter the course of infection and prolong survival of 
HIV-1 infected individuals [33–36].

Pathogens typically invade the host through epithelial inter-
faces with the environment. Intriguingly, both smallpox and 
BCG vaccination are given directly in the skin. In animal mod-
els, administering smallpox vaccination via skin scarification 
increased immune response and survival upon subsequent 
challenge compared with other modes of administration [37]. It 
has been shown in mice that localized vaccinia virus skin infec-
tion generates long-lived nonrecirculating CD8+ skin resident 
T-memory cells that resided within the entire skin and pro-
tected against reinfection [38]. Thus, although the mechanism 
is unknown, memory acquired at the site of vaccination can 
spread throughout the entire epithelial surface, which creates 
a “shield” against reinfection. We speculate that innate training 
by epigenetic modifications observed in monocytes also takes 
place at the level of epithelial progenitor cells, leading to direct 
alterations in the first-line epithelial defense system.

In order for HIV-1 to establish a primary infection, activation 
of the chemokine receptor CCR5 is important [39]. Therefore, 
it is interesting note that vaccinia virus may downregulate the 
CCR5 receptor on the surface of the T cell [40, 41]. In an ex vivo 
tonsillar tissue model, vaccinia virus depleted CCR5 T cells, 
significantly inhibiting the replication of the HIV-1 variant 
R5 [42]. Further immunological studies have supported a role 
for CCR5 in establishing smallpox infection [43]. The CCR5-
delta-32 deletion confers resistance to HIV-1 by preventing 
expression of the receptor on the cell surface. In a recent study, 
based on modeling, researchers argued that the high frequency 
of the CCR5-delta-32 deletion allele in Europe is consistent 
with a role of smallpox epidemics; the large European smallpox 
epidemics leads to selective survival advantages of individuals 
with the deletion allele [44].

Thus, it is plausible that smallpox vaccination may alter the 
expression of CCR5 on cell surfaces and/or the production of 
CCR5-specific ligands, and this may interfere with establishing 
HIV infection. Corroborating this notion, a recent US study 
found that cells from smallpox vaccinated individuals had an up 
to 5-fold reduction in CCR5 tropic HIV-1 replication in vitro 
[40, 41].

CONCLUSIONS

In conclusion, there is some immunological evidence to sup-
port that intradermally administrated smallpox vaccination 
can provide cross-protection against HIV-1 infection. None of 
the above immunological studies reported effects by sex, but 
it is well known that males and females respond immunolog-
ically different to vaccines [45], and it seems plausible that an 
enhanced epithelial protection would be particularly protective 
against vaginally acquired HIV-1 infection. This could explain 
why smallpox vaccination might be more associated with pro-
tection against HIV-1 in women than in men.

Combining the evidence from Guinea-Bissau and Denmark, 
BCG and/or smallpox vaccinations were associated with less 
sexually transmitted HIV-1. The studies were based on a few 
HIV-1 cases; however, the results are consistent with immuno-
logical studies that showed reduced HIV-1 replication in cells 
from smallpox vaccinated individuals. So far, these results sug-
gest that the mechanisms linking BCG and smallpox vaccines 
with protection against HIV-1 warrant further investigation. 
Hopefully, immunologists will investigate additional mecha-
nisms for how smallpox and BCG vaccinations could possibly 
prevent HIV-1, and why such an effect might be stronger for 
women than men. The findings, if confirmed, could have major 
implications for future interventions against HIV-1, and thus 
future prospective studies are urgently warranted.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility of 
the authors, so questions or comments should be addressed to the corre-
sponding author.
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