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Gender di�erences in
tuberculosis incidence rates—A
pooled analysis of data from
seven high-income countries by
age group and time period

Victoria Peer*, Naama Schwartz and Manfred S. Green

School of Public Health, University of Haifa, Haifa, Israel

Introduction: Gender di�erences in the incidence rates for tuberculosis

are occasionally reported. However, the magnitude and consistency of the

di�erences by age group, among di�erent populations, and over extended

periods of time are not clear.

Materials and methods: We obtained national data from seven countries

from open-access internet sites or personal communications with o�cial

representatives. We computed the male-to-female incidence rate ratios (IRRs)

by country and year for every age group and pooled these ratios using meta-

analytic methods. Meta-regression analysis was performed to estimate the

contribution of age, country, and calendar years to the variation in the IRRs.

Results: In the age groups of <1, 1–4, 5–9, and 10–14, the pooled male-to-

female IRRs (with 95% CI) were as follows: 1.21 (1.05, 1.40), 0.99 (0.95, 1.04),

1.01 (0.96, 1.06), and 0.83 (0.77, 0.89), respectively. In the age groups 15–44,

45–64, and 65+ years, incidence rates were significantly higher in men, with

IRRs of 1.25 (1.16, 1.35), 1.79 (1.56, 2.06), and 1.81 (1.66, 1.96), respectively.

Meta-regression analysis revealed that age significantly contributed to the

variation in the IRRs.

Conclusions: There were gender di�erences in the incidence rates for

tuberculosis, with higher rates in boys aged less than one, no significant

di�erences in boys of ages 1–9, and higher rates in boys/men older than

15. The only excess in female gender was in the age group 10–14 years.

The age-related gender di�erences in tuberculosis incidence rates observed

over several countries indicate the importance of including sex as a biological

variable when assessing the risk factors for tuberculosis.
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Introduction

Tuberculosis (TB) is a significant cause of morbidity and

mortality and is one of the leading causes of death due to a single

infectious agent (1).

There is evidence of gender differences in the incidence of

the disease, but it is not clear whether these differences are

consistent over different age groups (2–10). Most of the reports

on sex differences in tuberculosis incidence are based on specific

subgroups or single countries. For example, in South India, the

crude male-to-female TB incidence ratio was 2.4:1 (2).

In a population of Korean civil servants, the overall TB

incidence rates were higher in men (240/100,000) than in

women (163/100,000) in the age group 20–24 years (3). Most

national TB studies in high-burden countries have reported a

higher burden of disease amongmen, withmale-to-female ratios

of 1.2 in Ethiopia and 4.5 in Vietnam (4).

The existing information regarding sexual dimorphism in

TB in high-income countries is controversial (5–10). In a study

in Brazil (10), higher rates of infection were reported in girls

aged 5–14, whereas in ages 15–39 years, they were higher in

boys/men. In Germany (11) and France (12), overall tuberculosis

incidence rates have been higher in boys/men.

To the best of our knowledge, gender differences in

tuberculosis incidence rates by age groups, over different

populations, and for prolonged periods of time have not been

well-documented. In this study, we examine the type and

magnitude of gender differences in tuberculosis incidence rates

in high-income countries.

Materials and methods

Source of data

Sex-disaggregated TB incidence rates by age group are

frequently difficult to access at the national level. We searched

the official country sources from Europe, the American

continent, and Australasia, in which reporting of tuberculosis

by age and sex is mandatory and available in seven identified

countries: England, Finland, Germany, Spain, Australia, Canada,

and Israel. Data for Australia for 2001–2016 were obtained

from the National Notifiable Diseases Surveillance System

(NNDSS) (13), for Canada for 1991–2015 from the Canadian

Notifiable Disease Surveillance System (CNDSS) (14), for

England for 1990–2016 directly from Public Health England

(PHE) representative, for Finland from the National Institute

for Health and Welfare (THL) (15), for Germany for 2000–

2015 from the German Federal Health Monitoring System

(16), for Israel for 1998–2016 from the Department of

Epidemiology in the Ministry of Health, and for Spain for

2005–2015 from the Spanish Epidemiological Surveillance

Network (17).

Information about the population disaggregated by age,

sex, and year for Australia was obtained from the Australian

Bureau of Statistics (18), for Canada from Statistics Canada

(19), for England from the Office for National Statistics

(20), for Finland from the Statistics Finland’s PX-Web

databases (21), for Germany from the German Federal Health

Monitoring System (22), for Israel from the Central Bureau of

Statistics (23), and for Spain from the Demographic Statistics

Database (24).

Statistical analyses

For each country, we divided the entire study period,

between the years 1990 and 2016, into 2–4 year-group intervals

for a clearer presentation of the forest plots. We calculated

incidence rates per 100,000 population (number of reported

cases divided by the population size by sex and age group),

for each country, between the years 1990 and 2016 for each

year group separately. Themale-to-female IRR was calculated by

dividing the male incidence rate by that of the female incidence

rate, according to age group, country of residency, and year

group. The population was divided into seven age groups: <1

(infants), 1–4 (early childhood), 5–9 (late childhood), 10–14

(puberty), 15–44 or 15–39 (young adulthood), 45–64 or 40–

59 (middle adulthood), and 65+/60+ (older adulthood). The

information reported from Canada, England, and Finland refers

to the same age group as other countries except for the following:

15–39, 40–59, and 60 and beyond. Australia and Finland do

not report disaggregated data for infants and children aged 1–

4 years separately and were excluded from the analyses in those

age groups.

As in our previous studies (25–28), we used meta-analytic

statistical methodology to pool the IRRs over groups of years

and countries. The meta-analyses were carried out using STATA

software version 12.1 (Stata Corp., College Station, TX). The

outcome variable was the male-to-female IRR. Overall IRRs

for each age group were computed by combining the data

(for all countries and year groups). Cochran’s Q statistic was

used for heterogeneity estimation. The variation between year

groups for each country and age group was evaluated by

using the Tau2 and I2. If I2 ≥ 50% and/or the Q test p

< 0.1 (significant heterogeneity), the random effects model

was performed to calculate overall IRRs and 95% confidence

intervals (CI). Otherwise, the fixed effects model was applied. In

this study, the power of the tests for heterogeneity was low, and

we used the more conservative random effects model.

Sensitivity analysis was performed to detect the impact of

the particular country or year groups on IRR, and the overall

IRRs were computed after omitting one country or year group

at a time. The impact of a particular country, year, or age on

the heterogeneity of the overall IRRs was estimated using meta-

regression.
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Results

The tuberculosis incidence rates (per 100,000 population)

by gender, for each country, for different age groups and years

are presented in Supplementary Table S1. The incidence rates

between the countries varied widely. The highest incidence rate

in both sexes in all age groups, except age 65 and beyond,

was observed in England and Spain. The results of the pooled

analyses by age group are presented as forest plots (Figures 1–7).

The forest plot for age < 1 year is presented in Figure 1. The

overall male-to-female IRR in infants showed significant male

preponderance with an IRR= 1.21 (95%CI 1.05–1.4), p= 0.012,

and low heterogeneity (I2 = 49.9%). The IRRs varied from 1.08

in Spain to 1.68 in Israel.

The forest plot for ages 1–4 years is presented in Figure 2.

No significant sex difference was evident, with an overall IRR =

0.99 (95% CI 0.95–1.04), p = 0.248 with I2 =18%, and subtotal

of IRRs varied from 0.88 in Israel to 1.09 in Spain.

The forest plot for ages 5–9 is given in Figure 3. No

significant sex difference was observed with a pooled IRR= 1.01

(95% CI 0.96–1.06), p = 0.373, and I2 = 6.4%, and subtotal of

IRRs by country varied from 0.94 in England to 1.36 in Israel.

The forest plot for ages 10–14 is presented in Figure 4. The

overall male-to-female IRR in puberty showed significant female

preponderance with a male-to-female IRR= 0.83 (95% CI 0.77–

0.89), p = 0.039, and low heterogeneity (I2 = 37.0%). The

subtotal of IRRs by country varied from 0.66 in Finland to 0.95

in Israel.

The forest plot for young adults (15–44 or 15–39 years) is

shown in Figure 5. The overall male-to-female IRR in these ages

showed higher incidence rates in boys with IRR = 1.25 (95% CI

1.16–1.35), p < 0.0001, and high heterogeneity (I2 = 98.5%).

The subtotal of IRRs by country varied from 0.97 in Australia

to 1.95 in Israel.

The forest plot for middle adulthood (45–64 or 40–59 years)

is shown in Figure 6. The overall male-to-female IRR in these

FIGURE 1

Forest plot of the male-to-female TB incidence RRs in infants for five countries by year groups.
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FIGURE 2

Forest plot of the male-to-female TB incidence RRs at ages 1–4 years for five countries by year groups.

ages showed significantly higher incidence rates in male adults

with IRR = 1.79 (95% CI 1.56–2.06), p < 0.0001, and high

heterogeneity (I2 = 99.0%). The subtotal of IRRs by country

varied from 1.20 in Australia to 3.56 in Spain.

The forest plot for ages 65 and above is given in Figure 7. The

overall male-to-female IRR in these ages revealed significantly

higher incidence rates in men with IRR = 1.81 (95% CI 1.68–

0.96), p < 0.0001, and high heterogeneity (I2 = 97.3%). The

subtotal of IRRs by country varied from 1.60 in Finland to 3.06

in Spain.

To identify the variables (particular country and year

groups) that may have a significant impact on the overall

IRR, we performed a leave-one-out sensitivity meta-

analysis. After excluding one country or one year group

at a time, the overall IRRs did not change significantly

(Tables 1, 2, respectively). Egger’s test for asymmetry was

not significant for all age groups. Data are presented in

Supplementary Figures S1A–G.

Meta-regression analyses revealed that age group was

responsible for much of the variation in IRRs. For infants,
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FIGURE 3

Forest plot of the male-to-female TB incidence RRs at ages 5–9 for seven countries by year groups.

the male IRR was higher than that in puberty (p = 0.008),

middle, and older adulthood (p < 0.0001). The IRRs for

early and late childhood were significantly lower than that

in the older age groups (p < 0.0001). Similarly, the IRR for

puberty was significantly lower than in the older age groups

(p < 0.0001).
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FIGURE 4

Forest plot of the male-to-female TB incidence RRs at ages 10–14 years for seven countries by year groups.
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FIGURE 5

Forest plot of the male-to-female TB incidence RRs at ages 15–44 or 15–39 years for seven countries by year groups.
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FIGURE 6

Forest plot of the male-to-female TB incidence RRs at ages 45–64 or 40–59 years for seven countries by year groups.
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FIGURE 7

Forest plot of the male-to-female TB incidence RRs at age 60 and above or age 65 and above for seven countries by year groups. CI, 95%

confidence interval.
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TABLE 1 Sensitivity analysis by country (after excluding one country at a time).

Sensitivity by country

Removed Infants Early Late Puberty Young Middle Senior

childhood childhood adulthood adulthood adulthood

Australia – – 1.03
(0.95–1.11)

0.82
(0.78–0.86)

1.34
(1.18–1.53)

2.04 (1.5–2.76) 1.85
(1.57–2.18)

Canada 1.15
(1.04–1.29)

0.99
(0.94–1.04)

1.06
(0.95–1.17)

0.82
(0.78–0.86)

1.34
(1.18–1.52)

2.01
(1.45–2.77)

1.9 (1.59–2.26)

England 1.23
(1.06–1.42)

1.02
(0.96–1.08)

1.08
(1.01–1.16)

0.87
(0.81–0.94)

1.3 (1.09–1.54) 1.99
(1.43–2.77)

1.89 (1.55–2.3)

Finland – – 1.05
(0.96–1.14)

0.82
(0.78–0.86)

1.31 (1.15–1.5) 1.86
(1.38–2.52)

1.92
(1.63–2.26)

Germany 1.19
(1.05–1.36)

1 (0.95–1.05) 1.04
(0.94–1.16)

0.81
(0.77–0.85)

1.25 (1.1–1.41) 1.86
(1.31–2.63)

1.86
(1.53–2.27)

Israel 1.16
(1.06–1.28)

0.99
(0.95–1.04)

1.03
(0.95–1.11)

0.82
(0.78–0.86)

1.21
(1.06–1.38)

1.85 (1.37–2.5) 1.9 (1.62–2.23)

Spain 1.22
(1.08–1.37)

0.96
(0.91–1.01)

1.03
(0.94–1.13)

0.81
(0.77–0.85)

1.27
(1.09–1.48)

1.7 (1.39–2.08) 1.71
(1.62–1.81)

TABLE 2 Sensitivity analysis by years (after excluding group of years at a time).

Removed Infants Early
childhood

Late
childhood

Puberty Young
adulthood

Middle
adulthood

Senior
adulthood

Sensitivity by years

1990–1996 1.16
(0.94–1.43)

1 (0.91–1.1) 1.02
(0.97–1.08)

0.8 (0.72–0.89) 1.29
(1.19–1.41)

1.78
(1.57–2.02)

1.83 (1.75–1.91)

1997–2003 1.13
(0.93–1.36)

1.01
(0.94–1.09)

1 (0.95–1.07) 0.82
(0.72–0.94)

1.25
(1.11–1.42)

1.74 (1.5–2.02) 1.87 (1.84–1.9)

2004–2010 1.18
(0.91–1.51)

0.97
(0.87–1.08)

1.01
(0.94–1.07)

0.86
(0.82–0.92)

1.23
(1.06–1.43)

1.62
(1.38–1.89)

1.82 (1.75–1.9)

2011–2016 1.27
(1.14–1.42)

0.96
(0.88–1.04)

1 (0.94–1.06) 0.82
(0.72–0.93)

1.19
(1.09–1.29)

1.63
(1.36–1.96)

1.83 (1.74–1.91)

Discussion

In this study, we found higher tuberculosis incidence rates

in boys/men at ages <1, 15–44, 45–64, and 65 and above. At

ages 10–14 years, we found a significant excess in girls. In this

study of seven countries, in all age groups and both sexes, higher

tuberculosis incidence rates were reported in England and Spain.

This may reflect high incidence rates among immigrants to

these countries. In 2014, for example, 6,520 cases were reported

in England, with the highest incidence rate in London (29).

In Spain, between 2005 and 2009, pediatric tuberculosis rates

showed a slightly increasing tendency (30). The overall incidence

of the disease in Spain remains higher than in many other

high-income countries, especially among immigrants (31, 32).

We used the reported national population data to compute

the TB IRRs from seven high-income countries with similar

lifestyles, socioeconomic status, norms, and healthcare

systems with equal access to healthcare for boys/men and

girls/women. The study’s findings may not apply equally

to low-income countries. Thus, the data should be largely

representative of the high-income countries of Europe, North

America, Australia, and Israel and cannot be generalized at a

global level.

Gender differences in tuberculosis incidence rates are

frequently mentioned, but quantitative estimates of the

differences in large populations, especially in developed

countries, are poorly documented. All countries contributed

large populations and numbers of cases over many years. A

possible source of selection bias could be gender-biased medical

care-seeking patterns or immunization rates in childhood. To

the best of our knowledge, there is no evidence of such a bias

in any of the countries in this study. Information bias could be

present due to under-reporting or underdiagnosis. However,

such a bias should not differ between genders. This could lead

to non-differential misclassification bias, which could result in

an underestimation of the gender differences in incidence rates.
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In addition, the sensitivity of the diagnosis of tuberculosis could

vary between countries and over time periods but should not

differ between sexes and thus be non-differential. One of the

reasons for the potential bias could be the inability to match the

TB incidence data to HIV registries.

Possible sources of bias could be different rates of

homelessness and immigration patterns. The gender-related

differences in homelessness are under-researched because

of a lack of data on the nature and extent of women’s

homelessness. Across Europe, homelessness among women

was defined as a minor social problem in comparison to

overall homelessness which is experienced by adult men. This

interpretation of homelessness in Europe is a misconception

because of hidden forms of homelessness among women

(33, 34).

The information about gender-related immigration is also

controversial. The proportion of female immigrants in the world

increased from 47.9% to 50% in 2005. In Europe, women

accounted for 52.4% of the migrants in 2000 (35). In contrast,

according to other sources, the demographic profile of asylum

seekers in Europe has become more male predominant (36).

Overall, our results are consistent with the few national

studies in individual high-income countries, with higher

incidence rates reported among boys/men (5, 7). A study

conducted in Hong Kong found that tuberculosis rates were

higher in men than in women across all age groups (5). In

San Francisco, until the age of 24, the incidence of tuberculosis

in boys/men and girls/women was similar. After age 25, the

incidence in men was two to three times higher than that in

women (6). Among TB patients in Victoria from 2002 to 2015,

in all age groups, the male-to-female ratio was 1.2 (7). In 2016,

in Germany, the age-specific incidence was highest in the age

group of 20–24 years (18.3 cases per 100,000 population; 25.9

in men and 9.7 in women) (8). Between 1999 and 2006, there

were 1,370 cases of TB in children in London with a higher

incidence in girls under 15 years (37). The study (10) conducted

in Vitoria, Brazil, found that the increase in TB infection was

significant in girls aged 5–14 years and in boys/men aged 15–

39 years. Sex differences disappeared by age 40 (10). In contrast,

in a study in Tuscany, no significant male-to-female differences

in tuberculosis incidence were found among children aged 0–14

years (9).

The reasons for higher incidence in boys/men in almost all

age groups are not clear.

Behavioral, socioeconomic di�erences,
and risk factors

Adult groups

The observed gender and age-related differences in

tuberculosis incidence in adults (age 15–44, 45–64, and 65 and

beyond) may be explained, at least in part, by behavioral and

cultural differences. Social contact patterns contribute to the

excess burden of tuberculosis in men. Differences in gender-

and age-specific social contact likely contribute to sex disparities

in adult tuberculosis burden by increasing incidence among

men (38).

Other risk factors such as smoking, alcohol consumption,

poor nutrition, and HIV comorbidity increase the susceptibility

to tuberculosis (39). Risk factors such as alcohol consumption

and smoking are usually more prevalent among men than

among women, and researchers established a correlation

between these elements and the risk of developing TB (39).

Theoretically, malnutrition and the differences in the balance

between the physiological need for basic nutrients and the

gender-biased access to these nutrients provided by society could

explain, in part, excess TB incidence in men, but it is unlikely

to be the explanation for gender-related bias in high-income

countries (40).

One of the significant risk factors predisposing an individual

to TB incidence is HIV comorbidity (41). Immigrants (most

of them are men; they are the first to arrive in a country and

are more likely to work in occupations with higher potential

exposures) from developing, low- and middle-income countries

are the populations significantly affected by HIV than those

from many high-income countries, such as countries in Europe,

Canada, Australia, and New Zealand (42). Although the impact

of HIV on female TB was much more significant, male TB rates

remained higher (43, 44). This fact emphasizes that other factors

besides HIV comorbidity influence TB incidence.

E�cacy of BCG vaccine

One of the possible explanations may be sex-related

differences in the efficacy of the Bacillus Calmette–Guérin

(BCG) vaccine. BCG immunization had been recommended by

healthcare providers until the 1980s in Australia, Spain, and

Israel when the universal vaccination against TB stopped (45).

In other countries the vaccination stopped later: 1990 in New

Zealand, 1998 in Germany, 2006 in Finland, and 2010 in the

Czech Republic. Over time, there have been policy changes in

England with respect to BCG vaccination, induced by changes

in the epidemiology of TB (46).

The duration of protection from tuberculosis morbidity of

BCG vaccines is not clear. In a study on American Indians

and Alaska Natives, there was a slight waning of the efficacy

of BCG vaccination over time, higher among men than women

(47). In Guinea-Bissau, the long-term protective effects of the

BCG vaccine on overall survival and reduced susceptibility to

respiratory infections were greater for girls than boys (48, 49).

Sex hormones could modulate BCG-induced effects in

infancy as well as in adults. However, different mechanisms

are operating in these different age groups. Koeken et al.

(50) found a negative association between baseline testosterone
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concentrations and changes in circulating proteins after BCG

vaccination in men, suggesting a possible role for testosterone

in sex-differential effects after BCG vaccination.

Migrants

In high-income countries, migration from countries with a

high burden of tuberculosis influences the local epidemiology

and is responsible for the increase in disease incidence

(51). The decrease in the number of TB cases among

the native population in European countries is sometimes

accompanied by an increase in TB cases among foreign

immigrants (52).

Underdiagnosis

Hypothetically, such differences in TB incidence between

sexes may be explained by under-diagnosis or under-reporting

of tuberculosis by girls/women or by real epidemiological

differences in infection with Mycobacterium tuberculosis (53).

Observed gender-based differences in TB rates between male

and female adults are due to differences in transmission

dynamics rather than underdiagnosis and under-reporting in

female adults (6).

No facts were found to support the assumption that male

adults were slower to access care or were less well served by

healthcare services (7).

The immune and inflammatory status of an adult individual

can be influenced by environmental factors, age, and sex.

Multiple signaling immune system-related pathways can be

modified by sex hormones and impact the innate immune

response in one direction or the other. To what extent sex

differences in immunity could contribute to the adult male bias

in TB morbidity remains unclear (54).

Infancy and puberty

Biological factors?

Factors such as exposure, behavior, and co-morbidities are

less likely to impact gender differences in tuberculosis incidence

in infancy. This could be explained, at least in part, by biological

and physiological factors influencing the immune response to

the pathogen (55). Multiple fluctuations in hormonal status

that occur during infancy and puberty may affect the activity

of the immune system. Mini-puberty occurs in infants of both

sexes, with an increase in testosterone in boys and an increase

in both estrogen and testosterone in girls. These hormonal

changes may impact the pathogenesis of TB (56). To the best

of our knowledge, in children and especially in children of

pubertal age, there are no data to suggest that girls have more

frequent exposure to infectious TB cases compared to boys

of the same age (57). Nevertheless, for reasons unknown, the

reactivation of tuberculosis among adolescents affects girls two

times as often as boys (55). At puberty, there is a female

preponderance in disease incidence. Similar findings have been

published in other studies (10, 37). Girls are more exposed to

infection in the household than boys, perhaps because they are

more active within the home. Another possible explanation may

be sex-related physiological differences in susceptibility to TB.

During puberty, sex hormone levels fluctuate significantly (58).

Estrogen plays a protective role against infection, increasing

the immune response, cytokine, and macrophage activity (59,

60). It is plausible that since girls aged 10–14 years are partly

pre-pubertal, the protective hormonal effect is not significant

enough, making them more susceptible to TB. Compared to

girls, boys have a stronger Th1 profile and increased numbers

of CD8+ T cells and NK cells. Girls, therefore, elicit more

enhanced inflammatory responses (61).

In summary, it is plausible that, in adulthood, behavioral

and socioeconomic factors play a significant role in gender

differences in TB incidence. These factors are clearly important,

but it is difficult to evaluate their contribution to gender-related

TB incidence. We suggest that sex hormones, both during

infancy and in puberty, cause functional differences between

male and female immune cells. These are involved in part in the

host-pathogen interaction and possible impact on the outcome

of TB infection. To what extent these sex differences contribute

to gender bias in TB incidence remains insufficiently understood

and requires further study.

Conclusions

The sex differences in the incidence of TB are not always

addressed in interventions and research. Addressing the excess

burden of TB in adult men is essential to improve men’s health

and to meet the ambitious targets for reducing TB incidence

and deaths. Sex differences in children imply that there is still

much about TB that we do not understand. Immunological

changes in infants and puberty are likely to have a central role in

the response to TB and require further research to understand

the underlying biological mechanisms. A better understanding

of the sex and gender-related immunological basis for the

male excess in disease should encourage the development of

personalized therapies. New vaccines in development should be

tested for their efficacy in boys/men and girls/women separately.

Public health strategies for TB eradication and prevention must

be designed according to age and gender.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary material, further inquiries

can be directed to the corresponding author.

Frontiers in PublicHealth 12 frontiersin.org

https://doi.org/10.3389/fpubh.2022.997025
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Peer et al. 10.3389/fpubh.2022.997025

Ethics statement

Ethical review and approval was not required for the study

on human participants in accordance with the local legislation

and institutional requirements. Written informed consent from

the participants’ legal guardian/next of kin was not required

to participate in this study in accordance with the national

legislation and the institutional requirements.

Author contributions

VP participated in the study design, collected the data,

helped in the interpretation of the analyses, and writing the

manuscript. MG designed and supervised the study, participated

in the analyses and interpretation of the data, and in writing

the manuscript. NS assisted in the data analysis and contributed

important aspects to the review of the manuscript. All authors

approved the final version submitted.

Acknowledgments

We express our appreciation to the official representative

of Public Health England, the Israeli Ministry of Health,

and all the official institutions of all other countries

for providing their national data on meningococcal

disease incidence.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fpubh.

2022.997025/full#supplementary-material

References

1. World Health Organization. Global Tuberculosis Report 2020. Geneva: World
Health Organization (2020).

2. Ray D, Abel R. Incidence of smear-positive pulmonary tuberculosis from
1981–83 in a rural area under an active health care programme in south India.
Tuberc Lung Dis. (1995) 76:190–5. doi: 10.1016/S0962-8479(05)80003-6

3. Bai GH, Kim SJ, Lee EK, Lew WJ. Incidence of pulmonary tuberculosis
in Korean civil servants: second study, 1992–1994. Int J Tuberc Lung Dis.
(2001) 5:346–53.

4. WHO. Global Tuberculosis Report 2017. (2017). Geneva: World
Health Organization.

5. Chan-Yeung M, Noertjojo K, Chan SL, Tam CM. Sex differences in
tuberculosis in Hong Kong. Int J Tuberc Lung Dis. (2002) 6:11–8.

6. Martinez AN, Rhee JT, Small PM, Behr MA. Sex differences in the
epidemiology of tuberculosis in San Francisco. Int J Tuberc Lung Dis.
(2000) 4:26–31.

7. Dale K, Tay E, Trauer JM, Trevan P, Denholm J. Gender differences in
tuberculosis diagnosis, treatment and outcomes in Victoria, Australia, 2002–2015.
Int J Tuberc Lung Dis. (2017) 21:1264–71. doi: 10.5588/ijtld.17.0338

8. RKI-Bericht zur Epidemiologie der Tuberkulose in Deutschland. (2017).
Available online at: https://edoc.rki.de/handle/176904/3676 (accessed May 2022).

9. Stival A, Chiappini E, Montagnani C, Orlandini E, Buzzoni C, Galli
L, et al. Sexual dimorphism in tuberculosis incidence: children cases
compared to adult cases in Tuscany from 1997 to 2011. PLoS ONE. (2014)
9:e105277. doi: 10.1371/journal.pone.0105277

10. Fernandes P, Ma Y, Gaeddert M, Tsacogianis T, Marques-Rodrigues P,
Fregona G, et al. Sex and age differences in Mycobacterium tuberculosis infection
in Brazil. Epidemiol Infect. (2018) 146:1503–10. doi: 10.1017/S0950268818001450

11. Herzmann C, Sotgiu G, Bellinger O, Diel R, Gerdes S, Goetsch U, et al.
Risk for latent and active tuberculosis in Germany. Infection. (2017) 45:283–
90. doi: 10.1007/s15010-016-0963-2

12. Pierre-Audigier C, Talla C, Alame-Emane AK, Audigier B, Grall N, Ruimy
R, et al. Tuberculosis trends in a hot-spot region in Paris, France. Int J Tuberc Lung
Dis. (2020) 24:428–35. doi: 10.5588/ijtld.19.0305

13. National Notifiable Diseases Surveillance System (NNDSS), Department of
Health. Available online at: http://www9.health.gov.au/cda/source/rpt_5_sel.cfm
(accessed April 1, 2018).

14. Public Health Agency of Canada. Available online at: https://www.canada.
ca/en/public-health.html (accessed June 1, 2018).

15. National Institute for Health andWelfare (THL). Available online at: https://
www.thl.fi/ttr/gen/rpt/tilastot.html (accessed May 1, 2018).

16. German Federal Health Monitoring System. Available online at: http://www.
gbe-bund.de/gbe10/pkg_isgbe5.prc_isgbe?p_uid=gast&p_aid=0&p_sprache=D.
(accessed February 1, 2018).

17. Instituto de Salud Carlos III. Available online at: http://wwwengisciiies/
ISCIII/es/contenidos/fd-servicios-cientificotecnicos/fd-vigilancias-alertas/fd-
enfermedades/enfermedades-declaracion-obligatoria-informesanualesshtml
(accessed March 1, 2018).

18. ABS Stat (Australian Bureau of Statistics). Available online at: https://stat.
data.abs.gov.au/Index.aspx?DatasetCode=ABS_%20ERP_ASGS2016. (accessed
May 15, 2018).

19. Statistics, Canada. CANSIM Database. Available online at: https://
www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=1710010201 (accessed June 1,
2018).

20. Population Estimates Unit, Population Statistics Division, Office
for National Statistics. Available online at: https://www.ons.gov.uk/
peoplepopulationandcommunity/populationandmigration/populationestimates/
datasets/populationestimatesforukenglandandwalesscotlandandnorthernireland
(accessed March 15, 2018).

21. Statistics Finland’s PX-Web Databases. http://pxnet2.stat.fi/PXWeb/pxweb/
en/StatFin/StatFin__vrm__vaerak/statfin_vaerak_pxt_021.px/?rxid=2f968705-
bdaa-48b1-9d5a-d4985ead7d40 (accessed April 15, 2018).

Frontiers in PublicHealth 13 frontiersin.org

https://doi.org/10.3389/fpubh.2022.997025
https://www.frontiersin.org/articles/10.3389/fpubh.2022.997025/full#supplementary-material
https://doi.org/10.1016/S0962-8479(05)80003-6
https://doi.org/10.5588/ijtld.17.0338
https://edoc.rki.de/handle/176904/3676
https://doi.org/10.1371/journal.pone.0105277
https://doi.org/10.1017/S0950268818001450
https://doi.org/10.1007/s15010-016-0963-2
https://doi.org/10.5588/ijtld.19.0305
http://www9.health.gov.au/cda/source/rpt_5_sel.cfm
https://www.canada.ca/en/public-health.html
https://www.canada.ca/en/public-health.html
https://www.thl.fi/ttr/gen/rpt/tilastot.html
https://www.thl.fi/ttr/gen/rpt/tilastot.html
http://www.gbe-bund.de/gbe10/pkg_isgbe5.prc_isgbe?p_uid=gast&p_aid=0&p_sprache=D
http://www.gbe-bund.de/gbe10/pkg_isgbe5.prc_isgbe?p_uid=gast&p_aid=0&p_sprache=D
http://wwwengisciiies/ISCIII/es/contenidos/fd-servicios-cientificotecnicos/fd-vigilancias-alertas/fd-enfermedades/enfermedades-declaracion-obligatoria-informesanualesshtml
http://wwwengisciiies/ISCIII/es/contenidos/fd-servicios-cientificotecnicos/fd-vigilancias-alertas/fd-enfermedades/enfermedades-declaracion-obligatoria-informesanualesshtml
http://wwwengisciiies/ISCIII/es/contenidos/fd-servicios-cientificotecnicos/fd-vigilancias-alertas/fd-enfermedades/enfermedades-declaracion-obligatoria-informesanualesshtml
https://stat.data.abs.gov.au/Index.aspx?DatasetCode=ABS_%20ERP_ASGS2016
https://stat.data.abs.gov.au/Index.aspx?DatasetCode=ABS_%20ERP_ASGS2016
https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=1710010201
https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=1710010201
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/populationestimatesforukenglandandwalesscotlandandnorthernireland
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/populationestimatesforukenglandandwalesscotlandandnorthernireland
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/populationestimatesforukenglandandwalesscotlandandnorthernireland
http://pxnet2.stat.fi/PXWeb/pxweb/en/StatFin/StatFin__vrm__vaerak/statfin_vaerak_pxt_021.px/?rxid=2f968705-bdaa-48b1-9d5a-d4985ead7d40
http://pxnet2.stat.fi/PXWeb/pxweb/en/StatFin/StatFin__vrm__vaerak/statfin_vaerak_pxt_021.px/?rxid=2f968705-bdaa-48b1-9d5a-d4985ead7d40
http://pxnet2.stat.fi/PXWeb/pxweb/en/StatFin/StatFin__vrm__vaerak/statfin_vaerak_pxt_021.px/?rxid=2f968705-bdaa-48b1-9d5a-d4985ead7d40
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Peer et al. 10.3389/fpubh.2022.997025

22. German Federal Health Monitoring System. Available online at: http://
www.gbe-bund.de/gbe10/abrechnung.prc_abr_test_logonp_uid=gast&p_aid=
46300054&p_knoten=VR&p_sprache=E&p_suchstring=population (accessed
February 1, 2018).

23. Central Bureau of Statistics. Available online at: http://www.cbs.gov.
il/reader/shnatonhnew_site.htm?sss=%E4%EE%F9%EA&shnaton_scan=45
(accessed March 1, 2018).

24. Demographic Statistics Database (United Nations Statistics: Division).
Available online at: http://data.un.org/Data.aspx?d=POP&f=tableCode%3A22
(accessed April 1, 2018).

25. GreenMS, Schwartz N, Peer V. A meta-analytic evaluation of sex differences
in meningococcal disease incidence rates in ten countries. Epidemiol Infect. (2020)
2:1–32. doi: 10.1017/S0950268820002356

26. Green MS, Schwartz N Peer V. Sex differences in campylobacteriosis
incidence rates at different ages—a seven country, multi-year, meta-
analysis. A potential mechanism for the infection. BMC Infect Dis. (2020)
20:625. doi: 10.1186/s12879-020-05351-6

27. Peer V, Schwartz N, Green MS. Sex differences in shigellosis incidence rates:
analysis of national data from nine countries using meta-analytic method. Eur J
Public Health. (2020) 2020:ckaa087. doi: 10.1093/eurpub/ckaa087

28. Peer V, Schwartz N, Green MS. Consistent, excess viral meningitis incidence
rates in young males: a multi-country, multi-year, meta-analysis of national
data. The importance of sex as a biological variable. EClin Med. (2019) 15:62–
71. doi: 10.1016/j.eclinm.2019.08.006

29. UK Health Security Agency. Available online at: https://www.gov.uk/
government/publications/tuberculosis-in-england-annual-report (accessed May
2022).

30. Rodríguez Valín E, Garrido Estepa M, Villarrubia Enseñat S, Martín
Marcos L, Hernández Pezzi G. Epidemiology of childhood tuberculosis in
Spain: 2005–2009 comparative study. Rev Esp Salud Publica. (2012) 86:49–
59. doi: 10.1590/S1135-57272012000100005

31. Ospina JE, Orcau À, Millet JP, Ros M, Gil S, Caylà JA. Epidemiology of
tuberculosis in immigrants in a large city with large-scale immigration (1991–
2013). Barcelona Tuberculosis Immigration Working Group. PLoS ONE. (2016)
11:e0164736. doi: 10.1371/journal.pone.0164736

32. Gilbert RL, Antoine D, French CE, Abubakar I, Watson JM, Jones JA.
The impact of immigration on tuberculosis rates in the United Kingdom
compared with other European countries. Int J Tuberc Lung Disease. (2009) 13:
645–51.

33. Pleace N. Exclusion by definition: the under-representation of women in
European Homelessness Statistics. Women’s Homelessness Eur. (2016) 2016:105–
26. doi: 10.1057/978-1-137-54516-9_5

34. Bretherton J, Mayock P. Women’s Homelessness: European Evidence
Review. Brussels: FEANTSA (2021). Publication number: 10.15124/yao-3xhp-
xz85. European Federation of National OrganisationsWorking with the Homeless.
Available online at: https://eprints.whiterose.ac.uk/172737/1/FEANTSA_Women_
s_Review.pdf (accessed November 2022).

35. Ayres R, Barber T. Statistical Analysis of Female Migration and Labour
Market Integration in the EU. Oxford: Oxford Brookes University (2006).
Available online at: https://ec.europa.eu/migrant-integration/sites/default/files/
2011-10/docl_23354_233290062.pdf (accessed November 2022).

36. Pew Research Center. Asylum Seeker Demography: Young and Male. (2016).
Available online at: https://www.pewresearch.org/global/2016/08/02/4-asylum-
seeker-demography-young-and-male/ (accessed November 2022).

37. Ruwende JE, Sanchez-Padilla E,Maguire H, Carless J, Mandal S, Shingadia D.
Recent trends in tuberculosis in children in London. J Public Health (Oxf). (2011)
33:175–81. doi: 10.1093/pubmed/fdq046

38. Horton KC, Hoey AL, Béraud G, Corbett EL, White RG. Systematic review
and meta-analysis of sex differences in social contact patterns and implications
for tuberculosis transmission and control. Emerg Infect Dis. (2020) 26:910–
9. doi: 10.3201/eid2605.190574

39. Narasimhan P, Wood J, Macintyre CR, Mathai D. Risk factors for
tuberculosis. Pulm Med. (2013) 2013:828939. doi: 10.1155/2013/828939

40. Hudelson P. Gender differentials in tuberculosis: the role
of socio-economic and cultural factors. Tubercle Lung Dis. (1996)
77:391–400. doi: 10.1016/S0962-8479(96)90110-0

41. Addo MM, Altfeld M. Sex-based differences in HIV type 1
pathogenesis. J Infect Dis. (2014) 209(Suppl 3):S86–S92. doi: 10.1093/infdis/
jiu175

42. McMahon T, Ward PR. HIV among immigrants living in high-income
countries: a realist review of evidence to guide targeted approaches to behavioural
HIV prevention. Syst Rev. (2012) 1:56. doi: 10.1186/2046-4053-1-56

43. Holmes CB, Hausler H, Nunn P. A review of sex differences in the
epidemiology of tuberculosis. Int J Tuberc Lung Dis. (1998) 2:96–104.

44. Hermans S, Cornell M, Middelkoop K, Wood R. The differential impact of
HIV and antiretroviral therapy on gender-specific tuberculosis rates. Trop Med Int
Health. (2019) 24:454–62. doi: 10.1111/tmi.13209

45. Bo M, Zotti CM. European policies on tuberculosis prevention in healthcare
workers: which role for BCG? A systematic review.Hum Vacc Immunother. (2016)
12:2753–64. doi: 10.1080/21645515.2016.1200776

46. Mangtani P, Nguipdop-Djomo P, Keogh RH, Trinder L, Smith PG, Fine
PE, et al. Observational study to estimate the changes in the effectiveness
of bacillus Calmette-Guerin (BCG) vaccination with time since vaccination
for preventing tuberculosis in the UK. Health Technol Assess. (2017) 21:1–
54. doi: 10.3310/hta21390

47. Aronson NE, Santosham M, Comstock GW, Howard RS, Moulton LH,
Rhoades ER, et al. Long-term efficacy of BCG vaccine in American Indians
and Alaska Natives: a 60-year follow-up study. JAMA. (2004) 291:2086–
91. doi: 10.1001/jama.291.17.2086

48. Biering-Sørensen S, Aaby P, Napirna BM, Roth A, Ravn H, Rodrigues A,
et al. Small randomized trial among low-birth-weight children receiving bacillus
Calmette-Guérin vaccination at first health center contact. Pediatr Infect Dis J.
(2012) 31:306–8. doi: 10.1097/INF.0b013e3182458289

49. Stensballe LG, Nante E, Jensen IP, Kofoed PE, Poulsen A, Jensen H, et al.
Acute lower respiratory tract infections and respiratory syncytial virus in infants
in Guinea-Bissau: a beneficial effect of BCG vaccination for girls community
based case-control study. Vaccine. (2005) 23:1251–7. doi: 10.1016/j.vaccine.2004.
09.006

50. Koeken VA, de Bree LC, Mourits VP, Moorlag SJ, Walk J, Cirovic B, et al.
BCG vaccination in humans inhibits systemic inflammation in a sex-dependent
manner. J Clin Invest. (2020) 130:5591–602. doi: 10.1172/JCI133935

51. Burki T. Tackling tuberculosis in London’s homeless population. Lancet.
(2010) 376:2055–6. doi: 10.1016/S0140-6736(10)62282-9

52. Pareek M, Greenaway C, Noori T, Munoz J, Zenner D. The impact of
migration on tuberculosis epidemiology and control in high-income countries: a
review. BMCMed. (2016) 14:48. doi: 10.1186/s12916-016-0595-5

53. Borgdorff MW, Nagelkerke NJ, Dye C, Nunn P. Gender and tuberculosis: a
comparison of prevalence surveys with notification data to explore sex differences
in case detection. Int J Tuberc Lung Dis. (2000) 4:123–32.

54. Hertz D, Schneider B. Sex differences in tuberculosis. Semin Immunopathol.
(2019) 41:225–37. doi: 10.1007/s00281-018-0725-6

55. Lamb GS, Starke JR. Tuberculosis in infants and children. Microbiol Spectr.
(2017) 5:541–69. doi: 10.1128/microbiolspec.TNMI7-0037-2016

56. Karaoglan M, Nacarkahya G. Immunological interpretation of minipuberty:
minipuberty as the driving force of sexual dimorphism in the immune response.
Clin Endocrinol. (2021) 94:575–82. doi: 10.1111/cen.14384

57. Mossong J, Hens N, Jit M, Beutels P, Auranen K, Mikolajczyk
R, et al. Social contacts and mixing patterns relevant to the spread of
infectious diseases. PLoS Med. (2008) 5:e74. doi: 10.1371/journal.pmed.00
50074

58. de Peretti E, Forest MG. Pattern of plasma dehydroepiandrosterone sulfate
levels in humans from birth to adulthood: evidence for testicular production. J Clin
Endocrinol Metab. (1978) 47:572–7. doi: 10.1210/jcem-47-3-572

59. O’Garra A, Redford PS, McNab FW, Bloom CI, Wilkinson RJ, Berry
MP. The immune response in tuberculosis. Annu Rev Immunol. (2013) 31:475–
527. doi: 10.1146/annurev-immunol-032712-095939

60. Fish EN. The X-files in immunity: sex-based differences predispose immune
responses. Nat Rev Immunol. (2008) 8:737–44. doi: 10.1038/nri2394

61. Seddon JA, Chiang SS, Esmail H, Coussens AK. The wonder years: what can
primary school children teach us about immunity to mycobacterium tuberculosis?
Front Immunol. (2018) 9:2946. doi: 10.3389/fimmu.2018.02946

Frontiers in PublicHealth 14 frontiersin.org

https://doi.org/10.3389/fpubh.2022.997025
http://www.gbe-bund.de/gbe10/abrechnung.prc_abr_test_logonp_uid=gast&p_aid=46300054&p_knoten=VR&p_sprache=E&p_suchstring=population
http://www.gbe-bund.de/gbe10/abrechnung.prc_abr_test_logonp_uid=gast&p_aid=46300054&p_knoten=VR&p_sprache=E&p_suchstring=population
http://www.gbe-bund.de/gbe10/abrechnung.prc_abr_test_logonp_uid=gast&p_aid=46300054&p_knoten=VR&p_sprache=E&p_suchstring=population
http://www.cbs.gov.il/reader/shnatonhnew_site.htm?sss=%E4%EE%F9%EA&shnaton_scan=45
http://www.cbs.gov.il/reader/shnatonhnew_site.htm?sss=%E4%EE%F9%EA&shnaton_scan=45
http://data.un.org/Data.aspx?d=POP&f=tableCode%3A22
https://doi.org/10.1017/S0950268820002356
https://doi.org/10.1186/s12879-020-05351-6
https://doi.org/10.1093/eurpub/ckaa087
https://doi.org/10.1016/j.eclinm.2019.08.006
https://www.gov.uk/government/publications/tuberculosis-in-england-annual-report
https://www.gov.uk/government/publications/tuberculosis-in-england-annual-report
https://doi.org/10.1590/S1135-57272012000100005
https://doi.org/10.1371/journal.pone.0164736
https://doi.org/10.1057/978-1-137-54516-9_5
https://eprints.whiterose.ac.uk/172737/1/FEANTSA_Women_s_Review.pdf
https://eprints.whiterose.ac.uk/172737/1/FEANTSA_Women_s_Review.pdf
https://ec.europa.eu/migrant-integration/sites/default/files/2011-10/docl_23354_233290062.pdf
https://ec.europa.eu/migrant-integration/sites/default/files/2011-10/docl_23354_233290062.pdf
https://www.pewresearch.org/global/2016/08/02/4-asylum-seeker-demography-young-and-male/
https://www.pewresearch.org/global/2016/08/02/4-asylum-seeker-demography-young-and-male/
https://doi.org/10.1093/pubmed/fdq046
https://doi.org/10.3201/eid2605.190574
https://doi.org/10.1155/2013/828939
https://doi.org/10.1016/S0962-8479(96)90110-0
https://doi.org/10.1093/infdis/jiu175
https://doi.org/10.1186/2046-4053-1-56
https://doi.org/10.1111/tmi.13209
https://doi.org/10.1080/21645515.2016.1200776
https://doi.org/10.3310/hta21390
https://doi.org/10.1001/jama.291.17.2086
https://doi.org/10.1097/INF.0b013e3182458289
https://doi.org/10.1016/j.vaccine.2004.09.006
https://doi.org/10.1172/JCI133935
https://doi.org/10.1016/S0140-6736(10)62282-9
https://doi.org/10.1186/s12916-016-0595-5
https://doi.org/10.1007/s00281-018-0725-6
https://doi.org/10.1128/microbiolspec.TNMI7-0037-2016
https://doi.org/10.1111/cen.14384
https://doi.org/10.1371/journal.pmed.0050074
https://doi.org/10.1210/jcem-47-3-572
https://doi.org/10.1146/annurev-immunol-032712-095939
https://doi.org/10.1038/nri2394
https://doi.org/10.3389/fimmu.2018.02946
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Gender differences in tuberculosis incidence rates—A pooled analysis of data from seven high-income countries by age group and time period
	Introduction
	Materials and methods
	Source of data
	Statistical analyses

	Results
	Discussion
	Behavioral, socioeconomic differences, and risk factors
	Adult groups
	Efficacy of BCG vaccine
	Migrants
	Underdiagnosis

	Infancy and puberty
	Biological factors?


	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


