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Abstract

Sex differences in the incidence of infections may indicate different risk factors and behaviour
but have not been analysed across pathogens. Based on 3.96 million records of 33 pathogens
in Germany, notified from 2001 to 2013, we applied Poisson regression to generate age-stan-
dardised incidence rate ratios and assessed their distribution across age and sex. The following
trends became apparent: (a) pathogens with male incidence preponderance at infant and child
age (meningococcal disease (incidence rate ratio (IRR) = 1.19, 95% CI 1.03–1.38, age = 0–4);
influenza (IRR = 1.09, 95% CI 1.06–1.13, age = 0–4)), (b) pathogens with sex-switch in
incidence preponderance at puberty (e.g. norovirus (IRR = 1.10, 95% CI 1.02–1.19 in age =
5–14, IRR = 0.96, 95% CI 0.93–0.99, age⩾ 60), (c) pathogens with general male incidence
preponderance (bacterial/parasitic infections with campylobacter, Yersinia and Giardia), (d)
pathogens with male incidence preponderance at juvenile and adult age (sexually transmitted
or vector-borne infections (combined-IRR = 2.53, 95% CI 2.36–2.71, age = 15–59), (e) patho-
gens with male preponderance at older age (tick-borne encephalitis - IRR = 2.75, 95%
CI 1.21–6.24, listeriosis - IRR = 2.06, 95% CI 1.38–3.06, age⩾ 60). Risk factor concepts
only partly serve to interpret similarities of grouped infections, i.e. transmission-related
explanations and sex-specific exposures not consistently explain the pattern of food-borne
infections (b). Sex-specific differences in infectious disease incidence are well acknowledged
regarding the sexually transmitted diseases. This has led to designing gender-specific
prevention strategies. Our data suggest that for infections with other transmission routes,
gender-specific approaches can also be of benefit and importance.

Background

Differences in health and susceptibility between men and women have been studied in various
medical contexts that go beyond reproductive areas of biology. Existing research in this context
aims to disentangle biological mechanisms as well as environmental and behavioural drivers
and thereby contributing to effective preventive and curative interventions. Infectious disease
incidence is influenced by individual factors such as hormonal effects that make men more
susceptible [1] and by basic genetic and physiological constitutions and different immune
responses [2]. Preventable infections, in particular, are additionally influenced by health-
related behaviour, resulting in different utilisation of preventive interventions such as vaccines
or varying exposure to, e.g. occupational and environmental hazards. These factors, in turn,
are directly or indirectly modulated by age. The complexity of interpreting sex- and age-
patterns of infections is illustrated by the example of influenza and pneumococcal vaccination.
For both, the immune responses and post-vaccination protection have been shown to
interrelate with modifiable behavioural factors like smoking [3, 4] which in itself is unevenly
distributed across sexes and ages.

Few efforts have been undertaken to systematically analyse sex- and age patterns across a
range of infections. Furthermore, gender-specific prevention strategies have mostly been pro-
moted [5] and studied [6] with regard to sexually transmitted infections. One publication
addressed sex-and age-specific patterns of ten selected notifiable infections using compulsory
notification records from Brazil [7]. Based on the restricted and pre-selected number of infec-
tions the study concludes that, in contrast to physiological factors, behavioural differences only
play a secondary role and do not generally explain strong sex- and age variations. This, how-
ever, does not seem to concur with study findings that demonstrated the significant impact of
gender-specific interventions on risk behaviour such as preventing sexually transmitted infec-
tions [6]. Given the lack of comparably available literature and the importance of sex- and age
differences in incident infections with regard to their prevention, our objective was to identify
patterns of such specific occurrences across infections. This was realised by analysing the
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incidence of notifiable infections in Germany over a 13-year time
frame (2001–2013) with regard to sex-specific occurrences and to
evaluate the extent to which these are influenced by age at
notification.

Methods

The German infectious disease control act (Infektionsschutzgesetz,
IfSG) regulates mandatory surveillance and case definitions for
notifiable infectious diseases. An electronic surveillance system
is in place to support the communication of notifications between
local, federal and state institutions; the system also consists of an
electronic outbreak reporting system [8]. A total of 378 local
health departments in Germany verify locally identified notifiable
diseases with reference to national case definitions and send case
reports electronically through the 16 state health departments to
the national surveillance unit at the federal institution responsible
for infectious disease surveillance in Germany (Robert Koch
Institute (RKI)) (§6 and §7(1) IfSG and state-specific regulations).
Reports on HIV, Treponema pallidum, congenital toxoplasmosis,
congenital rubella infection and Plasmodium falciparum are sent
directly from laboratories to the RKI (§7(3) IfSG). According to
procedures of the German national surveillance system, haemo-
lytic uremic syndrome (HUS) and Escherichia coli enteritis are
mutually exclusive categories. As for most other pathogens,
laboratory detections of notifiable infections without a clinical
manifestation, as defined in the respective case definition, do
not contribute to the case count. Data are transmitted to the
RKI without information making the individual identifiable [8].
A database on notifiable diseases reported in Germany is main-
tained by the RKI (https://survstat.rki.de/). This analysis is
based on individual reports of all notifiable infections which (a)
match the respective case definitions mandated by the IfSG, (b)
were incident cases and (c) were reported from 2001 to 2013 to
the RKI, by 01.03.2014. We used fully anonymised case reports
including variables such as: name of pathogen or infection/disease
resulting from infection with a pathogen (-group), age in years,
sex, year and week of notification, county and state of residence.
Due to the nature of surveillance data, individuals with multiple
notifiable infections acquired through the 13 year observation
period appear as multiple cases. For computation of incidence
from available individual reports, we used sex- and age-specific
population data corresponding to the year in which the case
was notified. This information was used as the denominator to
calculate the incidence. At the time of data analysis, stratified
population data were not yet available for 2012 and 2013; hence
the 2011 population data were used for cases notified in 2012/
13. There is no indication that the German population data
have changed substantially between 2011 and 2013.

We excluded pathogens/infections, which were not continu-
ously reported between 2001 and 2013 (except for Methicillin-
resistant Staphylococcus aureus (MRSA) due to its high public
health relevance, which was introduced to be notifiable in the
year 2009). Rare infections with <1000 notifications over the
13-year time period were also excluded as were notified cases
with missing information on sex and/or age.

We calculated age-standardised incidence rates per 100 000
population for each pathogen/infection. These were calculated
cumulatively over all 13 calendar years and for both sexes for
15 age-groups (0, 1, 2, 3, 4, 5–9, 10–14, 15–19, 20–29, 30–39,
40–49, 50–59, 60–69, 70–79 and ⩾80 years) by aggregating the
number of cases and using 2007 German population data (median

year) as denominator. We used 1-year intervals for young ages
due to observed variations in child age for some pathogens/infec-
tions. For Poisson regression analyses, age-standardised incidence
rates were entered as dependent variables and sex as the independ-
ent variable. We generated a male:female incidence rate ratio (IRR)
for each pathogen/infection for 15 age-groups, and corresponding
95% confidence intervals (CI) at a significance level of α = 0.05.
We further combined the number of cases to generate broader
age-groups and obtain IRRs for ages 0–4 (infants), 5–14 (chil-
dren), 15–59 ( juveniles and adults) and ⩾60 years (elderly) as
well as additionally for the age group that overarches ages
0–14 years. IRRs >1 indicate a male dominance with those
below 1 indicating a female dominance. We consider IRRs
with CIs crossing 1 to be equal for males and females. We cate-
gorised pathogens/infections according to similar sex-specific
incidence patterns, under consideration of IRR variation by
age-group. To obtain a combined IRR for each age category
within the identified pattern and therefore check the consist-
ency of sex patterns by age category, we applied Poisson regres-
sion overarching all pathogens of the respective group. We
assessed possible overdispersion in the Poisson regression mod-
els by performing negative binomial regression analysis and
likelihood ratio tests of alpha values. We assessed incidence var-
iations over time by comparing male:female incidence ratios
using year-specific information. All statistical analyses were
done using STATA© 12.0.

Results

The analysis encompasses 3.96 million records of 33 notifiable
pathogens or infections received between 2001 and 2013 (2 004
407 males and 1 955 593 females). Overall, infections with noro-
virus, campylobacter and rotavirus were most frequently reported.
Among females, norovirus was most commonly notified (n = 505
768), whereas among males, campylobacter was the most com-
mon pathogen (n = 411 211). For the majority of pathogens, inci-
dence rate ratios show an overall male preponderance. A few
diseases were significantly more frequent in females, specifically
in those aged 15–59 years. Among them were E. coli enteritis
(IRR: 0.78, 95% CI 0.62–0.97), infections with the enterohemor-
rhagic E. coli (EHEC) (IRR: 0.66, 95% CI 0.46–0.95), norovirus
(IRR: 0.75, 95% CI 0.71–0.79) and rotavirus (IRR: 0.66, 95%
CI 0.60–0.73) infections as well as salmonellosis (IRR: 0.93,
95% CI 0.88–0.94). The highest IRRs (corresponding to a male
predominance) were seen for syphilis with men aged 15 years
and older being over nine times more afflicted than women
(Table 1). These results were robust when assessing for variations
in incidence over time. The regression analyses revealed no statis-
tically significant difference between males and females for:
adenovirus infection, hepatitis A virus (HAV) and hepatitis E
virus (HEV) infection, Haemophilus influenza b (HIB) infection
and for diseases such as Creutzfeldt-Jakob disease (CJK/CJD),
Q fever, cryptosporidiosis, dengue fever, echinococcosis, HUS,
measles and shigellosis. Including IRRs for those infections that
indicated significant differences in incidence by sex as obtained
from the Poisson regression, and under subsequent consideration
of age, five patterns of similar sex/age incidence became apparent
(Tables 2 and 3):
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(a) Infections with male incidence preponderance restricted to
infant and child age

Influenza and meningococcal disease caused by Neisseria menin-
gitidis affect males at infant and child age more frequently than
females of the same age. For invasive meningococcal disease,
this effect was significant among 0–4-year old boys (IRR = 1.19,
95% CI 1.03–1.38), and for the overarching age-group 0–14
years (IRR = 1.18, 95% CI 1.02–1.36). Influenza incidence showed
a male dominance for age-groups 0–4 years (IRR = 1.09, 95% CI
1.06–1.13) and 5–14 years (IRR = 1.10, 95% CI 1.05–1.15)

separately as well as for the overarching age-group 0–14 years
(IRR = 1.09, 95% CI 1.07–1.12).

(b) Infections with sex-switch in incidence preponderance at
puberty age

This group encompasses pathogens and infections, which are food-
born and includes E. coli enteritis, salmonellosis, infections with the
enterohemorrhagic E. coli, norovirus and rotavirus. Most of these
show a significantly higher incidence in males compared with

Table 1. Pathogen-specific male:female incidence rate ratios with 95% confidence intervals, by age groups

Pathogen/infection Age-group 0–4 (95% CI) Age-group 5–14 (95% CI) Age-group 15–59 (95% CI) Age-group 60+ (95% CI)

Adenovirus 1.10 (0.81–1.50) 1.14 (0.46–2.65) 1.19 (0.78–1.82) 0.93 (0.59–1.44)

Campylobacter 1.22* (1.19–1.26) 1.35* (1.27–1.45) 1.05* (1.01–1.09) 1.29* (1.21–1.37)

Creutzfeld–Jakob disease NA NA 1.13 (0.16–7.83) 1.04 (0.51–2.14)

Q-Fever 0.47 (0.07–2.95) 1.69 (0.30–9.51) 1.37 (0.76–2.49) 2.13 (0.79–5.75)

Cryptosporidiosis 1.12 (0.98–1.28) 1.12 (0.83–1.50) 0.95 (0.70–1.30) 0.96 (0.45–2.05)

Dengue fever 1.71 (0.17–16.95) 1.27 (0.20–8.14) 1.01 (0.63–1.62) 2.13 (0.45–9.99)

Echinococcosis NA 1.58 (0.10–23–87) 1.04 (0.40–2.67) 0.92 (0.28–3.00)

E. coli enteritis 1.14* (1.11–1.18) 1.09 (0.87–1.38) 0.78* (0.62–0.97) 0.93 (0.72–1.21)

EHEC 1.15* (1.05–1.26) 1.01 (0.69–1.48) 0.66* (0.46–0.95) 0.89 (0.60–1.31)

Tick-borne encephalitis 1.50 (0.62–3.65) 1.78 (0.64–4.89) 1.62 (0.91–2.87) 2.75* (1.21–6.24)

Giardiasis 1.21* (1.08–1.35) 1.26 (0.99–1.62) 1.21* (1.04–1.41) 1.23 (0.93–1.63)

Hepatitis A virus 1.12 (0.89–1.41) 1.04 (0.79–1.38) 1.23 (0.91–1.66) 0.90 (0.57–1.43)

Hepatitis B virus 1.11 (0.44–2.78) 1.46 (0.45–4.73) 2.03* (1.54–2.68) 1.73* (1.02–2.93)

Hepatitis C virus 1.03 (0.74–1.43) 1.10 (0.36–3.32) 1.94* (1.73–2.18) 0.86 (0.71–1.03)

Hepatitis E virus 0.24 (0.00–15.00) 0.86 (0.01–57.10) 1.55 (0.69–3.51) 2.10 (0.65–6.82)

Haemophilus influenza 1.45 (0.91–2.33) 1.04 (0.13–8.57) 1.20 (0.31–4.58) 1.52 (0.86–2.69)

HIV 1.09 (0.63–1.89) 0.98 (0.17–5.61) 4.13* (3.35–5.09) 6.61* (2.38–18.34)

Hantavirus 0.62 (0.02–18.04) 2.37 (0.48–11.76) 2.54* (1.75–3.67) 2.23 (0.97–5.11)

HUS 0.91 (0.68–1.23) 0.79 (0.27–2.31) 0.48 (0.14–1.65) 0.62 (0.14–2.69)

Influenza 1.09* (1.06–1.13) 1.10* (1.05–1.15) 0.95 (0.90–1.02) 1.14 (0.96–1.36)

Legionellosis 1.20 (0.35–4.08) 1.05 (0.07–16.42) 2.36* (1.38–4.03) 2.84* (1.86–4.34)

Listeriosis 1.04 (0.71–1.54) 1.08 (0.01–96.32) 0.71 (0.29–1.73) 2.06* (1.38–3.06)

MRSA 1.11 (0.48–2.55) 1.02 (0.03–32.33) 1.85* (1.04–3.29) 2.55* (2.12–3.08)

Measles 1.06 (0.97–1.17) 0.96 (0.80–1.15) 1.01 (0.75–1.35) 1.02 (0.03–33.11)

Tuberculosis 0.97 (0.79–1.18) 0.95 (0.60–1.52) 1.54* (1.34–1.77) 2.01* (1.74–2.32)

Meningococcal, invasive disease 1.19* (1.03–1.38) 1.01 (0.58–1.78) 1.21 (0.80–1.84) 0.62 (0.24–1.65)

Norovirus 1.14* (1.12–1.16) 1.10* (1.02–1.19) 0.75* (0.71–0.79) 0.96* (0.93–0.99)

Malaria 1.35 (0.82–2.23) 1.17 (0.52–2.64) 2.19* (1.53–3.15) 2.75 (0.75–10.06)

Rotavirus 1.10* (1.09–1.11) 1.07 (1.00–1.16) 0.66* (0.60–0.73) 0.86* (0.80–0.92)

Salmonellosis 1.01 (0.98–1.03) 1.10* (1.05–1.16) 0.93* (0.88–0.94) 1.01 (0.94–1.08)

Shigellosis 1.26 (0.95–1.67) 1.03 (0.59–1.77) 0.85 (0.62–1.15) 1.15 (0.47–2.82)

Syphilis 0.76 (0.28–2.05) 0.81 (0.01–105.80) 9.37* (7.31–12.02) 9.46* (3.54–25.28)

Yersiniosis 1.08* (1.03–1.14) 1.24* (1.09–1.41) 1.31* (1.09–1.58) 1.14 (0.81–1.59)

*P < 0.05.
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females up to the age of 14 years, followed by a reversing relation
from 15 years of age onwards, when females were more often
affected than males. This pattern is consistent in all of these patho-
gens, but in some age groups the respective difference does not
reach statistical significance, e.g. for rotavirus (male dominance
not significant for 5–14-year old males) and salmonellosis (male
dominance not significant in oldest and youngest age group).

(c) Infections with general male incidence preponderance

Throughout all age groups men tended to be more often afflicted
than females by infection with campylobacter, Giardia and
Yersinia (Table 3). For campylobacter this difference was signifi-
cant for all four age groups (Table 1), for giardiasis for the first
(0–4 years) and the third (15–59 years) age group, and for
Yersinia for all but the oldest age group (60+ years).

(d) Infections with male incidence preponderance at juvenile
and adult age

Legionellosis as well as sexually transmitted and vector-borne infec-
tions including hepatitis B virus, hepatitis C virus andHIV infection,
malaria, dengue fever, hantavirus infection, tuberculosis and MRSA
infection show a trend of male dominance at juvenile and adult age

(⩾15 years). These infections were rare among children in general
and peaked among men at middle age with men aged 15–59 years
being 1.94 (95% CI 1.73–2.18), 2.54 (95% CI 1.75–3.67) and 2.19
(95% CI 1.53–3.15) times more likely to be notified with hepatitis
C virus infection, hantavirus infection andmalaria, respectively, com-
pared with women. In addition to a significantly higher risk of males
aged 15–59 years, hepatitis B virus, HIV, MRSA and TB infection as
well as legionellosis and syphilis also affected males at an older age
(⩾60 years) significantly more often than females in this age- group.

(e) Infections with male incidence preponderance in the elderly

Tick-borne encephalitis and listeriosis showed males aged 60
years and older to be over two times more likely to be affected
than females in this age group (IRR of 2.75, 95% CI 1.21–6.24
for tick-borne encephalitis and IRR 2.06, 95% CI 1.38–3.06 for lis-
teriosis). There was no significant difference between males and
females for these infections in all other age groups.

Discussion

Our analyses revealed five sex/age patterns for 21 pathogens/infec-
tions, based on IRRs that demonstrated significant sex differences.
For additional 12 infections, no statistically significant sex differences

Table 2. Patterns of sex and age of notifiable infections with significant sex difference

Male preponderance
restricted to infant
and child age (a)

Sex-switch in
preponderance (male
to female) at puberty

age (b)
General male

preponderance (c)

Male preponderance
at juvenile and adult

age (d)

Male
preponderance
restricted to
elderly (e)

No difference
between male and

female (f)

Influenza E.coli enteritis Campylobacter Hepatitis B virus Tick-borne
encephalitis

Adenovirus

Meningococcal,
invasive disease

EHEC Giardiasis Hepatitis C virus Listeriosis Creutzfeld–Jakob
disease

Norovirus Yersiniosis HIV Q-Fever

Rotavirus Hantavirus Cryptosporidiosis

Salmonellosis Legionellosis Dengue fever

MRSA Echinococcosis

Tuberculosis Hepatitis A virus

Malaria Hepatitis E virus

Syphilis Haemophilus

HUS

Measles

Shigellosis

Table 3. Age-group-specific IRRs across infections of identified patterns

Age

Infections of pattern a
(male infant/child)

(95% CI)

Infections of pattern b
(sex-switch at puberty)

(95% CI)

Infections of pattern c
(general male

predominance) (95% CI)

Infections of pattern d
(male juveniles/adults)

(95% CI)

Infections of pattern
e (elderly males)

(95% CI)

0–4 1.10* (1.06–1.13) 1.10* (1.09–1.11) 1.22* (1.19–1.26) 1.02 (0.88–1.18) 1.11 (0.78–1.58)

5–14 1.10* (1.05–1.15) 1.10* (1.06–1.14) 1.35* (1.26–1.44) 1.09 (0.78–1.53) 1.73 (0.65–4.65)

15–59 0.96 (0.90–1.02) 0.81* (0.78–0.84) 1.06* (1.02–1.10) 2.53* (2.36–2.71) 1.27 (0.79–2.04)

⩾60 1.12 (0.94–1.33) 0.95* (0.92–0.97) 1.29* (1.21–1.37) 1.83* (1.68–2.00) 2.18* (1.53–3.12)

*P < 0.01.
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were detected. It is well known that for most notifiable diseases, in
particular for sexually transmitted and blood-borne infections,
males have significantly higher incidence rates than females [9].
However, sex differences are also found for most pathogens
with other transmission routes and have been rarely discussed
in the literature. Such differences do not necessarily apply across
age groups. For example, in our analyses that considers age in
addition to sex, the overall higher incidence of E. coli enteritis
in males compared with females was only significant in the infant
age group and reversed from age 15 years onwards, when females
had a higher infection incidence than males. Other pathogens/
infections that showed a pattern of switch in sex dominance at
puberty age (pattern b) encompass food-borne diseases such as
EHEC, rotavirus gastroenteritis and norovirus gastroenteritis.
Explanations for this pattern can relate to both, behavioural and
intrinsic factors such as hormonal differences that appear at
puberty and can impact on susceptibility to clinically relevant
infection. Regarding behaviour and lifestyle, it has been stated
that women at adult age have a higher exposure to food-borne
virus infection due to their frequent presence in settings such as
hospitals and day-care centres where e.g. norovirus is transmitted
[10]. Women of reproductive age could also be more likely than
men to represent secondary cases if they were infected by their
children. Whether this quantitatively explains the difference has
to our knowledge not been assessed. Furthermore, it raises the
question why campylobacter infection does not follow this pattern
given its similarities regarding transmission route and
exposure-related determinants. The male dominance at a young
age could be related to biology that results in a more vulnerable
immune system of young males compared with females. The bio-
logical mechanisms involved in the immune system and immune
response are mainly of hormonal origins such as the correlation of
high testosterone levels with reduced immune responses [11] or
the protective effect of oestrogens against infections [1]. As testos-
terone levels in males rise shortly after birth, the so-called ‘mini-
puberty’, and decline after [12], new-born males might be more
susceptible to infectious diseases in general and food-borne agents
in particular.

The theory of intrinsic factors would thus also explain the high
incidence in infant males relatively to female infants for influenza
and invasive meningococcal disease which follow the same sex-
age pattern (pattern a). The higher female incidence after puberty
may accordingly be related to endogenous or exogenous hormo-
nal changes affecting women at childbearing age and potentially
impacting on their vulnerability to infection. It might also be a
consequence of the above mentioned behavioural contributors
to exposure. Interestingly, for invasive meningococcal, the statis-
tically significant male dominance in the age-group 0–14 seems
to be driven by an increased risk for males aged 0–4 years, com-
pensating for the non-significant trend among 5–14-year olds.

Another finding of our study also contradicts common con-
cepts of risk factors: Food- or water-borne infections do not con-
sistently follow the same sex/age-incidence pattern. I.e. those
infections resulting from bacteria (pattern c) including campylo-
bacter or Yersinia enterocolitica affect males throughout life
more frequently than females, which is different from the food-
borne infections with a switch in sex dominance (pattern b).
Infections with campylobacter or Yersinia are attributable to vari-
ous sources of exposure, e.g. consumption of contaminated meat
[13, 14] or drinking water [15]. Another major transmission route
for campylobacter is contacted with farm animals, e.g. through
occupational exposure. More frequent consumption of fresh

poultry or specific male occupations could result in a higher
risk of men. However, this behaviour and exposure-related asser-
tion would not serve as a primary explication in light of research,
which showed that higher exposure to these bacteria increase the
development of immunity. Higher C. jejuni antibody levels would
thus rather prevent males from becoming ill [16, 17].

The group of infections with a preponderance in juvenile and
adult men (pattern d) encompasses blood-borne, sexually trans-
mitted infections, nosocomial, vector-borne and/or travel-related
diseases. For those typically transmitted through blood (e.g. intra-
venous drug use), the higher infection rates among males at a
sexually active age-span are easily explained by behaviour
[5, 18, 19]. In addition, implemented sex-specific prevention prac-
tices such as syphilis-screening or hepatitis B screening of preg-
nant women may have resulted in effects that manifest in a
lower incidence among adult females compared with males. The
vector-transmitted and/or travel-associated diseases following
the sex-age pattern of group ‘d’, namely malaria and hantavirus
infections can also mostly be explained by behaviour and subse-
quent exposure. Malaria is well studied with regard to sex differ-
ences and explanations are in part applicable to other ‘pattern d
infections’. While in malaria-endemic settings various physio-
logical characteristics have been attributed to males being more
frequently and more severely afflicted by malaria [20, 21], in a set-
ting where malaria is almost exclusively imported, these factors
are likely to be less relevant. The allocation of malaria into the
group of infections with a strong behavioural risk component
makes the specific male risk behaviour most explanatory for the
sex differences. This behaviour may include a lower adherence
to protective measures [20–23] and a higher likelihood of travel-
ling to malaria-endemic areas [20, 21]. However, in searching for
specific explanations for the male preponderance for malaria and
hepatitis B virus infection, one has to take into consideration that
a large proportion of notifications could have occurred among
migrants from malaria-endemic countries, which in turn are
more likely to be males. Although the German surveillance system
does not capture the country of origin of notified individuals, it
records the countries of origin of the infection in notified indivi-
duals. These countries were to a vast majority those located in
Africa [24], which are also countries of origin of many migrants.
Thus, it could be hypothesised that the male preponderance
among malaria cases notified in Germany is strongly influenced
by the male preponderance among the migrant population com-
ing from affected countries. This would also explain why we did
not find a significant difference in incidence between males and
females for dengue fever, a result which is also in line with previ-
ous findings [20, 25]. Lack of adherence to protective measures
and travelling to high-risk areas were also not affected by sex in
another study but pre-clinical travel advice seeking was signifi-
cantly more common among females [21] which would support
the theory of behaviour being the most relevant explanation for
all group d infections and would thus allude for a need of
enhanced sex-specific prevention measures that target middle-
aged males. The higher male incidence for legionellosis reflects
a sex pattern that is also observed from legionellosis outbreaks
[26] and reasons can relate to higher susceptibility due to a higher
prevalence of behavioural risks such as smoking [27] and alcohol
consumption [28–30], but possibly also genetically determined
differences in susceptibility. The difference for MRSA has also
been seen in prevalence studies on S. aureus which did not iden-
tify specific behavioural or exposure-related explanations [31].
Similar to HIV and syphilis, the male preponderance for hepatitis
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B virus infection could be a consequence of a higher frequency of
risk-related male behaviour, including injecting drug use or sexual
transmission among men having sex with men.

Pattern ‘e’ includes diseases with a significant preponderance
in males of older age. For tick-borne encephalitis, this is well
documented [32] and may be due to higher recreational exposure
to tick environments but the identified strength of the IRR
remains of surprise. Even more difficult to explain is the marked
male preponderance at an older age for infections caused by
Listeria, particularly since it is not similarly strong in the younger
age group. A clear explanation for the sex–age pattern of listeriosis
shared with tick-borne encephalitis is not obvious. A higher
awareness of the disease risk among older females might be pos-
sible, e.g. through sensitisation for the fact that listeriosis is most
risky if acquired during pregnancy.

Strength and limitations

For the creation of sex-specific patterns under consideration of
age for susceptibility to infections, we used data from 13 years
of statutory surveillance of a population of around 82 million
individuals and calculated standardised ratios using population
data stratified by age, sex and year. This makes our analysis and
findings fairly robust against temporal variations and possible
biases. While underreporting is a known limitation in surveillance
systems, it is unlikely to distort our findings in a relevant way since
our aim was to investigate relative differences in incidence between
sexes and not absolute differences. Although a sex-specific selection
and information bias can affect statutory surveillance [33] this is
less likely in countries like Germany, where the structure of the
health insurance system minimises sex-specific difference in access
to diagnostic service for infections. Furthermore, if such an effect
would play a significant role, it would be difficult to explain why
it should play towards preponderance of a particular sex in a particu-
lar disease and age group and not in another, as presented by our
data. Nevertheless, the nature of the data does not allow quantifying
how much of variation in infectious diseases incidence by sex is due
to social/behavioural factors of the diseased person like health-
seeking behaviour that is influenced by e.g. presence of young chil-
dren in the household and by physician behaviour. Factors can
derive from sex-specific perception of pain and symptom recogni-
tion and can influence sex-differences in reporting of infections
[34]. Furthermore, it is likely that for some unique infections such
as malaria or Hepatitis B, distortion is induced by the composition
of cases, which could be mostly migrants and which may have a sex-
distribution that differs from the general German population. Except
for tuberculosis [35] the German surveillance system does not cap-
ture the country of origin of notified individuals [24], so that this
aspect cannot be taken into account across pathogens.

Since we based our analysis on infections with case counts of
>1000 and with consistent reporting throughout the years,
changes in notification regulations made it necessary to exclude
avian influenza (notifiable since 2007), pertussis, mumps, rubella
(notifiable since 2013), severe Clostridium difficile infections
(notifiable since 2009) and varicella (notifiable since 2013). We
also identified a number of pathogens with no significant sex dif-
ference in incidence according to IRRs (adenovirus, HAV, HEV,
HIB, CJK/CJD, Q Fever, cryptosporidiosis, dengue fever, echino-
coccosis, HUS, measles and shigellosis). Some of the explanations
provided for the five patterns could also apply to these pathogens
but are difficult to disentangle due to multifactorial risk factors
occurring simultaneously. The non-significant difference between

males and females for some of the pathogens could also be a con-
sequence of low overall case counts in the respective age-strata.

In addition to routine annual reports generated for notifiable
diseases, our analyses illustrate that frequency and intensity of
exposure to disease-causing pathogens not only varies by sex
but can create reverse pictures when looking at particular
age-groups and when adjusting for the age-specific distribution
of the population at risk. This demonstrates differential exposure
to risk and protective factors associated with sex but also during
certain life stages. These factors may include behavioural and
occupational hazards, humoral and anatomic disposition. The
grouping of pathogens/infections in some of the patterns identi-
fied in our analyses has common and accepted explanations.
For example, sexually transmitted diseases affecting males at
juvenile and adult age have a clear behavioural risk component,
which has been subject to sex-sensitive prevention approaches
[6]. Other findings are of surprise and explanatory evidence is
not available from our data, as for example in the case of
MRSA, which shows a pattern of preponderance among elderly
males. However, our findings indicate that effects of some com-
monly addressed risks and prevention approaches may overall
not be sufficiently strong to manifest in data, e.g. some vaccina-
tions targeting both sexes equally. This underscores that suscep-
tibility to infections is influenced by a complex interaction of
multiple factors – some of which are not even fully understood.
Our findings may trigger investigations particularly for genetic
determinants of susceptibility to specific infections as well as
on epidemic-prone diseases which have been studied rarely
with regard to their gender-related transmission and susceptibil-
ity aspects [36]. The study confirms that for many notifiable
infections males are at higher risk than females but that this var-
ies when considering age in the analyses. The approach to iden-
tify groups of infection that follow similar patterns in
occurrence according to two core factors (age and sex) is unique
and can add to the so far lacking evidence on gender-related
aspects of infectious diseases, which are crucial for effective
public health efforts, including outbreak control [36]. Results
suggest a need for gender-sensitive prevention efforts that target
infections in a broader scope than limited to sexually transmit-
ted diseases.
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