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Abstract

Background: To prevent and control infectious diseases, it is important to understand how sex and age influence morbidity
rates, but consistent clear descriptions of differences in the reported incidence of infectious diseases in terms of sex and age
are sparse.

Methods and Findings: Data from the Japanese surveillance system for infectious diseases from 2000 to 2009 were used in
the analysis of seven viral and four bacterial infectious diseases with relatively large impact on the Japanese community. The
male-to-female morbidity (MFM) ratios in different age groups were estimated to compare incidence rates of symptomatic
reported infection between the sexes at different ages. MFM ratios were .1 for five viral infections out of seven in
childhood, i.e. male children were more frequently reported as infected than females with pharyngoconjunctival fever,
herpangina, hand-foot-and-mouth disease, mumps, and varicella. More males were also reported to be infected with
erythema infectiosum and exanthema subitum, but only in children 1 year of age. By contrast, in adulthood the MFM ratios
decreased to ,1 for all of the viral infections above except varicella, i.e. adult women were more frequently reported to be
infected than men. Sex- and age-related differences in reported morbidity were also documented for bacterial infections.
Reported morbidity for enterohemorrhagic Escherichia coli infection was higher in adult females and females were
reportedly more infected with mycoplasma pneumonia than males in all age groups up to 70 years.

Conclusions: Sex-related differences in reported morbidity for viral and bacterial infections were documented among
different age groups. Changes in MFM ratios with age may reflect differences between the sexes in underlying development
processes, including those affecting the immune, endocrine, and reproductive systems, or differences in reporting rates.
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Introduction

Manifestation and morbidity of infections differ between the

sexes and among different ages. For example, among viral

infections, commonly accepted risk factors for enterovirus

infections such as herpangina and hand-foot-and-mouth disease

(HFMD) include age younger than 1 year and male sex, suggesting

a predominance in male infants [1]. Further support for this idea

came from a study on HFMD outbreaks in China [2], which

demonstrated that boys were more susceptible than girls with the

odds ratio of 1.56 (95% confidence interval [95%CI] 1.56–1.57).

Although the major bulk of patients with erythema infectiosum

(EI) are school-aged children, mothers are more infected than

fathers, suggesting a female predominance in adulthood [1]. In

addition, more patients with arthropathy, a major complication of

EI in adults, are female than male [1,3]. More girls than boys also

acquired human herpesvirus (HHV-6), the pathogen of exanthema

subitum (ES), in childhood; the acquisition of the virus was

associated with female sex with the adjusted hazard ratio of 1.7

(95%CI 1.2–2.4) [4]. By contrast, more males contracted mumps

in a large outbreak in Bosnia and Herzegovina in 2010–2011, a

pattern which was also seen in the 2010 outbreak of rubella in

Bosnia and Herzegovina [5].

With regards to bacterial infections, there was a reported male

predominance in the incidence of tuberculosis across all age

groups except for 15–24 year olds [6]. In contrast to that, the

morbidity of pertussis is slightly higher in adult females [7], and

during a recent German outbreak of Escherichia coli O104 in 2011,

the majority of infected people were adults, and women were

infected at about twice the rate as men [8,9].

There are several studies describing age-specific sex-related

differences in morbidity. The authors recently demonstrated that
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for influenza (H1N1) 2009 and seasonal influenza, the reported

morbidity rate for males under twenty years old was statistically

higher than that for females, while the relationship was reversed in

adulthood [10]. Similar male predominance early in life and

reversal at later ages were observed in human T-cell leukemia

virus type I (HTLV-I) infection from blood donor data [11].

Thomas and Hall described age-specific sex-related differences in

the morbidity of herpes zoster in the US [12], while Wu showed

the annual incidence rates of chickenpox by age-group and sex, as

well as the relative risks between sexes, using a large-scale database

in Taiwan [13].

But studies which describe both age-specific and sex-related

differences in morbidity are exceptional; the phenomenon is

poorly documented in the literature as a recent review by the

authors demonstrated. For example, one study reported that boys

were more likely to be infected with adenovirus than girls, but no

age-specific incidences were given by sex [14]. Reports by Zerr et

al. [4] and Hukic et al. [5] described differences in morbidity for

HHV-6 and mumps infections between the sexes, but did not

mention age-specificity at all. In an analysis of serological surveys

of the age-specific distribution of antibody to parvovirus B19, the

pathogen of EI, no sex-related difference was described [15]. No

sex-related age-specific difference in morbidity was mentioned in a

survey on mumps in US [16]. Tan reported a thorough review on

pertussis with international burden, but no description was given

regarding sex-related difference in morbidity [17]. In a review on

morbidity and mortality for vaccine-preventable diseases in the

US, no description was given of sex-related differences in

morbidity and mortality [18].

Even in a standard textbook of pediatrics [1] or handbook of

communicable diseases [7], many infectious diseases are described

with no information given about age-specific sex-related differ-

ences in their epidemiological profiles. Although peak ages of

incidence or prevalence are detailed for many diseases, there is

rarely any description of sex-based differences, including when

such difference by sex occurs, until what age it continues, and what

mechanism(s) might account for this effect. These shortcomings in

knowledge can potentially hinder our understanding and control

of infectious diseases.

The authors have developed a mathematical model based on

nationwide data which enables the comparison of symptomatic

reported morbidity rates of males and females by age groups [10].

The aim of the present study is to describe age-specific sex-related

differences in infections using the Japanese nationwide infectious

disease database and to consider sex- and age-related differences in

viral and bacterial infections.

Methods

Ethics statement
Ethical approval and signed patient consent forms were not

required for our study according to the Guideline for Epidemi-

ological Studies [19], which was established by the Ministry of

Health, Labor and Welfare and the Ministry of Education,

Culture, Sports, Science and Technology of Japan in accordance

with the World Medical Association’s Declaration of Helsinki and

Japan’s Act on the Protection of Personal Information and other

related acts. Specifically, (1) all individual data were collected by

law and authorized to be utilized for academic purposes [20], and

(2) patients could not be identified, as all data were de-identified;

i.e., stripped of personal identifiers.

Study population and data sources
Japan has an active infectious disease surveillance system. Since

1999, the National Institute of Infectious Disease (NIID; Tokyo,

Japan) has collected reports of patients with various infectious

diseases, and the data have been reported in sex and age groups

(National Epidemiological Surveillance of Infectious Diseases,

NESID) [21]. Diseases of interest in the present study were

selected from those reported in NESID.

Viral infectious diseases without availability of

vaccination reported from the pediatric sentinel

points. Five major viral diseases are reported from the pediatric

sentinel points of NESID: pharyngoconjunctival fever (PCF),

herpangina, hand-foot-and-mouth disease (HFMD), EI, and ES.

No vaccinations are available for these diseases in Japan. Data

were collected from approximately 3000 pediatric sentinel points

all over Japan between 2000 and 2009 (Table 1). The number of

the sentinel points represents approximately 10% of the pediatric

facilities in Japan, and the average number of sentinel points in

2009 was 3,022. As shown in Table 1, the numbers of male and

female cases from the sentinel points were reported across 13 age

groups, and adult cases were also reported.

Vaccine-preventable viral infectious diseases reported

from the pediatric sentinel points. Two vaccine-preventable

viral infectious diseases, mumps and varicella, were studied using

reports from the pediatric sentinel points of NESID. Vaccinations

for mumps and varicella are optional for children older than 1

year under the Japanese law with vaccination rates being 23.2%

and 21.3% against mumps and varicella, respectively [22]. The

vaccination rates for those two infections are only available for

combined males and females - vaccination rates for males and

females were not available separately. However, it is assumed that

there are no differences in the vaccination rates between the sexes,

based on data from vaccination rates for the measles-rubella

combination vaccine in Japan where rates are available for each

sex, and there is no difference in the vaccination rates between the

sexes [10,23].

Bacterial infectious diseases. Data for four bacterial

infections were available from NESID for the present study

(Table 2); Group A streptococcal pharyngitis (GAS), pertussis,

enterohemorrhagic Escherichia coli (EHEC), and Mycoplasma

pneumonia (MP). GAS and pertussis were reported from the

pediatric sentinel points. EHEC cases must, by law, be reported by

all clinical facilities in Japan and archived in NESID, while the

data for MP were collected from approximately 470 NESID

sentinel points. Of these, only pertussis is vaccine-preventable; the

vaccine is generally provided four times between 3 months and 7?5

years as a component of the diphtheria, tetanus and pertussis

combined vaccine which is recommended under Japanese law

with a vaccination rate of 95.8% [22].

Statistical model and data analysis
Male-to-female morbidity ratios of infectious diseases

without vaccine availability. Morbidities of males and females

in each age group were compared through the male-to-female

morbidity (MFM) ratios [10], statistics similar to ones used by

Green [24] and Reller et al [25]. Since the present sampling is

based on the data reported from the sentinel points, the sampling

is viewed as a Poisson sampling. The morbidities (symptomatic

incidence) at a current time, pM and pF , cannot be estimated from

the observational patient data. Let pM and pF be the probabilities

that male and female patients in the age group visit the sentinel

points, respectively. From the present sampling from the sentinel

points, the ratio c~
pMpM

pF pF

can be estimated by maximum
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likelihood estimatorc
_
~

nM=NM

nF=NF

~
nM

nF

NF

NM

, where NM and NF are

the subpopulations of males and females in an age group in

Japanese population; i.e. fixed values, and nM, and nF are the

random variables that describe the numbers of male and female

patients. The ratio is referred to as the apparent MFM ratio. If
pM

pF

~1, then, c~
pM

pF

is the true MFM ratio. For large nM and nF ,

log ĉc is asymptotically normally distributed with mean log c and

variance
1

nM

z
1

nF

. In order to make multiple tests of MFM ratios

in age groups, the Bonferroni method [26] is employed, and the

Bonferroni 95% joint confidence intervals of MFM ratios are

constructed.

In order to estimate MFM ratios, ratios of male and female

population sizes in age groups should be paid attention, as

explained above. The male-to-female population ratios in age

were almost constant from 2000 to 2009. Ratios of average

subpopulations of males and females from 2000 to 2009 were used

in this study (Table 1).

Male-to-female morbidity ratios of vaccine-preventable

pediatric infectious diseases. Let vvM and vvF be the

probabilities that male and female patients in the age group get

vaccinated and let viM and viF be the probabilities that

vaccinated male and female patients in the age group get

immunized, respectively. From the present sampling from sentinel

points, the ratio c~
(1{vvM viM )pMpM

(1{vvF viF )pF pF

can be estimated by

maximum likelihood estimatorc
_
~

nM=NM

nF=NF

~
nM

nF

NF

NM

. If

vvM

vvF

~
viM

viF

~1 and
pM

pF

~1, then, c~
pM

pF

is the true MFM ratio.

Results

MFM ratios of viral infections
Viral infectious diseases without availability of

vaccine. MFM ratios of five viral infectious diseases from

NESID for which vaccination is not available are shown in

Figure 1A–E. In this study, ‘‘children’’ refers to those aged

younger than 15 years of age; ‘‘adolescence’’ 15–19 years of age

and ‘‘adult’’ 20 years of age. In two diseases, MFM ratios of

children under 15 years old were .1, i.e. male children under 15

years old were significantly more likely to be reported as infected

with PCF, and HFMD (p,0.05, Figure 1A, C). The MFM ratios

for reported cases of herpangina were .1 in 0–3, 5 and 10–14

years old (p,0.05, Figure 1B). The MFM ratios for reported EI

was .1 only in children 1 year of age (MFM ratio 1.10, 95%

confidence interval [95%CI] 1.06–1.14; Figure 1D). Of interest,

MFM ratios for the above four diseases decreased to ,1 by

adulthood; i.e., by adolescence (15–19 years old), females were

more frequently reported to be infected than males with HFMD

(MFM ratio 0.74, 95%CI 0.63–0.88; Figure 1C), and by

adulthood ($20 year old) women were more affected than men

by PCF (MFM ratio 0.47, 95%CI 0.44–0.50; Figure 1A) and

herpangina (MFM ratio 0.54, 95%CI 0.50–0.58; Figure 1B). For

EI, MFM ratios were ,1 in 4, 6–9, and older than 15 years for age

(Figure 1D). The MFM ratios for ES were 0.99 (95%CI 0.98–1.00)

in 0 year and 1.04 (95%CI 1.03–1.05) in 1 year. In age groups

over 4 years of age, the number of cases reported as ‘‘ES’’ were

unreliable because ES is clinically unlikely in this group [1,7].

Thus the data are not plotted in age groups $ 4 years of age in

Figure 1E.

Vaccine-preventable viral infectious diseases. MFM

ratios for reported cases of mumps were .1 from 0 to 14 years

of age (p,0.05) and ,1 thereafter (MFM ratio 0.82, 95%CI 0.76–

0.87 in 15–19 years of age, Figure 1F). For reported cases of

varicella, MFM ratios were .1 in 1–6 year old (p,0.05) and not

different from 1 in newborns and those older than 7 years

(Figure 1G).

MFM ratios of bacterial infections
MFM ratios for reported cases of GAS were .1 in children

under 15 years old (except 9 year olds) and ,1 after adolescence

($15 years of age, p,0.05); i.e. male children were reported

significantly more often as infected than girls, but by adolescence,

females were more frequently reported to be infected with GAS

than males (MFM ratio 0.93, 95%CI 0.89–0.98 in 15–19 years of

age; Figure 2A). In pertussis, the MFM ratios were ,1 for children

2 years old, 4 years old, and over 10 years old (p,0.05, Figure 2B).

MFM ratios for EHEC were statistically .1 in 1–14 years old

(p,0.05) and ,1 in ages older than 15 years (MFM ratio 0.85,

95%CI 0.76–0.96 in 15–19 years of age; Figure 2C); i.e. boys

under 14 years old were more frequently reported to be infected

with EHEC than girls, whereas adult females were more reported

to be infected with EHEC than males. The age category from 1 to

4 years old had the highest number of reported cases (Table 2).

As shown in Figure 2D, females are statistically more likely to be

reported as infected with MP than males, except in elderly people

above 70 years old. MFM ratios were the smallest in the age

category from 30 to 39 years old (MFM ratio 0.40, 95%CI 0.37–

0.44), while the highest number of reported cases is in those aged 1

to 4 years old (Table 2).

Discussion

Viral infections
The present study used the data of NESID, the national

surveillance data of Japan, to demonstrate differences by sex and

age in the symptomatic incidence of selected viral infections. The

estimated incidence rates in Japan are as follows; PCF 22.2 per

1,000 population aged 0–14 years (95%CI 18.4–26.0), herpangina

51.7 (95%CI 47.8–55.6), HFMD 36.7 (95%CI 34.1–39.3), EI 15.2

(95%CI 13.9–16.6), ES 38.5 (95%CI 36.0–41.0), mumps 73.0

(95%CI 68.5–77.6), varicella 86.1 (95%CI 81.8–90.4) [27].

Statistical analysis of seven viral infectious diseases documented

that male children are more likely to be reported as symptomat-

ically infected than females in five out of the seven diseases

(Figure 1A–C, F–G). Of these five diseases, the MFM ratios

decrease to ,1 by adulthood for PCF and herpangina, while those

for HFMD and mumps were reversed to ,1 in adolescence. For

EI, the MFM ratio was 1.10 (95%CI 1.06–1.14) at 1 year of age,

and ratios were ,1 thereafter with smaller ratios $15 years of age.

This might imply that there are age-specific sex-related differences

in the immune response to viruses between childhood and

adolescence/adulthood. However, every rule has its exception,

and in this case the MFM ratio of varicella did not reverse to ,1 in

adults. MFM ratio for ES were ,1 in infants and .1 at 1 year of

age (p,0.05).

It is possible that the observed pattern is due to differences in

social roles between the sexes; e.g. women may be more likely to

take care of sick family members and thus are more likely to be

affected by the disease [28]. Information about these diseases was

obtained from ,3,000 pediatric sentinel points; adult cases were

also reported, probably because some accompanying parents

might have consulted the pediatricians about their own health

during their children’s visit. Hence, there is a possibility that
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reported data for adults might have been gender-biased as it is

more likely in Japan that mothers would be the accompanying

parent. However, considering that MFM ratio was not different

from 1 for varicella in adults (Figure 1G) and that the decreases of

MFM ratios of some other diseases were observed from

adolescence onwards ($15 years of age; Figure 1C, D, and F), it

is unlikely that the reversal of the MFM ratios was simply due to

over-reporting by mothers from the pediatric sentinel points.

Further evidence to the contrary comes from epidemic kerato-

conjunctivitis (EKC). The reported numbers of patients with EKC

from the ophthalmological sentinel points of NESID (per 100,000)

had two peaks at ages 1–4 and 30–39 years of age (Figure 3A),

which may imply household transmission. However, MFM ratio

was .1 (MFM ratio 1.12, 95%CI 1.11–1.14) in the age group 30–

39 years old (Figure 3B), indicating that a bias due to

accompanying parent gender would be unlikely.

Figure 1. MFM ratios of viral infectious diseases reported from the pediatric sentinel points in Japan; pharyngoconjunctival fever
(A), herpangina (B), hand-foot-mouth disease (C), erythema infectiosum (D) and exanthema subitum (E) for infections without
availability of vaccination, and mumps (F) and varicella (G) for vaccine-preventable infections in Japan. 95% confidence intervals for
MFM ratios are indicated by error bars. Red solid lines indicate MFM ratio of 1. *: Significant with the Bonferroni’s correction (p,0?05/13) [26].
doi:10.1371/journal.pone.0042261.g001
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Bacterial infections
GAS with an estimated incidence of 66.6 per 1,000 (95%CI

60.5–72.6) [27] showed male predominance in childhood and the

reversal in adolescence and adulthood. Morbidity of pertussis was

never .1 in children or adults, indicating a female predominance

at all ages as described elsewhere [7]. MFM ratios for EHEC were

.1 in age groups 1–14 years of age and reversed to ,1 in 15 year

olds and older, i.e. boys were more likely to be reported as infected

with EHEC than girls in childhood, while in adulthood, women

were more likely to be reported as infected with EHEC than men.

Total numbers of female and male cases with EHEC were 20,600

and 19,709, respectively, including 10,761 female and 7,717 male

adult ($20 years of age) cases (Table 2). Adults comprised 46% of

the total cases, and 61% of the adult cases were in females. This is

in accordance with the female adult preponderance in the 2011

outbreak of Escherichia coli O104 in Germany, where 87% of cases

were adults and 68% of those adults were female [9].

Mycoplasma pneumoniae is the pathogen of MP with the second

largest incidence rate of community-acquired pneumonia [29].

MP is unique among the bacterial infections examined in this

study in that it showed a female preponderance in symptomatic

infection at all ages except those over 70 years old (Figure 2D). In a

population-based study on incidence of community-acquired

pneumonia, it was reported that the incidence for Mycoplasma

pneumoniae infection was not different in young and elderly people,

and it was identical in males and females [29]. But the population

size surveyed was ,200,000 and it is possible that the test power

was not sufficient.

Figure 2. MFM ratios of bacterial infections; group A streptococcal pharyngitis (A), pertussis (B), enterohemorrhagic Escherichia coli (C)
and mycoplasma pneumonia (D) reported from the sentinel points in Japan. 95% confidence intervals for MFM ratios are indicated by error
bars. Horizontal red solid lines indicate MFM ratio of 1. *: Significant with the Bonferroni’s correction (p,0.05/13 in A and B; p,0?05/11 in C and D) [26].
doi:10.1371/journal.pone.0042261.g002

Figure 3. Epidemic keratoconjunctivitis (EKC) reported from
the ophthalmological sentinel points in Japan. A: The number of
reported cases of EKC (per 100,000 population) are illustrated for male
(black) and female (red) separately. B: MFM ratios of EKC. 95%
confidence intervals for MFM ratios are indicated by error bars, and
horizontal red solid lines indicate MFM ratio of 1. *: Significant with the
Bonferroni’s correction (p,0?05/11) [26].
doi:10.1371/journal.pone.0042261.g003
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Strengths and weaknesses of the study
Several limitations of the present study should be noted. In

general, observational studies do not verify the causality, because

exposures to pathogens cannot be controlled. Covariates such as

sex and age are confounded by human behavior, cultural

influences, and other factors. The data used in the present study

has a very large sample size collected through the official

nationwide surveillance system in Japan [21]. Conservative 95%

Bonferroni joint confidence intervals [26] of MFM ratios

(Figures 1, 2 and 3) and assured precision of the estimates made

it possible to demonstrate sex- and age-related differences in

reported symptomatic infections.

It is possible that reporting rates are influenced by age and sex.

In the model of the present analysis, the authors postulate that

male and female patients consult physicians at the same rate. We

further assume that parents seek health care equally for their sons

and daughters. The latter assumption was based on the similar

levels of immunization rates for boys and girls [23]. In 2008, male

to female immunization ratios of measles-rubella combination

vaccine were virtually 1 in children, indicating equality in

vaccination rate [10,23]. Identical medical care-seeking was

reported in both sexes for salmonellosis in US [25]. Thus, we

suggest a sex-based bias in the probability of seeking medical care

during childhood is unlikely [10]. The authors believe that any

bias in estimates of the MFM ratios introduced by age- and/or

sex-based difference in reporting is minimal.

Accurate and precise estimate of morbidity rates depends on

complete observation on the number of cases. Incomplete

reporting of the number of infected individuals makes it difficult

to accurately estimate morbidity rates [30]. The present study

analyzed only data of symptomatic cases. The omission of

asymptomatic cases might lead to biased results between males

and females; it would also be possible that symptomatic to

asymptomatic infection ratios differ by sex and age. In this study,

the morbidities PM and PF are considered to be products of

probability of transmission and probability of developing symp-

tomatic disease, neither of which can be estimated separately.

The pathogens of the analyzed infections include both viruses

and bacteria. Immunological responses against viruses and

bacteria are different. It is therefore worth separately documenting

sex- and age-related differences in the reported morbidity of viral

and bacterial infectious diseases in order to understand differences

in their respective immune responses.

Putting research into context
This study documented examples of age-specific sex- related

differences in morbidity for common infections. It also suggested a

hypothesis that male children may be more susceptible to many of

the common infectious diseases than female children, while this

relationship is reversed by adulthood.

An apparent increased susceptibility of male children to selected

infectious diseases has been frequently described [24]. But, with

the exception of a limited number of studies [10–13], this

increased susceptibility has been infrequently described in terms

of sex and age as in the present study. In fact, some studies report

no differences by sex for some diseases [15–18], for which

significant differences were observed in this study. The merit of the

methodology of the present study [10] is to show differences in

morbidity by sex and age using observational data.

Genetic explanation for male-preponderance of infection in

children has been proposed [31,32]. As children grow, their body

systems develop, including immune, endocrine and reproductive

systems. Both innate and acquired immunity are influenced by

reproductive hormones [33–39]. Changes in MFM ratios by age

might reflect differences in the relative physiological development

of immune, endocrine, and reproductive systems between male

and female children as they grow.

Male-to-female differences in response to vaccination (including

non-targeted effects) were reported from epidemiological cohort

data [40–45], appreciating that the sex differences in immune

responses could lead to more efficient vaccination programs

[46,47]. Despite data supporting an effect of sex in the response to

vaccines, most studies do not document age-specific effects in

vaccine efficacy or induced immune responses [47]. It is vital to

understand sex- and age-related differences in the morbidity of

infectious diseases in order to more efficiently prepare for and

control outbreaks, investigate immune responses, and optimize

disease-specific vaccine programs [47].

Population-based serological surveys studying antibodies (IgM

and IgG) against pathogens or detecting pathogen DNA by

polymerase chain reaction [4] would be more ideal in estimating

accurate and precise infection rate. However, the cost of such

investigations could pose a limiting factor in conducting a study

using these methods. Another approach would be a large database

where all cases of selected infections in a population are obligated

to register, but the possibility of incomplete reporting (deliberate or

unintentional) would still exist. The present study analyzed the

data of NESID [21]. The sentinel points represent about 10% of

all medical facilities in Japan, and the number of sentinel points in

public health center areas are approximately proportional to their

population size. Since reporting from the sentinel points is

mandatory, the authors speculate that data from the sentinel

points would proportionately represent the nation-wide trends.

In summary, this study provides evidence through the analysis

of national data and calculation of MFM ratios that morbidity for

viral and bacterial infections are sex- and age-dependent. Since

our method uses observational data, we cannot avoid the

possibility of under reporting which might confound the results

[30]. However, under the proper circumstances, the methodology

presented here may provide a powerful tool to study age-specific

sex-related differences in the reported morbidities of selected

diseases. These considerations have been poorly documented

previously but have lately attracted more attention [48].
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