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The success of the immune response is finely balanced between, on the one hand, the need to engage vigorously
with, and clear, certain pathogens; and, on the other, the requirement to minimize immunopathology and au-
toimmunity. Distinct immune strategies to achieve this balance have evolved in females and males and also in
infancy through to adulthood. Sex differences in outcome from a range of infectious diseases can be identified
from as early as fetal life, such as in congenital cytomegalovirus infection. The impact of sex hormones on the
T-helper 1/T-helper 2 cytokine balance has been proposed to explain the higher severity of most infectious dis-
eases in males. In the minority where greater morbidity and mortality is observed in females, this is hypothe-
sized to arise because of greater immunopathology and/or autoimmunity. However, a number of unexplained
exceptions to this rule are described. Studies that have actually measured the sex differences in children in the
immune responses to infectious diseases and that would further test these hypotheses, are relatively scarce.
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Sex has a major impact on outcome from a range of in-
fectious diseases, starting from the beginning of life.
Overall, morbidity and mortality rates are higher in
males than in females throughout life [1].During infan-
cy and childhood, increased susceptibility and severity
of infectious diseases for males account for this uneven
distribution to a large degree [2]. In humans, females re-
portedly mount stronger humoral and cellular immune
responses to infection or antigenic stimulation than do
males [3]. This increased level of immunity can be ben-
eficial in protection against, and clearance of, a propor-
tion of pathogens. However, it can also be detrimental,
by increasing immunopathology in certain infectious
diseases and by predisposing to autoimmune diseases
[4]. The underlying mechanisms for these sexual di-
morphisms are multifactorial, including the endocrine
and genetic effects on the immune system and physiol-
ogy, as well as sex-related differences in behavior. From
birth to adulthood, the dynamics of sexual maturation

overlap with the continuing development of the im-
mune system, showing differential outcomes between
the sexes across the age groups after pathogen exposure.
In this review, we first delineate the differences in im-
munity during childhood and between the sexes. In
the second part of the review, we further investigate
sex-related differences in selected pediatric infections.

Age- and Sex-Related Differences in Immunity
Increased susceptibility to infections during infancy has
been associated with quantitative and functional differ-
ences in the specific immune responses generated and a
lack of preexisting immunological memory in newborns
compared with adults [5]. After birth, the immune sys-
tem is challenged by a new environment and exposed to
a large variety of pathogenic and nonpathogenic anti-
gens after the sheltered existence in utero. There is a
fine line between immune responses as a necessary de-
fense mechanism against infectious agents and respons-
es to nonpathogenic agents such as the colonizing
intestinal and skin flora that could cause severe immu-
nopathology. The neonatal immune system is finely
adapted to reach this balance between immunotoler-
ance and immunoreactivity and shows functional and
quantitative differences in the humoral and cellular
arms of the immune system compared with that in
older children and adults. In the past, neonates were
often described as immunodeficient, but more recent
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research has highlighted that newborns are able to mount effec-
tive immune responses that are comparable to those in adults
under certain conditions. However, an overall shift toward im-
munological tolerance in early life is observed across innate and
adaptive immunity.

In neonates, CD4+ T-helper responses are skewed toward
anti-inflammatory T-helper (Th) 2 and regulatory T-cell re-
sponses. Effective primary and memory Th1 responses can
also be mounted but at a lower magnitude than in adults
under most conditions. Antigen specific regulatory T cells in-
duce immunological tolerance, dampen CD4+ Th1 responses,
and are present at higher levels in infancy. Because CD4+

T-helper cells play a pivotal role in orchestrating the responses
of many other immune cells, the Th1/Th2 bias in early child-
hood influences many other immune cell populations and fa-
vors responses against extracellular pathogens. Even though
CD8+ T-cell responses have been observed as early as in fetal
life against a variety of pathogens such as cytomegalovirus
(CMV), human immunodeficiency virus (HIV), and hepatitis
B virus, lower frequencies and functional deficits of cytotoxic
T lymphocyte function than in adults have been observed [5].
Dendritic cells, which have a critical antigen presenting role for
both CD4+ and CD8+ T cells, are decreased and show distinct
qualitative profiles in children compared with adults [6]. Sub-
stantial differences between children and adults have also
been found in B-cell immunity, with children showing lower
levels, reduced affinity and diversity of T-cell–dependent anti-
body responses compared with adults, although effective
B-cell responses can be induced under certain conditions, as
clearly demonstrated by the administration of effective vaccines
in infancy [7]. Innate immunity in newborns has adapted to the
challenging situation after birth, with a bias toward protection
against extracellular bacteria rather than intracellular pathogens
[8]. Over time the immune system matures and increasingly
shows adult features, with increased proinflammatory and effec-
tive memory responses resulting in higher levels of protection
against intracellular pathogens.

However, increasing age and progression to adulthood
should not be conflated with an increasingly effective immune
response. To the contrary, a so-called honeymoon period of
childhood infectious diseases has been recognized [9], in
which morbidity and mortality from a range of infections,
including tuberculosis, influenza, poliomyelitis, mumps, mea-
sles, chickenpox, and Epstein-Barr virus infection, follow a
U-shaped curve, with maximum disease rates in the first 1–2
years, increasing again only in later childhood, adolescence,
and adulthood. Minimal disease in the age groups with the
maximum incidence of these infections is consistent with
host-pathogen coadaptation [10].

With age, not only does the immune system mature but sex
differences also become more apparent. Although full sexual
maturation is only reached after puberty, there are fundamental

genetic and endocrine differences between the sexes that can
shape differential immunity early in life [11]. Long before the
peak in sex hormones in adolescence, there is an intermittent
surge of sex steroids during infancy, often referred to as mini-
puberty. Besides their role in reproduction and sexual differen-
tiation, sex hormones also influence immune responses [12]. In
particular, testosterone, progesterone, and estradiol modulate
the functions of lymphocytes, dendritic cells and macrophages,
by binding to specific receptors and subsequently binding to
hormone response elements in promotor regions. For example,
testosterone has been shown to have overall immunosuppres-
sive effects reducing interferon (IFN) γ and interleukin 4 secre-
tion in T cells [13] whereas estrogen can enhance Th1 cellular
immune responses at lower doses and increase Th2 responses
and humoral immunity at higher concentrations [14]. Differen-
tial levels of sex hormones throughout life can therefore influ-
ence the appearance of the sexual dimorphism observed in the
pathogenesis of infectious diseases. Indeed, for many patho-
gens, the gap between the sexes in susceptibility and severity
of infection is increased during the first year of life, coinciding
with the intermittent surge of sex hormones, and then again in
puberty, corresponding to the age of sexual maturation and
highest variations in the levels of sex hormones between the
sexes.

SEX DIFFERENCES IN OUTCOME FROM
SELECTED INFECTIONS IN CHILDHOOD

Viral Infections
Many of the classic pediatric exanthems, including measles, ru-
bella, erythema infectiosum (“slapped cheek”; parvovirus), and
roseola infantum (human herpesvirus 6 and 7), are caused by
viruses. With exceptions, the severity and prevalence of viral in-
fections is generally higher in males (Table 1), whereas immu-
nopathology can be increased in females owing to more
vigorous innate and adaptive immune responses [34].

Congenital CMV infection is the most significant viral cause
of birth defects in industrialized countries. In some affected in-
fants, this can lead to inclusion disease and brain damage, re-
sulting in neurocognitive deficits, sensorineural deafness, and
psychomotor retardation. Although congenital infection rates
are similar for both sexes, the risk of severe congenital CMV
disease leading to brain abnormalities and impaired neurode-
velopment is twice as high in females as in males [16]. Damage
to the central nervous system does not seem to be mainly caused
by CMV infection directly, because studies have revealed a rel-
atively permissive noncytopathic infection of neurons and as-
trocytes; the damage is rather thought to be induced by
immune-inflammatory responses [35]. A study on congenitally
CMV-infected fetuses showed that the extent of infiltrating ac-
tivated cytotoxic CD8+ T cells in infected brain tissue is corre-
lated with cerebral damage [36].Terminally differentiated CD4+
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and CD8+ CMV-specific T cells have also been shown to di-
rectly damage endothelial cells, which could increase im-
mune-mediated disease [37]. A comparison of CMV-specific
CD4+ immune responses in adults between the sexes found a
Th1 bias, with higher secretion levels of IFN-γ and interleukin
2 in females [38]. Although sex-specific data on CMV responses
in newborns is lacking at present, more vigorous cellular im-
mune responses could explain the increased immunopathology
in girls in this entity.

Measles is a childhood infection that has become nearly erad-
icated in most developed world countries by the availability of
an effective vaccine but still causes considerable disease in the
developing world. On vaccination, as with most vaccines, fe-
males show higher measles antibody titers that persist longer
[18]. Interestingly, older studies showed increased mortality
rates in females with the use of a high titer vaccine that was con-
sequently discontinued [39]. Although vaccination rates are
equal for both sexes [40], the incidence of measles is higher in
boys [19]. On infection, however, higher mortality rates have
been observed worldwide across all ages for females, with an in-
creasing sex bias in persons of reproductive age, which may be
related to higher exposure doses, differences in access to health
care, or differential immunity in women [20]. Increased levels of
sex hormones in those of reproductive age could also enhance
differences in immunological responses, increasing the ob-
served sex bias for this age group. However, in both children
and adults, males are more likely to be affected by subacute scle-
rosing panencephalitis (SSPE) as a complication of measles in-
fection [21]; females show longer latency periods and milder
SSPE symptoms [22]. Clearance of measles virus infection is

Table 1. Sex Differences in Viral, Bacterial, and Parasitic
Infections in Different age Groupsa

Pathogen/Infection
Depending

Measure Reference Age, y Sex Bias

Viral infections
RSV Incidence [15] 0–2 M>F

Severity [15] 0–2 M>F

CMV Severity [16] Congenital M<F
Incidence [16] Congenital M=F

Adenovirus Incidence [17] 0–14 M>F

Incidence [17] >14 M<F
Coxsackievirus Incidence [17] 0–14 M>F

Incidence [17] >14 M<F

HHV-6, HHV-7 Incidence All M<F
Measles Protective immunity

[18]
All M<F

Incidence [19] All M>F
Severity [20] All M<F

Mortality [20] All M<F

Complications [21,
22]

All M>F

Mumps Incidence [17] 0–14 M>F

Protective immunity
[23]

All M<F

Complications [24] All M>F

VZV, chickenpox Incidence [25] 0–14 M=F
VZV, chickenpox Incidence [25] 15–24 M<F

VZV, shingles Incidence [25] >14 M<F

Parvovirus B19 Incidence [17] >2 M<F
HIV CD4+ T-cell count

[26, 27]
All M<F

Viral load [27] All M<F

Bacterial infections
Tuberculosis Incidence [28] 0–1, ≥20 M>F

Severity 0–1, ≥20 M>F
Group A
streptococcal
pharyngitis

Incidence [29] All M>F

Complications [30,
31]

All M>F

Leptospirosis Incidence [28] <1 M>>F

Incidence [28] 1–14 M>F
Incidence [28] >14 M>>F

Botulism Incidence All M>F

Brucellosis Incidence All M>F
Meningococcal
disease

Incidence [28] 0–4 M>F

Pneumococcal
disease

Incidence [29] All M>F

Haemophilus
Influenzae

Incidence 0–4 M>F

Pertussis Incidence [32, 33] All M<F
Lower respiratory
tract infections

Incidence [29] All M>F

Severity [29] All M>F
Mycoplasma
pneumoniae

Incidence [17] All M<F

Table 1 continued.

Pathogen/Infection
Depending

Measure Reference Age, y Sex Bias

Parasitic infections
Leishmaniasis
(cutaneous and
visceral)

Incidence [28] <1 M>>F

Incidence [28] 1–14 M>F

Incidence [28] >14 M>>F
Trypanosomiasis Incidence All M>F

Chagas disease Incidence All M>F

Schistosomiasis Incidence [28] All M>F
Lymphatic filariasis Incidence All M>F

Onchocerciasis Incidence All M>F

Abbreviations: CMV, cytomegalovirus; F, female; HHV, human herpesvirus;
HIV, human immunodeficiency virus; M, male; RSV, respiratory syncytial
virus; VZV, varicella-zoster virus.
a Information has been extracted from epidemiological surveillance data
published by the World Health Organization, the Centers for Disease Control
and Prevention, the European Centre for Disease Prevention and Control, the
Japanese Infectious Disease Surveillance Center, and specific references as
indicated.
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mainly mediated by Th1 responses [41], which are generally
stronger in females, but to date no sex-specific data are available
for the T-cell responses generated in measles infection.

Recent outbreaks of mumps have shown a higher overall in-
cidence in males, with most patients having had only a single
vaccination or none. As with measles vaccination, females
show higher and more persistent antibody titers and may there-
fore be less susceptible to infection [23]. Epididymo-orchitis oc-
curs as a complication of infection in about 15%–30% of men
with mumps, whereas oophoritis develops in only 5% of infect-
ed postpubertal female patients. Less typical complications of
mumps, such as meningitis and encephalitis, also occur more
frequently in men [24]. As with the data for measles, relating
these sex-specific differences in disease outcome to distinct im-
mune responses is problematic in the absence of relevant stud-
ies. In addition, at least some of the described differences (eg,
receipt of fewer mumps immunizations in males) seem linked
to differences in behavior between or toward boys and girls [42].

Respiratory syncytial virus (RSV) causes one of the most
common pathogenic childhood infections; approximately 80%
of children experience ≥1 episode by age 1 year. Primary infec-
tion is thought to be almost always symptomatic, usually pre-
senting as a mild upper respiratory tract infection and
involving the lower respiratory tract only in more severe
cases, mainly manifesting as bronchiolitis [15]. Overall inci-
dence rates are higher in boys than in girls, and male sex is a
risk factor for severe disease requiring hospital admission
[43]. In acute RSV infection early inflammation is mediated
by the innate immune system through macrophages and natural
killer cells infiltrating the respiratory epithelium. For viral clear-
ance, both CD4+ and CD8+ T-cell responses are required, al-
though increased T-cell responses have also been associated
with increased disease [44], as strikingly illustrated by the dis-
ease enhancement caused by the formalin-inactivated vaccine
F1-RSV in the 1960s. After vaccination, 80% of vaccinees re-
quired hospitalization compared with 5% of controls, and 2
deaths occurred in the former group [45]. Depletion of both
T-cell subtypes leads to persistent viral replication but decreased
clinical disease [46]. Interestingly, 1 study has shown elevated
inflammation markers in acute RSV bronchiolitis in girls in as-
sociation with better overall outcome, possibly indicating the ef-
fect of stronger proinflammatory responses in females [47].This
illustrates the complexity and fine line between an immune re-
sponse that eliminates virus with minimal disease and one that
increases disease. In addition to differential immunity, other
factors could also contribute to the observed sex differences.
For example, prepubertal boys have shorter airways than age-
matched girls, which could increase their susceptibility to
lower respiratory tract infections [48].

Croup, or laryngotracheobronchitis, is the most common
cause of airway obstruction in children and is typically caused
by parainfluenza virus infection after a striking seasonal pattern.

The age group most affected is 6 months to 6 years. Higher in-
cidence and hospitalization rates have been consistently ob-
served in males [25]. More severe disease is clearly related to
sex differences in the respiratory tract anatomy, as described
for RSV disease, as well as to differences in antiviral immunity.

The incidence of chickenpox is similar for the sexes during
childhood and adolescence. However, a higher proportion of
cases occur in females than in males during the reproductive
years. This may be due to greater exposure of women to poten-
tially infected children in childcare settings. Furthermore, reac-
tivation of varicella-zoster virus (VZV) as shingles occurs more
often in women, possibly indicating lower levels of immunity in
females. Effective memory T-cell responses are thought to
maintain VZV latency by preventing viral reactivation [49]. In-
deed, in a recent study in healthy adults, VZV-specific CD4+

and CD8+ memory T-cell responses were detected at higher fre-
quencies in healthy men than in healthy women [26].

HIV infection shows well-documented sex-specific differenc-
es in adults as reviewed in a separate article part of this supple-
ment [insert reference here]. However, the higher CD4+ T-cell
counts observed in females are not confined to infected adults.
Large studies of HIV-infected children have demonstrated sig-
nificantly higher CD4+ T-cell counts in vertically infected fe-
male subjects naive to highly active antiretroviral therapy
(ART) [27] (Mori et al, unpublished data). In HIV-uninfected
children, absolute CD4+ T-cell counts and percentages are also
significantly higher in girls than in boys (Mori et al, unpub-
lished data) [50], as early as the first day of life. Despite higher
CD4+ T-cell counts in females, the rate of progression to HIV
disease does not differ in children or in adults by sex [29]. One
possible concern, therefore, would be that because the criteria
for ART initiation are based on absolute CD4+ T-cell counts
or percentages, girls would be starting ART inappropriately
late. However, a large study of >2000 HIV-infected children
shows no sex differences in morbidity and mortality after
ART (Mori et al, unpublished data).

Bacterial Infections
In children, bacterial infections mainly involve the respiratory
tract. Across all age groups, upper respiratory tract infections,
such as sinusitis and tonsillitis, are found more frequently in fe-
males, whereas lower respiratory tract infections are more com-
mon and more severe in males [51]. However, there are also
many exceptions to this simplified pattern. For group A strep-
tococcal pharyngitis, for example, 1 study found a slightly high-
er incidence in boys [30], and rheumatic fever as an
inflammatory disease after streptococcal infection was also ob-
served at higher rates in boys than in girls [31, 32]. A recent re-
appearance of pertussis has been observed in Europe, with
higher incidence rates in females and most severe cases occur-
ring in children before they reach vaccination age [33], and an-
other study from the United States also found higher mortality
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rates for infected females [17]. Finally,Mycoplasma pneumoniae,
the main pathogen of atypical community-acquired pneumonia
that is often found in adolescents and young adults, shows a
clear predominance in females, from studies in Japan [52].
However, no data currently available provide a biological
concept for these observations.

Vaccine-Mediated Effects
The current World Health Organization program on immuni-
zation is estimated to prevent more than 2 million childhood
deaths each year [53]. However, these vaccines also seem to
have effects beyond the intended reduction of disease caused
by the relevant pathogen. For example, vaccination against
both bacille Calmette-Guérin (BCG) and measles reduces mor-
tality due to causes other than tuberculosis and measles, respec-
tively [54, 55]. It is proposed that this may be due to a shift in the
Th1/Th2 cytokine balance, which is in favor of Th2 in infancy
and especially so in males, as described in the earlier section
Age- and Sex-Related Differences in Immunity. It is also pro-
posed that the measles vaccine reduces the nonmeasles mortal-
ity, especially in girls [56].

BCG reportedly has an epigenetic “training” effect on innate
immunity in healthy human volunteers, leading to increased
monocyte production of IFN-γ, tumor necrosis factor, and in-
terleukin 1b, in response to unrelated bacterial and fungal path-
ogens [57]. This effect was mediated through epigenetic
regulation via histone-3 lysine-4 trimethylation of the NOD2
gene, an intracellular pattern recognition receptor that recognizes
muramyl dipeptide, which has been linked with increased expres-
sion of proinflammatory cytokines, such as interleukin 12 [58]. In
BCG-vaccinated mice, 100% were protected against disseminated
candidiasis, compared with only 30% of controls [57].

The nonspecific effects of the diphtheria-tetanus-pertussis
vaccine, in contrast to those of the live vaccines, are to increase
mortality after administration in girls [59]. Again, this is hy-
pothesized to be the result of an altered balance between the
Th1 and Th2 cytokines, but studies of transcriptome changes
observed in girls after diphtheria-tetanus-pertussis vaccination
had inconclusive findings [28].

Parasitic Infections
Disparities in the incidence and severity of infections with par-
asites between sexes have been observed and studied intensively.
The sex differences in parasitic infection in adults are reviewed
in a separate article as part of this supplement [insert reference].
Interestingly, sex differences in some parasitic diseases show a
striking age pattern, as illustrated by the example of cutaneous
leishmaniasis. Its incidence shows a significant male bias during
infancy that decreases during early and late childhood [60].
With onset of puberty, the ratio of male to female case patients
starts to increase again, with a peak in the reproductive years
and a subsequent decline in the elderly. Hence, the sex bias

seems to be increased at the stages of life characterized by
high levels of sex hormones, at “minipuberty” in infancy and
at puberty and early adulthood. Protective immunity against
and resolution of cutaneous leishmaniasis is mediated predom-
inantly by Th1 responses, whereas Th2 responses have been as-
sociated with susceptibility and disease exacerbation [61].
Because testosterone promotes production of Th2 cytokines
and estrogen enhances proinflammatory Th1 responses [62],
differential levels of sex hormones may contribute to this sexual
dimorphism in disease outcome.

CONCLUSIONS

It is clear that a strong sexual dimorphism can be observed for
susceptibility and disease outcome in many childhood infec-
tions, long before sexual maturation and full expression of sex-
ual traits. Sex biases in some infectious conditions vary with age,
indicating the influence of differential levels of sex hormones
throughout different stages of life. In the first years after birth,
the increased risk of infection and the balance between immu-
notolerance and immunoreactivity is a delicate state of the im-
mune system that might be even more susceptible to minor
differences between the sexes than later in adult life. For
many pathogens susceptibility is higher in males, which can be
partially explained by the observation of stronger Th1 immune
responses in females, but higher levels of proinflammatory im-
munity also predispose females to increased immunopathology
in some infections. This simplified generalization, however,
does not apply to all infectious conditions, reflecting a more com-
plex interplay between sex and immunity, in addition to the dif-
ferences in behavior between and toward boys and girls, which
require further research.
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