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a  b  s  t  r  a  c  t

We  used  data  on age  and  sex  for  136  laboratory  confirmed  human  A(H7N9)  cases  reported  as  of  11
August 2013  to  compare  age-specific  and  sex-specific  patterns  of  morbidity  and  mortality  from  the  avian
influenza  A(H7N9)  virus  with  those  of  the  avian  influenza  A(H5N1)  virus.  Human  A(H7N9)  cases  exhibit
high  degrees  of  age  and  sex  bias:  mortality  is  heavily  biased  toward  males  >50  years,  no  deaths  have
been  reported  among  individuals  <25  years  old,  and  relatively  few  cases  documented  among  children  or
adolescents.  The  proportion  of  fatal  cases  (PFC)  for  human  A(H7N9)  cases  as of 11  August  2013  was  32%,
compared to  a  cumulative  PFC  for  A(H5N1)  of  83%  in  Indonesia  and  36%  in  Egypt.  Approximately  75%
of  cases  of all  A(H7N9)  cases  occurred  among  individuals  >45  years  old.  Morbidity  and  mortality  from
A(H7N9)  are  lowest  among  individuals  between  10  and  29  years,  the  age  group  which  exhibits  the  highest
cumulative  morbidity  and  case  fatality  rates  from  A(H5N1).  Although  individuals  <20  years  old  comprise
oonoses nearly  50%  of  all  human  A(H5N1)  cases,  only  7% of  all reported  A(H7N9)  cases  and  no  deaths  have  been
reported  among  individuals  in  this  age  group.  Only  4% of  A(H7N9)  cases  occurred  among  children  <  5  years
old,  and  only  one  case  from  the  10 to  20 year  age  group.  Age-  and  sex-related  differences  in morbidity  and
mortality  from  emerging  zoonotic  diseases  can  provide  insights  into  ecological,  economic,  and  cultural
factors that  may  contribute  to  the emergence  and  proliferation  of  novel  zoonotic  diseases  in human
populations.
. Background

A novel multiple-reassortant avian influenza A (H7N9) emerged
nto human populations in China during 2013. The first human
ases were first detected in China during March 2013, with at
east one case retroactively identified as having occurred during
ebruary 2013. A total of 136 laboratory-confirmed human infec-
ions and 44 fatalities associated with this outbreak were reported
s of 11 August 2013, with the most recent case showing signs of
isease reported on 3 August 2013.
Phylogenetic analyses have determined that the A(H7N9) virus
as derived from at least four progenitor viruses: the six inter-
al genes from at least two different H9N2 chicken viruses, the
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haemagglutinin from domestic duck virus, and the neuraminidase
from a virus of domestic duck or wild bird origin [1,2]. To date, the
A(H7N9) virus has been identified from environmental samples and
several different poultry species (chickens, ducks, pigeons, quail)
collected in live bird markets, but not from any free-living wild bird
species. Human and avian A(H7N9) viruses exhibit high degrees of
sequence similarity, even though the virus has already diversified
into several different lineages [2].

The A(H7N9) outbreak appears to have been brought under con-
trol through a concerted response effort by veterinary and medical
health authorities in China that included intensive surveillance for
new human cases; retrospective testing of potential earlier cases;
surveillance and testing of birds in poultry markets; and closing
and disinfection of live poultry markets.
2. Objectives

We  identified and analyzed the age and sex of reported human
A(H7N9) cases in order to compare the human morbidity and
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Fig. 1. The age and sex distribution of influenza A(H7N9) virus cases, including
fatal and non-fatal outcomes worldwide, during 2013 (n = 136).

All cases

Age Total Male Female

0–9 8 7 1
10–19 1  1 0
20–29  5 2 3
30–39  16 11 5
40–49  9 7 2
50–59  26 19 7
60–69  34 24 10
70–79  23 16 7
80–89 13  9 4
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Fig. 2. The age and sex distribution of influenza A(H7N9) virus fatal outcomes
during 2013 (n = 34, no data available for 10 cases).

Fatalities

Total Male Female

0–9 0 0 0
10–19 0  0 0
20–29  1 1 0
30–39  3 1 2
40–49  2 2 0
50–59  6 5 1
60–69  10 6 4
70–79  5 4 1
90+  1 1 0
136 97 39

ortality patterns of A(H7N9) influenza with those of A(H5N1)
nfluenza, to identify risk factors for human morbidity and mor-
ality, and provide possible insights into environmental and
ehavioral exposure and infection mechanisms.

. Study design

We  collected data on the age, sex, dates of hospitalization and/or
eath, area of origin, and occupation for 136 laboratory-confirmed
(H7N9) cases from reports published by the China Centers for Dis-
ase Control (CCDC), World Health Organization (WHO), Xinhua,
nd private sector news media outlets based in mainland China as
f 11 August 2013. This total includes two cases not identified in
he official CCDC case count (n = 134): one asymptomatic case con-
rmed from a 4-year-old boy in Beijing [3], and one symptomatic
ase in Taiwan involving a 53-year-old man  recently returned from
ravel to mainland China [4].

. Results

The age and sex distribution of A(H7N9) cases and fatalities are
hown in Figs. 1 and 2. The observed patterns of age and sex bias
mong A(H7N9) cases are notable in a number of respects:

PFC for reported infections is 32% (n = 44/136).
75% of cases of all cases occurred among individuals >45 years
(n = 103/136);
71% of all cases were male (97 of 136);
male:female ratio among cases ≥60 years was  2.4–1 (50♂, 21♀);
74% of all fatalities of known sex were male (n = 25/44);
7% of cases, none of which were fatal, were individuals <20 years

old (9/136);
4% of cases were in children 0–4 years old (5/136);
One case was documented among individuals between 10–20
years old.
80–89 6  5 1
90+  1 1 0

34  25 9

5. Discussion

The epidemiological characteristics of the recent outbreak of
A(H7N9) in China appear to differ from those due to any other
zoonotic influenza, seasonal influenza or pandemic influenza. Most
patients initially developed influenza-like illness that progressed to
acute respiratory distress syndrome (ARDS) resulting in hospital-
ization and/or death [5]. There are evident high degrees of age and
sex bias among A(H7N9) cases: mortality is heavily biased toward
males >50 years; no deaths have been reported among individuals
<25 years old; and relatively few cases reported among children
and adolescents. While PFC for A(H7N9) infections (32%) is much
lower than that for A(H5N1) in China (66%) and Indonesia (83%)
[6], it is of comparable magnitude to that for A(H5N1) in Egypt and
Turkey (33–36%).

Age and sex differences in morbidity and mortality of A(H7N9)
cases in China were evident during the initial phase of the outbreak,
with the risk of serious illness more than 5 times higher for persons
≥65 years old than for younger individuals [7]. Analyses conducted
during April 2013 determined that [8,9]:

• <3% cases involved individuals 0–4 years old (2/82);
• >70% of documented cases were male;
• male:female ratio among cases ≥60 years was  approximately

3.3:1 (30♂:9♀);
• the PFC for all cases, males, and females was 22% (10/45♂;  4/18♀);
• PFC in males ≥60 years was  20% (6/30), with no fatalities among

females ≥60 years (0/9).

Our data for the 136 cases documented as of 11 August 2013
show that the age- and sex-specific patterns of morbidity and mor-
tality documented early in the A(H7N9) outbreak have remained

largely unchanged: males comprise 71% of all cases (97 of 136),
and 74% of all fatalities of known sex (n = 25/44). The male:female
ratio among cases ≥60 years remains heavily biased toward males,
with a ratio of 2.4–1 (50♂,  21♀).
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of  risk factors for human infection with influenza A(H7N9) virus in
Jiangsu Province, China, 2013. Eurosurveillance 2013;18(26). http://www.
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Previous analyses by Cowling and colleagues documented
arked differences between the age and sex-specific mortality of

uman A(H7N9) and those of A(H5N1) avian influenza cases in
hina, with a higher degree of infection risk for males only among
ases from urban areas [7,10]. Our analysis shows that the age-
pecific and sex-specific patterns of morbidity and mortality from
(H7N9) exhibit even greater disparities with those of A(H5N1)

rom countries other than China. Although individuals less than 20
ears old comprise nearly 50% of human A(H5N1) cases worldwide
11], only 8% of A(H7N9) cases with data available, and no deaths,
ere reported from this age group. The 20–29 age group, which

ncludes only 4% of A(H7N9) cases, comprises 22.4% of all A(H5N1)
ases reported since 2003 [12]. Only one case of A(H7N9) has been
ocumented among individuals 10–19 years of age, the age group
ith the highest cumulative PFC (74%) from A(H5N1). Age and sex-

pecific patterns of morbidity and mortality from A(H7N9) exhibit
he greatest disparities with A(H5N1) cases in Egypt, where infec-
ion and death rates are highest among females, and relatively few
ases occur among individuals >40 years old [13,14]:

<3% of fatalities among individuals >45 years of age (n = 5/170 as
of 3 February 2013) [15],
Female deaths outnumber males by a factor of approximately 3–1
(41♀; 14♂)  [16].

Interestingly, as of 11 August 2013, there are marked paral-
els in the observed patterns of human morbidity and mortality
rom influenza A(H7N9) and those of the novel Middle East respi-
atory syndrome coronavirus (MERS-CoV). The majority of reported
ERS-CoV patients have exhibited respiratory symptoms, and
ost MERS-CoV cases are hospitalized with severe ARDS, as was

he case for nearly all reported influenza H7N9 cases [17]. The
edian age of MERS-CoV patients is 55 years (range: 2–94), versus

 median for H7N9 of 60 years (range 2–91). The MERS-CoV had a
ale: female case ratio in those older than 60-years of 2.3–1, while

hat of H7N9 was 2.4–1. Only 4 of 95 (4.2%) MERS-CoV cases were
ndividuals aged <24 years [17,18]. More than 50% of all A(H7N9)
ases had underlying conditions, and most fatal cases MERS-CoV
lso have pre-existing medical conditions [18–20]. While existing
hronic disease conditions are recognized as a significant risk factor
or human infections by A(H7N9) and MERS-CoV, this has not been
he case for the A(H5N1) virus in China or eslewhere [21]. However,
he cumulative PFC for MERS-CoV (47%) is more similar to that of
5N1 (59%) than that of H7N9 (22%).

The underlying causes of age and sex-related differences in
orbidity and mortality which govern the demographic impacts

f emerging zoonotic diseases in human populations are often
nknown or uncertain, and can be associated with physiological
actors that increase susceptibility, or behavioral and cultural fac-
ors that mediate rates of exposure to infected animals or fomites.

e  hope that this analysis will stimulate further interest in iden-
ifying and evaluating environmental, ecological, economic and
ultural factors that may  contribute to the emergence and pro-
iferation of novel zoonotic pathogens within and among human
opulations worldwide.
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