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Background: Acute respiratory infections (ARIs), especially
pneumonia, remain a major cause of infant mortality world-
wide. In Indonesia, pneumonia is the second most common
cause of infant and toddler deaths. Exclusive breastfeeding
and basic immunization can protect infants and children from
contracting pneumonia.

Purpose: Our goal was to assess the risk factors for childhood
pneumonia in regions with a high prevalence of pneumonia in
Indonesia.

Methods: This case-control study was conducted between
March and April 2019. A total of 176 infants and toddlers aged
10-59 months were enrolled and selected from among patients
who visited the community health center. Cases of pneumonia
were diagnosed clinically based on the World Health Organiza-
tion guidelines, and the control was nonpneumonia.

Results: The risk factors for the diagnosis of pneumonia
included no or nonexclusive breastfeeding (odds ratio [OR],
7.95; 95% confidence interval [CI], 3.52-17.94), incomplete
basic immunizations (OR, 4.47; 95% CI, 2.22-8.99), indoor
air pollution (OR, 7.12; 95% CI, 3.03-16.70), low birth
weight (OR, 3.27; 95% CI, 1.19-8.92), and a high degree
of wasting (OR, 2.77; 95% CI, 1.06-7.17). Other variables
such as nutritional status (height-for-age z score), age, sex,
and educational status of the mother were not risk factors for
pneumonia.

Conclusion: No or nonexclusive breastfeeding, incomplete
basic immunizations, indoor air pollution, a history of low birth
weight, and severe malnutrition were risk factors for childhood
pneumonia. Breastfeeding was the dominant factor, while sex
modified the relationship between exclusive breastfeeding and
the incidence of pneumonia.
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Key message

Question: [s the incidence of childhood pneumonia influenced
by breastfeeding and basic immunization status?

Finding: Exclusive breastfeeding and complete basic immuniza-
tion status have an effect in limiting the incidence of childhood
pneumonia.

Meaning: While exclusive breastfeeding and complete basic
immunization the Expanded Program on Immunization status
are important factors for reducing the incidence of childhood
pneumonia, indoor air pollution was also a significant risk
factor.

Introduction

Acute respiratory infections (ARIs), especially pneumonia,
remain major causes of morbidity and mortality among infants
and toddlers in developed countries and in the developing
world.” Globally, Streptococcus pneumonia is the most com-
mon pathogen causing community-acquired pneumonia. Pneu-
monia ranks among the 5 main causes of infant mortality. The
high mortality rate caused by pneumonia makes it called “The
Forgotten Pandemic.” Based on 2015 data from United Nations
Children's Fund, 100 children died each hour due to causes
related to pneumonia, and in developing countries, death due to
pneumonia occurs at a rate of 20% compared to a rate of 4% in
developed countries.>?

Risk factors for pneumonia include malnutrition, indoor air
pollution (air polluted by cigarette smoke of family members
who smoke in the room of the house, the use of mosquito coils,
and the use of firewood stoves for cooking in the house), high
population density in the house, zinc deficiency, educational
status of the mother and any previous experience she might
have caring for children, presence of comorbidities, daycare,
humidity, cold, lack of vitamin A in the diet, birth sequence, and
low birth weight (LBW).*) Factors considered to be of primary
importance toward prevention of pneumonia are exclusive
breastfeeding until the age of 6 months and completed basic
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“Nonexclusive breastfeeding, presence of indoor air pollution
and incomplete immunizations were risk factors for
childhood pneumonia.”

Graphical abstract

immunizations (Expanded Program on Immunization [EPI]
coverage).>”)

The total coverage of exclusive breastfeeding in Bojonegoro
District, East Java Province, Indonesia is high exceeding the
national coverage target rate, while the completeness basic im-
munization or the EPI coverage in Bojonegoro also has achieved
the target for Universal Child Immunization.®”) Even with these
public health achievements targets was good, the incidence
of pneumonia remains high in this region and the number of
new cases of pneumonia has still increased. Therefore, specific
research is needed to identify risk factors associated with the high
incidence of child pneumonia in Bojonegoro.

Methods

1. Study design

The research was designed as a case-control study in a rural
area in the Bojonegoro Regency, East Java Province, Indonesia
on March-April 2019. The case group was toddlers aged 10-59
months who were diagnosed with pneumonia, and the control
group was healthy or sick toddlers (not diagnosed with pneu-
monia) of the same age who came for treatment at the health
center where the research was carried out during the same period
as the case group, on January 1,2018 to January 31, 2019.

Exclusive breastfeeding (for the first 6 months of age) and the
EPI (bacillus Calmette-Guerin, DPT-HB-HiB, Polio, and measles
vaccines) as independent variables and the dependent variable
was the incidence of child pneumonia. The external variables
were age, sex, mother's education, nutritional status (stunting
height-for-age <-2.0 z score), (wasting body weight-for-height
< -2.0 z score), history of LBW, and indoor air pollution (air

polluted by cigarette smoke of family members who smoke in the
room of the house, the use of pesticides mosquito coils, and the
use of firewood stoves for cooking in the house. The indicators
are adjusted based on the standard results of the examination of
The National Institute of Occupational Safety and Health related
to indoor pollution sources.!?

The subjects were selected start from the age of 10 months
to make it easier to identify and classify whether the child has
received complete basic immunization, because the limit of the
last basic immunization (measles vaccine is given in the age of
9-10 months) in the complete basic immunization (EPI) schedule
in children less than 1 year. This approach, the research is clearly
assessing the relationship of children who get complete basic
immunizations (EPI) with the incidence of child pneumonia.

Secondary data collection in this study used nonprobability
sampling technique by consecutive sampling, both groups for
cases and controls. Samples were taken evenly in each primary
health center work area with a high incidence rate of child
pneumonia, in Dander District, Bojonegoro. The total samples
are 176 subjects with 1:1 case comparison so that each group
included 88 children. The selection of cases using medical record
data, children diagnosed with pneumonia based on examination
results and classified based on the Integrated Management of
Childhood Illness (IMCI) approach. IMCI is a reference for
health workers to classify the diagnosis of pneumonia in children
aged 2 months to 5 years. Determination of the presence of rapid
breathing is done by calculating the frequency of breaths using
a sound timer. Classification of severe pneumonia in children if
they show retraction of the lower chest wall or stridor. Children
diagnosed with pneumonia were then selected according to the
inclusion criteria as a case group. Then in terms of choosing a
control group using seasonal matching techniques (sampling
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within the same time period) to keep off from the bias. For
the example, if there is a child with pneumonia diagnosed on
January 2019 as a case sample, then the control sample selection
was healthy or sick child but not diagnosed with pneumonia,
children with suffering from influenza, tonsillitis, or the common
cold. If the number of children who appropriate the inclusion
criteria as the control group is more than of them than the case
group, then a random selection was carried out.

The researchers visited all respondent’s homes for surveys and
interviews. Besides using patient medical records, data were also
obtained from interviews with toddler’s parents using a valid
questionnaire instrument. Then, the results of interviews were
crosschecked with the book containing maternal and child health
reports (the respondent's medical record book). The researchers
also noted anthropometric examinations in children and the
results of surveys of the respondents' home conditions which
were conducted directly during the study. In the analyses, the
bivariate analysis used chi-square tests, and multivariate analysis
used with logistic regression. The ethical clearance for the study
was approved by the Medical and Health Research Ethics
Committee of Universitas Gadjah Mada (approval number: KE/
FK/0254/EC/2019). Written informed consent from parents and
guardians of children were obtained after giving participants the
detailed information about the study.

2, Statistical analysis

Statistical analysis was performed using Stata 13 (StataCorp
LR, College Station, TX, USA). Bivariate analysis was used
in 2-stage chi-square analysis. In the first stage was examined
the relationship between the independent variables and the
dependent variable; relative risk was determined in the second
stage via calculation of the odds ratio (OR). Multivariate logistic
regression was used to determine the relationship between the
dependent variable and the independent variables when the
latter were controlled by outside variables; confounding factors
and/or modifier effects were also considered.

Results

1. Participant characteristics

The characteristics of all study participants are included in
Table 1. As shown, most of the participants were within an
age range of 1-3 years; we enrolled more females than males.
The educational level of the mother was typically low. Most
participants were not exclusively breastfed (63.64%) while
60.23% had completed basic immunization. Of interest, most
of the participants live in homes with substantial air pollution
(70.45%). Most of the participants had no history of stunted
growth (height-for-age at -2.0 z score) or a history of LBW. In
terms of nutritional status (weight-for-height z score, WHZ)
most of the participants were within normal limits. Also, most
participants report receipt of vitamin A tablets that have been
completed according to their age, which according to the

national guidelines are 2 supplements every year.

2, Relationship of risk factors with child pneumonia

The risk factors of child pneumonia are presented in Table
2. As shown, the odds of pneumonia in children who do not
exclusive breastfed was 7.95 (OR, 7,95; confidence interval [CI],
3,52-17,94; P=0.000) and the odds of pneumonia in children
who do not receive complete basic immunization (EPI coverage)
4.47 (OR, 4,47, 95% CI, 2,22-8,99; P=0,000).

Then the external variables related to the incidence of pneu-
monia in children include nutritional status, wasting parameters,
LBW history, and indoor air pollution. While the external
variables not related to childhood pneumonia were age, sex,
mother's educational status, and nutritional status (height-for-
age z score, HAZ).

Multivariate analyzes were carried out to determine the impact

Table 1. Characteristics of the participants (10-59 months of
age) from Regency Bojonegoro (2019)

Variable No. (%)
Age

10moto<1yr 5(2.84)

1-3yr 90 (51.14)

4-5yr 81 (46.02)
Sex

Male 86 (48.86)

Female 90 (51.14)
Mother's education

High 7(3.98)

Middle 71 (40.34)

Low 98 (55.68)
Breastfeeding

Exclusive 64 (36.36)

Not exclusive 112 (63.64)
Basic immunization

Complete 106 (60.23)

Not complete 70(39.77)
Household air pollution

Yes 124 (70.45)

No 52 (29.55)
Nutritional status (HA z score)

Stunted 43(24.43)

Not stunted 133(75.57)
Nutritional status (WH z score)

Normal 152 (86.36)

Wasting 24 (13.64)
LBW history

LBW 23(13.07)

No LBW 153(86.93)
Vitamin A supplementationa’

Complete 132 (75.00)

Incomplete 44(25.00)

HA, height-for-age; WH, weight-for-height; LBW, low birth weight.
Avitamin A supplementation: complete, get complete vitamin A (as much
as 10 times) according to the schedule for 5 years; incomplete, if less than
10 times according to the specified schedule.
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Table 2. Relationship of risk factors with the incidence of pneumonia in children aged 10-59 months

Incidence of pneumonia

Variable OR (95% ClI) P value
Yes No Total

Age of child (mo)
10-36 51(57.95) 44(50.00) 95 (53.98) 1.37 (0.7-2.50) 0.291
37-59 37 (42.05) 44 (50.00) 81(46.02) 1.00

Sex
Male 41 (46.59) 45(51.14) 86 (48.86) 1.19 (0.6-2.17) 0.547
Female 47 (53.41) 43 (48.86) 90(51.14) 1.00

Mother's education
Low 53(60.23) 45(51.14) 98 (55.68) 1.14 (0.7-2.64) 0.226
Middle - high 35(39.77) 43 (48.86) 78 (44.32) 1.00

Breastfeeding
Exclusive 75 (85.23) 37 (42.05) 112 (63.64) 7.95 (3.5-17.9) 0.001
Not exclusive 13(14.77) 51(57.95) 64 (36.36) 1.00

Basic immunization
Complete 50 (56.82) 20(22.73) 70(39.77) 4.47 (2.2-8.99) 0.001
Not complete 38(43.18) 68 (77.27) 106 (60.23) 1.00

Household air pollution
Yes 78 (88.64) 46 (52.27) 124 (70.45) 712 (3.03-16.70) 0.001
No 10(11.36) 42 (47.73) 52 (29.55) 1.00

Nutritional status (HA z score)
Stunted 26 (29.55) 17(19.32) 43 (24.43) 1.75 (0.8-3.55) 0.115
Not stunted 62 (70.45) 71 (80.68) 133(75.57) 1.00

Nutritional Status (HW z score)
Wasting 17(19.32) 7(7.95) 24.(13.64) 2.77 (1.0-7.17) 0.028
Normal 71 (80.68) 81(92.05) 152 (86.36) 1.00

LBW history
LBW 17(19.32) 6(6.82) 23(13.07) 3.27 (1.1-8.92) 0.014
Not LBW 71(80.68) 82(93.18) 153(86.93) 1.00

Vitamin A supplementation
Incomplete 27 (30.68) 17(19.32) 44 (25) 1.84 (0.9-3.74) 0.08
Complete 61(69.32) 71 (80.68) 132(75) 1.00
Total 88 (100) 88 (100) 176 (100)

OR, odds ratio; Cl, confidence interval; HA, height-for-age; HW, Height for weight; LBW, low birth weight.
Boldface indicates a statistically significant difference with £<0.05.

of each confounding effect and to select the best model. Selection 3. Interaction and stratification test

of variables using advanced selection methods; variables found
to be confounding variables are excluded from the modelling
process.

The results of the modelling are shown in Table 3. Here we
present model 1 as an unadjusted model (the combination of the
2 independent variables becomes the comparison model) and
produce a crude OR value. Selection of the best model is done by
looking at the largest pseudo R? value and the smallest Akaike's
Information Criterion (AIC) value. We conclude that the best
information comes from model 4 with a pseudo R2 value of
0.320 and the smallest AIC value (at 177.8).

Based on multivariate modelling, the results of the analysis
explain that the contribution of exclusive breastfeeding (age 6
months), basic immunization status, indoor air pollution, history
of LBW] and nutritional status (wasting parameters) can affect the
incidence of pneumonia in children up to 32%, and about 68%
most likely caused by the influenced of other factors.

Interaction and stratification tests were performed in order
to determine the specific impact of external variables on the
relationship between breastfeeding and vaccination and the
incidence of child pneumonia among participants in our study.
By this method, we identified the sex variable as the modifier
effect as having a significant relationship with the exclusive
breastfeeding with respect to the incidence of childhood pneu-
monia.

The results of stratification for exclusive breastfeeding and
the incidence of childhood pneumonia based on the sex of child
are shown in Table 4. We identified an initial OR of 0.083 in the
bivariate analysis which increased to 3.94 in boys and 17.4 in
girls. As such, we can conclude that the likelihood of pneumonia
in an infant or toddler (10-59 months) will be greater among
females who are not exclusively breastfed.
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Table 3. Models resulting from the multivariable analysis

Variable Model 1

Model 2

Model 3

Model 4

Breastfeeding

Exclusive 1

Not exclusive 6.95 (3.272-14.76)
Basic immunization

Complete 1

Not complete 3.732(1.828-7.618)
Household air pollution

Yes -

No -
History of LBW

LBW -

Not LBW -

1
7.043 (3.156-15.72)

1
3.324(1.557-7.096)

6.471(2.692-15.56)
1

1
7.528 (3.299-17.18)

1
3.325(1.5433-7.165)

6.208 (2.565-15.02)
1

3.045(0.937-9.893)
1

1
7.937 (3.407-18.49)

1
3.19(1.479-7.006)

6.141(2.515-14.99)
1

2.920(0.885-9.641)

Nutritional status (WH z score)

Wasting -
Normal -
Number 176
Pseudo #? 0.209
AIC 198.9

2,927 (0.906-9.452)
- - 1

176 176 176
0.291 0.306 0.320
181.0 179.3 177.8

Values are presented as odds ratio (95% confidence interval).

LBW, low birth weight; WH, weight-for-height; AIC, Akaike's Information Criterion.

Boldface indicates a statistically significant difference with £<0.001.

Table 4, Stratification: exclusive breastfeeding and the incidence
of pneumonia based on sex of child (aged 10-59 months)

Variable OR 95% Cl Pvalue
Breastfeeding + male sex
Exclusive breastfeeding + male sex 1 - -

Not exclusive breastfeeding + male sex 3.9 (1.51-10.21) 0.004
Breastfeeding + female sex

Exclusive breastfeeding + female sex 1 - -

Not exclusive breastfeeding + female sex 17.4 (5.77-51.97) 0.001

OR, odds ratio; Cl, confidence interval.
Boldface indicates a statistically significant difference with £<0.05.

Discussion

Children who were not breastfed exclusively until 6 months of
age had a nearly 8-fold higher chance of contracting pneumonia
than did children who were breastfed exclusively. Only 36% of
the children in our cohort were breastfed exclusively; this is still
quite far from the national target of 80%. Breast milk contains
nutrients, hormones, and growth factors as well as elements
that prevent allergies and inflammation and promote immunity.
Recent research in the United States and the United Kingdom
showed children who are breastfed exclusively become ill much
less frequently than children who are not breastfed.'-'?)

Research from the group of Lamberti et al.'®) showed children
who are not breastfed optimally or exclusively have a higher risk
for morbidity and mortality secondary to pneumonia at all age
levels. Pneumonia mortality was highest among children who
were not breastfed exclusively, notably in the age range of 0-5
months. Breast milk contains colostrum, which is ~16% protein
and contains immunoglobulin A, lactoferrin, and white blood

cells that contribute to the prevention of infections.'® Similar
research featuring a cohort from Brazil found that children who
were not breastfed were 17 times more likely to be hospitalized
with pneumonia than were breastfed children; as such, the study
concluded that breastfeeding could protect children from the
most severe forms of pneumonia, especially in the first month of
life.!

Most of the participants in our study have received complete
basic immunization (60%), although this number also does
not meet the national target. We found here that children with
incomplete basic immunization were nearly 5 times more likely
to contract pneumonia than children whose basic immunizations
were complete. Both baseline and booster vaccines serve to
prevent numerous childhood illnesses; this is among the most
cost-effective solutions to prevent childhood death from pneu-
monia.'®"”) This finding supports the conclusions of Damanik
etal.’® which indicated that children between the ages of 12-24
months who suffer from ARIs are 3.8 times more likely to be
lacking basic immunizations compared to children who do
not suffer from ARIs including pneumonia. Likewise, Madhi
et al.” also reported that vaccines have played an important
role in the prevention of pneumonia. These strategies have
included maximizing the number of children who receive
routine diphtheria, pertussis and tetanus immunization and
the measles vaccines, coupled with measles booster; this has re-
sulted in a rapid reduction in child mortality in low-income
countries, especially in Africa. It is interesting to note that basic
immunization correlates with protection against pneumonia
despite the fact that the pneumococcal conjugate vaccine has not
yet been included in this vaccine regimen.

We found no significant relationship between the age of
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the toddler and the incidence of pneumonia among our study
participants. This may be a consequence of the fact that the age
of the participants varied between the 2 groups. Most of the
children in the case group were >1 year old. Nonetheless, this
finding is consistent with those reported by Suwarto et al.'®
which also revealed no relationship between the age and the
incidence of pneumonia in children under 5 years (P=0.642).
Muhe etal.' and Greenberg et al.>” came to similar conclusions.
We also found no relationship between sex and the incidence
of pneumonia among children in our cohort, an observation
that may relate to different proportions of males and females
enrolled in the study. This is notable given that some studies have
reported that the incidence of ARIs in boys under 5 years of age
is higher than that of girls.??) However, the studies of Greenberg
etal.?? and Sukamawa et al.?? also found no specific relationship
between sex and the incidence of child pneumonia (P=0.09) as
did Nieminen et al.?® in a study focused on toddlers.

The results of the interaction and stratification tests revealed
significant association sex with exclusive breastfeeding against
the incidence of child pneumonia, which means that, among
infants and toddlers who are not exclusively breastfed, girls
are more likely to develop pneumonia than boys. Among the
reasons that might explain this, girls in Bojonegoro are kept
inside the home more than boys and they may be exposed more
often and more intensely to indoor air pollution, particularly if
one or both parents smoke, used of mosquito coils, and use of
wood stoves for cooking. But with the advances in technology
(playing with gadgets or other new toys) and current facilities, it
certainly affects the habits of children to play more often in the
house both boys and girls. So, if more girls are found or at risk
of pneumonia, it is also likely that this is more due to exposure
to air contaminated with pollution in the home such as cigarette
smoke, a child's personal hygiene patterns that are lacking or low
intake of nutrients that affect their immunity.

There was no relationship found between the educational
status of the mothers and the incidence of pneumonia in children
in our study. The study of Budiati came to similar conclusions.
According to Machmud, one might anticipate higher morbidity
and mortality among the less well-educated mothers because
the children may not be receiving adequate food or appropriate
health care.”® Fatmi and White?® identified no significant rela-
tionship between the education of parents with the incidence of
pneumonia in children. The study of Tiewsoh et al.?® reached
much the same conclusions. Nonetheless, these findings are
in contrast to the results presented by Nirmolia et al.?” which
showed that lack of maternal education is significantly correlated
with the incidence of pneumonia. Additionally, the use of health
care facilities was directly related to knowledge regarding pneu-
monia symptoms. As such, we can conclude that even mothers
with relatively low levels of formal education might be educated
in the signs and symptoms of pneumonia, so that proper steps
might be taken toward seeking treatment for pneumonia as
necessary.

Furthermore, our study revealed no significant relationship

between nutritional status (HAZ) and the incidence of child
pneumonia. This result might relate to the fact that the partici-
pants in our study had mostly normal growth, although it is of
course not possible to know past nutritional status for certain;
height was measured at the start of the study and most likely re-
flected nutritional status when pneumonia occurred. Fatmi and
White?). reported that the impact of nutritionally-related short
stature on the growth and development of lung function is not
yet known.?) However, stunted growth did increase the risk
of treatment failure and is associated with longer recovery in
children with pneumonia.

The relationship between nutritional status (WHZ) and
the incidence of pneumonia in in our cohort is in line with the
research of Fonseca et al.?® which reported that malnutrition
is the most important risk factor for pneumonia in childhood.
Nurnajiah et al.?”) identified a similar significant relationship
between the nutritional status of children (13-59 months) with
pneumonia who were hospitalized in Padang. These findings are
also similar to those of the Caulfield et al.>® which indicated that
malnutrition in childhood contributes significantly to the global
burden of disease, specifically that 52.3% of child deaths due to
pneumonia are directly related to malnutrition.

Children with a history of LBW had over a 3-fold higher chance
of contracting pneumonia than did children without a history
of LBW This finding corresponds to those of Hadisuwarno et
al.3» which showed that LBW was associated with an increased
the risk of pneumonia (P=0.005). Nutritional factors may have
primarily indirect effects but their long-term impact clearly plays
an important role as a risk factor for pneumonia.

Children who live with high levels of indoor air pollution have
more than a 7-fold higher risk of contracting pneumonia than do
infants and toddlers who live in homes without this condition.
Most of the indoor air pollution was directly attributed to
family members who were smoking cigarettes inside the house.
Smoking inside the house, and also the use of mosquito coils
and/or firewood stoves will have a direct impact on the quality
of inhaled air. Mukono et al.'” defined 5 sources of indoor
pollution based on the results of an examination by The National
Institute of Occupational Safety and Health; these include
cigarette smoke, pesticides, and kitchen fumes. Greenberg et
al.?® showed that children under $ years of age who are exposed
to secondhand smoke are at a higher risk of pneumonia than
children who are not exposed to cigarette smoke (P=0.016).
Cigarette smoke in the home is also associated with bacterial
infections including Neisseria meningitidis, Streptococcus
pneumoniae, and Haemophilus influenza which are the most
common bacterial pathogens which cause respiratory infections.

The use of mosquito coils inside the house remains prevalent,
and these can be found even in bedrooms where children are
sleeping. Mosquito coils also contain chemicals that are harmful
to the respiratory system. Research from the group of Zhang
et al.>? showed that exposure to smoke and the by-products
of burned mosquitoes can cause significant acute and chronic
health risks. The use of a single coil in the home results in
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release of the same amount of pollutants as 75-137 cigarettes,
and produce smoke which contains toxic carbonyl compounds
including formaldehyde and acetaldehyde which are respiratory
tract irritants as well as carcinogens.

There are many study participants in families that use fire-
wood for cooking; this is commonplace in rural areas of
Indonesia. Particles from the combustion of biofuels such as
fuelwood, charcoal, agricultural residues, and livestock manure
have been implicated as agents of respiratory disease in several
developing countries.*>*® The Balmes study also stated that
the use of furnaces/firewood was significantly associated with
pneumonia, and provided clear evidence for the increased risk
for more severe pneumonia due to disruption of the respiratory
defense mechanisms.'®)

In conclusion, this research emphasizes the importance of
exclusive breastfeeding in the first 6 months of life as well as
complete basic immunizations for preventing childhood pneu-
monia, particularly in areas of high prevalence. Nutritional
status (WHZ), history of LBW] and indoor air pollution are all
significantly associated with pneumonia in children in the 10-
to 59-month age cohort; there were no confounding external
variables to report. Sex of the child modified the relationship
between exclusive breastfeeding and the incidence of child
pneumonia; a female child who is not breastfed exclusively has
a higher risk for developing pneumonia than dose her male
counterpart.
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