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Abstract

Background

Pneumonia is the leading cause of death in children globally with the majority of these

deaths observed in resource-limited settings. Globally, the annual incidence of clinical pneu-

monia in under-five children is approximately 152 million, mostly in the low- and middle-

income countries. Of these, 8.7% progressed to severe pneumonia requiring hospitalization.

However, data to predict children at the greatest risk to develop severe pneumonia from

pneumonia are limited.

Method

Secondary data analysis was performed after extracting relevant data from a prospective

cluster randomized controlled clinical trial; children of either sex, aged two months to five

years with pneumonia or severe pneumonia acquired in the community were enrolled over a

period of three years in 16 clusters in urban Dhaka city.

Results

The analysis comprised of 2,597 children aged 2–59 months. Of these, 904 and 1693 were

categorized as pneumonia (controls) and severe pneumonia (cases), respectively based on

WHO criteria. The median age of children was 9.2 months (inter quartile range, 5.1–17.1)

and 1,576 (60%) were male. After adjustment for covariates, children with temperature

�38˚C, duration of illness�3 days, male sex, received prior medical care and severe stunt-

ing showed a significantly increased likelihood of developing severe pneumonia compared

to those with pneumonia. Severe pneumonia in children occurred more often in older chil-

dren who presented commonly from wealthy quintile families, and who often sought care

from private facilities in urban settings.
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Conclusion and recommendation

Male sex, longer duration of illness, fever, received prior medical care, and severe stunting

were significantly associated with development of WHO-defined severe childhood pneumo-

nia in our population. The results of this study may help to develop interventions target to

reduce childhood morbidity and mortality of children suffering from severe pneumonia.

Introduction

Globally, pneumonia is the leading cause of death among under-five children with more than

90% of these occurring in resource-limited settings [1]. Implementation of feasible and effec-

tive interventions has reduced under-five pneumonia death substantially from 13�6 per 1000

livebirths in 2000 to 6�6 per 1000 livebirths in 2015 [2, 3], yet, pneumonia ranked top in mor-

tality. Childhood death due to pneumonia occurs disproportionately in low-and middle-

income countries (LMICs) with the greatest number observed in South Asia and sub-Saharan

African countries [3, 4]. Compared to deaths due to other childhood diseases, pneumonia

related deaths are declining at a slower rate [5]. Rudan et al. reported the incidence of clinical

pneumonia in under-five children was approximately 0.29 episodes per child-year in LMICs of

the world [6]. This means, every year 151.8 million incidences with 13.1 million (8.7%) epi-

sodes progressing from pneumonia to severe pneumonia that require hospitalization [6, 7].

According to World Health Organization (WHO), United Nations Children’s Fund (UNI-

CEF), and others, risk factors for severe childhood pneumonia in LMICs include bacterial eti-

ology, young age, low birth weight, malnutrition, household crowding, exposure to indoor air

pollution, and low-level schooling of mothers [8–10]. Factors associated with severe pneumo-

nia in different contexts and their changes over time in LMICs are incompletely defined [6, 11,

12]. In Bangladesh, severe pneumonia is the main cause of hospitalization among under-five

children. Among 156,847 admitted children identified in a surveillance performed in seven

hospitals in Bangladesh from May 2004 through April 2007, the most frequent diagnosis was

pneumonia (32%) [10].

We analysed a large dataset of children with severe pneumonia/pneumonia from an urban

facility-based study in Bangladesh to explore factors associated with severe pneumonia com-

pared to pneumonia. We included clinical, socio-demographic characteristics, and care-seek-

ing behaviour of the study population in analyses to identify the associated factors of severe

pneumonia among under-five children.

Materials and methods

Study setting

This study was conducted in sixteen urban Wards (lowest administrative unit of City Corpora-

tion of Dhaka, the capital city of Bangladesh, with an average population of 200,000), between

January 2016 and March 2019. The study was implemented in the Smiling Sun Franchise clin-

ics (SH clinics) run by Non-governmental organizations (NGOs) in collaboration with the

Dhaka City Corporation and financially supported of the donors [United States Agency for

International Development (USAID) and Foreign, Commonwealth & Development Office

(FCDO)]. Children were either self-referred or referred from other facilities within the city.

One group received treatment on a day care basis (Day Care Approach, DCA) for severe
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pneumonia and the other group received usual standard treatment in one of various hospitals

in Dhaka city based on cluster randomization.

Study design

Secondary data analysis was performed following a case-control design after extracting data

from the database of the study entitled “Effectiveness and safety of Day Care versus Usual Care

Management of Severe Pneumonia with or without Malnutrition in Children Using the Exist-

ing Health System of Government of Bangladesh”. The main study was a prospective, cluster

randomized controlled clinical trial (registered at www.ClinicalTrials.gov Identifier:

NCT02669654). Children presenting to study clinics were assessed and those diagnosed as

severe pneumonia defined by WHO criteria [13] were considered as cases and those with

pneumonia served as analyzable controls. The Institutional Review Board (IRB) of icddr,b,

including the Research Review Committee (RRC) and Ethical Review Committee (ERC),

approved the study.

Sample size

The secondary data analysis was done with the available samples in the study. Children pre-

senting to study clinics were assessed and those diagnosed as severe pneumonia, N = 1963, and

pneumonia, N = 904 were included in this analysis.

Operational definitions

Pneumonia was defined as a history of cough or difficult breathing and lower chest wall in-

drawing or age-specific fast breathing (�50 and�40 breaths/minute for 2–11 month-olds and

12–59 month-olds respectively) without any general danger signs [13, 14]. Severe pneumonia

was defined as pneumonia with at least one of the following danger signs: central cyanosis or

hypoxemia (oxygen saturation < 90% measured by pulse oximeter), severe respiratory distress

(e.g. grunting, very severe chest in-drawing), inability to breastfeed or drink, lethargy or

unconscious, or convulsion.

Nutritional status was characterized as moderate acute malnutrition (weight-for-height/

length Z-score�-3 ZWH and�-2 or Mid-upper arm circumference (MUAC)� 115 mm

and< 125 mm for children aged 6–59 months); severe acute malnutrition (<-3 weight-for-

height/length Z-score or with nutritional edema, or MUAC <115 mm, either alone or in com-

bination); severe underweight (weight for age Z score <-3 ZWA); severe stunting (height/

length-for-age Z score<-3 HAZ) [15].

Exclusive breastfeeding was defined as the child received only breast milk with no other liq-

uids or solids provided (not even water) with the exception of oral rehydration solution, or

drops/syrups of vitamins, minerals or medicines for the first 6 months of life. Thereafter,

infants receive complementary foods with continued breastfeeding up to 2 years of age or

beyond [16].

Hospital-acquired pneumonia (an infection occurring in a patient during the process of

care in a hospital or other health care facility which was not present or incubating at the time

of admission); bronchiolitis (diagnosed by single-dose bronchodilator challenge test); sus-

pected sepsis (very ill, fever, altered mentation, convulsion); meningitis (very irritable, stiff

neck, petechial rash); diarrhea (3 or more stools per 24 hours); severe dehydration (lethargic,

sunken eyes, skin pinch goes back slowly, unable to drink); bronchial asthma (history of recur-

rent wheezing, responded to bronchodilator, prolonged expiration), above disease conditions

according to WHO guideline [13, 17, 18].

PLOS ONE Factors associated with community acquired severe pneumonia among under-five children

PLOS ONE | https://doi.org/10.1371/journal.pone.0265871 March 23, 2022 3 / 14

http://www.ClinicalTrials.gov
https://doi.org/10.1371/journal.pone.0265871


Data collection

The study cohort included children of either sex, aged 2–59 months with clinical baseline diag-

nosis of pneumonia (controls) or severe pneumonia (cases) in the triage area by obtaining

written informed consent from parents or legal guardians. The children sought care for severe

pneumonia with or without moderate acute malnutrition (MAM), severe underweight, and

diarrhoea with no or some dehydration. Children were excluded if observed to have any of the

following: hospital-acquired pneumonia, severe acute malnutrition, bronchiolitis, suspected

sepsis, meningitis, convulsion, congenital heart disease, diarrhoea with severe dehydration,

bronchial asthma or reporting with any other associated life-threatening illness.

Standard structured questionnaires consisting of basic socio-demographic, clinical, health-

care seeking behaviour, and associated variables of study interest (see data analysis section)

were completed. Mothers were encouraged to bring their child’s National Immunization Card

so that research staff could abstract information on the exact age and immunization status of

the child.

Case management

At DCA clinics, a study physician evaluated children for the presence of pneumonia/severe

pneumonia with or without moderate acute malnutrition. Children who met inclusion criteria

and identified as pneumonia were treated at home with oral antibiotic (syrup Amoxicillin) for

5 days. Those who failed after two days of oral antibiotic treatment were enrolled as severe

pneumonia (WHO does not categorize them as severe pneumonia but recommend prompt

referral to a facility available with second-line management, to develop a simplified approach

that could increase the number of children receiving appropriate management for pneumo-

nia). At the same time, children with severe pneumonia on presentation were also enrolled

and treated either at a DCA clinic or hospital. The children admitted in the hospital either by

self-referral or referred by our study personnel or any physician in the community, received

usual treatment according to the respective hospital treatment protocol.

Data analysis

Data were analysed using STATA (StataCorp version 13) and analyses included descriptive as

well as analytic methods. Frequencies with percentages for categorical variables, medians with

interquartile ranges (IQR) for continuous skewed variables, and means with standard devia-

tions for normally distributed continuous variables were calculated to summarize the data.

The independent variables were analysed in the simple binary logistic regression model, and

the attributes that were observed to be significantly associated (p-value<0.05) with the depen-

dent variable (severe pneumonia) along with clinically relevant non-significant but important

variables of public health interest were included in the multivariable logistic regression model.

The strength of association between outcome variable and the independent variables of inter-

est were assessed by calculating Odds ratios (ORs) with 95% confidence intervals. We checked

whether or not the model fitted well by the goodness of fit test and ROC curve. We also

checked the muticollinearity among the independent variables by the variance inflation factor

(VIF).

Dependent and independent variables

Pneumonia severity was the dependent variable and its options were: severe pneumonia = 1

and pneumonia = 0. The independent variables included in this study were; Associated clinical
features: duration of illness before enrolment, temperature, pulse rate, MUAC (in cm), weight-
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for-age Z score (WAZ), weight-for-height/length Z score (WHZ), height-for-age Z score

(HAZ), and associated comorbidity (diarrhoea). Socio-economic-demographic factors: age

(infants 2–11 months, young children 12–23 months, toddlers 24–59 months), sex, exclusively

breastfed, immunization status, father’s education, mother’s/caregivers education, number of

household members, number of siblings, household monthly income, wealth index, type of

delivery of the baby at birth. Health care seeking behaviours: reporting to facility or health care

provider prior to study enrolment. Environmental factors: predominant structure of wall in the

house, floor material, water treatment method, and cooking fuel source.

Categorical independent variables were coded as: duration of illness (<3days = 0,�3

days = 1); temperature (temperature�38˚C = 1, temperature <38˚C = 0); male child

(male = 1, female = 0); age (infants 2–11 months = 2, children 12–23 months = 1, children 24–

59 months = 0); exclusively breastfed (yes = 0, no = 1); Pentavalent vaccine recipient (yes = 0,

no = 1); PCV vaccine recipient (yes = 0, no = 1); measles vaccine recipient (yes = 0, no = 1);

father’s education (Illiterate = 3, Primary = 2, Secondary = 1, Higher = 0); mother’s/caregiver’s

education (Illiterate = 3, Primary = 2, Secondary = 1, Higher = 0); household member (<5 per-

son = 0,�5 person = 1); number of siblings (two or more = 1, one = 0); type of delivery (nor-

mal vaginal delivery = 0, caesarean section = 1); received treatment prior to enrolment

(private = 0, public = 1, pharmacy = 2, others = 3); consume safe drinking water (filter/boil/

chlorine tablet = 0, no = 1); use improved toilet facility (flush/ventilated pit improved = 0, not

improved = 1); wealth index (wealthiest = 0, wealthier = 1, middle = 2, poorer = 3, poorest = 4);

Predominant wall in the house (brick = 0, others = 1); floor materials (cement/ceramic

tiles = 0, others = 1); gas fuel(yes = 1, no = 0); wood (yes = 1, no = 0); underweight status

(severe = 1, moderate + normal = 0); stunting status (severe = 1, moderate + normal = 0); and

diarrhoea (yes = 1, no = 0).

Results

The study comprised of 2597 children aged 2–59 months for the analysis. Of these, 1693 were

cases and 904 were controls (Fig 1).

The median age of study children was 9.2 months (IQR, 5.1–17.1), 1576 (60%) were male,

and 1534 (59%) were in the 2-11-month age group. Two thirds of study children had more

than two siblings. Cases often had higher fever (41% vs 20%), and higher pulse rate (17% vs

16%) compared to controls. Hypoxemia was only observed in cases (11% of cases). Regarding

Fig 1. Enrolment profile of the study participants.

https://doi.org/10.1371/journal.pone.0265871.g001
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socio-demographic, care seeking and environmental variables; we also observed differences in

child’s sex, household income, received treatment prior to enrolment, child’s mode of delivery

during birth, treatment method of drinking water, toilet facility, housing (wall, floor), cooking

source (gas, wood). Care seeking behaviours were observed nearly two times more frequent in

cases than in their control counterparts (73% vs. 43%). Similarly, monthly household income

was higher in cases compared to controls. Further, we found minimal differences between the

groups in immunization status, nutritional status, household size, father’s education, or pres-

ence of diarrhoea (Table 1).

Table 1. Comparison of characteristics of the study population with severe pneumonia (cases) and pneumonia (controls) according to the WHO classification1.

Variables Severe Pneumonia n = 1693 (%) Pneumonia n = 904(%)

Presenting clinical features

Duration of illness > 3days 1536 (67.2) 751 (32.8)

Temperature� 38˚C 701 (41.4) 176 (19.5)

Pulse rate/min, mean (SD) b 140.9 (16.8) 139.0 (15.8)

Nutritional status

MUACa, mean (SD) 13.7 (1.2) 14.0 (1.2)

Severe underweight (<-3SD) 125 (7.4) 55 (6.2)

Severe stunting (<-3SD) 221 (13.1) 97 (10.9)

Sociodemographic profile

Gender (male) 1066 (63.0) 510 (56.4)

Child’s age

2–11 mo. 1040 (61.4) 494 (54.7)

12–23 mo. 408 (24.1) 255 (28.2)

23–59 mo. 245(14.5) 155 (17.6)

Exclusive breastfed 858 (50.7) 490 (54.2)

Immunization status

Pentavalent 1599 (94.5) 855 (94.6)

PCV 1466 (86.6) 759 (84.0)

Measles 211/439 (48.1) 336/644 (52.8)

Father’s education

Illiterate 252 (15.0) 157 (18.1)

Primary 483 (28.7) 254 (29.3)

Secondary 677 (40.2) 311 (35.9)

Higher 274 (16.3) 144 (16.6)

Mother’s/caregiver’s education

Illiterate 189 (11.2) 131 (14.6)

Primary 522 (30.9) 321 (35.9)

Secondary 773 (45.7) 338 (37.8)

Higher 207 (12.2) 105 (11.7)

Household member

�5 829 (49.0) 436 (48.3)

Number of siblings

Two or more 1020 (60.3) 549 (60.8)

Socio-economic context

Household income in BDT, Median (IQR) c 19000 (14000, 30000) 15000 (12000, 24000)

Wealth index

Wealthiest 383 (22.6) 125 (13.9)

(Continued)
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In unadjusted analysis, factors significantly associated with severe pneumonia included lon-

ger duration of illness, temperature� 38˚C, increased pulse rate/min, male sex, 2–11 months

old age group, wealth index, received treatment prior to enrolment, child’s mode of delivery

during birth, housing (wall, floor), cooking source (gas, wood), drinking water treatment

method, and toilet facility (Table 2).

Factors significantly associated with cases after adjusting for duration of illness, tempera-

ture, pulse rate, child’s age, child’s sex, stunting (nutritional status), received prior medical

care, wealth index, mother’s education, cooking fuel source (wood, gas) in logistic regression

analysis included: duration of illness�3days, temperature�38˚C, severe stunting, male sex,

wealth index, received prior medical care. Most children from the wealthiest quintile (60%)

received care from private or public facilities whereas those from the poorest quintile (70%)

sought care from pharmacies/drug stores and other facilities (data not presented). Cases

sought care more often from appropriate facilities compared to the control group. In the final

multivariable model, Hosmer-Lemeshow goodness-of-fit test showed it to be non-significant

(p- value = 0.26) indicating the model fitted well. The VIF values of all independent variables

were 2.81 or less and the mean VIF was 1.79. The value under the ROC curve was 0.7483. We

have also tested for interaction. No effect modification was observed.

Table 1. (Continued)

Variables Severe Pneumonia n = 1693 (%) Pneumonia n = 904(%)

Wealthier 374 (22.1) 154 (17.1)

Middle 326 (19.3) 181 (20.1)

Poorer 312 (18.4) 215 (23.9)

Poorest 297 (17.6) 225 (25.0)

Received care

Private 492 (39.2) 97 (25.1)

Public 156 (12.4) 21 (5.4)

Pharmacy 555 (44.3) 244 (63.2)

Others 51 (4.1) 24 (6.2)

Type of delivery

Caesarean section 752 (44.4) 356 (39.4)

Environment and household hygiene

Treatment of Drinking water, safe 1036 (61.2) 467 (51.7)

Toilet Facility, improvedd 1019 (60.2) 411 (45.5)

Predominant wall in the house

Brick 1347 (79.6) 639 (70.7)

Floor materials

Cement 1430 (84.5) 734 (81.1)

Cooking fuel source

Wood 182 (10.8) 139 (15.4)

Gas 1557 (92.0) 777 (86.1)

Co-morbidities

Diarrhoea 65 (3.8) 24 (2.7)

aMUAC = Mid Upper Arm Circumference in cm
bSD = Standard Deviation
c IQR = Inter Quartile Range
d improved = flush+ pour flush+ ventilated pit latrine
1Revised WHO classification and treatment of childhood pneumonia at health facilities 2014

https://doi.org/10.1371/journal.pone.0265871.t001
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Discussion

Currently, in-depth understanding of childhood pneumonia based on research is greatest in

context of high-income countries compared to LMICs. Definition of epidemiology of the ill-

ness, causal pathogens, and key prognostic factors is more robust in such settings, many of

which are different in LMICs. According to available literature, knowledge of factors and espe-

cially clinical risk factors associated with severe paediatric pneumonia at the country as well

community level in LMICs is limited [19].

Male children were predominant in the severe pneumonia group (63%) in our study. Yet in

the pneumonia group their proportion reached 56% as well; overall male children thus were

more affected significantly by severe pneumonia corroborating findings of other studies [7, 8,

20]. The cause behind the high susceptibility of male children could be either genetic, or higher

reporting for male children by the mothers due to gender bias, which potentially causes moth-

ers to notice symptoms due to a higher attention to male children particularly for seeking

health care much earlier than female children [21]. Nevertheless, boys have greater likelihood

of being affected or of care seeking in general for common acute respiratory illness than girls,

as reported in several studies from Bangladesh [22–24]. Another possibility of male children to

Table 2. Factors associated with severe pneumonia compared to pneumonia among under-five children.

Risk factors Unadjusted OR (95% CI) p-value �Adjusted OR (95% CI) p-value

Presenting clinical features

Duration of illness

<3 days Reference Reference

�3 days 1.13 (1.09, 1.16) <0.001 1.55 (1.19, 2.02) 0.001

Temperature � 38˚C

No Reference Reference

Yes 2.92 (2.41, 3.54) <0.001 2.66 (2.17, 3.26) <0.001

Severe stunting

No Reference Reference

Yes 1.23 (0.95, 1.58) 0.109 1.44 (1.09, 1.91) 0.009

Sociodemographic profiles

Child’s sex

Female Reference Reference

Male 1.31 (1.11, 1.55) 0.001 1.33 (1.11, 1.60) 0.002

Wealth index

Wealthiest Reference <0.001 Reference <0.001

Wealthier 0.79 (0.6, 1.04) 0.58 (0.41, 0.83)

Middle 0.58 (0.44, 0.77) 0.49 (0.34, 0.70)

Poorer 0.47 (0.36, 0.61) 0.41 (0.28, 0.59)

Poorest 0.43 (0.33, 0.56) 0.47 (0.31, 0.70)

Received care

Private Reference <0.001 Reference <0.001

Public 1.46 (0.88, 2.42) 1.28 (0.70, 2.33)

Pharmacy 0.45 (0.34, 0.58) 0.47 (0.34, 0.65)

Others 0.18 (0.14, 0.23) 0.22 (0.16, 0.29)

Abbreviations: OR = Odds Ratio, CI = Confidence Interval

�Adjusted for temperature, duration of illness, pulse rate, child’s age, child’s sex, stunting, received prior medical care, wealth index, mother’s education, cooking fuel

source- gas, wood

Results of unadjusted and adjusted odds ratio were calculated using simple and multivariable logistic regression

https://doi.org/10.1371/journal.pone.0265871.t002
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be in the high risk of infection could be the testosterone suppressing the immune response

[23]. However, clarification of this trend is multifaceted, as the role of social determinants of

health, such as sex, socio-economic status (SES), and water, sanitation, and hygiene (WASH)

practices, with disease are often not included in studies.

For safety reasons children with severe acute malnutrition were excluded from the main

effectiveness trial although children with moderate malnutrition were included as mentioned

earlier. One systematic review suggested that like the severely malnourished children, children

with moderate degrees of malnutrition may also be at increased the risk of death due to pneu-

monia [25, 26]. Studies that evaluated the impact of moderate malnutrition are comparatively

few as moderate degree of malnutrition in health facilities in developing countries is not

recorded as an admission diagnosis. Notably, we found severe stunting to be associated with

severe pneumonia. Stunting is established to have long-term sequels on lung development and

growth and to be associated with prolonged acute course of pneumonia treatment and delay in

recovery [27]. Malnutrition in children results in an immunocompromised state and subse-

quent increase in infectious morbidity and mortality due to impairments in multiple aspects of

the immune system including cell mediated and complement responses, inefficient chemo-

taxis, reduced mature T cells, compromised phagocytic activity, among others. The results of

our study highlight the importance of stunting in children being treated for severe pneumonia

[28, 29].

Hypoxaemia, a major indicator of disease severity, was observed in almost 11% children

with severe pneumonia by pulse oximeter, consistent with findings from a systematic review of

childhood pneumonia in LMICs [7]. The need for application of pulse oximeter and related

staff training to accurately identify and monitor children with hypoxaemia is therefore self-evi-

dent [7, 30].

On the World Pneumonia Day on Nov 12, 2015, action was sought to improve the early

identification and treatment of childhood pneumonia at community and outpatient level to

reduce disease severity and deadly outcomes [31]. It was apparent that the case–mortality rate

in untreated children with pneumonia is high, sometimes reaching as high as 20%, and deaths

can occur as early as 3 days after illness onset [31]. We also found that duration of illness at

home for 3 days or more was significantly associated with the likelihood of disease progression

to severe pneumonia. The same observation was reported from Kenya [32]. In our study fever

was significantly associated with severe pneumonia. Studies in diverse LMICs like South

Africa, Papua New Guinea, and Indonesia reported no association between fever and pneumo-

nia severity [19, 33–35]. However, one study in USA indicated temperature to be associated

with severe pneumonia (not defined by WHO classification) [36] and another study reported

duration of fever (at day 6) was associated with severity [37]. Although WHO did not consider

fever in their pneumonia severity criteria, the British Thoracic Society (BTS) includes fever in

their guideline [13, 38].

This study also depicted a noteworthy association of care-seeking behaviour with socio-eco-

nomic status variables which may be new information. Although, few reports are available on

severe pneumonia and those two variables according to most literature on children with pneu-

monia. We found care seeking behaviour proportion to be higher in much wealthier cases

compared to controls. Overall 62.3% households looked for care from different health care

facilities prior to enrolment in our study. Parents from the highest wealth index quintile were

observed to seek care from qualified providers (in private or public facilities). These observa-

tions have also been confirmed by earlier studies [39, 40]. Not surprisingly, increased aware-

ness and ability to meet the expense of care play a remarkable role in decision making, as

people from higher wealth quintiles are often more aware and generally able to afford health

care cost [40]. In contrast to the wealthiest group, the poorest groups sought health care from
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the pharmacies and other nearby facilities including the traditional healers. This pattern of

behaviour has been reported in other recent studies [40, 41]. However, severe outcome of

pneumonia and increased mortality rates have consistently been associated with low compared

with high SES [42]. The Integrated Management of Childhood Illness (IMCI) guidelines [43]

suggested awareness raising interventions to improve family and community practices

through the education of mothers, fathers, other child caretakers, and members of the commu-

nity, with a focus on timely care seeking from appropriate facility, compliance, initial care at

home, and overall health promotion. This finding is difficult to explain may be more resources

and information are available in the richest quintile to access nearby facilities. They could be

much aware and often presented to the appropriate facility in urban area.

Exclusive breastfeeding, parent’s education, immunization, household size, number of sib-

lings, housing type, and cooking fuel (gas) were not significantly associated with severe pneu-

monia in our study. Nevertheless, several studies showed some of these factors being

significantly associated with pneumonia/severe pneumonia [8, 19, 44]. A possible explanation

could be our participant’s baseline admission characteristics were identical in both the groups

and thus validate the study results. The majority of the urban households used gas stove for

cooking purposes and have same type of housing. A comparison of urban with rural data

might possibly could reveal variation in housing type, cooking fuel use, etc. Pentavalent vac-

cine and PCV coverage were 90% in our patient population, known interventions that reduce

severe bacterial pneumonia [45]. In Bangladesh we have higher vaccine coverage (>90%), thus

we are in the right track in terms of our “Expanded Programme of Immunization” coverage

[45, 46]. No significant association was found between diarrhoea as comorbidity and the risk

of severe pneumonia. However, in our study population, only a small proportion of patients

presented with diarrhoea as co-morbidity.

Strengths of the study

Data were collected over few years which should have had captured the seasonal variations.

Clinical data were taken instantly. This study had a strong referral backup system for DCA

admitted children and study sponsors with a sustained commitment over an extended period

of time that enabled what would have otherwise been a challenging study to conduct at the

community level. We captured heterogeneity (clinical, socio-demographic, care seeking and

environmental variables) in patient characteristics; our model explains 74% predicted proba-

bilities between outcome and predictors and we, therefore, conclude that our model fits well.

Limitations of the study

Our study was not designed to determine factors associated with population-based pneumonia

and severe pneumonia children; only the number and type of cases treated in the urban site

were included in this analysis. For ethical reasons we included only pneumonia or severe

pneumonia with or without moderate malnutrition in our study and excluded high mortality-

related SAM children with severe pneumonia. Lastly, the selection of cases and control was

subjective as per the WHO algorithm and we performed a limited number of chest X-rays or

other laboratory testing to confirm diagnosis due to attempts of cost containment so there was

a chance of misclassification.

Conclusion

This study analysed a large number of clinical pneumonia episodes among under-five children

in Bangladesh. We found male children, longer duration of illness, fever, received prior medi-

cal care, and severe stunting as significantly associated factors for severe pneumonia compared
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to pneumonia. The results of this study have the potential to help refine decisions about case

management in resource-limited countries by facilitating decisions about the most appropriate

site of treatment (i.e. home vs. hospital) or the need for additional supportive care. There is a

pressing need for further research in larger populations to further define significant risk factors

of severe pneumonia from the community and address key knowledge gaps in order to enable

optimal management strategies with the potential for substantial reductions in morbidity and

mortality.

Acknowledgments

We would like to thank study participants, data collectors, and supervisors for their unreserved

contribution during data collection. We gratefully acknowledge our core donors for their

unrestricted support and commitment to icddr,b’s research efforts include the Governments

of Bangladesh, Canada, Sweden and the UK.

Author Contributions

Conceptualization: Sabiha Nasrin, Abu S. G. Faruque, Nur H. Alam.

Data curation: Sabiha Nasrin, Md. Tariqujjaman.

Formal analysis: Sabiha Nasrin, Md. Tariqujjaman.

Funding acquisition: Nur H. Alam.

Methodology: Abu S. G. Faruque, Nur H. Alam.

Project administration: Shahjahan Ali.

Resources: Sabiha Nasrin.

Supervision: Mohammod J. Chisti, Abu S. G. Faruque, Tahmeed Ahmed, George J. Fuchs,

Niklaus Gyr, Nur H. Alam.

Writing – original draft: Sabiha Nasrin.

Writing – review & editing: Md. Tariqujjaman, Marufa Sultana, Rifat A. Zaman, Mohammod

J. Chisti, Abu S. G. Faruque, Tahmeed Ahmed, George J. Fuchs, Niklaus Gyr, Nur H. Alam.

References
1. Graham SM, English M, Hazir T, Enarson P, Duke T. Challenges to improving case management of

childhood pneumonia at health facilities in resource-limited settings. Bulletin of the World Health Organi-

zation. 2008; 86(5):349–55. Epub 2008/06/12. https://doi.org/10.2471/blt.07.048512 PMID: 18545737;

PubMed Central PMCID: PMC2647436.

2. McAllister DA, Liu L, Shi T, Chu Y, Reed C, Burrows J, et al. Global, regional, and national estimates of

pneumonia morbidity and mortality in children younger than 5 years between 2000 and 2015: a system-

atic analysis. 2019; 7(1):e47–e57. https://doi.org/10.1016/S2214-109X(18)30408-X PMID: 30497986

3. UNICEF. One is too many:UNICEF-Pneumonia-Diarrhoea-report. 2016.

4. UNICEF W, World Bank Group and United Nations. Levels and trends in child mortality 2019, Estimates

developed by the UN Inter-agency group for child mortality estimation. 2019.

5. Geoghegan T. Global Childhood Report 2019: Changing lives in our lifetime. Save The Children, 2019

ISBN: 1-888393-36-X.

6. Rudan I, Boschi-Pinto C, Biloglav Z, Mulholland K, Campbell H. Epidemiology and etiology of childhood

pneumonia. Bulletin of the World Health Organization. 2008; 86(5):408–16. Epub 2008/06/12. https://

doi.org/10.2471/blt.07.048769 PMID: 18545744; PubMed Central PMCID: PMC2647437.

7. Nair H, Simões EA, Rudan I, Gessner BD, Azziz-Baumgartner E, Zhang JSF, et al. Global and regional

burden of hospital admissions for severe acute lower respiratory infections in young children in 2010: a

PLOS ONE Factors associated with community acquired severe pneumonia among under-five children

PLOS ONE | https://doi.org/10.1371/journal.pone.0265871 March 23, 2022 11 / 14

https://doi.org/10.2471/blt.07.048512
http://www.ncbi.nlm.nih.gov/pubmed/18545737
https://doi.org/10.1016/S2214-109X%2818%2930408-X
http://www.ncbi.nlm.nih.gov/pubmed/30497986
https://doi.org/10.2471/blt.07.048769
https://doi.org/10.2471/blt.07.048769
http://www.ncbi.nlm.nih.gov/pubmed/18545744
https://doi.org/10.1371/journal.pone.0265871


systematic analysis. Lancet (London, England). 2013; 381(9875):1380–90. Epub 2013/02/02. https://

doi.org/10.1016/S0140-6736(12)61901-1 PMID: 23369797; PubMed Central PMCID: PMC3986472.

8. Barsam FJ, Borges GS, Severino AB, de Mello LM, da Silva AS, Nunes AA. Factors associated with

community-acquired pneumonia in hospitalised children and adolescents aged 6 months to 13 years

old. European journal of pediatrics. 2013; 172(4):493–9. Epub 2012/12/29. https://doi.org/10.1007/

s00431-012-1909-z PMID: 23271491.

9. Aston SJ. Pneumonia in the developing world: Characteristic features and approach to management.

Respirology (Carlton, Vic). 2017; 22(7):1276–87. Epub 2017/07/07. https://doi.org/10.1111/resp.13112

PMID: 28681972.

10. Naheed A, Breiman RF, Islam MS, Saha SK, Tabassum Naved R. Disparities by sex in care-seeking

behaviors and treatment outcomes for pneumonia among children admitted to hospitals in Bangladesh.

PloS one. 2019; 14(3):e0213238. Epub 2019/03/08. https://doi.org/10.1371/journal.pone.0213238

PMID: 30845206; PubMed Central PMCID: PMC6405050.

11. Lanata CF, Rudan I, Boschi-Pinto C, Tomaskovic L, Cherian T, Weber M, et al. Methodological and

quality issues in epidemiological studies of acute lower respiratory infections in children in developing

countries. International journal of epidemiology. 2004; 33(6):1362–72. Epub 2004/05/29. https://doi.org/

10.1093/ije/dyh229 PMID: 15166188.

12. Rudan I, Tomaskovic L, Boschi-Pinto C, Campbell H. Global estimate of the incidence of clinical pneu-

monia among children under five years of age. Bulletin of the World Health Organization. 2004; 82

(12):895–903. Epub 2005/01/18. https://doi.org//S0042-96862004001200005 PMID: 15654403;

PubMed Central PMCID: PMC2623105.

13. WHO. Revised WHO classification and treatment of childhood pneumonia at health facilities. 2014.

14. WHO. WHO Guidelines Approved by the Guidelines Review Committee. Pocket Book of Hospital Care

for Children: Guidelines for the Management of Common Childhood Illnesses. Geneva: World Health

Organization. Copyright©World Health Organization 2013.; 2013.

15. WHO U. WHO child growth standards and the identification of severe acute malnutrition in infants and

children, A Joint Statement. 2009. PMID: 24809116

16. WHO. Exclusive breastfeeding for optimal growth, development and health of infants. 2019.

17. WHO. Pocket book of hospital care for children. 2013.

18. WHO. The burden of health care-associated infection worldwide 2018. Available from: https://www.

who.int/infection-prevention/publications/burden_hcai/en/#:~:text=Health%20care-associated%

20infection%20%28HAI%29%2C%20also%20referred%20to%20as,present%20or%20incubating%

20at%20the%20time%20of%20admission.

19. Dean P, Florin TA. Factors Associated With Pneumonia Severity in Children: A Systematic Review.

Journal of the Pediatric Infectious Diseases Society. 2018; 7(4):323–34. Epub 2018/06/01. https://doi.

org/10.1093/jpids/piy046 PMID: 29850828; PubMed Central PMCID: PMC6454831.

20. Koch A, Mølbak K, Homøe P, Sørensen P, Hjuler T, Olesen ME, et al. Risk factors for acute respiratory

tract infections in young Greenlandic children. American journal of epidemiology. 2003; 158(4):374–84.

Epub 2003/08/14. https://doi.org/10.1093/aje/kwg143 PMID: 12915503.

21. Vlassoff C. Gender differences in determinants and consequences of health and illness. Journal of

health, population, and nutrition. 2007; 25(1):47–61. Epub 2007/07/10. PMID: 17615903; PubMed Cen-

tral PMCID: PMC3013263.

22. Baqui AH, Rahman M, Zaman K, El Arifeen S, Chowdhury HR, Begum N, et al. A population-based

study of hospital admission incidence rate and bacterial aetiology of acute lower respiratory infections in

children aged less than five years in Bangladesh. Journal of health, population, and nutrition. 2007; 25

(2):179–88. Epub 2007/11/08. PMID: 17985819; PubMed Central PMCID: PMC2754000.

23. Ullah MB, Mridha MK, Arnold CD, Matias SL, Khan MSA, Siddiqui Z, et al. Factors associated with diar-

rhea and acute respiratory infection in children under two years of age in rural Bangladesh. BMC pediat-

rics. 2019; 19(1):386. Epub 2019/10/28. https://doi.org/10.1186/s12887-019-1738-6 PMID: 31656181;

PubMed Central PMCID: PMC6815354.

24. Walker CLF, Rudan I, Liu L, Nair H, Theodoratou E, Bhutta ZA, et al. Global burden of childhood pneu-

monia and diarrhoea. Lancet (London, England). 2013; 381(9875):1405–16. Epub 2013/04/16. https://

doi.org/10.1016/s0140-6736(13)60222-6. PMID: 23582727; PubMed Central PMCID: PMC7159282.

25. Chisti MJ, Tebruegge M, La Vincente S, Graham SM, Duke T. Pneumonia in severely malnourished

children in developing countries—mortality risk, aetiology and validity of WHO clinical signs: a system-

atic review. Tropical medicine & international health: TM & IH. 2009; 14(10):1173–89. Epub 2009/09/

24. https://doi.org/10.1111/j.1365-3156.2009.02364.x PMID: 19772545.

PLOS ONE Factors associated with community acquired severe pneumonia among under-five children

PLOS ONE | https://doi.org/10.1371/journal.pone.0265871 March 23, 2022 12 / 14

https://doi.org/10.1016/S0140-6736%2812%2961901-1
https://doi.org/10.1016/S0140-6736%2812%2961901-1
http://www.ncbi.nlm.nih.gov/pubmed/23369797
https://doi.org/10.1007/s00431-012-1909-z
https://doi.org/10.1007/s00431-012-1909-z
http://www.ncbi.nlm.nih.gov/pubmed/23271491
https://doi.org/10.1111/resp.13112
http://www.ncbi.nlm.nih.gov/pubmed/28681972
https://doi.org/10.1371/journal.pone.0213238
http://www.ncbi.nlm.nih.gov/pubmed/30845206
https://doi.org/10.1093/ije/dyh229
https://doi.org/10.1093/ije/dyh229
http://www.ncbi.nlm.nih.gov/pubmed/15166188
https://doi.org//S0042-96862004001200005
http://www.ncbi.nlm.nih.gov/pubmed/15654403
http://www.ncbi.nlm.nih.gov/pubmed/24809116
https://www.who.int/infection-prevention/publications/burden_hcai/en/#:~:text=Health%20care-associated%20infection%20%28HAI%29%2C%20also%20referred%20to%20as,present%20or%20incubating%20at%20the%20time%20of%20admission
https://www.who.int/infection-prevention/publications/burden_hcai/en/#:~:text=Health%20care-associated%20infection%20%28HAI%29%2C%20also%20referred%20to%20as,present%20or%20incubating%20at%20the%20time%20of%20admission
https://www.who.int/infection-prevention/publications/burden_hcai/en/#:~:text=Health%20care-associated%20infection%20%28HAI%29%2C%20also%20referred%20to%20as,present%20or%20incubating%20at%20the%20time%20of%20admission
https://www.who.int/infection-prevention/publications/burden_hcai/en/#:~:text=Health%20care-associated%20infection%20%28HAI%29%2C%20also%20referred%20to%20as,present%20or%20incubating%20at%20the%20time%20of%20admission
https://doi.org/10.1093/jpids/piy046
https://doi.org/10.1093/jpids/piy046
http://www.ncbi.nlm.nih.gov/pubmed/29850828
https://doi.org/10.1093/aje/kwg143
http://www.ncbi.nlm.nih.gov/pubmed/12915503
http://www.ncbi.nlm.nih.gov/pubmed/17615903
http://www.ncbi.nlm.nih.gov/pubmed/17985819
https://doi.org/10.1186/s12887-019-1738-6
http://www.ncbi.nlm.nih.gov/pubmed/31656181
https://doi.org/10.1016/s0140-6736%2813%2960222-6.
https://doi.org/10.1016/s0140-6736%2813%2960222-6.
http://www.ncbi.nlm.nih.gov/pubmed/23582727
https://doi.org/10.1111/j.1365-3156.2009.02364.x
http://www.ncbi.nlm.nih.gov/pubmed/19772545
https://doi.org/10.1371/journal.pone.0265871


26. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati M, et al. Maternal and child undernutri-

tion: global and regional exposures and health consequences. Lancet (London, England). 2008; 371

(9608):243–60. Epub 2008/01/22. https://doi.org/10.1016/S0140-6736(07)61690-0 PMID: 18207566.

27. Moschovis PP, Addo-Yobo EO, Banajeh S, Chisaka N, Christiani DC, Hayden D, et al. Stunting is asso-

ciated with poor outcomes in childhood pneumonia. Tropical medicine & international health: TM & IH.

2015; 20(10):1320–8. Epub 2015/06/18. https://doi.org/10.1111/tmi.12557 PMID: 26083963; PubMed

Central PMCID: PMC4729453.

28. Morgan G. What, if any, is the effect of malnutrition on immunological competence? Lancet (London,

England). 1997; 349(9066):1693–5. Epub 1997/06/07. https://doi.org/10.1016/S0140-6736(96)12038-9

PMID: 9186397.

29. Chisti MJ, Ahmed T, Ashraf H, Faruque AS, Bardhan PK, Dey SK, et al. Clinical predictors and outcome

of metabolic acidosis in under-five children admitted to an urban hospital in Bangladesh with diarrhea

and pneumonia. PloS one. 2012; 7(6):e39164. Epub 2012/06/22. https://doi.org/10.1371/journal.pone.

0039164 PMID: 22720060; PubMed Central PMCID: PMC3376101.

30. Subhi R, Adamson M, Campbell H, Weber M, Smith K, Duke T. The prevalence of hypoxaemia among

ill children in developing countries: a systematic review. The Lancet Infectious diseases. 2009; 9

(4):219–27. Epub 2009/03/28. https://doi.org/10.1016/S1473-3099(09)70071-4 PMID: 19324294.

31. Kallander K, Burgess DH, Qazi SA. Early identification and treatment of pneumonia: a call to action.

The Lancet Global health. 2016; 4(1):e12–3. Epub 2015/11/19. https://doi.org/10.1016/S2214-109X

(15)00272-7 PMID: 26577842; PubMed Central PMCID: PMC5357734.

32. Onyango D, Kikuvi G, Amukoye E, Omolo J. Risk factors of severe pneumonia among children aged

2–59 months in western Kenya: a case control study. The Pan African medical journal. 2012; 13:45.

Epub 2013/01/19. PMID: 23330036; PubMed Central PMCID: PMC3542783.

33. Duke T, Mgone J, Frank D. Hypoxaemia in children with severe pneumonia in Papua New Guinea. The

international journal of tuberculosis and lung disease: the official journal of the International Union

against Tuberculosis and Lung Disease. 2001; 5(6):511–9. Epub 2001/06/21. PMID: 11409576.

34. Djelantik IG, Gessner BD, Sutanto A, Steinhoff M, Linehan M, Moulton LH, et al. Case fatality propor-

tions and predictive factors for mortality among children hospitalized with severe pneumonia in a rural

developing country setting. Journal of tropical pediatrics. 2003; 49(6):327–32. Epub 2004/01/17. https://

doi.org/10.1093/tropej/49.6.327 PMID: 14725409.

35. Reed C, Madhi SA, Klugman KP, Kuwanda L, Ortiz JR, Finelli L, et al. Development of the Respiratory

Index of Severity in Children (RISC) score among young children with respiratory infections in South

Africa. PloS one. 2012; 7(1):e27793. Epub 2012/01/13. https://doi.org/10.1371/journal.pone.0027793

PMID: 22238570; PubMed Central PMCID: PMC3251620.

36. Williams DJ, Zhu Y, Grijalva CG, Self WH, Harrell FE, Jr., Reed C, et al. Predicting Severe Pneumonia

Outcomes in Children. Pediatrics. 2016; 138(4). Epub 2016/10/01. https://doi.org/10.1542/peds.2016-

1019 PMID: 27688362; PubMed Central PMCID: PMC5051209 conflicts of interest to disclose.

37. Hazir T, Fox LM, Nisar YB, Fox MP, Ashraf YP, MacLeod WB, et al. Ambulatory short-course high-dose

oral amoxicillin for treatment of severe pneumonia in children: a randomised equivalency trial. Lancet.

2008; 371(9606):49–56. https://doi.org/10.1016/S0140-6736(08)60071-9 PMID: 18177775.

38. Harris M, Clark J, Coote N, Fletcher P, Harnden A, McKean M, et al. British Thoracic Society guidelines

for the management of community acquired pneumonia in children: update 2011. Thorax. 2011; 66

Suppl 2:ii1–23. Epub 2011/10/19. https://doi.org/10.1136/thoraxjnl-2011-200598 PMID: 21903691.

39. Sultana M, Sarker AR, Sheikh N, Akram R, Ali N, Mahumud RA, et al. Prevalence, determinants and

health care-seeking behavior of childhood acute respiratory tract infections in Bangladesh. PloS one.

2019; 14(1):e0210433. Epub 2019/01/11. https://doi.org/10.1371/journal.pone.0210433 PMID:

30629689; PubMed Central PMCID: PMC6328134.

40. Kanungo S, Bhowmik K, Mahapatra T, Mahapatra S, Bhadra UK, Sarkar K. Perceived morbidity, health-

care-seeking behavior and their determinants in a poor-resource setting: observation from India. PloS

one. 2015; 10(5):e0125865. Epub 2015/05/13. https://doi.org/10.1371/journal.pone.0125865 PMID:

25965382; PubMed Central PMCID: PMC4428703.

41. Amit Kumar Sahoo SM. Socio-economic Disparities in Health Care Seeking Behaviour, Health Expendi-

ture and Its Source of Financing in Orissa: Evidence from NSSO 2004–05. Journal of Health Manage-

ment. 2016;( 16(3):397–414).

42. Azab SF, Sherief LM, Saleh SH, Elsaeed WF, Elshafie MA, Abdelsalam SM. Impact of the socioeco-

nomic status on the severity and outcome of community-acquired pneumonia among Egyptian children:

a cohort study. Infectious diseases of poverty. 2014; 3:14. Epub 2014/05/17. https://doi.org/10.1186/

2049-9957-3-14 PMID: 24834348; PubMed Central PMCID: PMC4022265.

PLOS ONE Factors associated with community acquired severe pneumonia among under-five children

PLOS ONE | https://doi.org/10.1371/journal.pone.0265871 March 23, 2022 13 / 14

https://doi.org/10.1016/S0140-6736%2807%2961690-0
http://www.ncbi.nlm.nih.gov/pubmed/18207566
https://doi.org/10.1111/tmi.12557
http://www.ncbi.nlm.nih.gov/pubmed/26083963
https://doi.org/10.1016/S0140-6736%2896%2912038-9
http://www.ncbi.nlm.nih.gov/pubmed/9186397
https://doi.org/10.1371/journal.pone.0039164
https://doi.org/10.1371/journal.pone.0039164
http://www.ncbi.nlm.nih.gov/pubmed/22720060
https://doi.org/10.1016/S1473-3099%2809%2970071-4
http://www.ncbi.nlm.nih.gov/pubmed/19324294
https://doi.org/10.1016/S2214-109X%2815%2900272-7
https://doi.org/10.1016/S2214-109X%2815%2900272-7
http://www.ncbi.nlm.nih.gov/pubmed/26577842
http://www.ncbi.nlm.nih.gov/pubmed/23330036
http://www.ncbi.nlm.nih.gov/pubmed/11409576
https://doi.org/10.1093/tropej/49.6.327
https://doi.org/10.1093/tropej/49.6.327
http://www.ncbi.nlm.nih.gov/pubmed/14725409
https://doi.org/10.1371/journal.pone.0027793
http://www.ncbi.nlm.nih.gov/pubmed/22238570
https://doi.org/10.1542/peds.2016-1019
https://doi.org/10.1542/peds.2016-1019
http://www.ncbi.nlm.nih.gov/pubmed/27688362
https://doi.org/10.1016/S0140-6736%2808%2960071-9
http://www.ncbi.nlm.nih.gov/pubmed/18177775
https://doi.org/10.1136/thoraxjnl-2011-200598
http://www.ncbi.nlm.nih.gov/pubmed/21903691
https://doi.org/10.1371/journal.pone.0210433
http://www.ncbi.nlm.nih.gov/pubmed/30629689
https://doi.org/10.1371/journal.pone.0125865
http://www.ncbi.nlm.nih.gov/pubmed/25965382
https://doi.org/10.1186/2049-9957-3-14
https://doi.org/10.1186/2049-9957-3-14
http://www.ncbi.nlm.nih.gov/pubmed/24834348
https://doi.org/10.1371/journal.pone.0265871


43. WHO. Integrated management of childhood illness: conclusions. WHO Division of Child Health and

Development. Bulletin of the World Health Organization. 1997; 75 Suppl 1(Suppl 1):119–28. Epub

1997/01/01. PMID: 9529725; PubMed Central PMCID: PMC2486994.

44. Ngocho JS, de Jonge MI, Minja L, Olomi GA, Mahande MJ, Msuya SE, et al. Modifiable risk factors for

community-acquired pneumonia in children under 5 years of age in resource-poor settings: a case-con-

trol study. Tropical medicine & international health: TM & IH. 2019; 24(4):484–92. Epub 2019/02/01.

https://doi.org/10.1111/tmi.13211 PMID: 30702791.

45. Saha S, Hasan M, Kim L, Farrar JL, Hossain B, Islam M, et al. Epidemiology and risk factors for pneu-

monia severity and mortality in Bangladeshi children <5 years of age before 10-valent pneumococcal

conjugate vaccine introduction. BMC public health. 2016; 16(1):1233. Epub 2016/12/09. https://doi.org/

10.1186/s12889-016-3897-9 PMID: 27927201; PubMed Central PMCID: PMC5142317.

46. CDC. Direct and indirect effects of routine vaccination of children with 7-valent pneumococcal conjugate

vaccine on incidence of invasive pneumococcal disease—United States, 1998–2003. MMWR Morbidity

and mortality weekly report. 2005; 54(36):893–7. Epub 2005/09/16. PMID: 16163262.

PLOS ONE Factors associated with community acquired severe pneumonia among under-five children

PLOS ONE | https://doi.org/10.1371/journal.pone.0265871 March 23, 2022 14 / 14

http://www.ncbi.nlm.nih.gov/pubmed/9529725
https://doi.org/10.1111/tmi.13211
http://www.ncbi.nlm.nih.gov/pubmed/30702791
https://doi.org/10.1186/s12889-016-3897-9
https://doi.org/10.1186/s12889-016-3897-9
http://www.ncbi.nlm.nih.gov/pubmed/27927201
http://www.ncbi.nlm.nih.gov/pubmed/16163262
https://doi.org/10.1371/journal.pone.0265871

