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Abstract

Background

In Latin America, community-acquired pneumonia remains a major cause of morbidity and

mortality among children. Few studies have examined the etiology of pneumonia in Ecuador.

Methods

This observational study was part of a randomized, double blind, placebo-controlled clinical

trial conducted among children aged 2–59 months with severe pneumonia in Quito, Ecua-

dor. Nasopharyngeal and blood samples were tested for bacterial and viral etiology by poly-

merase chain reaction. Risk factors for specific respiratory pathogens were also evaluated.

Results

Among 406 children tested, 159 (39.2%) had respiratory syncytial virus (RSV), 71 (17.5%)

had human metapneumovirus (hMPV), and 62 (15.3%) had adenovirus. Streptococcus

pneumoniae was identified in 37 (9.2%) samples and Mycoplasma pneumoniae in three

(0.74%) samples. The yearly circulation pattern of RSV (P = 0.0003) overlapped with S.

pneumoniae, (P = 0.03) with most cases occurring in the rainy season. In multivariable anal-

ysis, risk factors for RSV included younger age (adjusted odds ratio [aOR] = 1.9, P = 0.01)

and being underweight (aOR = 1.8, P = 0.04). Maternal education (aOR = 0.82, P = 0.003),

pulse oximetry (aOR = 0.93, P = 0.005), and rales (aOR = 0.25, P = 0.007) were associated

with influenza A. Younger age (aOR = 3.5, P = 0.007) and elevated baseline respiratory rate

were associated with HPIV-3 infection (aOR = 0.94, P = 0.03).

Conclusion

These results indicate the importance of RSV and influenza, and potentially modifiable risk

factors including undernutrition and future use of a RSV vaccine, when an effective vaccine

becomes available.
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Introduction

Pneumonia is the leading infectious cause of mortality among children below 5 years of age,

and is responsible for nearly one million deaths annually in this population [1–3]. The World

Health Organization (WHO) estimates that the vast majority (over 95%) of the estimated 156

million pneumonia episodes occurring each year among young children takes place in devel-

oping countries [4]. Globally, South Asia and sub-Saharan Africa bear the highest burden of

pneumonia episodes; fifteen countries within these two regions alone accounted for over two-

thirds of pneumonia mortality in 2011 [5–7]. Nevertheless, in Latin America and the Carib-

bean, community-acquired pneumonia continues to be a prominent cause of high morbidity

and mortality among children. Specifically, an estimated 327,000 cases and 12,000–28,000

deaths due to pneumonia occur annually in children in this region [8,9].

Hospital-based studies have contributed to understanding the causes of pneumonia in

developing countries [4]. However, determining pneumonia etiology remains challenging due

to difficulties in obtaining lower respiratory tract specimens from children [1,10]. The most

significant bacterial strains associated with pneumonia in children described in past microbio-

logical studies include Streptococcus pneumoniae and Haemophilus influenzae type B (Hib),

[11–13] followed by Staphylococcus aureus and Mycoplasma pneumoniae [14]. Furthermore,

viral pathogens linked to acute respiratory infections, including pneumonia, include human

metapneumovirus (hMPV), adenovirus, influenza types A and B, rhinovirus, respiratory syn-

cytial virus (RSV), and bocavirus [15,16].

Studies examining the etiology of pneumonia in Latin America, in particular Ecuador, are lim-

ited. Using blood and lung aspirates from children younger than 5 years from tertiary care hospi-

tals in Bangladesh, Ecuador, India, Mexico, Pakistan, Yemen, and Zambia, bacterial pathogens

associated with WHO-defined very severe pneumonia were: S. pneumoniae and S. aureus, fol-

lowed less commonly by H. influenzae, Escherichia coli, and Pseudomonas aeruginosa [17]. How-

ever, the study conducted by Asghar et al [17] did not assess viral pathogens other than RSV.

As immunization programs have been implemented within developing countries to protect

against bacterial pneumonia, viral pathogens have also emerged as prevalent etiologic agents

[18]. Specifically, the need for more etiology studies in countries that have introduced both

Hib and pneumococcal conjugate vaccines has been recognized in order to define the new dis-

tribution of pneumonia etiologies that will help inform future treatment and prevention

approaches [12]. In Ecuador, the pneumococcal conjugate vaccine, PCV10, and Hib vaccina-

tions have been introduced, with WHO-UNICEF estimates showing widespread uptake [19].

We recently conducted a trial investigating zinc as an adjunct treatment for severe pneumo-

nia among children in Quito, Ecuador [20] and systematically collected blood and nasopharyn-

geal samples from participants to determine pneumonia etiology. This manuscript describes the

epidemiological characteristics and etiology of pneumonia in this study population.

Materials and methods

This observational study was performed within the context of a randomized, double blind pla-

cebo-controlled clinical trial conducted among children with severe pneumonia, designed to

measure the efficacy of daily zinc administration until hospital discharge on the duration of

Pneumonia etiology in Ecuadorian children

PLOS ONE | DOI:10.1371/journal.pone.0171687 February 9, 2017 2 / 19

https://clinicaltrials.gov/ct2/show/NCT00513929?term=NCT+00513929&rank=1


pneumonia symptoms [20]. The original study took place from February 2008 to April 2010 at

the Baca Ortiz Hospital in Quito, Ecuador (altitude 2,830 meters) [21]. As the main pediatric

referral hospital in Ecuador, Baca Ortiz has approximately 130,000 outpatient and emergency

consultations annually, and the most common reason for hospitalization is acute lower respi-

ratory tract infection (ALRI). The Boston University Institutional Review Board and Ethics

Committee of the Corporación Ecuatoriana de Biotecnologı́a both approved the study. Writ-

ten informed consent was obtained from each child’s parent or care provider. The Ethics Com-

mittee of the Corporación Ecuatoriana de Biotecnologı́a served as the Data Safety Monitoring

Board in order to ensure proper management and protection of study participants.

Eligibility criteria

Children aged 2–59 months with severe pneumonia were eligible for participation if parental

written informed consent was provided. A resident physician entrusted to screen potential

study subjects evaluated each child presenting with respiratory symptoms in the emergency

room. If the child was considered eligible, a senior study physician conducted a rapid hemo-

globin test and complete clinical examination. If the child met the eligibility criteria and was

confirmed to have pneumonia, the study physician enrolled the child after obtaining informed

consent from the child’s care provider.

Enrollment was based on the presence of cough and/or difficulty breathing, tachypnea

(�50 breaths per minute in children from two to�12 months of age;�40 breaths per minute

in children aged>12 to 59 months), hypoxemia assessed by pulse oximetry (SpO2 <90%) and

at least one of the following: rales, wheezing, diminished breath sounds, bronchial breath

sounds or pleural rub. Exclusion factors were marasmus or kwashiorkor, measles, pneumonia

due to aspiration of a foreign body, hepatic or renal disease, sepsis, congenital abnormalities

(cardiac, renal, or genetic), complicated pneumonia (lung abscess, pleural effusion, pneumato-

cele, atelectasis), very severe pneumonia (using WHO criteria: tachypnea, chest wall indrawing

and central cyanosis or inability to drink), severe anemia (hemoglobin below 8 g/dL), and

refusal of the primary care provider to provide written informed consent.

At the time of enrollment, study physicians conducted a detailed clinical evaluation consist-

ing of height, weight, respiratory rate, oxygen saturation, axillary temperature, and chest

indrawing. Baseline testing also included the following: 1) collection of blood to measure C-

reactive protein (CRP), plasma zinc, whole-blood polymerase chain reaction (PCR) for Strep-
tococcus pneumoniae and Hib; 2) pulse oximetry; 3) nasopharyngeal aspirate for PCR analysis

of atypical bacteria and viruses; and 4) chest X-ray. Study physicians additionally gathered

information on demographic characteristics, current illness, and medical history. Further

information regarding enrollment and clinical procedures, as well as complete details of fol-

low-up, treatment, randomization, sample size, and clinical procedures are described else-

where [20].

Laboratory analyses

At enrollment, blood samples from participants were acquired by venipuncture; hemoglobin

was measured using a portable HemoCue Hb 201+ machine (HemoCue, Angelholm, Sweden).

As recommended by the WHO, a nasopharyngeal swab was also obtained [22]. Samples were

stored at -20˚C until processed, in batches during the study. Blood and respiratory samples

were transported to the lab following a cold chain protocol.

DNA was extracted from blood samples using the QIAamp DNA blood mini kit (Qiagen,

Venlo, Netherlands) according to manufacturer instructions. DNA and RNA were extracted

from nasopharyngeal swabs using the HP viral nucleic acid kit (Roche, Basel, Switzerland)
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according to manufacturer instructions. Extreme DNA/RNA isolation precautions were

observed. Leftover clinical samples were stored at -80˚C. DNA/RNA quantity and quality were

determined by absorbance 260/280 in the spectrophotometer Perkin Elmer and fluorescence

by QuantIT (Invitrogen, Waltham, USA). PCR for a housekeeping human gene was used as a

succesful extraction control.

Polymerase Chain Reaction (PCR) of blood samples

Nested PCR for S. pneumoniae was performed in DNA isolated from blood samples [23]. A

preliminary in vitro study confirmed that the lower limit of detection was�10 colony-forming

units/mL [24], while the specificity among control subjects with no identifiable respiratory dis-

orders was 100%. Finnish investigators demonstrated that the same pneumolysin primers had

100% specificity when tested in vitro for a variety of pathogens [23]. Genomic DNA ATCC

BAA-255D-5 S. pneumoniae was used as a positive PCR amplification control. PCR for H.

influenzae was performed in DNA isolated from blood using Strain ATCC 33533 H. influenzae
as a control [25].

Nasopharyngeal (NP) swab PCR

M. pneumoniae PCR was performed in DNA isolated from NP swabs [26,27], using Genomic

DNA ATCC 15531D M. pneumoniae strain FH as a positive PCR amplification control [28].

Real-time PCR kits, LightMix-40-0303-16, were used for detection of adenovirus, LightMix

40-0222-16 for the detection of Chlamydophila pneumoniae, LightMix 40-0225-16 for detec-

tion of influenza virus A and B, LightMix 40-0223-16 for detection of parainfluenza virus 1, 2,

and 3, LightMix 40-0184-16 for detection of hMPV, and LightMix for detection of RSV were

purchased from TibMolBiol (Alelphia, USA). All kits were evaluated and standardized; detec-

tion was performed according to manufacturer instructions.

Data management

The study supervisor checked project-specific case report forms twice weekly for complete,

discrepant, inappropriate, and illogical responses. Double data entry was performed with

Microsoft Access 2000 (Redmond, WA). SPSS (version 11.5.0 program SPSS Inc., Chicago, IL)

was used for validation and cleaning, and SAS 9.3 was used for all analyses.

Data analysis

Descriptive analysis was conducted for all baseline demographic and clinical characteristics.

Frequencies, proportions, means, medians, and interquartile range, as appropriate, were

reported. For comparison purposes, etiological characteristics were stratified by the age catego-

ries of less than one year and 1–5 years. Chi-squared tests and Pearson correlation coefficients

were used to detect differences between proportions and associations among baseline charac-

teristics and etiology. To describe seasonality, both viral and bacterial infections were analyzed

by monthly distribution, with parainfluenza types 1, 2, and 3 merged into one category, and

influenza types A and B combined. Chi-squared tests were used to detect differences in

monthly case distribution for each respective pathogen.

In order to identify potential risk factors, the association of demographic and clinical char-

acteristics with each pathogen was assessed using univariate and multivariable logistic regres-

sion; odds ratios (ORs), adjusted odds ratios (aORs), and 95% confidence intervals (CIs) were

calculated. Backward selection with entry criteria of α = 0.02 was used to assess variables for
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inclusion in multivariable logistic regression models. All analyses were conducted using two

tail tests at a significance level of α = 0.05.

Results

Of 450 enrolled children, 406 (90.2%) had blood or nasopharyngeal samples taken, and were

subsequently analyzed to determine etiology. Samples were analyzed for bacterial pathogens,

viral pathogens, and co-infection with bacterial and viral pathogens (Fig 1). Bacteria or viruses

were not detected in 109 (26.8%) of the 406 samples. Only 403 samples were tested for S. pneu-
moniae; 299 samples were tested for H. influenzae. The median age was 9.48 months; 58.6%

were less than one year (Table 1). Just over half (54.2%) were male. Among all participants,

190 (46.9%) presented with fever, 77 (19.2%) were underweight, and 70 (18.1%) were stunted.

Viral etiology

Of 406 participants screened, the most common viral isolate was RSV (n = 159; 39.2%), fol-

lowed by hMPV (n = 71; 17.5%), adenovirus (n = 62; 15.3%), and parainfluenza virus (n = 57;

Fig 1. Study profile and analysis of sample pathogens.

doi:10.1371/journal.pone.0171687.g001
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14.0%) (Table 2). Among 40 (9.9%) children who tested positive for influenza, 29 had influenza

type A and 11 had influenza type B. Among children with human parainfluenza, 15 tested pos-

itive for type 1, 7 for type 2, and 35 for type 3.

Table 1. Baseline characteristics of children with severe pneumonia (N = 406).

Baseline Characteristics

Age 9.48 ± 12.16 months

< 1 year 238 (58.6%)

1–5 years 168 (41.4%)

Gender

Male 220 (54.2%)

Household Characteristics

Years of maternal education 9 ± 6

Number of people in household 4 ± 2

Number of rooms in household 2 ± 2

Breastfeeding 275 (67.7%)

Clinical Characteristics

Initial temperature1 (˚C) * 37.6 ± 0.9

Proportion with fever1 ** 190 (46.9%)

Weight-for-age z (WAZ) score 2 -1.0 ± 1.5

Height-for-age z (HAZ) score 3 -0.8 ± 1.7

Underweight (WAZ� -2) 2 77 (19.2%)

Stunting (HAZ� -2)4 70 (18.1%)

Initial respiratory rate (breaths/min) 58.0 ± 9

Respiratory signs: 1

• Pulse oximetry (% SO2)

• Rales

• Bronchial breath sounds

• Pleural rub

• Whistle

• 80 ± 6.0

• 363 (89.6%)

• 48 (11.8%)

• 5 (1.2%)

• 66 (16.3%)

Before presentation to hospital:

• Vaccinated5

• Provided with antibiotic6

• Provided with bronchodilator6

• 305 (75.9%)

• 27 (56.3%)

• 40 (34.7%)

Chest X-ray findings: 7

• Infiltrate

• Consolidation

• Air trapping

• Other***

• 255 (65.9%)

• 14 (3.6%)

• 54 (14.0%)

• 64 (16.5%)

All values are n (%) and median ± IQR. Variability in sample size of characteristics due to missing

responses:
1n = 405
2n = 401
3n = 394
4n = 386
5n = 402
6n = 403
7n = 387

*Mean and standard deviation.

**Fever (temperature� 37.5˚C).

***Other includes pneumothorax and necrosis.

doi:10.1371/journal.pone.0171687.t001
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Significant differences across age category among viral pathogens were found for RSV and

human parainfluenza type 3 (HPIV-3) (Table 2). Of the 159 children who tested positive for

RSV, 105 (66.0%) were less than one year old. These children had 1.67 times the odds of RSV

infection compared to children aged 1–5 years (95% CI, 1.10, 2.52; P = 0.015). Of the 35 chil-

dren who tested positive for HPIV-3, 27 (77.1%) were aged less than one year. These younger

children had 2.56 (95% CI, 1.13, 5.78; P = 0.02) times the odds of HPIV-3 relative to children

aged 1–5 years. The odds of infection did not differ by sex for any viral pathogen.

Bacterial etiology

S. pneumoniae was the most common bacterial pathogen isolated (9.2%; 37/403) followed by

M. pneumoniae (0.74%; 3/406). Testing of the bacterial pathogen H. influenzae was discontin-

ued after finding zero positive samples among 299 tested. There were no significant differences

across age category for either bacterial pathogen.

Co-infection by both bacterial and viral pathogens

Co-infection with more than one pathogen was present in 25.6% (103/403) of children. Of

these 103 participants, 78 (75.7%) displayed co-infection with two pathogens, 22 (21.4%) with

three pathogens, two (1.9%) with 4 pathogens, and one (0.97%) with 5 pathogens. The most

common dual infection combinations were RSV and hMPV in 20 (19.4%), adenovirus and

RSV in 14 (13.6%), S. pneumoniae and RSV in 9 (8.7%), HPIV-3 and RSV in 7 (6.8%), influ-

enza A and adenovirus in 3 (2.9%), and S. pneumoniae and adenovirus in 3 (2.9%). The most

prevalent triple infection combinations were the following: hMPV, adenovirus and RSV in 5

(4.9%); S. pneumoniae, hMPV and RSV in 3 (2.9%); hMPV, HPIV-3 and RSV in 3 (2.9%); and

hMPV, influenza A and RSV in 2 (1.9%). Two participants were infected with 4 pathogens:

RSV, hMPV, S. pneumoniae, and HPIV-2 were isolated in one individual; hMPV, HPIV-2,

HPIV-3, and RSV were isolated in the other. One participant was found to have bacterial and

viral co-infection with 5 pathogens. The pathogens isolated from this individual included S.

Table 2. Pneumonia etiology by age category.

Age Group N (%) Total (N = 406)*

Viral Pathogens < 1 year (n = 238) 1 to 5 years (n = 168)

Adenovirus 35 (14.7%) 27 (16.1%) 62 (15.3%)

Influenza 40 (9.9%)

Type A 16 (6.7%) 13 (7.7%) 29 (7.1%)

Type B 7 (2.9%) 4 (2.4%) 11 (2.7%)

Parainfluenza 57 (14.0%)

Type 1 10 (4.2%) 5 (3.0%) 15 (3.7%)

Type 2 3 (1.3%) 4 (2.4%) 7 (1.7%)

Type 3 27 (11.3%) 8 (4.8%) 35 (8.6%)

Human metapneumovirus 40 (16.8%) 31 (18.5%) 71 (17.5%)

Respiratory syncytial virus 105 (44.1%) 54 (32.1%) 159 (39.2%)

Bacterial Pathogens

Streptococcus pneumoniae (n = 403) 20 (8.5%) 17 (10.1%) 37 (9.2%)

Mycoplasma pneumoniae 0 (0%) 3 (1.8%) 3 (0.74%)

**Haemophilus influenzae (n = 299) 175 (58.5%) 124 (41.5%) 0 (0%)

*There were 406 total nasopharyngeal samples for respiratory viruses and M. pneumoniae, 403 for S. pneumoniae and 299 for H. influenzae.

**Since all 299 H. influenzae samples were found to be negative, the frequencies for age category represent those children that had samples taken.

doi:10.1371/journal.pone.0171687.t002

Pneumonia etiology in Ecuadorian children

PLOS ONE | DOI:10.1371/journal.pone.0171687 February 9, 2017 7 / 19



pneumoniae, hMPV, adenovirus, HPIV-3, and RSV. Multiple infections with S. pneumoniae in

combination with RSV, hMPV, adenovirus, influenza A and B, HPIV-2 and HPIV-3 were

detected in 27/403 (6.7%) samples. Of these 27 multiple co-infections, S. pneumoniae was most

commonly present with RSV in 14 samples, followed by hMPV in 9 samples, and adenovirus

in 6 samples. Dual infection with M. pneumoniae was present in 2 samples, containing RSV

and adenovirus.

Significant associations were present between infection by RSV and hMPV, RSV and influ-

enza A, as well as RSV and HPIV-1. Specifically, individuals infected with RSV had 1.90 (95%

CI, 1.13, 3.18; P = 0.014) times the odds of hMPV infection compared to individuals without

RSV. In contrast, individuals with influenza A had reduced odds of having RSV (0.23, 95% CI,

0.078, 0.67; P = 0.007) compared to individuals without influenza A. Furthermore, individuals

with HPIV-1 had reduced odds of having RSV (0.11, 95% CI, 0.014, .81; P = 0.03) compared to

those without HPIV-1 infection.

Seasonality

The climate of Quito consists of a dry (June to September) and rainy season (October to May).

Figs 2 and 3 exhibit the number of cases of viral and bacterial pathogens during specific

months of the year. The distribution of viral pathogens displays an increasing trend from

October to May. Specifically, the circulation of viral pathogens was greatest between January

and July, and lowest from July to August. Among all pathogens, RSV (P< 0.0001), parainflu-

enza (P< 0.0001), hMPV (P = 0.01), and S. pneumoniae (P = 0.03) significantly differed across

month of the year. RSV circulation was greatest between February and April, and moderate

between May and July with a slight peak in November (Fig 2). A similar circulation pattern

was displayed by hMPV, with the highest number of cases occurring between February and

May, and another peak in November. Parainfluenza cases were highest between May and July.

The circulation of S. pneumoniae was greatest between February and March, with moderately

high circulation from July to September (Fig 3). Circulation of M. pneumoniae was greatest

between February and June, and was negligible during other months.

Demographic and clinical risk factors associated with specific

pneumonia etiologies

Using backward selection, significant associations between baseline demographic and clinical

characteristics were found for hMPV, RSV, HPIV-3, and influenza A. In univariate analysis,

decreased odds of influenza A infection was associated with maternal education (OR = 0.85,

95% CI, 0.76, 0.96; P = 0.001), pulse oximetry (OR = 0.93, 95% CI, 0.89, 0.97; P = 0.002), and

presence of rales (OR = 0.32, 95% CI, 0.13, 0.81; P = 0.02). For hMPV, participants treated

with a bronchodilator at baseline had 2.5 higher odds of infection compared to those without a

bronchodilator (95% CI, 1.5, 4.2; P = 0.0006). An increased odds of infection due to younger

age was associated with RSV (OR = 1.7, 95% CI, 1.1, 2.5; P = 0.02) and HPIV-3 (OR = 2.6, 95%

CI, 1.1, 5.8; P = 0.02).

Table 3 describes the multivariable analysis of demographic and clinical factors associated

with RSV, HPIV-3, influenza A, and hMPV. The following variables were included in the mul-

tivariable logistic regression models: younger age, maternal education, presence of bronchodi-

lator, fever, initial respiratory rate, underweight, pulse oximetry, and presence of rales.

Participants who were underweight (aOR = 1.8, 95% CI, 1.0, 3.1; P = 0.04) and aged less than

one year (aOR = 1.9, 95% CI, 1.2, 3.0; P = 0.01) had increased risk of RSV infection. Decreased

odds of influenza A infection was associated with increase in years of maternal education

(aOR = 0.82, 95% CI, 0.72, 0.94; P = 0.003), increase in oxygen saturation (aOR = 0.93, 95% CI,
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0.89, 0.98; P = 0.005), and presence of rales (aOR = 0.25, 95% CI, 0.09, 0.68; P = 0.007). Lastly,

for HPIV-3, elevated baseline respiratory rate was associated with reduced odds of infection

(aOR = 0.94, 95% CI, 0.88, 0.99; P = 0.03) whereas younger age was associated with increased

risk (aOR = 3.5, 95% CI, 1.4, 8.6; P = 0.007).

Discussion

There is a pressing need to better understand the etiology of pneumonia in children, especially

in resource-limited countries, in order to develop vaccines for prevention and more effective

treatments. This study is the first to describe the major viral and bacterial pathogens associated

with severe pneumonia among children living in the Andean region of Ecuador. The most

common viral pathogens were RSV, hMPV, adenovirus, and parainfluenza, findings consistent

with results from a household cohort study conducted in Peru [29,30]. Like the Peruvian study

[29], we found that RSV and hMPV were responsible for a substantial portion of lower respira-

tory infection etiology among young children, and co-infection by RSV and hMPV was com-

mon. The proportion of RSV (39.2%), hMPV (17.5%), and RSV-hMPV co-infection (4.9%)

detected in our entire sample was larger than a recent study conducted in Guatemala describ-

ing hMPV in 9%, RSV in 24%, and RSV-hMPV co-infection in 0.7% of ARI cases [31].

Fig 2. Seasonal distribution of viral pathogens among children with severe pneumonia between February 2008 and April 2010.

doi:10.1371/journal.pone.0171687.g002

Pneumonia etiology in Ecuadorian children

PLOS ONE | DOI:10.1371/journal.pone.0171687 February 9, 2017 9 / 19



Consistent with past research, younger age was a risk factor for HPIV-3 as well as RSV [32–

34]. HPIV serotypes 1, 2, and 3 are common etiologic agents of respiratory illness, but HPIV-3

frequently is associated with severe pneumonia in young infants [35,36]. Since RSV and

HPIV-3 infect children in the first few months of life, our findings highlight the need for a vac-

cine against RSV and HPIV-3 for use in early infancy.

In Ecuador, October-May comprises the rainy or winter season, and June-September the

dry or summer season. Studies conducted in Colombia and Brazil describe the climactic

impact of rainfall on viral pneumonia circulation, and showed that the circulation of RSV and

hMPV was greatest during the late winter months that encompass the rainy season [37,38]. In

our study, RSV and hMPV showed similar seasonality patterns with more cases in February-

May and moderate peaks between June and July. Our findings of seasonality are further sub-

stantiated by epidemiological monitoring conducted by PAHO, which describes peak RSV

activity within the months of March-May specifically in the Andean region [39].

Furthermore, the seasonality observed in this work is similar to studies of bacteremic pneu-

mococcal pneumonia coinciding with viral pneumonia, which described a greater number of

cases in late winter [40,41]. Specifically, circulation of S. pneumoniae was highest during Feb-

ruary-March with moderate peaks between July and September, which overlapped with RSV

and hMPV cases. Weinberger et al [41] described the parallel pattern of RSV and S.

Fig 3. Seasonal distribution of bacterial pathogens among children with severe pneumonia between February 2008 and April 2010.

doi:10.1371/journal.pone.0171687.g003
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pneumoniae as providing new information that may help to understand and predict the poten-

tial impact of new vaccines.

Current evidence implicates multiple pathogen infection involving viral and bacterial-viral

etiologic agents with severe pneumonia [18]. In our study, 18.0% of children had triple viral

infection, which is in agreement with a recent review that found dual or triple viral infection

detected among 10–20% of children with pneumonia [42]. Interestingly, co-infection by S.

pneumoniae was present with all viral pathogens with the exception of HPIV-1 (although there

were relatively few HPIV-1 isolates), in combination with two, three, and four other viral path-

ogens. The most frequent combination that we detected was S. pneumoniae with RSV. Similar

circulation patterns and co-infection between these two pathogens inspires further study into

the interaction between these two causative agents, which has been under investigation in vivo
and in vitro [43,44]. Overall, the interaction between bacterial and viral pathogens in terms of

temporality and severity of childhood pneumonia is unclear and merits further investigation

[45]. Ultimately, understanding these infection patterns among communities in developing

countries is vital to implementing effective strategies to prevent pneumococcal pneumonia

[46,47].

In Ecuador, the Hib and pneumococcal conjugate (PCV) vaccines were introduced in 2003

and 2010, respectively [19]. Specifically, PCV7 was introduced in the Ecuador national immu-

nization program in 2010, which was then replaced by PCV10 in 2011 [48–50]. PCV has been

recommended for infants at 2, 4, and 6 months, and recent WHO-UNICEF report estimates

describe an increase in vaccine uptake from 2% in 2009 to 81% in 2015 [19]. The absence of

Hib in our sample was likely due to use of the Hib vaccine. Hib vaccine uptake has been excel-

lent; a recent WHO report indicated that vaccine coverage increased from roughly 54% in

2003 to 99% in 2011, and to 87% in 2014 among children aged 12–23 months [19]. We discon-

tinued testing for Hib after the first 299 children, since no samples tested positive for the path-

ogen, a finding suggesting that this vaccine has had a major impact on Hib infection. The

limited detection of M. pneumoniae might have been due to the younger age of our study par-

ticipants. Recent studies have shown school-aged children to typically have a higher risk of

infection with M. pneumoniae in comparison to younger children and infants [51,52]. Recent

Table 3. Multivariable regression analysis of common pathogens by explanatory variables.

RSV (n = 159) HPIV-3 (n = 35) Influenza A (n = 29) hMPV (n = 71)

Characteristic Adjusted Odds Ratio (aOR)

(CI)

P Value aOR (CI) P value aOR (CI) P value aOR (CI) P value

Younger age 1.9 (1.2, 3.0) 0.01* 3.5 (1.4, 8.6) 0.007* 0.79 (0.36, 2.1) 0.58 1.0 (0.57, 1.9) 0.92

Maternal education 1.0 (0.96, 1.1) 0.58 1.1 (0.97, 1.2) 0.20 0.82 (0.72,

0.94)

0.003* 1.0 (0.93, 1.1) 0.87

Presence of

bronchodilator

1.1 (0.7, 1.7) 0.70 0.77 (0.35, 1.7) 0.51 0.55 (0.22, 1.4) 0.22 3.0 (1.7, 5.1) .0001*

Fever 1.2 (0.76, 1.8) 0.46 0.89 (0.42, 1.9) 0.77 1.1 (0.49, 2.6) 0.79 1.5 (0.87, 2.7) 0.14

Initial respiratory rate 1.02 (0.99, 1.1) 0.14 0.94 (0.88,

0.99)

0.03* 1.0 (0.97, 1.1) 0.43 0.99 (0.96,

1.03)

0.82

Underweight 1.8 (1.0, 3.1) 0.04* 1.5 (0.60, 3.9) 0.38 1.8 (0.71, 4.4) 0.22 0.98 (0.47, 2.1) 0.97

Pulse oximetry 0.99 (0.96, 1.0) 0.71 1.0 (0.97, 1.1) 0.43 0.93 (0.89,

0.98)

0.005* 1.0 (0.98, 1.07) 0.37

Rales 1.4 (0.67, 2.7) 0.39 2.0 (0.46, 9.0) 0.35 0.25 (0.09,

0.68)

0.007* 1.7 (0.63, 4.5) 0.31

Values that were significantly different (p<0.05) are indicated by the symbol *. The number of infections by RSV, HPIV-3, influenza A, and hMPV are smaller

than those presented in Table 2 because analysis was restricted to those for whom all baseline measurements were available.

doi:10.1371/journal.pone.0171687.t003
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reports have described a favorable reduction of community-acquired pneumonia and invasive

pneumococcal disease following PCV uptake among developing countries [18,53,54]. Simi-

larly, the development of an RSV vaccine is underway, tailored to target populations such as

infants, children, and pregnant mothers [55–57]. Hospitalization and morbidity due to RSV

among children in developing countries [58,59] strengthens the need for RSV vaccine imple-

mentation in Ecuador, and by extension the Andean region.

In Ecuador, the seasonal influenza vaccination was incorporated in the national immuniza-

tion schedule in 2006 [60], and estimates show 46% coverage among children 6 months-4

years as of 2015 [61,62]. The presence of influenza-associated severe pneumonia in developing

countries is important because influenza is potentially vaccine-preventable, and can predispose

to subsequent infection with other pathogens [15,63]. A study conducted in El Salvador [64]

described influenza virus among 6% of 608 cases of severe pneumonia, comparable to 9.9%

influenza and 3.4% influenza co-infection cases detected in our study. Given the presence of

this pathogen in Latin America, we believe that Ecuadorian children would benefit from

increased coverage of the influenza vaccine.

Recent studies have shown that severe pneumonia is more prevalent among high altitude

regions [65,66], and describe the impact of high altitude on hypoxemia and elevated respira-

tory rate [67–69]. In addition to age, undernutrition, lack of breastfeeding, and lack of mater-

nal education have also been described as pneumonia risk factors [70–72]. Considering the

elevation of Ecuador, we aimed to explore possible differences in clinical presentation and

socio-demographic factors among the prominent pathogens detected in our sample. Specifi-

cally, associations between baseline clinical factors and viral pathogens were found for RSV,

HPIV-3, and influenza A. Our results indicated that an increased respiratory rate at the time of

hospital admission was associated with decreased odds of HPIV-3. In contrast, we also found

that increase in pulse oximetry percentage was associated with decreased odds of influenza A.

Previous studies conducted in Colombia and Peru showed that low oximetry was a better indi-

cator of pneumonia than fast breathing, and that Andean Peruvian children are at higher risk

for hypoxia with ARI because of the high altitude [30,73]. Howard et al [74] similarly described

the impact of high altitude on lower baseline oxygen saturation, impaired respiratory ciliary

function, pulmonary vasoconstriction, and susceptibility to respiratory illness among children

in Peru. Thus, we hypothesized that the associations we found in Ecuador between viral pneu-

monia and pulse oximetry may result from high altitude, among many factors contributing to

hypoxemia.

Lastly, the associations found between being underweight and increased odds of RSV, and

between years of maternal education and decreased odds of influenza A support the role of

socio-demographic characteristics as risk factors for pneumonia. In our study, underweight

(weight-for-age z score <2 standard deviations) was considered a marker of undernutrition in

line with current literature [72,75,76]. A meta-analysis conducted by Jackson et al [75]

described 6 studies in developing countries that reported an association between being under-

weight and risk of severe ARI, while recent studies have described low birth weight as a risk

factor for severe RSV infection among children [77–79]. However, the association between

being underweight and RSV infection, particularly among cases of severe pneumonia, remains

unclear. Similarly, there are few studies directly exploring an association between maternal

education and influenza A among cases of severe pneumonia. Nonetheless, maternal educa-

tion as a risk factor for severe, community-acquired pneumonia has been described in devel-

oping countries [70,80,81].

At the time our study was planned and implemented, the role of human rhinovirus/entero-

virus (HRV/ENT) and human bocavirus (hBoV) as etiological agents for pneumonia, particu-

larly severe pneumonia, was uncertain. Traditionally, HRV/ENT has been associated with
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upper respiratory tract infections, especially the common cold [82–84]. However, recent litera-

ture has established these pathogens as causative organisms for lower respiratory tract infec-

tion and community-acquired pneumonia [83,85,86]. In addition, the detection of HRV/ENT

among asymptomatic individuals with acute lower respiratory infection has complicated inter-

pretation of the role of these viruses in respiratory infections [74,87]. Furthermore, although

hBoV is relatively a newly described pathogen as a cause of community-acquired pneumonia

[83,85,88], its clinical significance and etiological role requires further clarification

[42,87,89,90]. Since neither HRV/ENT nor hBoV were well described as causes of childhood

pneumonia when our study was designed, these pathogens were not included in the PCR test-

ing we decided to use for determining severe pneumonia etiology.

Strengths of our study included the standardized definition of pneumonia, close monitor-

ing of respiratory signs, training of the study team, and standardization of laboratory measure-

ment techniques [20]. Limitations were a lack of community-matched controls and routine

bacteriologic test procedures (e.g., blood cultures, induced-sputum Gram stain and culture).

The original study exhibited a higher early dropout rate than anticipated, but this was

addressed by increasing the sample size [20]. Furthermore, although not widely implemented,

PCR was used to test for S. pneumoniae, which has recently shown high sensitivity in the detec-

tion of pneumococcal pneumonia [91,92]. In this study, however, we could not serotype S.

pneumoniae isolates. In addition, the use of nasopharyngeal samples to detect viral pathogens

provides only indirect evidence of pneumonia etiology. This method was utilized because

obtaining pulmonary samples from lower airways and blood samples from children would

have been logistically challenging and overly invasive. Finally, a limited number of cases for

some pathogens constrained interpretation of seasonal trends.

In conclusion, our study describes the bacterial and viral etiology as well as manifestations

of co-infection attributable to pediatric pneumonia in Ecuador. Notably, results from the pres-

ent study illustrate the need for an RSV vaccine, and suggest increased coverage of the influ-

enza vaccine for children in Ecuador as well. Our findings of overlapping circulation patterns

of RSV and bacteremic pneumonia, particularly during the rainy season, provide information

that may help to understand and predict the impact of vaccines for RSV (future) and S. pneu-
moniae in this region. Furthermore, the isolation of demographic and clinical risk factors for

viral pathogens emphasizes the need for additional research in this area specific to climate and

altitude in the Andean region. This work provides an important foundation for further studies

in this region that are critically needed to develop improved strategies for the treatment and

prevention of pneumonia among Latin American children.
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and Gilda Salgado, and the resident physicians Drs. Mónica Paladines, Martha Almeida, and

Guadalupe Segura for their kind assistance with data collection. We would also like to thank

Drs. Ramiro Estrella and Edgar Játiva for their collaboration in the screening at the Emergency

Room. We are also grateful to Dr. Lenis Ortiz and biotechnology specialists Fernanda Sislema

Pneumonia etiology in Ecuadorian children

PLOS ONE | DOI:10.1371/journal.pone.0171687 February 9, 2017 13 / 19

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0171687.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0171687.s002


and Cecilia Cruz for their work in the Microbiology Laboratory at Catholic University. Finally,

we sincerely thank Dr. Timothy Heeren at Boston University School of Public Health for pro-

viding statistical expertise with data analysis.

Author Contributions

Conceptualization: FS BE OR DHH.

Data curation: SJ BE.

Formal analysis: SJ OR DHH.

Funding acquisition: FS DHH.

Investigation: FS BE OR.

Methodology: FS BE OR DHH.

Project administration: FS BE DHH.

Resources: FS BE OR.

Supervision: DHH FS.

Validation: FS BE OR LLS DHH.

Visualization: SJ.

Writing – original draft: SJ OR DHH.

Writing – review & editing: SJ OR BE LLS FS DHH.

References
1. Cardinale F, Cappiello AR, Mastrototaro MF, Pignatelli M, Esposito S. Community-acquired pneumonia

in children. Early Hum Dev. 2013; 89(SUPPL3).

2. Nair H, Brooks WA, Katz M, Roca A, Berkley J a, Madhi S a, et al. Global burden of respiratory infec-

tions due to seasonal influenza in young children: a systematic review and meta-analysis. Lancet. 2011;

378(9807):1917–30. doi: 10.1016/S0140-6736(11)61051-9 PMID: 22078723

3. Liu L, Johnson H, Cousens S. Global, regional, and national causes of child mortality in 2000–2010: an

updated systematic analysis. Lancet. 2015; 385(9966):430–40. doi: 10.1016/S0140-6736(14)61698-6

PMID: 25280870

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

pneumonia. Vol. 86, Bulletin of the World Health Organization. 2008. p. 408–16. doi: 10.2471/BLT.07.

048769 PMID: 18545744

5. Wardlaw T, Salama P, Johansson EW, Mason E. Pneumonia: the leading killer of children. Lancet.

2006; 368(9541):1048–50. doi: 10.1016/S0140-6736(06)69334-3 PMID: 16997649

6. Rajaratnam JK, Marcus JR, Flaxman AD, Wang H, Levin-Rector A, Dwyer L, et al. Neonatal, postneo-

natal, childhood, and under-5 mortality for 187 countries, 1970–2010: a systematic analysis of progress

towards Millennium Development Goal 4. Lancet. 2010; 375(9730):1988–2008. doi: 10.1016/S0140-

6736(10)60703-9 PMID: 20546887

7. Fischer Walker CL, Rudan I, Liu L, Nair H, Theodoratou E, Bhutta ZA, et al. Global burden of childhood

pneumonia and diarrhoea. Lancet. 2013; 381(9875):1405–16. doi: 10.1016/S0140-6736(13)60222-6

PMID: 23582727

8. Valenzuela MT, O’Loughlin R, De La Hoz F, Gomez E, Constenla D, Sinha A, et al. The burden of pneu-

mococcal disease among Latin American and Caribbean children: review of the evidence. Rev Panam

Salud Publica. 2009; 25(3):270–9. PMID: 19454155

9. Gentile A, Bardach A, Ciapponi A, Garcia-Marti S, Aruj P, Glujovsky D, et al. Epidemiology of commu-

nity-acquired pneumonia in children of Latin America and the Caribbean: a systematic review and meta-

analysis. Int J Infect Dis. 2012; 16(1):e5–15. doi: 10.1016/j.ijid.2011.09.013 PMID: 22056731

Pneumonia etiology in Ecuadorian children

PLOS ONE | DOI:10.1371/journal.pone.0171687 February 9, 2017 14 / 19

http://dx.doi.org/10.1016/S0140-6736(11)61051-9
http://www.ncbi.nlm.nih.gov/pubmed/22078723
http://dx.doi.org/10.1016/S0140-6736(14)61698-6
http://www.ncbi.nlm.nih.gov/pubmed/25280870
http://dx.doi.org/10.2471/BLT.07.048769
http://dx.doi.org/10.2471/BLT.07.048769
http://www.ncbi.nlm.nih.gov/pubmed/18545744
http://dx.doi.org/10.1016/S0140-6736(06)69334-3
http://www.ncbi.nlm.nih.gov/pubmed/16997649
http://dx.doi.org/10.1016/S0140-6736(10)60703-9
http://dx.doi.org/10.1016/S0140-6736(10)60703-9
http://www.ncbi.nlm.nih.gov/pubmed/20546887
http://dx.doi.org/10.1016/S0140-6736(13)60222-6
http://www.ncbi.nlm.nih.gov/pubmed/23582727
http://www.ncbi.nlm.nih.gov/pubmed/19454155
http://dx.doi.org/10.1016/j.ijid.2011.09.013
http://www.ncbi.nlm.nih.gov/pubmed/22056731


10. Esposito S, Bosis S, Cavagna R, Faelli N, Begliatti E, Marchisio P, et al. Characteristics of Streptococ-

cus pneumoniae and atypical bacterial infections in children 2–5 years of age with community-acquired

pneumonia. Clin Infect Dis. 2002; 35(11):1345–52. doi: 10.1086/344191 PMID: 12439797

11. Scott JAG, Brooks WA, Peiris JSM, Holtzman D, Mulholland EK. Pneumonia research to reduce child-

hood mortality in the developing world. Vol. 118, Journal of Clinical Investigation. 2008. p. 1291–300.

doi: 10.1172/JCI33947 PMID: 18382741

12. Gilani Z, Kwong YD, Levine OS, Deloria-Knoll M, Scott JAG, O’Brien KL, et al. A literature review and

survey of childhood pneumonia etiology studies: 2000–2010. Vol. 54, Clinical Infectious Diseases.

2012.

13. O’Brien KL, Wolfson LJ, Watt JP, Henkle E, Deloria-Knoll M, McCall N, et al. Burden of disease caused

by Streptococcus pneumoniae in children younger than 5 years: global estimates. Lancet. 2009; 374

(9693):893–902. doi: 10.1016/S0140-6736(09)61204-6 PMID: 19748398

14. Madhi SA, De Wals P, Grijalva CG, Grimwood K, Grossman R, Ishiwada N, et al. The burden of child-

hood pneumonia in the developed world: A review of the literature. Pediatr Infect Dis J. 2013; 32(3):

e119–27. doi: 10.1097/INF.0b013e3182784b26 PMID: 23099423

15. Ali A, Khowaja AR, Bashir MZ, Aziz F, Mustafa S, Zaidi A. Role of Human Metapneumovirus, Influenza

A Virus and Respiratory Syncytial Virus in Causing WHO-Defined Severe Pneumonia in Children in a

Developing Country. PLoS One. 2013; 8(9).

16. Mathisen M, Strand T a, Sharma BN, Chandyo RK, Valentiner-Branth P, Basnet S, et al. RNA viruses in

community-acquired childhood pneumonia in semi-urban Nepal; a cross-sectional study. BMC Med.

2009; 7:35. doi: 10.1186/1741-7015-7-35 PMID: 19635124

17. Asghar R, Banajeh S, Egas J, Hibberd P, Iqbal I, Katep-Bwalya M, et al. Chloramphenicol versus ampi-

cillin plus gentamicin for community acquired very severe pneumonia among children aged 2–59

months in low resource settings: multicentre randomised controlled trial (SPEAR study). BMJ. 2008;

336(7635):80–4. doi: 10.1136/bmj.39421.435949.BE PMID: 18182412

18. Zar HJ, Madhi SA, Aston SJ, Gordon SB. Pneumonia in low and middle income countries: progress and

challenges. Thorax. 2013; 68(11):1052–6. doi: 10.1136/thoraxjnl-2013-204247 PMID: 23956020

19. Who/Unicef. Israel: WHO and UNICEF estimates of immunization coverage: 2014 revision. 2015;

(July):1–15.

20. Sempertegui F, Estrella B, Rodriguez O, Gomez D, Cabezas M, Salgado G, et al. Zinc as an adjunct to

the treatment of severe pneumonia in Ecuadorian children: a randomized controlled trial. Am J Clin

Nutr. 2014; 99(3):497–505. doi: 10.3945/ajcn.113.067892 PMID: 24429536

21. Harris AM, Sempértegui F, Estrella B, Narváez X, Egas J, Woodin M, et al. Air pollution and anemia as

risk factors for pneumonia in Ecuadorian children: a retrospective cohort analysis. Environ Health.

2011; 10:93. doi: 10.1186/1476-069X-10-93 PMID: 22050924

22. Hindiyeh M, Hillyard DR, Carroll KC. Evaluation of the Prodesse Hexaplex multiplex PCR assay for

direct detection of seven respiratory viruses in clinical specimens. Am J Clin Pathol. 2001; 116(2):218–

24. doi: 10.1309/F1R7-XD6T-RN09-1U6L PMID: 11488068

23. Salo P, Ortqvist A, Leinonen M. Diagnosis of bacteremic pneumococcal pneumonia by amplification of

pneumolysin gene fragment in serum. J Infect Dis. 1995; 171(2):479–82. PMID: 7844395

24. Michelow IC, Olsen K, Lozano J, Rollins NK, Duffy LB, Ziegler T, et al. Epidemiology and Clinical Char-

acteristics of Community-Acquired Pneumonia in Hospitalized Children. Pediatrics. 2004; 113(4):701–

7. PMID: 15060215

25. Shoma S, Rahman M, Yasmin M. Rapid detection of Haemophilus influenzae type b in Bangladeshi

children with pneumonia and meningitis by PCR and analysis of antimicrobial resistance. J Heal Popul

Nutr. 2001; 19(4):268–74.

26. Loens K, Ursi D, Goossens H, Ieven M. MINIREVIEW Molecular Diagnosis of Mycoplasma pneumoniae

Respiratory Tract Infections. 2003; 41(11):4915–23.

27. Kumar S, Hammerschlag MR. Methods Linked references are available on JSTOR for this article:

Acute Respiratory Infection Due to Chlamy Current Status of Diagnostic Methods. 2017; 44(4):568–76.

28. Geertsen R, Kaeppeli F, Sterk-Kuzmanovic N, Andrasevic S, Anic-Milic T, Dobec M. A multiplex PCR

assay for the detection of respiratory bacteriae in nasopharyngeal smears from children with acute

respiratory disease. Scand J Infect Dis. 2007; 39(9):769–74. doi: 10.1080/00365540701367736 PMID:

17701714

29. Wu A, Budge PJ, Williams J, Griffin MR, Edwards KM, Johnson M, et al. Incidence and Risk Factors for

Respiratory Syncytial Virus and Human Metapneumovirus Infections among Children in the Remote

Highlands of Peru. PLoS One. 2015; 10(6):e0130233. doi: 10.1371/journal.pone.0130233 PMID:

26107630

Pneumonia etiology in Ecuadorian children

PLOS ONE | DOI:10.1371/journal.pone.0171687 February 9, 2017 15 / 19

http://dx.doi.org/10.1086/344191
http://www.ncbi.nlm.nih.gov/pubmed/12439797
http://dx.doi.org/10.1172/JCI33947
http://www.ncbi.nlm.nih.gov/pubmed/18382741
http://dx.doi.org/10.1016/S0140-6736(09)61204-6
http://www.ncbi.nlm.nih.gov/pubmed/19748398
http://dx.doi.org/10.1097/INF.0b013e3182784b26
http://www.ncbi.nlm.nih.gov/pubmed/23099423
http://dx.doi.org/10.1186/1741-7015-7-35
http://www.ncbi.nlm.nih.gov/pubmed/19635124
http://dx.doi.org/10.1136/bmj.39421.435949.BE
http://www.ncbi.nlm.nih.gov/pubmed/18182412
http://dx.doi.org/10.1136/thoraxjnl-2013-204247
http://www.ncbi.nlm.nih.gov/pubmed/23956020
http://dx.doi.org/10.3945/ajcn.113.067892
http://www.ncbi.nlm.nih.gov/pubmed/24429536
http://dx.doi.org/10.1186/1476-069X-10-93
http://www.ncbi.nlm.nih.gov/pubmed/22050924
http://dx.doi.org/10.1309/F1R7-XD6T-RN09-1U6L
http://www.ncbi.nlm.nih.gov/pubmed/11488068
http://www.ncbi.nlm.nih.gov/pubmed/7844395
http://www.ncbi.nlm.nih.gov/pubmed/15060215
http://dx.doi.org/10.1080/00365540701367736
http://www.ncbi.nlm.nih.gov/pubmed/17701714
http://dx.doi.org/10.1371/journal.pone.0130233
http://www.ncbi.nlm.nih.gov/pubmed/26107630


30. Budge PJ, Griffin MR, Edwards KM, Williams J V, Verastegui H, Hartinger SM, et al. A household-

based study of acute viral respiratory illnesses in andean children. Pediatr Infect Dis J. 2014; 33

(5):443–7. doi: 10.1097/INF.0000000000000135 PMID: 24378948

31. Mccracken JP, Arvelo W, Ortı́z J, Reyes L, Gray J, Estevez A, et al. Comparative epidemiology of

human metapneumovirus- and respiratory syncytial virus-associated hospitalizations in Guatemala.

Influenza Other Respi Viruses. 2014; 8(4):414–21.

32. Munywoki PK, Koech DC, Agoti CN, Bett A, Cane PA, Medley GF, et al. Frequent Asymptomatic Respi-

ratory Syncytial Virus Infections during an Epidemic in a Rural Kenyan Household Cohort. J Infect Dis.

2015; 212(10):1711–8.
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