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Abstract

Introduction

Although respiratory syncytial virus (RSV) and influenza virus (influenza) infections are one

of the leading causes of Severe Acute Respiratory Infections (SARI) and death in young

children worldwide, little is known about the burden of these pathogens in Mozambique.

Material and methods

From January 2015 to January 2016, nasopharyngeal swabs from 450 children, aged�2

years, who had been admitted to the Pediatric Department of the Maputo Central Hospital

(HCM) in Mozambique, suffering with SARI were enrolled and tested for influenza and RSV

using a real-time PCR assay.

Results

Influenza and RSV were detected in 2.4% (11/450) and 26.7% (113/424) of the participants.

Children with influenza were slightly older than those infected with RSV (10 months in influ-

enza-infected children compared to 3 months in RSV-infected children); male children were

predominant in both groups (63.6% versus 54.9% in children with influenza and RSV,

respectively). There was a trend towards a higher frequency of influenza (72.7%) and RSV

(93.8%) cases in the dry season. Bronchopneumonia, bronchitis and respiratory distress

were the most common diagnoses at admission. Antibiotics were administered to 27,3%

and 15,9% of the children with influenza and RSV, respectively. Two children, of whom, one

was positive for RSV (aged 6 months) and another was positive for Influenza (aged 3

months) died; both were children of HIV seropositive mothers and had bronchopneumonia.

Conclusions

Our data demonstrated that RSV, and less frequently influenza, occurs in children with

SARI in urban/sub-urban settings from southern Mozambique. The occurrence of deaths in
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small children suspected of being HIV-infected, suggests that particular attention should be

given to this vulnerable population. Our data also provide evidence of antibiotics prescription

in children with respiratory viral infection, which represents an important public health prob-

lem and calls for urgent interventions.

Introduction

Acute lower respiratory tract infections (ARI) are the leading cause of childhood morbidity

and pediatric death worldwide [1–3], accounting for an estimated 1.9 million deaths annually

in children under-five years of age. Of these deaths, up to 90% are known to occur in develop-

ing countries [4–6] and almost 50% occur in sub-Saharan Africa [4, 7]. The severe form of

ARI, known as Severe Acute Respiratory Illness (SARI) is responsible for an estimated 20% of

deaths in children under-five years of age worldwide [4, 7, 8].

With the introduction of vaccination against S. pneumoniae and H. influenzae, viruses

become the major cause of SARIs in children younger than 5 years [9], with Influenza virus

(influenza) and Respiratory Syncytial virus (RSV) accounting for a substantial proportion of

hospital admission and deaths attributed to SARI at this age [1, 5, 6]. It is estimated that sea-

sonal influenza affects 5–10% of the world population annually, resulting in as many as 110

000 influenza-associated deaths in children <5 years of age [5, 10]. On the other hand, RSV

is known to be most important cause of SARI in young children worldwide [6, 9, 11, 12],

and the leading cause of pneumonia and bronchiolitis in infants and children resulting in as

many as 33.8 million hospitalizations and 66 000 to199 000 deaths each year around the globe

[6, 13].

Information on the viral etiology of ARI/SARI in Mozambique is very limited and the few

studies conducted in the country to date are from a geographically limited rural district situ-

ated in southern Mozambique [14–16]. No data exist about these infections in urban and sub-

urban areas, where population density and overcrowded environments are increasing rapidly.

Of note, all studies were conducted prior to the introduction of the PCV10 vaccine into the

national immunization schedule.

In Mozambique, where under-five mortality rate is estimated at 78.5 per 100,000 live births,

there is renewed public health interest in SARI, influenza and RSV in children because recent

data from South Africa have shown that HIV-infected children are at particularly high risk of

developing SARI and death [17, 18]. Since Mozambique has the eighth highest HIV prevalence

in the world [19, 20], where an estimated 110,000 children are living with HIV, we anticipate

that rates and consequences of SARI are high. This study was conducted to investigate the epi-

demiological and clinical features of influenza and RSV among children�2 years of age admit-

ted with SARI to the Pediatric Department of Maputo Central Hospital from January 2015

through January 2016.

Material and methods

Ethic statement

The SARI surveillance protocol was approved by the National Bioethics Committee for Health

(IBR: 00002657, study ref: 172/CNBS/2014). Only verbal consent was obtained in order to

minimize significant interference in the routine care being provided to each child at the senti-

nel sites. Our surveillance was embedded into the routine medical care. We used a log book to

record all child whose legal guardian consented to participate.
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Study setting and participants

We conducted a hospital-based surveillance study among children�2 years admitted to the

breastfeeding and respiratory disease wards of the Maputo Central Hospital (MCH) suffering

with SARI, from January 2015 to January 2016. The MCH is a quaternary hospital located in

Maputo city, the capital of the country in southern Mozambique. The Pediatric Department of

the MCH has a total of 324 beds. The hospital is a national reference hospital for the entire

country and also serves a large population living in the urban and suburban districts of

Maputo city. A total of 1.782.380 inhabitants lives in Maputo city, distributed over a total of

346.77 km2. The climate in Maputo is tropical with two seasons, namely, rainy season from

November to April and the dry season during the rest of the year. Poverty, poor sanitation, low

education level, and overcrowding characterize the sub-urban area of Maputo city. The main

source of income in this area is informal trade and small business.

Case definition

As per World Health Organization, a case of SARI was defined as any severe patient (requiring

hospitalization) with acute symptoms (within the last 10 days of onset of disease); and respira-

tory infection (defined as the presence of cough, but in some sites defined as cough or short-

ness of breath).

Enrolment and sample collection

Each day, during the recruitment period, the first 3 children aged between 1 month and� 2

years who met the SARI case definition were recruited. During this study (January 2015 to Jan-

uary 2016), a total of 775 children were admitted with SARI to the breastfeeding and respira-

tory disease wards of the Maputo Central Hospital, of whom 450 (58.1%) were enrolled in this

study. Verbal consent was obtained from their parent or legal guardian, prior to data and spec-

imen collection. Demographic, clinical and epidemiological information was collected by

trained nurses or physicians using a case report form. In addition, nasopharyngeal swabs were

collected from all enrolled children. Swabs were then placed in a small tube containing univer-

sal transport medium and preserved at 4–8˚C. Samples were sent daily to the Virus Isolation

Laboratory (VIL) at the National Institute of Health for molecular testing.

Laboratory procedures

Upon receipt at the VIL, samples were aliquoted and stored at -70˚C. RNA was extracted using

the QIAamp RNA Viral Mini Kit (QUIAGEN Inc., CA) following the manufacturer instructions.

For detection and typing of influenza virus, a real-time reverse-transcriptase polymerase

chain reaction assay (RT-PCR) was carried out using the human influenza virus real-time

RT-PCR diagnostic panel and a protocol developed and kindly provided by the US Centers for

Disease Control and Prevention (CDC, USA) (S1 File). For RSV detection, the Fast-track

Diagnostics Respiratory pathogens 2 plus (FTD 2 Plus, Luxembourg) kit was used following

the manufacturer’s instructions. Only influenza-negative samples were tested for RSV.

Samples from 450 participants were tested for influenza. All influenza negative samples

(n = 439) were subsequently tested for RSV, although 15 of them were not tested for RSV due

to lack of reagents, thus the total number of samples tested for RSV was 424 (Fig 1).

Statistical analysis

Data were entered into a database developed using Microsoft Office Access 2010 software

(Microsoft corporation, USA) and analyzed using the SPSS version 20 (IBM Corp., Armonk,
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NY, USA). The X2 test was used to compare frequencies and Mann-Whitney was used to com-

pare medians.

Results

General characteristics of enrolled children

From January 2015 to January 2016, a total of 450 children�2 years old with SARI were

enrolled. The median age of children with SARI was 6 months (IQR: 2–13) and 51.5% (230/

450) were male. Most of the patients with SARI were enrolled during the dry season (67.3%;

303/450). At admission, the main symptoms of children with SARI were cough (91.3%), fol-

lowed by dyspnoea (73.6%) and rhinorrhea (60.4%). The main form of presentation of SARI at

admission was bronchopneumonia (46.0%; 207/450), followed by bronchitis (29.3%; 132/450)

and respiratory distress (24.4%; 110/450). Asthma was reported in 13.3% (60/450). of children

with SARI.

Fig 1. Flowchart of recruitment of study participants and sample testing. Of the 439 negative samples for influenza, 424 were tested for RSV; 15

samples were not tested due to lack of reagents.

https://doi.org/10.1371/journal.pone.0186735.g001
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Treatment with antibiotics was administered to 34.9% (157/450) of children with SARI and

oxygen was given to 4.2% (19/450) of them (Table 1 and S1 Table).

Clinical and demographics characteristics of children with influenza or RSV

Frequencies of influenza and RSV in children with SARI were 2.4% (11/450) and 26.7% (113/

424), respectively. The higher frequency of influenza cases was reported among children aged

Table 1. Clinical and demographic characteristics of participants.

Influenza RSV

Characteristic Tested

N (%)

Positive

N (%)

Prevalence*
% (95CI)

Tested

N (%)

Positive

N (%)

Prevalence*
% (95CI)

Total 450 (100.0) 11 (100.0) 2.4 (1.2–4.3) 424 (100.0) 113 (100.0) 26.7 (22.5–31.1)

Age in months

Min–Max 0.3–23 2–21 0.3–23 1–23

Median (IQR) 6 (2–13) 10 (3–18) 6 (2–13) 3 (2–8)

Categories

< 3 131 (29.1) 2 (18.2) 1.5 (0.2–5.4) 127 (30.0) 55 (48.7) 43.3 (34.5–52.4)

3–5 72 (16.0) 1 (9.1) 1.4 (0.0–7.5) 67 (15.8) 19 (16.8) 28.4 (18.0–40.7)

6–11 121 (26.9) 3 (27.3) 2.5 (0.5–7.1) 114 (26.9) 19 (16.8) 16.7 (10.3–24.8)

12–23 126 (28.0) 5 (45.5) 4.0 (1.3–9.0) 116 (27.4) 20 (17.7) 17.2 (10.9–25.4)

Gender

Male 230 (51.1) 7 (63.6) 3.0 (1.2–6.2) 220 (51.9) 62 (54.9) 28.2 (22.3–34.6)

Female 202 (44.9) 4 (36.4) 2.0 (0.5–5.0) 186 (43.9) 43 (38.1) 23.1 (17.3–29.8)

No information 18 (4.0) 0 (0.0) 0.0 (< 18.5) 18 (4.2) 8 (7.1) 44.4 (21.5–69.2)

Season

Dry season 303 (67.3) 8 (72.7) 2.6 (1.1–5.1) 295 (69.6) 106 (93.8) 35.9 (30.5–41.7)

Wet season 147 (32.7) 3 (27.3) 2.0 (0.4–5.8) 129 (30.4) 7 (6.2) 5.4 (2.2–10.9)

Signs or symptoms

Cough 411 (91.3) 10 (90.9) 2.4 (1.2–4.4) 388 (91.5) 107 (94.7) 27.6 (23.2–32.3)

Dyspnea 331 (73.6) 8 (72.7) 2.4 (1.0–4.7) 313 (73.8) 93 (82.3) 29.7 (24.7–35.1)

Rhinorrhea 272 (60.4) 4 (36.4) 1.5 (0.4–3.7) 262 (61.8) 81 (71.7) 30.9 (25.4–36.9)

Fever 178 (39.6) 7 (63.6) 3.9 (1.6–7.9) 171 (40.3) 56 (49.6) 32.7 (25.8–40.3)

Cough and Dyspnea and Fever 137 (30.4) 5 (45.5) 3.6 (1.2–8.3) 132 (31.1) 50 (44.2) 37.9 (29.6–46.7)

All 4 symptoms 97 (21.6) 4 (36.4) 4.1 (1.1–10.2) 93 (21.9) 38 (33.6) 40.9 (30.8–51.5)

Diagnoses at admission

Bronchopneumonia 207 (46.0) 5 (45.5) 2.4 (0.8–5.5) 196 (46.2) 50 (44.2) 25.5 (19.6–32.2)

Pneumonia 41 (9.1) 0 (0.0) 0.0 (< 8.6) 38 (9.0) 6 (5.3) 15.8 (6.0–31.3)

Bronchitis 132 (29.3) 2 (18.2) 1.5 (0.2–5.4) 128 (30.2) 45 (39.8) 35.2 (26.9–44.1)

Respiratory distress 110 (24.4) 2 (18.2) 1.8 (0.2–6.4) 101 (23.8) 27 (23.9) 26.7 (18.4–36.5)

Asthma 60 (13.3) 1 (9.1) 1.7 (0.0–8.9) 55 (13.0) 6 (5.3) 10.9 (4.1–22.2)

URTI 22 (4.9) 2 (18.2) 9.1 (1.1–29.2) 18 (4.2) 6 (5.3) 33.3 (13.3–59.0)

Previous cardio-respiratory chronic disease 9 (2.0) 0 (0.0) 0.0 (< 33.6) 9 (2.1) 2 (1.8) 22.2 (2.8–60.0)

Medical procedures

Antibiotics 157 (34.9) 3 (27.3) 1.9 (0.4–5.5) 148 (34.9) 18 (15.9) 12.3 (7.4–18.5)

Oxygenation 19 (4.2) 2 (18.2) 10.5 (1.3–33.1) 17 (4.0) 5 (4.4) 29.4 (10.3–56.0)

**Others medical procedures 278 (61.8) 6 (54.5) 2.3 (0.8–4.6) 263 (62.0) 90 (79.6) 34.2 (28.5–40.3)

*Prevalence is the positives column divided by the total column.

95CI– 95% confidence interval. These were computed through binomial exact method.

**Others medical procedures: Mechanical ventilation and admission to intensive care unit.

https://doi.org/10.1371/journal.pone.0186735.t001
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between 12–23 months (4.0%; 5/126), while the higher frequency of RSV was noted among

children aged�3 months (43.3%; 55/127) (Table 1).

Children with influenza were slightly older than those infected with RSV, [10 months (IQR:

3–18) compared 3 months (IQR: 2–8) respectively]. Male children were predominant in both

groups (63.6%; 7/11 versus 54.9%; 62/113 in children with influenza and RSV, respectively).

In both groups, cough and dyspnea were the most common symptoms. However, fever was the

third most common symptom in children with influenza, while rhinorrhoea was the third most

common symptom among RSV infected children. Bronchopneumonia, bronchitis and respiratory

distress were the most common diagnoses at admission for both influenza and RSV infection.

Antibiotics were administered to 27,3% (3/11) and 15,9% (18/113) of children with influ-

enza and RSV, respectively. During this study, a total of two children died, of whom, one was

positive for RSV (aged 6 months) and another was positive for Influenza (aged 3 months). We

found that both children had HIV seropositive mothers, had bronchopneumonia, and

were� 6 months of age. Oxygen was administrated to 2 (18.2%) children with Influenza and 5

(4.4%) children with RSV.

Seasonality of influenza and RSV and typing of influenza virus

Although cases of Influenza and RSV occurred almost throughout the year, there was a trend

towards the higher frequency of cases of influenza (72.7%; 8/11) and RSV (93.8%; 106/113)

during the dry season (Table 1). On the other hand, while RSV occurred in the first semester

of 2015, peaking in April, influenza showed a bimodal shape curve, occurring in the rainy and

dry seasons (Fig 2). The most common types of Influenza were A (H3N2) (6/11; 54.5%), fol-

lowed by type A (H1N1) pdm09 (4/11; 36.4%) and type B (1/11; 9.1%).

Discussion

In Mozambique and many other countries in sub-Saharan Africa, there is a lack of data on the

epidemiology and burden of influenza and RSV. Consequently, most of SARI cases are

Fig 2. Monthly and seasonal variation of cases of influenza and RSV. The graph depicts the monthly and seasonal

variation of cases of influenza (right axis) and RSV (left axis).

https://doi.org/10.1371/journal.pone.0186735.g002
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presumptively diagnosed as bacterial infections and treated with antibiotics [21]. We found a

frequency of influenza and RSV among children admitted with SARI of 2.4% and 26.7%, re-

spectively. Our results are important because, to the best of our knowledge, this is the first de-

scription of the burden of influenza and RSV in children suffering with SARI living in urban/

sub-urban settings in Mozambique. The few studies that had been conducted in Mozambique

to date were all from a small rural village situated in Southern Mozambique [14–16]. On the

other hand, much has changed since these studies were conducted, such as the introduction of

Haemophilus influenza type b and S. pneumonia vaccination in Mozambique in 2009 and 2013,

respectively. In addition, the some of the underlying and predisposing factors such as the epi-

demiology of HIV and under-nutrition, varies in different regions of the country. Prevalence

of RSV in this study was similar to that reported in a previous study conducted in a rural dis-

trict in southern Mozambique [16], as well as in other countries in the region [17, 18, 22]. The

prevalence of RSV in this study is consistent with current evidence that RSV is the single most

frequent lower respiratory tract infection pathogen in infants and young children worldwide

[6, 23–25]. However, other countries reported either higher [26, 27] or lower [23, 28, 29] prev-

alence than that found in our study. In regard to influenza, although our prevalence was lower

than that reported in many countries in the region [30, 31], similar prevalence rates were

reported in other countries [26, 28]

We found that RSV was more common in younger children (aged� 3 months), while

Influenza was more common in children aged 12–23 months. These results are similar to

those reported by Resch et al 2011 [32]. Previous studies from other sub-Saharan Africa coun-

tries found that, not only the frequency, but also the severity of RSV was higher in children of

younger age [11, 22, 23, 26, 33–35]. In regard to influenza, other studies in sub-Saharan Africa

also found that the virus was more common in children older than 12 months [22]. The higher

frequency of RSV in children aged� 3 months highlight that public health interventions

should prioritize this group of children.

The frequency of influenza and RSV in male was slightly higher when compared to female,

which is consistent with findings from previous studies [11, 36].

RSV and influenza showed a different pattern of seasonality. As such, while RSV occurred

in the first quarter of 2015, peaking in April, influenza had a bimodal curve shape, occurring

in the rainy and dry seasons. Studies conducted in other countries in sub-Saharan Africa

showed similar patterns [17, 18, 22, 23].

Bronchopneumonia, followed by bronchiolitis, was the most common form of presentation

of SARI, influenza and RSV, which is consistent with available data from other countries in

sub-Saharan Africa and other regions [8, 26, 28]. Indeed, RSV has been considered the major

cause of severe pneumonia and bronchiolitis worldwide [6, 37].

Two children, one positive for influenza (age: 3 months) and another positive for RSV (age:

6 months), died during the study period. Both were admitted with bronchopneumonia and

were children of HIV seropositive mothers. Although their HIV status was unknown, we

believe that they were also infected by HIV, assuming that in Mozambique, the vertical trans-

mission of HIV is still significant [38]. It’s well known that hospitalization and case-fatality

rates are significantly higher in HIV infected children with ARI [17, 18, 34, 39]. This is particu-

larly concerning for Mozambique, where the prevalence of HIV is one of the highest in the

world [19, 20]. Recent data from South Africa found that even after rapid scale up of antiretro-

viral treatment, mortality among HIV-infected children remains significantly high [17, 18].

Use of oxygen therapy and presence of underlying chronic diseases were not common in

our study, which is differ from what was reported in previous studies [26, 36, 40]. The lower

frequency of use of oxygen-therapy can be attributed to a lower severity of the disease or to an

inadequate diagnosis of hypoxia in Influenza and RSV infected children. However, one of the
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deceased child who was positive to influenza (age: 3 months) was submitted to oxygen-ther-

apy. On the other hand, antibiotics were massively administrated to Influenza and RSV posi-

tive children, increasing the risk for antimicrobial resistance as suggested by several authors

[21, 41, 42].

Although our study provides valuable data about SARI in urban/suburban children in

southern Mozambique, we acknowledge some limitations of our study. First, not all eligible

children who met the case definitions were identified and enrolled, however, selection of par-

ticipants was systematic. As such, each day, only the first 3 children who met the case defini-

tion were recruited in order to minimize selection bias. Second, we acknowledge that our

study was not designed to properly assess the role of HIV in influenza and RSV severity and

fatality. For this reason, we recommend that future studies should be properly designed to

investigate this. Lastly, several case investigation forms were incomplete due to lack of data in

the patient file and for this reason, data of several variables that are relevant for this study, such

as prematurity and smoke at home were not collected.

Conclusions

Our results show that RSV is the main cause of SARI among children�2 years old admitted to

the breastfeeding and respiratory disease wards of the main hospital in Southern Mozambique.

Moreover, RSV-associated deaths occurred among children aged 6 months with broncho-

pneumonia and presumably infected with HIV, suggesting that preventive and therapeutic

interventions for SARI should prioritize younger children infected by HIV. Our data also pro-

vides evidence on the antibiotics prescription in children with viral etiology, which may repre-

sent a public health concern due to the increased risk of antibiotic resistance and calls for

urgent interventions, such as improvement of algorithms for clinical management of SARI,

availability of laboratory tests to discriminate bacterial and nonbacterial infections and

increase of awareness among clinicians.
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S1 Table. Antibiotics prescribed for the children admitted with SARI. �A Child may have

received two antibiotics. The combination were 10 Crystalline penicillin+Gentamicin; 6 Ampi-

cillin + Gentamicin; 2 Cotrimoxazol+Amoxicillin; 2 Crystalline penicillin+Cotrimoxazol; 1

Crystalline penicillin+Cotrimoxazol+Gentamicin and 1 Crystalline penicillin+Ampicilina�� ��

This child has started with Cristaline penincilin and physician had changed the prescription to

ampicillin. n = number of children that have received antibiotics. N = Total number of tested

children (450).

(DOC)

S1 File. CDC protocol for typing and sub typing of influenza viruses. For the detection and

typing of influenza virus, a real-time reverse-transcriptase polymerase chain reaction assay

(RT-PCR) was carried out using the human influenza virus real-time RT-PCR diagnostic

panel and a protocol developed and kindly provided by the US Centers for Disease Control

and Prevention (CDC, USA).

(PDF)

S2 File. Minimal data set used in this study. A hospital-based surveillance study among chil-

dren�2 years admitted to the breastfeeding and respiratory disease wards of the Maputo Cen-

tral Hospital (MCH) suffering with SARI, were enrolled from January 2015 to January 2016.
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Informação sobre o HIV e SIDA em Moçambique—INSIDA 200. Maputo, Mozambique: 2010.

21. Hall CB, Powell KR, Schnabel KC, Gala CL, Pincus PH. Risk of secondary bacterial infection in infants

hospitalized with respiratory syncytial viral infection. J Pediatr. 1988; 113(2):266–71. PMID: 3397789.

22. Shafik CF, Mohareb EW, Yassin AS, Amin MA, El Kholy A, El-Karaksy H, et al. Viral etiologies of lower

respiratory tract infections among Egyptian children under five years of age. BMC Infect Dis. 2012;

12:350. https://doi.org/10.1186/1471-2334-12-350 PMID: 23237512; PubMed Central PMCID:

PMCPMC3538156.

Influenza and RSV in children� 2 years with severe acute respiratory infection in Mozambique

PLOS ONE | https://doi.org/10.1371/journal.pone.0186735 November 30, 2017 10 / 12

http://www.ncbi.nlm.nih.gov/pubmed/11892493
https://doi.org/10.1016/S0140-6736(11)61051-9
http://www.ncbi.nlm.nih.gov/pubmed/22078723
https://doi.org/10.1016/S0140-6736(10)60206-1
http://www.ncbi.nlm.nih.gov/pubmed/20399493
https://doi.org/10.2471/BLT.07.048769
http://www.ncbi.nlm.nih.gov/pubmed/18545744
http://www.who.int/whosis/whostat/EN_WHS2011_Full.pdf?ua=1
http://www.who.int/whosis/whostat/EN_WHS2011_Full.pdf?ua=1
https://doi.org/10.7189/jogh.03.010401
https://doi.org/10.7189/jogh.03.010401
http://www.ncbi.nlm.nih.gov/pubmed/23826505
https://doi.org/10.1371/journal.pmed.1001977
http://www.ncbi.nlm.nih.gov/pubmed/27011229
https://doi.org/10.1056/NEJMoa0804877
https://doi.org/10.1056/NEJMoa0804877
http://www.ncbi.nlm.nih.gov/pubmed/19196675
http://www.ncbi.nlm.nih.gov/pubmed/12517228
http://www.ncbi.nlm.nih.gov/pubmed/2270410
https://doi.org//S0042-96862004001200007
http://www.ncbi.nlm.nih.gov/pubmed/15654405
https://doi.org/10.1097/INF.0b013e3181f232fe
http://www.ncbi.nlm.nih.gov/pubmed/20805786
https://doi.org/10.1111/j.1365-3156.2011.02811.x
http://www.ncbi.nlm.nih.gov/pubmed/21707876
https://doi.org/10.1097/INF.0000000000000478
https://doi.org/10.1097/INF.0000000000000478
http://www.ncbi.nlm.nih.gov/pubmed/25093972
https://doi.org/10.1093/infdis/jit479
http://www.ncbi.nlm.nih.gov/pubmed/24265481
http://aidsinfo.unaids.org/
http://www.ncbi.nlm.nih.gov/pubmed/3397789
https://doi.org/10.1186/1471-2334-12-350
http://www.ncbi.nlm.nih.gov/pubmed/23237512
https://doi.org/10.1371/journal.pone.0186735


23. Breiman RF, Cosmas L, Njenga M, Williamson J, Mott JA, Katz MA, et al. Severe acute respiratory

infection in children in a densely populated urban slum in Kenya, 2007–2011. BMC Infect Dis. 2015;

15:95. https://doi.org/10.1186/s12879-015-0827-x PMID: 25879805; PubMed Central PMCID:

PMCPMC4351931.

24. Bezerra PG, Britto MC, Correia JB, Duarte Mdo C, Fonceca AM, Rose K, et al. Viral and atypical bacte-

rial detection in acute respiratory infection in children under five years. PLoS One. 2011; 6(4):e18928.

https://doi.org/10.1371/journal.pone.0018928 PMID: 21533115; PubMed Central PMCID:

PMCPMC3078930.

25. Resch B. Burden of respiratory syncytial virus infection in young children. World J Clin Pediatr. 2012; 1

(3):8–12. https://doi.org/10.5409/wjcp.v1.i3.8 PMID: 25254161; PubMed Central PMCID:

PMCPMC4145640.

26. El Kholy AA, Mostafa NA, Ali AA, El-Sherbini SA, Ismail RI, Magdy RI, et al. Risk factors of prolonged

hospital stay in children with viral severe acute respiratory infections. J Infect Dev Ctries. 2014; 8

(10):1285–93. https://doi.org/10.3855/jidc.4682 PMID: 25313605.

27. Zhang C, Zhu N, Xie Z, Lu R, He B, Liu C, et al. Viral etiology and clinical profiles of children with severe

acute respiratory infections in China. PLoS One. 2013; 8(8):e72606. https://doi.org/10.1371/journal.

pone.0072606 PMID: 23991128; PubMed Central PMCID: PMCPMC3750056.

28. Simusika P, Bateman AC, Theo A, Kwenda G, Mfula C, Chentulo E, et al. Identification of viral and bac-

terial pathogens from hospitalized children with severe acute respiratory illness in Lusaka, Zambia,

2011–2012: a cross-sectional study. BMC Infect Dis. 2015; 15:52. https://doi.org/10.1186/s12879-015-

0779-1 PMID: 25888024; PubMed Central PMCID: PMCPMC4391483.

29. Nyawanda BO, Mott JA, Njuguna HN, Mayieka L, Khagayi S, Onkoba R, et al. Evaluation of case defini-

tions to detect respiratory syncytial virus infection in hospitalized children below 5 years in Rural West-

ern Kenya, 2009–2013. BMC Infect Dis. 2016; 16:218. https://doi.org/10.1186/s12879-016-1532-0

PMID: 27207342; PubMed Central PMCID: PMCPMC4875667.

30. McMorrow ML, Wemakoy EO, Tshilobo JK, Emukule GO, Mott JA, Njuguna H, et al. Severe Acute

Respiratory Illness Deaths in Sub-Saharan Africa and the Role of Influenza: A Case Series From 8

Countries. J Infect Dis. 2015; 212(6):853–60. https://doi.org/10.1093/infdis/jiv100 PMID: 25712970;

PubMed Central PMCID: PMCPMC4826902.

31. Radin JM, Katz MA, Tempia S, Talla Nzussouo N, Davis R, Duque J, et al. Influenza surveillance in 15

countries in Africa, 2006–2010. J Infect Dis. 2012; 206 Suppl 1:S14–21. https://doi.org/10.1093/infdis/

jis606 PMID: 23169960.

32. Resch B, Eibisberger M, Morris N, Muller W. Respiratory syncytial virus- and influenza virus-associated

hospitalizations in infants less than 12 months of age. Pediatr Infect Dis J. 2011; 30(9):797–9. https://

doi.org/10.1097/INF.0b013e318215cf3e PMID: 21386747.

33. Ahmed JA, Katz MA, Auko E, Njenga MK, Weinberg M, Kapella BK, et al. Epidemiology of respiratory

viral infections in two long-term refugee camps in Kenya, 2007–2010. BMC Infect Dis. 2012; 12:7.

https://doi.org/10.1186/1471-2334-12-7 PMID: 22251705; PubMed Central PMCID:

PMCPMC3398263.

34. Tempia S, Walaza S, Viboud C, Cohen AL, Madhi SA, Venter M, et al. Mortality associated with sea-

sonal and pandemic influenza and respiratory syncytial virus among children <5 years of age in a high

HIV prevalence setting—South Africa, 1998–2009. Clin Infect Dis. 2014; 58(9):1241–9. https://doi.org/

10.1093/cid/ciu095 PMID: 24567249.

35. Ohuma EO, Okiro EA, Ochola R, Sande CJ, Cane PA, Medley GF, et al. The natural history of respira-

tory syncytial virus in a birth cohort: the influence of age and previous infection on reinfection and dis-

ease. Am J Epidemiol. 2012; 176(9):794–802. https://doi.org/10.1093/aje/kws257 PMID: 23059788;

PubMed Central PMCID: PMCPMC3481264.

36. Shi T, Balsells E, Wastnedge E, Singleton R, Rasmussen ZA, Zar HJ, et al. Risk factors for respiratory

syncytial virus associated with acute lower respiratory infection in children under five years: Systematic

review and meta-analysis. Journal of global health. 2015; 5(2):020416. https://doi.org/10.7189/jogh.05.

020416 PMID: 26682048; PubMed Central PMCID: PMCPMC4676580.

37. Weber MW, Mulholland EK, Greenwood BM. Respiratory syncytial virus infection in tropical and devel-

oping countries. Trop Med Int Health. 1998; 3(4):268–80. PMID: 9623927.

38. Schacht CD. Factors influencing mother-to-child transmission of HIV during pregnancy and breastfeed-

ing in Mozambique: Ghent University; 2015.

39. Tempia S, Walaza S, Viboud C, Cohen AL, Madhi SA, Venter M, et al. Deaths associated with respira-

tory syncytial and influenza viruses among persons >/ = 5 years of age in HIV-prevalent area, South

Africa, 1998-2009(1). Emerg Infect Dis. 2015; 21(4):600–8. https://doi.org/10.3201/eid2104.141033

PMID: 25811455; PubMed Central PMCID: PMCPMC4378466.

Influenza and RSV in children� 2 years with severe acute respiratory infection in Mozambique

PLOS ONE | https://doi.org/10.1371/journal.pone.0186735 November 30, 2017 11 / 12

https://doi.org/10.1186/s12879-015-0827-x
http://www.ncbi.nlm.nih.gov/pubmed/25879805
https://doi.org/10.1371/journal.pone.0018928
http://www.ncbi.nlm.nih.gov/pubmed/21533115
https://doi.org/10.5409/wjcp.v1.i3.8
http://www.ncbi.nlm.nih.gov/pubmed/25254161
https://doi.org/10.3855/jidc.4682
http://www.ncbi.nlm.nih.gov/pubmed/25313605
https://doi.org/10.1371/journal.pone.0072606
https://doi.org/10.1371/journal.pone.0072606
http://www.ncbi.nlm.nih.gov/pubmed/23991128
https://doi.org/10.1186/s12879-015-0779-1
https://doi.org/10.1186/s12879-015-0779-1
http://www.ncbi.nlm.nih.gov/pubmed/25888024
https://doi.org/10.1186/s12879-016-1532-0
http://www.ncbi.nlm.nih.gov/pubmed/27207342
https://doi.org/10.1093/infdis/jiv100
http://www.ncbi.nlm.nih.gov/pubmed/25712970
https://doi.org/10.1093/infdis/jis606
https://doi.org/10.1093/infdis/jis606
http://www.ncbi.nlm.nih.gov/pubmed/23169960
https://doi.org/10.1097/INF.0b013e318215cf3e
https://doi.org/10.1097/INF.0b013e318215cf3e
http://www.ncbi.nlm.nih.gov/pubmed/21386747
https://doi.org/10.1186/1471-2334-12-7
http://www.ncbi.nlm.nih.gov/pubmed/22251705
https://doi.org/10.1093/cid/ciu095
https://doi.org/10.1093/cid/ciu095
http://www.ncbi.nlm.nih.gov/pubmed/24567249
https://doi.org/10.1093/aje/kws257
http://www.ncbi.nlm.nih.gov/pubmed/23059788
https://doi.org/10.7189/jogh.05.020416
https://doi.org/10.7189/jogh.05.020416
http://www.ncbi.nlm.nih.gov/pubmed/26682048
http://www.ncbi.nlm.nih.gov/pubmed/9623927
https://doi.org/10.3201/eid2104.141033
http://www.ncbi.nlm.nih.gov/pubmed/25811455
https://doi.org/10.1371/journal.pone.0186735


40. Oladokun R, Muloiwa R, Hsiao NY, Valley-Omar Z, Nuttall J, Eley B. Clinical characterisation and phy-

logeny of respiratory syncytial virus infection in hospitalised children at Red Cross War Memorial Chil-

dren’s Hospital, Cape Town. BMC Infect Dis. 2016; 16:236. https://doi.org/10.1186/s12879-016-1572-5

PMID: 27246848; PubMed Central PMCID: PMCPMC4888648.

41. Byington CL, Castillo H, Gerber K, Daly JA, Brimley LA, Adams S, et al. The effect of rapid respiratory

viral diagnostic testing on antibiotic use in a children’s hospital. Arch Pediatr Adolesc Med. 2002; 156

(12):1230–4. PMID: 12444835.

42. Suntarattiwong P, Sojisirikul K, Sitaposa P, Pornpatanangkoon A, Chittaganpitch M, Srijuntongsiri S,

et al. Clinical and epidemiological characteristics of respiratory syncytial virus and influenza virus asso-

ciated hospitalization in urban Thai infants. Journal of the Medical Association of Thailand = Chotmaihet

thangphaet. 2011; 94 Suppl 3:S164–71. PMID: 22043771.

Influenza and RSV in children� 2 years with severe acute respiratory infection in Mozambique

PLOS ONE | https://doi.org/10.1371/journal.pone.0186735 November 30, 2017 12 / 12

https://doi.org/10.1186/s12879-016-1572-5
http://www.ncbi.nlm.nih.gov/pubmed/27246848
http://www.ncbi.nlm.nih.gov/pubmed/12444835
http://www.ncbi.nlm.nih.gov/pubmed/22043771
https://doi.org/10.1371/journal.pone.0186735

