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Background: Acute respiratory infections are one of the major causes of morbidity and mortality in children under 5 years in developing countries and are a challenge for the health system of these countries. In Cabo Verde, despite the lack of recent studies, data indicate that it affects thousands of children, being the fourth leading cause of infant mortality in 2013. The aim of this study was to identify and describe the etiological agents associated with acute respiratory tract infections in children under 5 years old, and their associated risk factors, such as clinical symptoms or socio-demographic characteristics.

Methods: Naso-pharyngeal samples were collected from children under 5 years attending at Dr. Agostinho Neto Hospital (Praia, Santiago Island, Cabo Verde) with suspected ARI at different time-points during 2019. Samples were analyzed using FilmArray® Respiratory Panel v. 2.0 Plus to identify etiological agents of ARI. A questionnaire with socio-demographic information was also collected for each participant. Data analyses were carried out using the IBM SPSS version 25 (IBM Corporation, Armonk, NY) and R 3.5.1 statistical software.

Results: A total of 129 naso-pharyngeal samples were included in the study. Seventeen different etiologic agents of respiratory infections were identified. HRV/EV was the most frequent agent detected, followed by FluA H3 and RSV. Coinfection with two or more pathogens was detected in up to 20% of positive samples. The results were analyzed in terms of age-group, sex, period of the year and other social and demographic factors.

Conclusion: Viruses are the main causative agents of ARI in children <5 years attending at the pediatrics service at the Dr. Agostinho Neto Hospital in Praia city, Santiago Island, Cabo Verde. Some factors are described in this study as statistically associated with the presence of an infectious agent, such as having one or more children sharing the bedroom with an adult and the presence of some clinical symptoms. The data addresses the need for studies on respiratory tract infections in Cabo Verde.
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INTRODUCTION

Acute respiratory infections (ARI) are defined as infections in the respiratory tract (lower and/or upper), resulting in obstruction of the air passage at the nasal and/or bronchial system, causing a spectrum of manifestations, from acute symptoms, like common colds, to more serious conditions such as pneumonia or lung collapse (1). ARI often constitutes a medical emergency, because it directly affects tissue oxygenation, driving to complications in children, with poor outcomes including increased morbidity and mortality. It is not uncommon that ARI requires intensive care, permanent evaluation, as well as quick and resolutive interventions (2, 3).

Despite the usually benign nature of the infection, ARI is an enormous economic burden on society in terms of visits to doctors and other health-care providers, treatments, and absences from work, school and/or day care (4).

Among ARI, infections of the upper respiratory tract are the most frequent, but the majority of respiratory deaths are attributed to acute lower respiratory infections (5, 6). Both bacteria and viruses have been identified as the agents of ARI, however, it is known that 90% of these infections have viral origin (2, 7). In children with ARI, respiratory syncytial virus (RSV), influenza virus types A and B (Flu A and Flu B), adenovirus (ADV), parainfluenza virus (PIV), human metapneumovirus (hMPV) and human rhinovirus/enterovirus (HRV/EV) are the most frequently detected viruses (7, 8). Other viruses such as human bocavirus (hBoVs), and mainly severe acute respiratory syndrome coronavirus (SARS-CoV), middle east respiratory syndrome coronavirus (MERS-CoV), and more recently a new type of coronavirus (SARS-CoV-2), the causative agent of COVID-19 respiratory infection worldwide, have been described as responsible for more severe symptoms like respiratory distress syndrome (9, 10). Bacteria such as Streptococcus pneumoniae, Staphylococcus aureus and Klebsiella pneumoniae are less frequently reported (6, 7, 11).

The clinical manifestations of respiratory infections caused by these agents are similar in most cases, including cough, fever ≥ 38°C, headache and/or difficult breathing, among others. On the other hand, the clinical spectrum is variable, ranging from mild infections, which can be treated on an outpatient basis, to more serious forms that require hospitalization, particularly in patients with cardiopathy or metabolic diseases (6, 12–15). The early detection of the potential causative agents of ARI is essential for appropriate treatment, helping to reduce the overuse of antibiotics therapy, and prevent outbreaks or reinfection. In this context, polymerase chain reaction (PCR) assays have shown to be a sensitive and specific tool for detection of these agents, particularly the multiplex-PCR assays, enabling the detection of multiple targets in a single clinical specimen (9).

ARI are the main cause of morbidity and mortality worldwide, especially in children under 5 years (7). It is responsible for more than 12 million hospital admissions and 1.9 to 2.2 million deaths in children each year, 70% occurring in Africa and Southeast Asia (6, 16, 17). Studies show that the etiological agents of ARIs are geographically diverse and are associated with the epidemic status of each ARIs and climate conditions (18). Therefore, data on the epidemiology of ARI cases are very important to develop control and prevention strategies (11).

Archipelago of Cabo Verde is located off the West African coast, 500 km away from Senegal. With a total of 4,033 km2 and 544,081 residents, Cabo Verde has a young population, with 47% of people under 24 years-old and only 6% of over 65 years old (19, 20). Cabo Verde is facing demographic and epidemiological changes, as well as an increasingly demanding population. The country needs to address “old” challenges, such as controlling transmissible diseases, and at the same time tackle emerging needs such as responding to the increasing prevalence of non-transmissible diseases. To keep control of this challenges, the country has provided a new national health plan, the National Health Development Plan 2017–2021, including 8 strategies of development and operational initiatives to improve the health of the population of Cabo Verde (20).

According to WHO, in 2013 ARI was considered the fourth cause of mortality in children under 5 years in Cabo Verde (21). Between 2014 and 2018, ARI was the condition showing the highest notification in children under 5 years with an average of 31,238 cases per year (22). Despite the high notification rate, there is little scientific literature describing the etiological agents of ARI and the associated risk factors in Cabo Verde. Only one research project was conducted between 2009 and 2010 in Senegal, Cabo Verde, Mauritania and Guinea, revealing the involvement of the influenza virus A and B in complications of the respiratory tract in samples collected from patients seeking health care in those countries (23). Of 3,155 samples tested, 911 (28.9%) were positive for influenza virus, with influenza A being the most prevalent virus detected, and patients aged between 5 and 14 years and <5 years were the most affected (72/422, 17.1%; 262/1642; 16.2%, respectively) (23).

Determining the etiological agents of ARI in Cabo Verde is fundamental not only for surveillance, for diagnostic and therapeutic purposes, but also to illustrate the relationships between ARI in children and local demographic, socioeconomic and environmental factors, in order to contribute to defining public health policies regarding ARI. The aim of this study was to identify the etiological agents associated with acute respiratory tract infections in children under 5 years at Dr. Agostinho Neto Hospital (Praia, Santiago Island, Cabo Verde) and the clinical symptoms associated with this infection. In parallel, the distribution of ARI by age, sex, season, geographic location and their associated risk factors was described.



MATERIALS AND METHODS


Study Design and Data Collection

We collected cross-sectional data in January, May and November 2019 of children under 5 years of age attended at the Pediatrics' emergency and ambulatory service at Hospital Dr. Agostinho Neto (HAN) in Praia city, Santiago Island, Archipelago of Cabo Verde with suspected acute respiratory infection (ARI) (Figure 1).
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FIGURE 1. Location of Praia in Santiago Island (Cabo Verde). Map modified with QGIS 3.8.0-Zanzibar (www.qgis.org) from OpenStreetMap.org. OpenStreetMap® is open data, licensed under the Open Data Commons Open Database License (ODbL) by the OpenStreetMap Foundation (OSMF).


To be included in the study, children were identified by clinicians and must have had three or more typical symptoms of ARI (cough, nasal obstruction, chest pain, headache, difficult breathing, conjunctivitis and/or fever ≥38°C), starting at least 3–7 days before, and not under any treatment.

These inclusion criteria were defined by Fitzner et al. (15). In some cases, according to medical recommendations, children with less than three typical symptoms of ARI were included in the study.

All samples were accompanied by a questionnaire, containing child socio-demographic and clinical data provided by the assisting medical professionals as well as parents and/or guardian. Specimens were naso-pharyngeal swabs (NPS) collected in 3 ml of Viral Transport Medium (VTM) (Delta lab, Barcelona, Spain), according to Baden et al. (24). Samples were stored at −80°C until transport to the laboratory of the Instituto Universitario de Enfermedades Tropicales y Salud Pública de Canarias, Universidad de La Laguna (IUETSPC/ULL) in Tenerife, Canary Islands.



FilmArray Testing

The detection of the virus and bacteria considered etiological agents of ARI was performed using FilmArray® Respiratory Panel v.2.0 Plus (FARP–FilmArray® Respiratory Panel BioFire Diagnostics LLC 390; Wakara Way Salt Lake City, UT, USA). FilmArray RP2plus is a test based on multiplex PCR (25) designed for the simultaneous detection and identification of nucleic acids of 18 respiratory viruses and 4 bacteria (26). The viruses are Adenovirus (ADV), Coronavirus 229E (CoV 229E), Coronavirus HKU1 (CoV HKU1), Coronavirus OC43 (CoV OC43), Coronavirus NL63 (CoV NL63), Human Rhinovirus/Enterovirus (HRV/EV), Human Metapneumovirus (hMPV), Influenza A (FluA), Influenza A H1 2009 (Flu A H1 2009), Influenza A H3 (Flu A H3), Influenza A H1 (Flu A H1), Influenza B (Flu B), Parainfluenza Virus 1 (PIV 1), Parainfluenza Virus 2 (PIV 2), Parainfluenza Virus 3 (PIV 3), Parainfluenza Virus 4 (PIV 4), Respiratory Syncytial Virus (RSV), and Middle East Respiratory Syndrome (MERS-CoV). The bacteria are Chlamydophila pneumoniae, Mycoplasma pneumoniae, Bordetella parapertussis and Bordetella pertussis (26, 27). A fraction of 300 μl of each sample was subjected to FilmArray RP2plus testing according to the manufacturer's instructions (available in: www.biofiredx.com).



Statistical Analysis

Data analyses were carried out using the IBM SPSS version 25 (IBM Corporation, Armonk, NY) and R 3.5.1 statistical software. Results are presented as means ± standard deviations (SD) for continuous data and proportions (prevalence) for categorical data. Ninety-five percent confidence intervals for prevalence using the approximate or exact method, as appropriate, were included.

Chi-square test or Fisher's exact test, as appropriate, were assessed to study the associations between the presence of pathogens and some sociodemographic variables. Results with p < 0.05 were considered statistically significant. To determine predictor variables for ARI, a binary logistic regression model was fitted and variables at a p < 0.2 during the bi-variate analysis were included in the multivariable analysis. All assumptions for binary logistic regression were checked. Finally, variables found to be significant at a p < 0.05 in the final model were declared as predictors. Crude odds ratios (COR) and adjusted odds ratios (AOR) with 95% confidence interval were reported. Hosmer and Lemeshow goodness-of-fit test (p > 0.05) was used to check model fitness.




RESULTS


Demographic Characteristics

A total of 129 naso-pharyngeal swabs from children <5 years old with suspected ARI were collected and analyzed during the study period. In detail, 60 (46.5%) of them belong to children <1 years of age and 69 (53.5%) between 1 and 4 years old. The sex distribution was 62 (48.1%) female and 67 (51.9%) male samples. Sampling was performed in three different periods in 2019, 35 (27.1%) in January, 46 (35.7%) in May and 48 (37.2%) in November. Most of the patients (88.4%, 114/129) came from Praia city, and in two patients this information is lacking (Table 1). According to the clinical signs and symptoms, most patients enrolled in this study presented with nasal obstruction (119, 92.2%), cough (112, 86.9%) and fever ≥38°C (84, 65.1%). Difficult breathing (28, 21.7%), conjunctivitis (6, 4.7%), chest pain (4, 3.1%), and headache (3, 2.3%) were also reported. A total of 63 (48.8%) patients enrolled in this study presented the first symptoms between 6 and 7 days before attending HAN, 40 (31.0%) at 3–5 days and 26 (20.2%) presented first symptoms 1–2 days before seeking medical attention. Most (88.4%, 114/129) of the children lived in Praia, the capital city of Santiago Island that can be divided in 4 geographic areas: North of Praia, West of Praia, South of Praia, and East of Praia. Positive samples were distributed among all areas, showing no clear geographical pattern (Table 1).


Table 1. Frequency (%) of respiratory pathogens by age, sex, study period and geographic areas in Praia, during 2019.
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Respiratory Pathogens Causing ARI in Children Under 5 Years Old in Cabo Verde

Among the 129 naso-pharyngeal samples tested, 102 (79.1%) were positive for one or more of the pathogens detected in the Panel. HRV/EV was the most frequent respiratory pathogen (39.5%), followed by FluA H3 (14.0%) and RSV (10.1%; Table 1). The detection rates for all other pathogens tested were below 10% (Table 1). A single respiratory pathogen was detected in 81 (62.8%) positive samples, and multiple pathogens were detected in 21 of them (20.6%; Table 2), generally combinations of HRV/EV (14/21, 66.6%), ADV (10/21, 47.6%), or RSV (6/21, 28.5%) with a different infectious agent (Figure 2, Table 2).


Table 2. Reported cases of respiratory pathogens co-infection in the study population.
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FIGURE 2. The frequency (%) of each respiratory pathogen in the context of a co-infection. ADV, Adenovirus; CoV HKU1, Coronavirus HKU1; CoV OC43, Coronavirus OC43; CoV NL63, Coronavirus NL63; HRV/EV, Human Rhinovirus/Enterovirus; hMPV, Human Metapneumovirus; RSV, Respiratory Syncytial Virus; FluA H3, Influenza A H3; PIV 3, Parainflueza Virus 3; C. Pneumoniae, Chamydophila pneumoniae; M. Pneumoniae, Mycoplasma pneumoniae.


The combination of three respiratory pathogens was found in a single sample, representing 4.8% of co-infections. The most frequent finding in terms of co-infection was ADV + HRV/EV viruses, with six cases (28.5%), followed by HRV/EV + RSV (19.0%; Table 2).

Age clustering revealed a balanced positivity rate, with 85.0% positives in the <1 year old age group and 73.9% in the 1–4 years old (Table 1). Besides, most pathogens were detected at similar rates in both age groups. In contrast, FluA H 3 was most prevalent in the 1–4 year old group (p = 0.049, Table 1), suggesting an influence of age for this infection. Regarding sex, no statistically significant differences were observed between boys' and girls' infection rates (Table 1). It is interesting the higher frequency of ADV infections in the female group (14.5%), although no statistically significant differences were observed (Table 1).

Sampling was performed in three different periods along 2019 (January, May, and November) in order to identify possible seasonal distribution of this collection of pathogens. The highest sample positive rate was detected in November (89.6%), followed by May (78.3%) and January (65.7%; Table 1). Out of the 17 pathogens detected, four showed statistically significant differences among the three sampling periods, being FluA H3, FluB and RSV most frequent in November and hMPV in May (Table 1).

Only two bacterial pathogens were found in our study: C. pneumoniae was detected in May and November (4.3%, 2/46; 2.1%, 1/48, respectively), while M. pneumoniae only in May (2.2%, 1/46), all of them in low frequency.

The association between clinical presentation and ARI was also evaluated (Table 3). The bivariable analysis revealed that the days from the symptom onset, the presence of three or more typical symptoms of ARI, and particularly the presence of nasal obstruction, chest pain, conjunctivitis, or cough, were variables with a p < 0.2, and therefore were included in the multivariable logistic regression model. The forward stepwise binary logistic regression model accounted for 14.5% (Nagelkerke R2 = 0.145) of the variance in prevalence. The presence of nasal obstruction and chest pain were significantly associated with ARI among children <5 years in the final model. The adjusted odds revealed children presenting nasal obstruction had higher risk of ARI (AOR: 6.6, 95% CI: 1.65, 26.39), but chest pain was negatively associated with the detection of any of the pathogens of FilmArray RP2plus (AOR: 0.09, 95% CI: 0.01, 0.96).


Table 3. Relation between Symptoms and ARI.
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Socio-Demographic Risk Factors for ARI

Information regarding several socio-demographic factors was also collected for all patients included in this study. To determine their association with ARI, the proportion of children with each potential risk factor were compared in ARI positive and negative groups (Table 4). The bivariable analysis revealed that age, household crowding, householder studies, householder income, residence regime, number of children <5 years old that sleeps with an adult and presence of domestic animals were variables with a p < 0.2, therefore were included in the multivariable logistic regression model.


Table 4. Risk factors for ARI.
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Forward stepwise binary logistic regression models examined factors associated with ARI obtaining a model for the prevalence of ARI accounting for 12.4% (Nagelkerke R2 = 0.124) of the variance in prevalence. In the final model, solely the number of children <5 years old sleeping in the same room with an adult was significantly associated with ARI. Thus, children <5 years old sharing the bedroom with an adult increased significantly their risk of ARI (OR: 8.17, 95% CI: 2.12, 31.48) compared to those living in households where no children shared the bedroom with adults. This odds ratio was even higher (OR: 9.8, 95% CI: 2.07, 46.35) when more than one child shared the same bedroom with an adult (Table 4). Interestingly, other factors such as household crowding, family income or the level of studies of the head of the family did not increase the risk of ARI among children <5 years old in our study.




DISCUSSION

To the best of our knowledge, this study is the first to investigate the role of 21 respiratory pathogens in children <5 years attended at the pediatrics service at the Hospital Dr. Agostinho Neto (HAN) in Praia city, Santiago Island, Archipelago of Cabo Verde with suspected ARI. This study reveals the pathogen profile that causes ARI in children <5 years and describes some clinical and socio-demographic factors associated with these infections. Our results are relevant toward the design and implementation of control programs and the optimal utilization of scarce resources for the most effective preventive, early management strategies, aiming to reduce the rate of morbidity and mortality by ARI in Cabo Verde.

Our results show a high infection rate (%) in the population included in our study, in line with similar studies performed in different locations worldwide. For example, in Naples province (Southern Italy) the rate of ARI in children <5 years was 78.0% (25) and in Lusaka province in Zambia was 76.8% (28), however studies in Malaysia and Ghana revealed much lower infection rates (29, 30). The variations in the published results can be explained by the differences in socio-economic factors, geographic and climatic differences, enrollment criteria, as well as the efficiency of local health care systems in different countries and patients' age (7, 9, 25). Nevertheless, authors attribute testing platforms an important factor for the high rate and diversity of pathogens to be detected, due to the sensitivity and specificity of the testing platforms (9, 31).

In our data, viruses are the main causative agents of ARI in children <5 years with suspected ARI (76.7% of all reported cases), with HRV/EV, FluA H3 and RSV being the most prevalent. The overall prevalence is comparable to previous studies done in other areas, like Naples (25), China (8, 18), in three geographically distinct U.S. sites (26) and in Greece (32). All these highly prevalent viruses are usually associated with upper and lower respiratory tract infections to severe respiratory illness in infants, including bronchiolitis, pneumonia, wheezing, and are a leading cause of hospitalization in pediatrics emergency departments (18, 25, 32, 33). Cabo Verde does not have a surveillance system for agents that cause ARI, despite the high prevalence of reported cases of ARI in children <5 years. Therefore, our findings become important, because some of these viruses have also been described as responsible for infections in other organs such as heart and central nervous system (33), and these viruses can play a more significant role than originally thought. So additional studies describing our serotypes and/or variants will help to further understand how much these viruses contribute to severity of disease in this community and their role in infection dynamics at national and international level.

Co-infection with multiple respiratory pathogens was detected in 20.6% of the positive specimens tested by FilmArray® Respiratory Panel v.2.0 Plus in our study, in line with some reports in the world (28, 34). Interestingly, studies in patients with ARI suggest that pediatric patients are more likely to be infected by multiple pathogens than adults (8). We showed that HRV/EV were the most frequent pathogens detected in co-infection in children with suspected ARI, being HRV/EV+ADV the most frequent combination which is in line with reported data in asymptomatic and symptomatic children (8, 25, 32, 35). Although the reason behind co-infection between HRV/EV and other pathogens that cause ARI is unclear, the infection mechanisms used by this virus have been suggested as important factors that facilitate connection, translation and persistence of other viruses and bacteria (36).

Variations in the rates of influenza infections have been reported in several studies in different age groups, especially in children <5 years (37–40). In our study, FluA H3 was the only subtype of influenza virus showing a statistically significant difference by age, being more prevalent in children aged between 1 and 4 years than <1 year (p = 0.04). To explain this variation, the interaction between age and susceptibility to influenza infection have been suggested, as the immunity against influenza infection probably differs between age groups due to previous exposure to different influenza subtypes (41).

Interestingly, adenovirus was more common in female children than male children. In contrast, additional studies showed that male children are more susceptible to adenoviruses infections (42). To date, no study involving children <5 years with suspected ARI has reported a relationship between positive cases of ADV and sex (13, 42–45), and the risk factors for adenovirus respiratory infection in children are controversial (44). However, adenoviruses are considered important causative agents of ARI in children (13), accounting for 2–5% of the overall respiratory infections and 4–10% of the pneumonia (43, 45, 46).

Statistical differences in the positivity rates of ARI were noted across seasons in our study, with November and May being the months with highest positive rates of ARI. Among the pathogens tested, only hMPV, FluA H3, Flu B, and RSV showed a distinct seasonality, in line with other studies from Zambia,Kenya and Brazil (12, 13, 34, 47, 48). Seasonal fluctuations in the incidence of ARI caused by viruses/bacteria are associated with the climatic characteristics of the study areas (25, 49, 50). As an example, in tropical areas, more than one period of viral/bacterial activity can occur during the year, with peaks during the mild winter and rainy season; in contrast, in the temperate areas, the peaks occur mainly in winter (12, 13, 47, 51, 52). This phenomenon has been very well studied in southern Brazil, where researchers have found that adenoviruses circulate year-round, particularly in the summer (13), PIV 1 circulates in the fall, PIV 2 during fall and spring, and PIV 3 during spring (47). In contrast, influenza A and B circulate mainly in winter (12). Additional studies will be necessary to understand the seasonality of ARI caused by viruses/bacteria in Cabo Verde.

Atypical respiratory pathogens Chlamydia pneumoniae, Mycoplasma pneumoniae and Legionella pneumophila are recognized as a significant cause of ARI (53–55). Although C. pneumonia and M. pneumoniae were only found in low frequency in this study, it is important to monitor them in this community because previous studies demonstrated the implication of these bacteria in community-acquired pneumonia (CAP), acute exacerbations of chronic bronchitis, asthma, and less frequently, upper respiratory-tract infections (53, 56, 57).

Several Coronavirus (CoVs) subtypes have been described as causative agents of acute respiratory infections in humans since the mid-1960s (58). Four endemic CoVs subtypes were described in our study, CoV-229E, CoV-OC63, CoV-HL63, and CoV-HKU1, but all in low frequencies. It is well known that CoVs are implicated in cases of severe respiratory tract infections worldwide, and despite the growing interest, important gaps in the knowledge about CoVs remain (58–60).

Different clinical presentations have been associated with ARI worldwide (61–63). Despite the association found between several symptoms and ARI in our study, only the presence of nasal obstruction significantly increased the risk of ARI caused by any of the described pathogens. Evidence from other studies indicated an association between fever and an increased risk of severe respiratory infection (61, 64), but not for chest pain, cough, nasal obstruction and conjunctivitis (61, 65). Interestingly, children reporting chest pain had significantly decreased odds of ARI in or study. This finding can be explained by the fact that chest pain have been associated with several other etiologies, apart from ARI (66–68).

This study also described the social and demographic factors associated with ARI caused by any of the pathogens included in Film Array RP2 plus. In our data, only having one or more children sharing the bedroom with an adult increased significantly the risk among children <5 years attending the pediatrics service of Dr. Agostinho Neto Hospital in Praia city, Santiago Island, Cabo Verde with suspected ARI. Interestingly, other variables generally described as risks factors for ARI in children <5 years worldwide, such as age and household crowding, did not show that association in our model (69–71). In our study, the prevalence of ARI was equally distributed among the age groups, but additional studies show that children under 1 year of age are more susceptible to ARI compared to those aged >1 years (70, 71). Increased ARI among lower age children might be due to less developed immunity (72).

In conclusion, 17 different respiratory pathogens were detected as etiological agents for ARI in children <5 years attending at the pediatrics service at the Dr. Agostinho Neto Hospital (HAN) in Praia city, Santiago Island, Cabo Verde. Viruses were the main etiologic agents of ARI in this population, being HRV/EV, FluA H3, and RSV the most prevalent agents detected. Besides, some socio-demographic data and clinical symptoms are described as risk factors for ARI in children <5 years old. The data addresses the lack of studies on respiratory tract infections in Cabo Verde and highlights the need of more studies involving other health services in the country. However, these findings may be useful at national and international level. Moreover, future efforts to reduce the impact of ARIs will depend on the commitment of competent organs to mobilize resources to finance and implement programs to introduce vaccines, particularly in this age group where most of the morbidity and mortality is associated with ARI.
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1/67 (1.5)
0/67 (0.0)
3/67 (4.5)
2/67 (3.0)

sig.

ns.
ns.
ns.
ns.

ns.

ns. 25/62 (40.3) 26/67 (38.8) n.s.

ns.
ns.

ns.

4/62(6.5)
7/62(11.3)
1/62(1.6)

5/67 (7.5)
6/67 (9.0)
0/67 (0.0)

ns.
ns

ns.

4/60 (6.7) 14/69 (20.3)0.049 8/62 (12.9) 10/67 (14.9) n.s.

1/60 (1.7)
0/60 (0.0)
1/60 (1.7)
3/60(5.0)
0/60 (0.0)
1/60 (1.7)

0/60 (0.0)

3/69 (4.9)
1/69 (1.4)
0/69 (0.0)
0/69 (0.0)
1/69 (1.4)
2/69 (2.9)

1/69 (1.4)

102/129 (79.1) (71.0-85.7)51/60 (85.0)51/69 (73.9) n.s.

ns
ns.
ns.
ns.
ns.

ns.

ns.

1/62 (1.6)
1/62 (1.6)
0/62 (0.0)
2/62(3.2)
1/62 (1.6)
062 (0.0)

0/62 (0.0)

3/67 (4.5)
067 (0.0)
1/67 (1.5)
1/67 (1.5)
067 (0.0)
3/67 (4.5)

1/67 (1.5)

ns.
ns.
ns.
ns.
ns.

ns.

ns.

Study Period, +/n (%)

January

2/35(6.7)
1135 (29)
035 (0.0)
1/35 (2.9)
035 (0.0)
9/35 (25.7)
1/35 (2.9)
035 (0.0)
1/35 (2.9)

6/35 (17.1)
035 (0.0)
1135 (2.9)
1/35 (2.9)
2/35(5.7)
0135 (0.0)
0/35 (0.0)

0/35 (0.0)

May  November Sig.
6/46(13.0) 4/48(83) ns.
046 (0.0) 0/48(00) ns.
1/46(22) 0/48(00) nis.
2/46(43) 1/48(2.1) ns.
0/46(0.0) 2/48(42) ns.
24/46 (52.2) 18/48 (37.5) nss.
/46 (17.4) 0/48(0.0) 0.001
1/46 (2.2) 12/48 (25.0) <0.001
0/46(00) 0/48(00) ns.
0/46 (0.0) 12/48 (25.0) <0.001
0/46(0.0) 4/48(83) 0.037
0/46(0.0) 0/48(00) ns.
0/46(0.0) 0/48(00) ns.
1/46 (2.2)  0/48 0.0)

0/46(00) 1/48(21) ns.
2/46(43) 1/48(21) ns.
1/46(22) 0/48(00) nis.

North

4/31(12.9) 3/22 (13.6)

0/31(0.0)
0131 (0.0)
2/316.5)
1/3132)

11/31(35.5) 10/22 (45.5) 19/44 (43.2)

3/319.7)
4/31(12.9)
0131 (0.0)

6/31(19.4)
1/3132)
0/31(0.0)
0131 (0.0)
1/3132)
0131 (0.0)
1/3132)

1/3132)

Geographic areas in Praia, +/n (%)

West

0722 (0.0)
1/22 (4.5)
0/22 (0.0
0/22 (0.0)

1/22 (4.5)
2/22 9.1)
1/22 (4.5)

1/22 (4.5)
0/22 (0.0)
0/22 (0.0)
0/22 (0.0)
1/22 (4.5)
0/22 (0.0)
1/22 (4.5)

0/22 (0.0)

South

2/44(4.5)
0/44 (0.0)
0/44 (0.0)
1/44 2.3)
0/44 0.0)

2/44.(4.5)
3/446.8)
0/44 (0.0)

8/44 (18.2)
3/44(6.8)
044 0.0)
1/44 2.3)
1744 2.3)
044 (0.0)
1/44 2.3)

0/44 0.0)

East

217(118)
017 (0.0)
017 (00)
017 (0.0)
017 (00)

Other  Sig.

013 0.0) ns.
0/13(0.0) n.s.
013 0.0) ns.
113 (7.7) ns.
113(7.7) ns.

6/17 (35.3) 4/13 (30.8) n.s.
117(69) 2/13(15.4) ns.

247 (11.8)
017 (0.0)

217 (118)
017 (0.0)
117 (5.9)
017 (0.0)
017 0.0)
017 0.0)
017 (0.0)

017 (0.0)

113 (7.7) ns.
013 0.0) ns.

113(7.7) ns.
013 0.0) ns.
013 (0.0) nss.
013 (0.0) ns.
013 0.0) ns.
113(7.7) ns.
013 0.0) nis.

013 0.0) ns.

. 49/62 (79.0)53/67 (79.1) n.s. 23/35 (65.7) 36/46 (78.3) 43/48 (89.6) 0.030 27/31 (87.1) 16/22 (72.7) 36/44 (81.8) 13/17 (76.5)8/13 (61.5) n.s.

ADV, Adenovirus; CoV/ 229E, Coronavirus 229E; CoV/ HKU1, Coronavirus HKU1; CoV/ OC43, Coronavirus OC43; CoV/ NL63, Coronavirus NL63; HRV/EV, Human Rbinovirus/Enterovirus; hMPV, Human Metapneumovirus; RSV, Respiratory
Syneytial Virus; FluA H1 2009, Influenza AH1 2009; FIuA H3, Influenza A H3; FuB, Influenza B; PIV 1, Parainfluenza virus 1; PIV 2, Parainfluenza Virus 2; PIV 3, Parainflueza Virus3; PIV 4, Parainfluenza Virus 4; C. pneumoniae, Chamydophila

pneumoniae; M. pneumonize, Mycoplasma pneumoniae.
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Single pathogens infection
Co-infection
2 pathogens
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ADVA+HRV/EV
HRV/EV+RSV
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1/214.7)
1/21(4.7)
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ADV, Adenovirus; CoV' HKUI, Coronavirus HKU1; CoV OC43, Coronavius OC43;
CoV/ NL63, Coronavirus NL63; HRV/EV, Human Rhinovirus/Enterovius; iMPV, Human
Metepneumovirus; RSV, Respiratory Syncytial Virus; FIUA H3, Influenza A H3; PIV 3,
Parainfluenza Virus 3; C. pneumoniae, Chamydophia pneumoniae; M. pneumoniae,

Mycoplasma pneumoniae.
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