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DISSERTATION ABSTRACT 

Background: Lower respiratory tract infection (LRTI) is a significant cause of morbidity and 

mortality in children under five years, particularly in low- and middle-income countries 

(LMICs). However, data on the incidence and risk factors for influenza-associated LRTI in 

young children in these settings are limited. This study prospectively investigated the incidence 

of and risk factors for influenza-associated LRTI from birth through early childhood, in a South 

African birth cohort, the Drakenstein Child Health Study (DCHS). 

Methods: Children enrolled in the DCHS between May 2012 to September 2015 were 

followed from birth up to 5 years of age. Data on socio-economic status, maternal and infant 

characteristics, and LRTI episodes were collected. Quantitative real-time polymerase chain 

reaction (qPCR) was used to identify respiratory organisms, including the influenza virus 

associated with each LRTI episode. Influenza-associated LRTI was defined as the presence of 

clinical LRTI symptoms with a laboratory-confirmed influenza infection (qPCR cycle 

threshold <40 for at least one influenza target gene). Generalized estimating equations (GEE) 

models were used to assess associations between potential risk factors and influenza-associated 

LRTI. 

Results:  Among 1143 live births, 51% (586/1143) were male, 17% (189/1143) were born 

premature, and 22% (248/1143) were HIV-exposed uninfected, while two were living with 

HIV. The population experienced high levels of socio-economic disadvantages, with 61% 

(695/1143) of mothers having an education below secondary level, and 86% (982/1143) of 

households earning less than 5,000 South African rands per month. Maternal smoking and 

alcohol use during pregnancy were reported by 28% (323/1142) and 13% (137/1067) of 

mothers, respectively. None of the mothers received influenza vaccination during pregnancy, 

and no child was vaccinated against influenza through the study, although coverage for other 

routine childhood vaccines exceeded 98%. 
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Overall, 47% (521/1108) of children experienced LRTI episodes (incidence rate of 22 episodes 

per 100 child-year, [95% CI 21, 23]). Among 472 children with qPCR results, 70 influenza-

associated LRTI episodes occurred in 64 children (14%); incidence rate: 1.4 episodes per 100 

child-year, [95% CI:1.1, 1.8] per 100 child-years. Of these 64 children with influenza-

associated LRTI, 13% (9/70) required hospitalization, and one influenza-associated LRTI death 

was recorded among the hospitalized.  

Risk factors for all-cause LRTI included lower maternal education, maternal HIV, prenatal 

alcohol use, preterm birth, male sex, and winter birth. After adjusting for other factors, 

influenza-associated LRTI was significantly associated with older age (odds ratio for a one-

month increase in age: 1.02, [95% CI: 1.00-1.04]) and winter season. 

Conclusion: Influenza remains a significant cause of LRTI, particularly among children 

affected by socio-economic disadvantages and maternal HIV exposure, and during the winter 

season. Expanding maternal and early childhood influenza vaccination programs, alongside 

broader public health interventions addressing underlying social vulnerabilities, could 

meaningfully reduce influenza-associated LRTI and improve child health outcomes. 

Keywords: Childhood influenza, lower respiratory tract infection; birth cohort; child health; 

risk factors; incidence 
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ORGANISATION OF DISSERTATION 

The dissertation is divided into three sections: Part A, B and C. 

Part A is the research protocol outlining the study’s overview. 

Part B is the manuscript. It gives the introduction, methodological details, results, and 

discussion of findings, ending with a conclusion. 

Part C is the appendices section, which includes data collection tools, ethics documentation 

and selected journal submission guidelines. 

The style of referencing for the whole dissertation is BMC Infectious Diseases 
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1.0 Background 

1.1 Introduction 

Seasonal influenza is a common cause of lower respiratory tract infections (LRTIs) in young 

children [1]. It is responsible for a substantial burden of severe respiratory illness and 

hospitalization of children younger than six months [1, 2]. Although influenza is a self-limiting 

disease, it can be associated with severe morbidity and mortality in healthy children and those 

with underlying comorbidities [3, 4]. It is a contagious acute respiratory illness caused by 

influenza A, B or C viruses. Currently, there is no vaccine or antiviral treatment approved for 

children under the age of six months. 

Secondary bacterial infections are a major determinant of disease progression and outcome in 

influenza-associated LRTIs. Influenza virus infection disrupts the respiratory epithelium, 

impairs mucociliary clearance, and alters innate immune defences, thereby facilitating bacterial 

adherence and invasion by common respiratory pathogens such as Streptococcus pneumoniae, 

Staphylococcus aureus, and Haemophilus influenzae [5]. These viral–bacterial interactions 

synergistically exacerbate disease severity, prolong hospitalization, and increase mortality. 

Evidence from Zar et al. [6] indicates that infants younger than six months are particularly 

vulnerable, exhibiting a higher incidence of secondary bacterial infections compared with older 

children. 

Moreover, contemporary clinical studies estimate that secondary bacterial infections account 

for 25–50% of deaths in severe influenza cases, emphasizing the critical need to strengthen 

preventive interventions, enhance diagnostic capacity, and improve antimicrobial 

management, especially among infants and young children in low- and middle-income 

countries where healthcare resources are limited. Influenza viruses are genetically dynamic and 
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evolve in unpredictable ways [7, 8]. Due to antigenic shift, seasonal influenza epidemics can 

be caused by new viral strains that are antigenically distinct from previously circulating virus 

strains to which a population has immunity. These emergent strains, to which there is little, or 

no existing immunity have the potential to cause pandemics as was the case with 2009 

pandemic influenza A (H1N1) virus [9]. The burden of hospitalizations and deaths due to 

influenza can therefore vary substantially from year to year depending on the transmission and 

virulence characteristics of the circulating strain(s). This further argues for continued 

surveillance of influenza and associated risk factors. 

Three large, randomized trials in Mali [10], Nepal [11] and South Africa [12] have evaluated 

the efficacy and safety of maternal immunization to prevent maternal and infant influenza 

disease. The results showed that maternal influenza vaccination provided partial protection 

against confirmed influenza in women and in infants who were not exposed to HIV. The 

efficacy of vaccination against any influenza illness ranged between 31-70% in pregnant 

mothers and between 30-40% in their infants [10, 13]. More studies are being done to guide 

policy decisions on the implementation of maternal immunization programs in low- and 

middle-income countries (LMIC) [13-15].  

Although the influenza vaccine is recommended by the World Health Organisation (WHO) for 

pregnant women and children, only a few LMICs have national policies in place. Where 

present, vaccine uptake in most LMICs, including South Africa, is low [1]. Identifying risk 

factors associated with seasonal influenza and influenza-associated lower respiratory tract 

infections is pivotal for guiding targeted prevention strategies among vulnerable populations. 

Such insights can inform evidence-based policy decisions, including the prioritization of high-

risk groups for vaccination and other preventive interventions in resource-limited settings. 

Furthermore, incidence data derived from these analyses can be leveraged to advocate for 

expanded access to, and equitable coverage of, influenza prevention and control measures. 
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1.2 Seasonal Influenza - a Global Problem 

Acute lower respiratory infections (ALRI) are still the leading cause of global child mortality 

[16]. Viral infection, particularly influenzae virus, are strongly associated with ALRI, in low-

resource settings [17]. In 2018, an estimation of 109.5 million influenza virus episodes 

(uncertainty range [UR] 63.1 million - 190.6 million) were recorded among children under 5 

years globally [1]. Of these, 10.1 million were influenza-virus-associated ALRI cases (UR: 6.8 

million - 15.1 million); 870,000 influenza-virus-associated ALRI hospital admissions (UR: 

543 000-1 415 000) occurred, resulting in 15,300 in-hospital deaths (UR: 5,800-43 43,800). A 

total of up to 34,800 (UR: 13,200-97,200) influenza-virus-associated ALRI deaths were 

recorded, and about 82% of in-hospital deaths occurred in LMICs [1]. Influenza accounted for 

7% of ALRI cases, 5% of ALRI hospital admissions, and 4% of ALRI deaths in children under 

5 years. Furthermore 23% of 870,000 influenza-associated ALRI hospitalizations and 36% of 

the 15,300 influenza-associated ALRI deaths were infants under 6 months [1].  

1.2.1 Seasonal Influenza- the South African Context 

In South Africa, it is estimated that nearly 10,000 seasonal influenza-associated deaths and 

40,000 episodes of influenza-associated hospitalizations occur annually [18, 19]. During 

influenza season (between May and September), nearly 14% of inpatients with LRTI and 25% 

of patients with influenza-like illness test positive for influenza (by PCR testing). In addition, 

a recent study has shown that children younger than 5 years (<6 months [adjusted odds ratio 

(aOR), 37.6; 95% confidence interval (CI), 8.3–106.4], 6–11 months [aOR, 31.9; 95% CI, 9.1–

111.8], 12–23 months [aOR, 22.1; 95% CI, 6.9–70.9], 24–59 months [aOR, 7.1; 95% CI, 2.4–

21.5]) had an increased risk of influenza-associated hospitalization than those older than 5 

years [20]. Data from the Drakenstein Child Health Study (DCHS) demonstrated that the 

detection of influenza in respiratory samples was strongly associated with lower respiratory 
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tract infection (LRTI) (odds ratio [OR] 4.13; 95% confidence interval [CI] 2.06–8.26), 

underscoring the substantial contribution of influenza to the LRTI burden in early childhood 

and highlighting the need for targeted preventive strategies within similar high-risk 

populations) [6]. Beyond its association with severe morbidity and mortality, seasonal 

influenza also imposes a considerable burden on healthcare services through increased 

emergency department and outpatient medical visits. [19]. 

1.2.2 Risk Factors 

Immunization is the most effective means of preventing influenza. However, there are no 

current vaccines licensed for children less than 6 months of age [21]. This is a particularly 

vulnerable age group, and a comprehensive assessment of potential risk factors remains 

unclear. Despite maternal immunization, which is poorly done, available data indicate that 

several children have no protective antibody levels at birth and that in most cases the duration 

of protection is limited to the first 8 weeks of the postnatal period [14]. Therefore, infants 

remain unprotected for an extended period before vaccines can be administered [22]. 

To understand risk factors associated with childhood influenza, recent researchers have 

increased their focus on how risk factors may impact children's respiratory health [23-30]. 

Several maternal risk factors, such as age, human immunodeficiency virus (HIV), poverty, 

household smoking, indoor air pollution (IAP) and lack of maternal influenza vaccination, have 

been linked with influenza-associated LRTI [14, 20, 24, 25, 31]. In addition to maternal risk 

factors, several child risk factors have been reported to be associated with influenza-associated 

LRTI, including: age under 2 years, prematurity, low birth weight, presence of chronic 

underlying medical condition or an immature immune system [23-25, 27, 31, 32]. 

Data on risk factors for influenza disease in infants are limited, especially in LMIC. Such data 

are important for preventative strategies to reduce the burden of childhood influenza. Much of 
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the currently available evidence is derived from studies conducted in high-income countries 

[33]. Therefore, there is an increasing need for the identification of potential risk factors that 

increase the risk of influenza and/or influenza-associated LRTI in LMIC settings. South Africa 

has a high incidence of HIV infection (4.95 per 1,000 persons aged 15–49 years) and 

tuberculosis (TB) (~615 per 100,000 population). The country’s intersecting HIV and TB 

epidemics continue to represent one of the most formidable public health challenges globally, 

contributing substantially to respiratory morbidity and mortality. Within this context, 

understanding additional infectious contributors to respiratory disease is critical. The proposed 

research, therefore seeks to elucidate the risk factors associated with influenza-associated lower 

respiratory tract infection (LRTI) in infants and young children participating in the South 

African birth cohort, the Drakenstein Child Health Study (DCHS), thereby addressing an 

important knowledge gap in high-burden, resource-limited settings. 

2.0 Rationale and Study Objectives  

2.1 Research Question 

What is the incidence and risk factors for influenza lower respiratory tract infection in a South 

African birth cohort? 

2.2 Problem Statement 

South Africa has high levels of poverty, environmental tobacco smoke (ETS) pollution 

exposure and low levels of maternal influenza immunization. These underlying factors play a 

significant role in the presentation of influenza and its morbidity [34, 35]. Even though a policy 

to provide free influenza vaccine to high risk groups such as children from 6 months to 5 years, 

adults older than 65 years, pregnant women, health care workers and anyone with underlying 

medical conditions has been in existence for years, coverage in the public immunization 
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program is low; coverage is approximately 5% in all risk groups except pregnant women (14%) 

[36].  

2.3 Justification 

Childhood influenza and its associated risk factors are of paramount public health concern, 

particularly in LMICs. Despite the substantial burden of influenza-related morbidity and 

mortality among infants in LMICs, there remains a significant dearth of comprehensive 

epidemiological data and research on the incidence and specific risk factors contributing to this 

health challenge. The existing body of literature primarily originates from high-income 

settings, limiting its applicability to the unique socio-economic, healthcare, and environmental 

conditions prevalent in LMICs. Considering this significant research gap, there is an urgent 

need for studies that are contextually tailored to LMICs, offering insights into the factors that 

drive infant influenza incidence, severity, and transmission dynamics. By addressing this 

knowledge gap, researchers can contribute to the development of targeted, evidence-based 

interventions that are essential for reducing the impact of infant influenza in these resource-

constrained settings. This study will focus on examining the associations between childhood 

seasonal influenza and birth, family and other risk factors in the first five years of life. The 

outcome of this study will not only improve our knowledge about risk factors associated with 

seasonal influenza, but it may have important implications for preventative strategies to help 

reduce the burden of childhood influenza a disease frequently under-evaluated and potentially 

other respiratory illnesses, such as LRTI. 

2.4 Study Aim 

To investigate the incidence and risk factors for influenza lower respiratory tract infection in a 

South African birth cohort. 
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2.5 Study Objectives 

1. To identify the incidence of influenza-associated LRTI in infancy. 

2. To determine outcomes, including death/discharge from hospital, associated with 

influenza-associated LRTI. 

3. To investigate antenatal and postnatal risk factors associated with influenza-associated 

LRTI. 

3.0 Methodology 

3.1 Setting 

This study is a secondary analysis of data collected in a well-established South African birth 

cohort study (the “Drakenstein Child Health Study,” DCHS). The primary aim of the DCHS 

was to investigate the early life determinants of child health, including aetiology, progression 

and risk factors for childhood LRTI [29]. The Drakenstein municipality is a peri-urban sub-

district within the Cape Winelands region, Western Cape, South Africa, with a population of 

approximately 200,000[29]. The study location is a stable, semi-urban, low socio-economic 

status community. More than 90% of the population access health care in the public sector, 

including antenatal and child health services [37]. There is a well-established vertical 

transmission prevention (VTP) program with a current rate of approximately 1.4 -1.5% [38, 

39]. Antiretroviral therapy for children and adults is provided free of charge through public 

clinics. In addition, there is a high coverage of immunization. Haemophilus influenzae type B 

(HiB) and 13-valent pneumococcal conjugate vaccine (PCV-13) have been included in the 

national immunization program. At the time of the study (2012-2015), South Africa’s national 

influenza vaccination policy recommended but did not routinely implement influenza 
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vaccination for pregnant women and children aged 6 months – 5 years in the public sector. As 

such, there were little/no influenza vaccinations for infants in our study. In addition, there is 

also low coverage with maternal influenza vaccination in pregnancy (only one mother reported 

to have been vaccinated in our study). Like many other LMICs, the area has a high incidence 

of childhood diseases, including LRTI with a high burden of environmental tobacco smoke 

exposure, or other poverty-related exposures [6, 29, 40]. 

3.2 Study Population 

This study includes data collected from participants enrolled in the DCHS. Inclusion criteria 

were pregnant women older than 18 years (20-28 weeks gestation) residing in the Drakenstein 

region, attending one of the two local primary health clinics serving distinct populations – (TC 

Newman serving a mixed ancestry population and Mbekweni serving a black African 

population). To be included in the study, the participants had to intend to remain in the area for 

at least 1 year. Inclusion criteria for this longitudinal study were broad to ensure 

generalizability of results. Exclusion criteria included women who were planning to move out 

of the area, those under 18 years of age, those without informed consent, and those who did 

not attend study clinics for antenatal care. Enrolment occurred over a 3-year period from March 

2012 to March 2015, so this study will include all data collected from infants born during the 

period from March 2012 to July 2015. 

3.3 Study Measures and Follow-up 

Antenatal and postnatal visits were at primary healthcare clinics, while birth, 6-week and 

annual study visits occurred at Paarl Hospital. Infants were followed at the two clinics in the 

area, Mbekweni and TC Newman, where passive and active surveillance were done. Mother-

infant pairs attended numerous visits during this period; at enrolment, mothers were able to 
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choose to participate in usual study follow-up (main cohort) or an intensive cohort, in which 2 

weekly follow-ups with nasopharyngeal sampling were done in children throughout the first 

year of life14. Study visits were synchronised with the national programme where feasible at 6, 

10 and 14 weeks, and 6, 9, 18, 30, 36, 42, 54 and 60 months. During study visits, maternal 

physical and socio-demographic risk factors were investigated antenatally and postnatally [29, 

41]. 

Children were given vaccinations as per the national vaccination schedules. BCG was given at 

birth; 13-valent pneumococcal conjugate vaccine (PCV13) at 6 weeks, 14 weeks and 9 

months); hexavalent vaccine (including acellular pertussis and Hib) was administered at 6, 10, 

and 14 weeks and 18 months; and the measles vaccine at 9 and 18 months.  

Presence of LRTI was defined by WHO criteria [42], which includes a cough or difficulty 

breathing with age-appropriate tachypnoea or lower chest wall indrawing [43]. Measurement 

of LRTI included ambulatory and hospitalized cases [6]. In addition, a strong surveillance 

system was established using healthcare workers, cell phones and active surveillance at health 

facilities. Strong community engagement was undertaken by trained health workers. Cohort 

retention was promoted by using several strategies such as automated study visit reminders, a 

close working relationship with clinical staff, a cell phone system always enabling two-way 

communication with study participants and regular follow-up synchronised with routine visits. 

3.4 Sample Collection and Testing 

An intensive subset of approximately 75% of the cohort had fortnightly nasopharyngeal (NP) 

swabs collected in the first year. At each study visit, NP swabs were collected and transferred 

into nucleic acid preservation medium (PrimeStore MTM ™]), before being transported on ice 

to the laboratory and frozen at -80 °C for batch processing. NP swabs were also collected 

during scheduled clinic visits at 6, 12, 18, 24, 36, 48, and 60 months of age and during any 
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episode of LRTI. For each LRTI, 2 NPs (FLOQSwabs™, Copan Diagnostics, CA) were 

obtained, followed by an induced sputum (IS) specimen [44]. The IS specimen was transported 

to the laboratory on ice and split into two aliquots. The first NP was immediately transferred 

into nucleic acid preservation medium (PrimeStore®), Longhorn Vaccines & Diagnostics, 

Texas), the second was placed into 1 ml of skim milk-tryptone-glucose-glycerol (STGG) 

transport medium. The swab in STGG was cultured for bacteria and total nucleic acid was 

extracted from the swab in Primestore using mechanical lysis on a TissueLyzer LT (Qiagen, 

Germany) followed by extraction with the QIAsymphony® Virus/Bacteria mini kit (Qiagen, 

Germany). Quantitative multiplex real-time PCR (qPCR) was done using Fast-Track 

Diagnostics Respiratory Pathogens 33 (FTDResp33) (Fast-track Diagnostics, Luxembourg), to 

identify up to 33 potential organisms including respiratory viruses (influenza A, B, C; 

parainfluenza 1, 2, 3, 4; coronaviruses NL63, 229E, OC43, HKU1; human metapneumoviruses 

A, B, rhinovirus, respiratory syncytial viruses A, B, adenovirus, enterovirus, parechovirus, 

bocavirus, cytomegalovirus), fungi (P. jirovecii) and bacteria (M. pneumoniae, C. pneumoniae; 

S. pneumoniae, H. influenzae type b; S. aureus; M. catarrhalis; B. pertussis; K. pneumoniae; 

Legionella species; Salmonella species; H. influenzae). K. pneumoniae and Legionella spp. 

Standard curves were derived using plasmid standards supplied by the manufacturer for each 

organism. A blood culture for bacteria was obtained in hospitalized cases. 

4.0 Research Procedure 

4.1 Data Collection 

The primary outcome of this study is laboratory confirmed influenza -associated LRTI in the 

first year of life identified through routine follow-up visits as well as active surveillance for 

respiratory symptoms conducted over 5 influenza seasons. All risk factors and outcome data in 

the DCHS are collected longitudinally. This study will make use of metadata previously 
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collected as part of the DCHS. Subsequent to validation, data will be exported to STATA 

software (Stata Corporation, College Station, TX) for analysis. Patient identifiers will be 

removed, and participants will be allocated unique study IDs generated by the randomization 

procedure.  

4.2 Key Data Required 

4.2.1 Risk Factors 

4.2.1.1 Maternal and Environmental Risk Factors 

Maternal and environmental risk factors were measured longitudinally, including HIV 

exposure, and maternal self-reported smoking behaviour pre- and postnatally. Season of birth 

was recorded and included to adjust for seasonality, as certain seasons (winter and autumn) are 

linked with LRTI episodes [43]. Alcohol consumption was self-reported. In addition, the 

mother’s HIV status was also recorded.  

4.2.1.2 Child Characteristics Risk Factors 

Childbirth characteristics, including gestational age and birth weight, were collected by study 

staff using a validated questionnaire as previously described [45]. Birth weight/height 

standardised z-scores were calculated using the updated Fenton newborn growth charts, which 

account for prematurity [46, 47]. Biological risk factors such as malnutrition and underlying 

conditions were recorded. The weight of each child, as measured on admission, was used to 

evaluate nutritional status using WHO weight for age Z scores (WAZ). Mild under-nutrition 

was defined as ≤ -1 WAZ > -2, moderate under-nutrition ≤ -2 WAZ > -3 and severe under-

nutrition WAZ ≤ -3 [48]. Each child was screened for HIV exposure and/or infection. HIV 

infection was determined by an ELISA test (Architect HIV Ag/Ab Combo, Abbott Diagnostics, 

Wiesbaden). The diagnosis of HIV infection was made if both the ELISA and an HIV PCR test 
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(COBAS AmpliPrep/COBAS TaqMan HIV-1, Roche Molecular Diagnostics, Pleasanton, CA) 

were positive in children younger than 18 months. Further, the vaccination status of each child 

was verified using the national standardized immunization handheld record, the Road to Health 

Card (RTHC). 

4.2.1.3 Socio-Demographic Factors 

At baseline, socio-economic status (SES) was collected and comprised of four socio-economic 

variables based on a composite validated score including level of maternal education, 

employment status, household income, and asset ownership. The standardized scores were 

divided into quartiles labelled ‘low’, ‘low-moderate’, ‘moderate-high’ and ‘high’ [43]. Other 

socio-demographic factors, including type of housing, access to amenities such as tap water, 

electricity, and toilet facilities, were obtained. 

4.2.2  LRTI 

Data on LRTI episodes and any severe hospitalised episodes were collected by trained study 

staff (nurses) during active LRTI surveillance and were assessed in real time [43]. These nurses 

were trained in respiratory examination of children and were frequently re-trained. LRTI was 

defined according to the World Health Organization (WHO) criteria which included a cough 

or difficulty breathing with age-appropriate tachypnoea or lower chest wall indrawing [43]. 

Nasopharyngeal swabs (NPs) were collected at scheduled study visits, as well as at any LRTI 

episode. The history of the presence and duration of recent respiratory symptoms, as well as 

presence and number of other household members was also recorded. The severity of illness 

was graded by WHO categorisation including any general danger sign in children older than 2 

months or age specific tachypnoea, lower chest wall indrawing or general danger in infants less 

than 2 months [43]. Hospitalisation or hypoxia (O2 saturation < 92%) will also be used as 

measures of severity. 
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5.0 Data Analysis 

Initial exploratory statistics will be performed using STATA software (Stata Corporation, 

College Station, TX). Simple descriptive statistics will be used to describe the study 

population, summarizing continuous data as means (standard deviations) or median 

(Interquartile range, IQR) as appropriate. Categorical data will be presented as frequencies and 

proportions. Mann-Whitney rank sum and Kruskal-Wallis tests will be used to test for 

differences between continuous variables in relation to categorical variables. Pearson Chi-

square (χ2) test or Fisher Exact tests will be used to test for statistical differences between 

categorical variables with a two-tailed cut-off significance set at p < 0.05. 

To appropriately account for the multiple episodes of Lower Respiratory Tract Infection 

(LRTI) experienced by some children during the study period, Generalized Estimating 

Equation (GEE) models will be employed. In addition, mixed-effect models will be used to 

investigate the impact of identified risk factors on seasonal influenza over time. 

6.0 Presentation and Dissemination of the Results 

A dissertation will be submitted to the University of Cape Town according to the structural 

guidelines for an M. Phil dissertation as provided by the university. The results will also be 

published in an open-source journal. The article will be available on PubMed Central without 

any restrictions. Data used to generate figures in the publication will be deposited in relevant 

repositories for access by the scientific community. The results and data will be useful to both 

scientists working in the field of maternal and child health and influenza surveillance. 

Moreover, we will translate the research findings for publication in magazines for the general 

community outside of science. This will broaden the impact of our research and ensure that our 

findings are understood by the public and the people who contributed samples for the study. 
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Furthermore, we will undertake public engagements in township communities around the 

Drakenstein area, where most of the study participants come from to share the research findings 

and educate them on risk factors associated with seasonal influenza. We will also attend and 

present our data at both local and international conferences. This will allow us to disseminate 

our research findings and build networks for collaboration. 

7.0 Feasibility and Ethical Considerations 

This proposed study will use secondary data and as such it is feasible as minimal resources are 

required. The DCHS was approved by the Health Sciences, Human Research Ethics Committee 

(HREC) of the University of Cape Town (401/2009) and by the Western Cape Health 

Committee. Approval for this sub-study will be sought from the Human Research Ethics 

Committee of the Faculty of Health Sciences, University of Cape Town. Mothers provided 

written informed consent at enrolment and annually thereafter. The informed consent forms 

were in English, Afrikaans and isiXhosa. All Consent was done with the assistance of trained 

study staff in a participant’s preferred language. Participants were informed of the aim of the 

study, objectives, potential harms and benefits, if any. They were also informed that they can 

withdraw from the study at any time and that doing so will not have any impact on their health 

care and management. 

The anonymity and confidentiality of all the study subjects will be guaranteed using 

alphanumeric codes in the data set. This ensures that all participant identifiers are removed 

from the data collected. All collected information is stored in locked filling systems at the site 

and with the data management team. Computers used for this study are all password protected; 

access is only granted to authorized study staff members. The study will be conducted in 

accordance with the principles laid down in the Declaration of the Helsinki. 
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8.0 Conclusions 

There are limited data on potential risk factors that increase the risk of influenza-associated 

LRTI from low- and middle-income countries (LMIC). The high burden of HIV infection and 

other comorbidities is likely to play a significant role in driving influenza disease progression 

and associated complications. In this observational study, we will investigate, in detail, the 

association of risk factors with influenza-associated LRTI and the severity of disease in infants 

enrolled in a longitudinal birth cohort study in the Drakenstein sub-district, Cape Town, South 

Africa. 
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ABSTRACT 

Background: Lower respiratory tract infection (LRTI) is a significant cause of morbidity and 

mortality in children under five years, particularly in low- and middle-income countries 

(LMICs). However, data on the incidence and risk factors for influenza-associated LRTI in 

young children in these settings are limited. This study prospectively investigated the incidence 

and risk factors of influenza-associated LRTI from birth through early childhood within the 

South African Drakenstein Child Health Study (DCHS) birth cohort. 

Methods: Children enrolled in the DCHS between May 2012 and September 2015 were 

followed from birth through to 5 years. Data on socio-economic status, maternal and infant 

characteristics, and LRTI episodes were collected. Respiratory pathogens, including influenza 

viruses, were identified using the quantitative real-time polymerase chain reaction (qPCR). 

Influenza-associated LRTI was defined as the presence of clinical signs of LRTI in a participant 

with a laboratory-confirmed influenza infection, indicated by a qPCR cycle threshold of <40 

for at least one influenza target gene. Generalized estimating equations (GEE) models were 

used to assess associations between potential risk factors and influenza-associated LRTI in 

children. 
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Results:  Amongst 1143 live births, 51% (586/1143) were male, 17% (189/1143) were born 

premature, 22% (248/1143) were HIV-exposed uninfected, and two were living with HIV. The 

population was of poor socio-economic conditions, with 61% (695/1143) of mothers having 

education below secondary level, and 86% (982/1143) of households earning less than 

ZAR5,000 per month. Maternal smoking and alcohol use during pregnancy were reported by 

28% (323/1142) and 13% (137/1067) of mothers, respectively. None of the mothers received 

influenza vaccination during pregnancy, nor did any child receive influenza vaccine through 

the study, although immunization coverage for other childhood vaccines was high (>98%). 

Overall, 521 children experienced 1108 LRTI episodes (incidence 22 episodes per 100 child-

year, [95% CI 21, 23]). Among 472 children with qPCR results, 70 influenza-associated LRTI 

episodes occurred in 14% (64/472) of the children (incidence 1.4 episodes per 100 child-year, 

[95% CI:1.1, 1.8] per 100 child-years). Of the 64 children with influenza-associated LRTI, 13% 

(9/70) of influenza-associated LRTI episodes resulted in hospitalisation, and one influenza-

associated LRTI-related death occurred among hospitalized children.  

Risk factors for all-cause LRTI included lower maternal education, maternal HIV, prenatal 

alcohol use, preterm birth, male sex, and winter birth. Compared to non-influenza LRTI and 

after adjusting for other factors, influenza-associated LRTI was significantly associated with 

older age (odds ratio [OR] for a one-month increase in age: 1.02, [95% CI: 1.00-1.04]) and 

winter season, OR: 7.83 [95% CI: 2.34-26.14], p = 0.001. 

Conclusion: Influenza remains a significant cause of LRTI, particularly among children 

affected by socio-economic disadvantages and maternal HIV exposure, and during the winter 

season. Strengthening maternal and childhood influenza vaccination programs could help 

reduce the incidence of LRTI and mitigate this burden. 

Keywords: Childhood influenza, lower respiratory tract infection; birth cohort; child health; 

risk factors; incidence 
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1.0 Introduction 

Childhood influenza is a significant cause of acute lower respiratory tract infection (LRTI) in 

young children. In 2018, 109.5 million episodes of influenza-associated LRTI occurred among 

children under 5 years, causing around 870,000 hospital admissions and up to 34,000 deaths. 

Notably, 82% of in-hospital deaths occurred in low- and middle-income countries (LMICs) 

[1], underscoring the disproportionate burden of influenza-related morbidity and mortality 

among young children in LMICs. 

Although influenza vaccination is recommended by the World Health Organization (WHO) for 

pregnant women and children older than 6 months, few LMICs have incorporated this into their 

national Expanded Programme on Immunization (EPI). Randomized trials conducted in Mali, 

Nepal, and South Africa showed the efficacy of vaccination against any influenza illness of 31-

70% in pregnant mothers and 30-40% in their infants [2, 3]. Despite the benefit of vaccination, 

the uptake of the influenza vaccine remains low in most LMICs, including South Africa [1]. 

South Africa's health surveillance systems have estimated that approximately 10 million South 

Africans (20% of the population) experience influenza-associated illness annually, of which 

98.7% are mild, 1.2% severe, and 0.1% are fatal [4]. The highest rates of severe non-fatal 

influenza-associated illness occurred in infants aged 6, with an incidence of 1,550 per 100,000 

population year, and a mortality rate of 80 per 100,000 population year. Additionally, children 

aged 6-59 months experienced the highest rates of mild influenza-associated illness, with an 

incidence of 23,983 per 100,000 population year [4, 5, 6].  However, these studies were limited, 

as they were largely cross-sectional and focused on hospitalized cases [7, 8]. This study 

prospectively investigated the incidence and risk factors for influenza-associated LRTI from 

birth through early childhood within a South African birth cohort, providing insight into an 

LMIC context.  
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2.0 Methods 

2.1 Study Design and Participants 

We conducted a prospective study of LRTI and influenza-associated LTRI in children enrolled 

in the Drakenstein Child Health Study (DCHS), a South African birth cohort, from birth 

through 5 years [9, 10]. The methodology for DCHS has been described [11]. Briefly, pregnant 

women older than 18 years, in their 2nd trimester of pregnancy and residing in the Drakenstein 

region, attending one of the two local primary health care facilities were included. Enrolment 

occurred from 29 May 2012 to 03 September 2015.  

Infants were prospectively followed from birth through at least 5 years for LRTI and 

aetiological testing. Additional study visits were synchronised with routine health or 

immunization visits. Longitudinal measurements of risk factors for all-cause LRTI, 

encompassing environmental exposures, socioeconomic determinants and maternal factors, 

were prospectively collected.  

2.2 Risk Factors Examined 

Socio-economic status (SES) measures, including level of maternal education, employment 

status, household income, and household density, were assessed [9, 10]. Self-reported smoking 

and alcohol use were recorded during pregnancy and postnatally [11]. Maternal HIV status was 

ascertained during pregnancy as per the Western Cape prevention of vertical transmission 

(VTP) guidelines [12]. HIV-exposed children were tested for HIV by polymerase chain 

reaction (PCR) at 6 weeks, enzyme-linked immunosorbent assay (ELISA) or rapid antibody 

testing at 9 months, and rapid antibody testing at 18 months, as per guide- lines [12]. HIV-

exposed children who tested negative for HIV were classified as HIV-exposed, uninfected. 

Children born to mothers without HIV were considered HIV-unexposed [9, 10]. 
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Gestational age was determined through 2nd trimester antenatal ultrasound. Birth 

characteristics, including gestational age and birth weight, were collected by study staff, as 

previously described [13, 14]. Birth weight/height standardised z-scores were calculated using 

the WHO Child Growth Standards for infants born full-term (≥37 weeks) and the updated 

Fenton newborn growth charts for infants born preterm [9]. Prematurity was defined as birth 

<37 weeks’ gestation, and late preterm as infants born between more than 34 weeks and up to 

37 weeks of gestation (34 weeks and 0 days to 36 weeks and 6 days).  

Children were vaccinated as per the national EPI. BCG was given at birth; 13-valent 

pneumococcal conjugate vaccine (PCV-13) at 6 weeks, 14 weeks, and 9 months; hexavalent 

vaccine (including acellular pertussis and Haemophilus influenzae type B conjugate vaccine 

(Hib) was administered at 6, 10, 14 weeks and 18 months; and measles vaccine at 9 and 18 

months. Vaccination status of each child was verified using the national standardized 

immunization hand-held record, the Road to Health Card (RTHC). At the time of the study 

(2012-2015), South Africa’s national influenza vaccination policy recommended but did not 

routinely implement influenza vaccination for pregnant women and children aged 6 months – 

5 years in the public sector. As such, there is little/no influenza vaccinations recorded in our 

study. 

2.3 LRTI Assessment 

Data on ambulatory or hospitalised LRTI episodes were collected by trained study staff using 

active surveillance as previously described [9, 10]. LRTI was defined according to WHO 

criteria, which included a cough or difficulty in breathing with age-appropriate tachypnoea or 

lower chest wall indrawing (LCWI) [14]. Severe LRTI was defined by the presence of 

tachypnoea >60 breathes/minute or LCWI, in an infant less than 2 months or cyanosed, unable 

to drink, seizures, or decreased level of consciousness in children of any age. [9, 10] 
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Nasopharyngeal (NP) swabs were collected at scheduled study visits, as well as at any LRTI 

episode, to determine LRTI aetiology. The history and duration of recent respiratory symptoms 

were also recorded. Additionally, the admission weight of each child was used to assess 

nutritional status, with WHO weight-for-age Z scores (WAZ).  

2.4 Laboratory Procedures 

NP swabs (FLOQSwabs™, Copan Diagnostics, CA) were collected at each study visit and at 

LRTI. NP swabs were suspended in PrimeStore® Molecular Transport medium (Longhorn 

Vaccines & Diagnostics, MD, USA), transported on ice and subsequently stored at -80°C. Total 

nucleic acids were extracted using mechanical lysis on a TissueLyzer LT (Qiagen, Germany) 

followed by purification on the QIAsymphony® SP Virus/Bacteria mini kit (Qiagen, Germany) 

as previously described [15]. Nucleic acid extracts were tested using a quantitative real-time 

polymerase chain reaction (qPCR) (Fast-Track Diagnostics, Luxembourg)7 to identify up to 33 

potential pathogens including respiratory viruses (influenza A/B/C; parainfluenza 1/2/3/4; 

coronaviruses NL63, 229E, OC43, HKU1; human metapneumoviruses A/B, rhinovirus, 

respiratory syncytial viruses A/B, adenovirus, enterovirus, parechovirus, bocavirus, 

cytomegalovirus), bacteria (Mycoplasma pneumoniae, Chlamydia pneumoniae; Streptococcus 

pneumoniae, Haemophilus influenzae type b; Staphylococcus aureus; Moraxella catarrhalis; 

Bordetella pertussis; Klebsiella pneumoniae; Legionella species; Salmonella species; H. 

influenzae species) and fungi (Pneumocystis jirovecii). Specimens were considered positive if 

they had a well-defined amplification curve that crossed the cycle threshold (Cq) within 40 

cycles. Assay performance was monitored by the positive, negative and internal amplification 

controls that were provided with the kit. Standard curves were derived using plasmid standards 

supplied by the manufacturer. We applied a predefined threshold (>6.9 log10 copies/mL) for 

defining high density S. pneumoniae that best differentiates case-control status, as previously 

described [13]. 
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The study was approved by the Faculty of Health Sciences, Human Research Ethics Committee 

(HREC) of the University of Cape Town (401/2009) and (608/2020) as well as the Western 

Cape Provincial Child Health Research Committee. Mothers provided written informed 

consent at enrolment and annually thereafter in their language of preference (English, 

Afrikaans, or isiXhosa).  

2.5 Statistical Analysis 

Simple descriptive statistics were used to describe the study population, summarising 

continuous data as means (with standard deviations, SD) or medians (with interquartile ranges, 

IQR) as appropriate, using STATA software (Stata Corporation, College Station, TX). 

Categorical data were presented as frequencies and proportions. Mann-Whitney rank sum or 

Kruskal-Wallis tests were used to test for differences in continuous variables. Pearson Chi-

square (χ2) test or Fisher’s Exact tests were used to test for statistical differences between 

categorical variables with a two-tailed cut-off significance set at p<0.05. Generalised 

estimating equations (GEE) models were used to explore factors associated with influenza-

associated LRTI versus non-influenza LRTI, with results presented as odds ratios (OR) with 

95% confidence intervals (CI). Potential confounders, including age, were identified a priori 

and controlled for in adjusted models. 

3.0 Results 

3.1 Demographics and Clinical Characteristics 

Of 1137 mothers included (Figure 1), there were 1143 live births (4 sets of twins and 1 set of 

triplets) between 29 May 2012 to 03 September 2015. Overall, 61% (695/1137) of mothers had 

attained an educational level below secondary, the parental employment rate was 49% 

(563/1143), and the monthly income was less than South African rand (ZAR) 5,000 per month 
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for 86% of households. Self-reported maternal smoking and alcohol use occurred in 28% 

(323/1142) and 13% (137/1067), respectively. No maternal vaccination against influenza was 

given during pregnancy, and only one mother received influenza vaccination postnatally. 

Of 1143 children, 51% (586/1143) were male, 17% (189/1143) were prematurely born (<37 

weeks’ gestation), of which 68% (128/189) were late preterm. Further, 22% (248/1143) of the 

children were HIV-exposed, and only 2 were HIV-infected. Immunization coverage for all 

expanded programmes on immunization vaccines was high (>98%), including for 

Haemophilus influenzae type B (Hib) and pneumococcal 13-valent conjugated vaccine (PCV-

13). However, no child received the influenza vaccine during follow-up. A total of 981 children 

were enrolled and followed up until 5 years of age (Figure 1). 

Over the 5-year period from May 2012 to September 2015, the 1143 children enrolled 

contributed to 5052 child-years of follow-up period. We recorded 1108 LRTI episodes, with an 

incidence of 22 episodes per 100 child-years [95% CI: 21, 23]. Among 472 children with qPCR 

results, 70 influenza-associated LRTI episodes occurred in 14% (64/472, [6 children had two 

episodes each]) of the children, resulting in an incidence of 1.4 episodes per 100 child-years, 

[95% CI: 1.1, 1.8] (Table 1). 
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Figure 1 :Study LTRI flow diagram 

3.2 Risk Factors for LRTI 

LRTI was associated with lower level of maternal education, maternal HIV, alcohol use, 

preterm delivery, male child and birth month, season (winter) (Table 1).  

Table 1 : Maternal, household, and Infant characteristics associated with LRTI 

 All children 

(N=1143) 

Children with 

LRTI episode(s) 

(N=521) 

Children with 

no LRTI 

episodes 

(n=622) 

p-value 

Maternal characteristics     

Median (IQR) Maternal age  25.8 [22.0,30.8] 26.3 [22.0, 31.2] 25.4 [22.0, 

30.2] 

0.131 

    Less than secondary 

    Secondary/any tertiary 

 

695 (61%) 

448 (39%) 

 

338 (65%) 

183 (35%) 

 

357 (57%) 

265 (43%) 

 

 

0.010 
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Maternal self-reported prenatal 

alcohol use (n=1067) 

137 (13%) 80 (16%) 57 (10%) 0.005 

Maternal self-reported prenatal 

smoking (n=1142) 

323 (28%) 162 (31%) 161 (26%) 0.049 

Maternal self-reported postnatal 

smoking (n=1080) 

381 (35%) 194 (38%) 187 (33%) 0.097 

Influenza vaccination  1 (<1%) 1 (<1%) 0 (0%) - 

Parent employed 580 (51%) 255 (49%) 325 (52%) 0.265 

Household income per month (South 

African Rand; n=1142)) 

<R1000/m 

R1000-5000/m 

>R5000/m 

 

 

386 (34%) 

596 (52%) 

160 (14%) 

 

 

173 (33%) 

282 (54%) 

66 (13%) 

 

 

213 (34%) 

314 (51%) 

94 (15%) 

 

 

 

 

0.364 

Housing type: Informal shack 
(n=1139) 

419 (37%) 197 (38%) 222 (36%) 0.481 

Overcrowding (n=1141) 

    ≤3 household members 

    4-5 household members 

    ≥6 household members 

 

381 (33%) 

387 (34%) 

373 (33%) 

 

167 (32%) 

176 (34%) 

177 (34%) 

 

214 (34%) 

211 (34%) 

196 (32%) 

 

 

 

0.607 

Delivery mode: Caesarean section 
(n=1136) 

 

230 (20%) 

 

104 (20%) 

 

126 (20%) 

 

0.873 

 

Infant characteristics     

Male 586 (51%) 300 (58%) 286 (46%) <0.001 

Preterm (<37 weeks gestation) 189 (17%) 107 (21%) 82 (13%) 0.001 

Weight-for-age z-score at birth 

(n=1138) 

-0.25 [-0.93, 

0.40] 

-0.34 [-1.0, 0.33] -0.23 [-0.87, 

0.47] 

0.020 

HIV-exposed uninfected 248 (22%) 133 (26%) 115 (18%) 0.004 

Birth season 

Summer 

Autumn  
Winter 

Spring 

 

287 (25%) 

281 (25%) 

306 (27%) 

269 (24%) 

 

129 (25%) 

152 (29%) 

127 (24%) 

113 (22%) 

 

158 (25%) 

129 (21%) 

179 (29%) 

156 (25%) 

 

 

 

 

0.009 

Months of breastfeeding (n=1067) 6.0 [1.7, 18.0] 6.0 [1.6, 18.1] 6.0 [1.8, 18.0] 0.898 

Months of exclusive breastfeeding 

(n=1066) 

 

1.5 [0.7, 3.2] 

 

1.4 [0.7, 3.2] 

 

1.6 [0.7, 3.2] 

 

0.543 

Vaccination coverage 

6 weeks (n=1059) 
10 weeks (n=1046) 

14 weeks (n=1034) 
9 months (n=1010) 

18 months (n=914) 

 

1055 (>99%) 

1041 (>99%) 

1028 (99%) 

993 (98%) 

819 (90%) 

 

507 (>99%) 

507 (>99%) 

503 (>99%) 

490 (99%) 

394 (89%) 

 

548 (>99%) 

534 (99%) 

525 (99%) 

503 (98%) 

425 (90%) 

 

1.000 

1.000 

0.687 

0.504 

0.522 

Influenza vaccination – child  0 (0%) 0 (0%) 0 (0%) - 

Data presented as n (%) or median [inter-quartile range; IQR]. 

 

 

Table 2 : Comparison of Maternal, household, and infant characteristics in children with influenza or 

non-influenza LRTI 

 All children with 

LRTI episode(s) 

(N=472) 

Influenza-

associated LRTI 

(N=64) 

Non-Influenza 

LRTI (N=408) 

p-value 

Maternal characteristics 

Maternal age (years) 26.3 [22.0, 31.4] 26.6 [23.0, 31.7] 26.3 [21.7, 31.2] 0.330 
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Maternal education 

    Less than secondary 

    Secondary/any tertiary 

 

301 (64%) 

172 (36%) 

 

35 (55%) 

29 (45%) 

 

266 (65%) 

142 (35%) 

 

 

0.104 

Maternal self-reported 
prenatal alcohol use 

(n=457) 

 

74 (16%) 

 

11 (18%) 

 

63 (16%) 

 

0.722 

Maternal self-reported 
prenatal smoking (n=471) 

 

143 (30%) 

 

16 (25%) 

 

127 (31%) 

 

0.316 

Maternal self-reported 

postnatal smoking 
(n=467) 

 

177 (38%) 

 

21 (33%) 

 

156 (39%) 

 

0.366 

Influenza vaccination – 

mother 

1 (<1%) 0 (0%) 1 (<1%) - 

Housing type: Informal shack 
(n=471) 

 

181 (38%) 

 

28 (44%) 

 

153 (38%) 

 

0.346 

Overcrowding (n=471) 

    ≤3 household members 
    4-5 household members 

    ≥6 household members 

 

150 (32%) 

160 (34%) 

159 (34%) 

 

22 (34%) 

23 (36%) 

19 (30%) 

 

128 (31%) 

139 (34%) 

140 (34%) 

 

 

 

0.755 

Parent employed 233 (49%) 35 (55%) 198 (49%) 0.360 

Household income per month 

(South African Rand) 

<R1000/m 
R1000-5000/m 

>R5000/m 

 

 

153 (33%) 

254 (54%) 

63 (13%) 

 

 

24 (38%) 

35 (55%) 

5 (8%) 

 

 

131 (32%) 

219 (54%) 

58 (14%) 

 

 

 

 

0.333 

Infant characteristics 

     

Male 271 (57%) 32 (50%) 239 (59%) 0.197 

Delivery mode: Caesarean 

section (n=471) 

 

95 (20%) 

 

12 (19%) 

 

83 (20%) 

 

0.811 

Preterm (<37 weeks’ 

gestation) 

98 (21%) 15 (23%) 83 (20%) 0.570 

Weight-for-age z-score at 
birth (n=471) 

 

-0.33 [-1.00, 0.35] 

 

-0.23 [-1.26, 0.26] 

 

-0.36 [-0.98, 0.38] 

 

0.855 

HIV-exposed 118 (25%) 22 (34%) 96 (24%) 0.062 

Months of breastfeeding 

(n=460) 

6.0 [1.5, 18.0] 6.0 [2.0, 13.7] 6.0 [1.4, 18.0] 0.637 

Months of exclusive 

breastfeeding (n=459)  

1.4 [0.7, 3.1] 1.6 [0.9, 3.3] 1.4 [0.7, 3.0] 0.669 

Vaccination coverage 
6 weeks (n=463) 

10 weeks (n=463) 

14 weeks (n=460) 
9 months (n=451) 

18 months (n=403) 

 

461 (>99%) 

461 (>99%) 

458 (>99%) 

444 (98%) 

356 (88%) 

 

63 (98%) 

63 (98%) 

63 (98%) 

62 (97%) 

50 (83%) 

 

398 (>99%) 

398 (>99%) 

395 (>99%) 

382 (99%) 

306 (89%) 

 

0.258 

0.258 

0.259 

0.260 

0.191 

Influenza vaccination – child  0 (0%) 0 (0%) 0 (0%) - 

     

     

Data presented as n (%) or median [inter-quartile range; IQR]; EBF: exclusive breastfeeding. 

3.3 Clinical Features of Influenza- LTRI  

Children with influenza-associated LRTI were older than those with non-influenza LRTI (Table 

3).  Among children with influenza-associated LRTI, 13% (9/70) were hospitalised, and there 
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was a single death; severity was similar to those with non-influenza LRTI (Table 3). There 

were no clinical features that distinguished influenza-associated LRTI from non-influenza 

LRTI except wheezing, which was less common in influenza-associated illness, summarized 

in Table 3 

Table 3 : Clinical features of Influenza-associated LRTI compared to non-Influenza LRTI 

Variable All LRTI 

episodes  

Influenza-

associated LRTI 
1 episodes 

Non-Influenza LRTI 

episodes 

p-value 2 

Number of episodes 963 70 893  

Age in months at LRTI 9.3 [3.8, 19.3] 14.1 [8.5, 19.1] 8.9 [3.7, 19.5] 0.007 

Weight-for-age z-score 
at LRTI (n=957) 

-0.08 

[-0.98, 0.82] 

-0.03 

[-0.89, 0.81] 

-0.08 

[-1.00, 0.82] 

0.752 

HIV exposed uninfected 257 (27%) 25 (36%) 232 (26%) 0.076 

Season of LRTI 
Summer 

Autumn 

Winter 
Spring 

 

134 (14%) 

276 (29%) 

316 (33%) 

237 (25%) 

 

3 (4%) 

14 (20%) 

44 (63%) 

9 (13%) 

 

131 (15%) 

262 (29%) 

272 (30%) 

228 (26%) 

 

 

 

 

<0.001 

Symptoms and signs 

Fever (n=934) 634 (68%) 54 (77%) 580 (67%) 0.147 

Cough (n=962) 915 (95%) 70 (100%) 845 (95%) - 

Rhinorrhoea (n=956) 604 (63%) 51 (73%) 553 (62%) 0.362 

Heart rate (n=914) 142 [132, 160] 136 [132, 157] 143 [132, 160] 0.252 

Respiratory Rate 

(n=928) 

53 [46,60] 48 [44,56] 54[46,60] 0.038 

Lower chest wall 

indrawing (n=935) 

626 (67%) 41 (63%) 585 (67%) 0.489 

Chest auscultation 
abnormal (n=939) 

540 (58%) 32 (48%) 508 (58%) 0.148 

Wheezing (n=962) 400 (42%) 20 (29%) 380 (43%) 0.047 

Oxygen saturation 

(n=910) 

98 [95, 99] 98 [96, 99] 98 [95, 99] 0.491 

Severity and outcomes 

Oxygen given 120 (12%) 4 (6%) 116 (13%) 0.268 

Hospitalized 219 (23%) 9 (13%) 210 (24%) 0.127 

Discharge status, 
among children 

hospitalized (n=219) 

211 (96%) 8 (89%) 203 (97%) 

 

0.289 

 

Discharged home 
Transferred to 

another health 

facility 

4 (2%) 0 (0%) 4 (2%)  

Died 4 (2%) 1 (11%) 3 (1%)  

Data presented as n (%) or median [inter-quartile range; IQR]; 1 70 Influenza-associated LRTI among 64 
children; 2 P-values from generalised estimating equation (GEE) models, adjusted for age at episode. 
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3.4 Risk Factors Associated with Influenza-Associated LTRI  

Generalised estimating equation (GEE) models, adjusted for all covariates, indicated that 

influenza-associated LRTI was significantly associated with the winter season (aOR: 7.06; 95% 

CI [2.15, 23.13], p = 0.001) (Table 4).  

Table 4 : Multivariate analysis or risk factors associated with Influenza-associated LRTI versus 

non-Influenza LRTI 

Maternal characteristics Unadjusted OR 

[95%CI]1 

P-value Adjusted OR [95% 

CI]2 

p-value 

Self-reported prenatal 

smoking 

0.69 [0.39, 1.23] 0.206 0.65 [0.26, 1.63] 0.357 

Self-reported postnatal 
smoking  

0.71 [0.42, 1.22] 0.215 0.89 [0.39, 2.05] 0.790 

Household characteristics 

Parent employed 1.38 [0.84, 2.27] 0.203 1.33 [0.72, 2.45] 0.356 

Household income per 
month (ref: >R5000/m) 

R1000-5000/m 

      <R1000/m 

 

 

2.02 [0.75, 5.39] 

2.14 [0.82, 5.58] 

 

 

0.163 

0.122 

 

 

2.08 [0.78, 5.55] 

2.41 [0.83, 7.03] 

 

 

0.142 

0.106 

Child characteristics 

Age at LRTI (months) 1.02 [1.00, 1.04] 0.043 1.02 [1.00, 1.04] 0.085 

Sex: Male (vs female) 0.61 [0.38, 1.01] 0.052 0.65 [0.39, 1.09] 0.105 

Born preterm 0.87 [0.48, 1.58] 0.644 0.89 [0.48, 1.65] 0.709 

Birth weight-for-age z-
score 

0.93 [0.74, 1.18] 0.565 0.96 [0.74, 1.23] 0.735 

HIV-exposed 1.58 [0.94, 2.65] 0.084 1.49 [0.86, 2.58] 0.155 

Season of birth (ref: 
summer) 

Autumn 

Winter 
Spring 

 

 

0.50 [0.24, 1.03] 

0.96 [0.49, 1.89] 

1.00 [0.51, 1.97] 

 

 

0.062 

0.905 

0.993 

 

 

0.57 [0.27, 1.19] 

0.92 [0.46, 1.87] 

1.21 [0.60, 2.46] 

 

 

0.134 

0.825 

0.593 

Duration of exclusive 

breastfeeding (months) 

0.97 [0.85, 1.11] 0.669 0.99 [0.87, 1.12] 0.829 

Season of LRTI (ref: 

summer) 

Autumn 
Winter 

Spring 

 

 

2.33 [0.66, 8.24] 

7.06 [2.15, 23.13] 

1.72 [0.46, 6.47] 

 

 

0.190 

0.001 

0.421 

 

 

2.05 [0.56, 7.47] 

7.83 [2.34, 26.14] 

1.94 [0.51, 7.39] 

 

 

0.276 

0.001 

0.331 
1 Odds ratios (OR) from generalised estimating equation (GEE) models; 2 Adjusted for all covariates 

shown. 

3.5 Respiratory Organisms Associated with Influenza-Associated LTRI  

Table 5 summarises the associations between other organisms detected in NP swabs at the time 

of influenza-associated LRTI. Children with influenza-associated LRTI had a reduced 

likelihood of having rhinovirus (aOR: 0.07, [95% CI: 0.02-0.23]), RSV A/B (aOR: 0.26, [95% 
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CI: 0.09-0.72]), parainfluenza virus 1/2/3/4 (aOR: 0.13, [95% CI: 0.02-0.97]), or S. aureus 

(aOR: 0.29, [95% CI: 0.09-0.99]). Co-infections with M. catarrhalis and S. pneumoniae were 

noted, although not significant.  

Table 5 : Associations between other microbes and Influenza-associated LRTI versus non-Influenza 

LRTI during the first 5 years of life, among 963 LRTI episodes 

 Adjusted OR [95% CI] 1 p-value 

Viruses 

Cytomegalovirus 0.79 [0.48, 1.30] 0.353 

Rhinovirus 0.10 [0.04, 0.27] <0.001 

RSV A/B 0.25 [0.09, 0.71] 0.009 

Adenovirus 0.81 [0.39, 1.66] 0.562 

Parainfluenza 1/2/3/4 0.13 [0.02, 0.96] 0.046 

 

Bacteria 

M. catarrhalis 1.18 [0.63, 2.21] 0.603 

S. pneumoniae 1.32 [0.78, 2.22] 0.299 

S. pneumoniae >10^6.95 
copies 

0.80 [0.40, 1.59] 0.518 

H. influenzae 0.81 [0.50, 1.31] 0.390 

S. aureus 0.29 [0.09, 0.97] 0.045 

K. pneumoniae 0.69 [0.25, 1.92] 0.477 
1Odds ratios (OR) from generalised estimating equation (GEE) models, adjusted for age at 
episode. 

4.0 Discussion 

This birth cohort study provides a comprehensive longitudinal analysis of the incidence and 

risk factors associated with influenza-associated LRTI through the first 5 years of life in an 

LMIC context. The cohort comprised 1143 live-born children. There were 70 episodes of 

influenza-associated LRTI recorded in 64 children (1.4 cases per 100 child-years). Of these 

LRTI episodes 13% (9/70) were hospitalised, and 11% (1/9) of influenza-associated LRTI-

related deaths were recorded. The incidence of influenza-associated LRTI reported in our 

setting is higher than in a Nicaraguan cohort (1.0 cases [0.8–1.2] per 100 person-years) [16]. 

The difference could be attributed to the lack of influenza vaccination for pregnant women and 

children over the age of 6 months of age in our setting as seen on Table 2, compared to the 

Nicaraguan cohort which had a coverage of over 71% in pregnant women [17]. In the absence 

of maternally transferred antibodies or vaccine-induced immunity during early infancy, young 
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children remain susceptible to circulating infectious agents [18]. The reported incidence in our 

setting is likely to be underestimated, as we did not include episodes without FTD Resp33 

qPCR results, 13% (145/1108).  

The incidence of LRTI appears to be higher among HIV-exposed children. Data on the 

epidemiology of influenza in children living with HIV remain limited, particularly in sub-

Saharan Africa, where HIV prevalence is high. [19, 20]. In a South African cohort of children 

under five years of age, influenza virus was detected in 7% (613/8,394) of enrolled participants, 

358 of whom were children living with HIV. The incidence of influenza-associated acute lower 

respiratory tract infection (LRTI) was four to eight times higher among children living with 

HIV (186–228 per 100,000) than among HIV-unexposed uninfected children (26–54 per 

100,000) (Cohen et al., 2015). In our cohort, although few participants were children living 

with HIV, a significantly higher proportion of children with LRTI episodes (26%, n = 133) 

were HIV-exposed uninfected than those without LRTI episodes (18%). This increased 

susceptibility among HIV-exposed uninfected children may reflect the impact of maternal 

immune compromise during pregnancy. [19].  

Besides the factors regarding vaccination and HIV exposure, several other risk factors for 

influenza-associated LRTI were identified in this birth cohort including maternal education and 

prenatal smoking. In our study, a higher proportion of mothers with nothing beyond secondary 

education (61%, n= 695) had their children experiencing LRTI episodes than mothers with 

secondary/tertiary education. Our analysis was similar to studies conducted by Amugsi et al 

[18] which showed that maternal decision-making based on educational level was associated 

with childhood morbidity and also showed the impact of socioeconomic disadvantage on 

disease susceptibility [18]. In our study, we observed a higher frequency of LRTI episodes in 

children whose mothers smoked during pregnancy due to suspected issues such as preterm 

birth, low birth weight, and potential harm to the baby’s developing lungs and brain [21, 22]. 
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Smoking during pregnancy has consistently shown harmful effects on both pregnant women 

and their unborn children [23-25] 

Among infant-specific factors, preterm birth (<37 weeks gestation) significantly elevated LRTI 

risk (p=0.001), consistent with the known vulnerability of preterm infants to respiratory 

infections due to immature immune systems and underdeveloped lungs [26, 27]. In addition, 

preterm infants are more likely to have a low birth weight, and this has been associated with 

an increased risk of LRTIs, including hospitalisation due to pneumonia [28, 29]. Our study 

found a significantly higher risk of LRTI episodes in low-birth-weight children, consistent with 

a case study by Nascimento et al. [30] who attributes this to reduced immune response and 

weakened pulmonary function in children with low birth weight [30, 31]. Our results also 

showed that influenza-associated LTRI was significantly more common during the winter 

months (p < 0.001), coinciding with other studies on the reported high rates of hospitalisation 

due to influenza-associated LTRI and other seasonal respiratory outbreaks [32]. This finding 

has the effect of creating and reinforcing public health policies that emphasise targeted 

preventive measures during peak influenza seasons. 

While our study benefited from a prospective design, a large and well-characterized cohort, 

and rigorous longitudinal follow-up, certain limitations should be acknowledged. The low 

influenza vaccination rate in the study and in South Africa limits the generalizability of our 

findings to settings with higher vaccination coverage. Furthermore, despite adjusting for 

various potential confounders, residual confounding cannot be entirely ruled out. Future studies 

should explore the potential interactions between different pathogens in co-infections and 

investigate the interplay between host immune response and environmental factors in 

modulating the severity and progression of LRTI in children, which reflects the cumulative 

impact of various risk factors, including nutritional and non-nutritional prenatal or postnatal 

exposures [33]. 
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