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Abstract:  

Introduction:  RSV is a leading cause of respiratory related hospitalisations in children less 

than five years globally. The majority of the morbidity and mortality of RSV disease occurs 

in lower and middle income countries. Decades of epidemiological work have demonstrated 

that the risk for RSV hospitalisation is highly concentrated in the first six months of life, 

when infantsô immune systems are immature and the protective effects of maternally derived 

antibody are waning. The South African paediatric population is comprised of a significant 

percentage of HIV exposed uninfected (HEU) infants who reportedly have higher risk for 

infectious morbidity and mortality.  

Methods: This thesis utilized a prospective, inpatient paediatric surveillance program; and a 

prospective birth cohort to describe RSV hospitalisations, maternally derived immunity and 

explore for a sero-correlate of protection against RSV LRTI hospitalisation among HIV 

unexposed and HEU infants.   

Results: RSV hospitalisation incidence was 21.4 per 1000 live births among Sowetan infants. 

A peak of disease occurred in the first month of life and constituted a large percentage (53%) 

of all-cause LRTI hospitalisation during the RSV epidemic period. The majority of 

hospitalisations (69%) occurred among infants in their first six months of life. RSV 

hospitalisation incidence of HIV unexposed and exposed infants did not differ significantly 

(21 vs 20 per 1000 live births, respectively). Most RSV hospitalisation cases were discharged 

home, with a low cases fatality risk (0.002).  The majority of RSV-associated hospitalisations 

received antibiotics (69%). Infants without and with HIV exposure acquired maternally 

derived neutralizing RSV antibody via transplacental transfer (HUU 0.82 vs HEU 0.67, padj 

0.1222). The cord to maternal blood ratio (CMR) of RSV neutralizing antibody was 0.74. The 

CMR was significantly associated with maternal hypergammaglobulinemia. Cord blood titres 

demonstrated an inverse relationship between maternally derived neutralising RSV antibody 

and risk of RSV hospitalisation in infants up to six months of age. While a definitive 

threshold of protection was not identified, it was observed that for every unit rise in log2 titre, 

there was a 43% reduction in odds for hospitalisation 

Conclusion: RSV hospitalisation among Sowetan infants represents a significant burden of 

disease that is highly concentrated within the first six months of life. Maternally derived 

neutralising RSV antibody is present in infants at the time of birth, albeit at levels lower than 
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what has been described in other parts of the world. Maternally derived neutralising RSV 

antibody is associated with protection against disease but a definitive correlate of protection 

has not yet been identified.  
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Preface 

 

I came to South Africa shortly after completing my paediatric residency in Philadelphia 

(U.S.A.).  My original plan was to do a fellowship in paediatric infectious disease, and I had 

secured a position at the hospital where I had trained. Shortly thereafter, my husband was 

offered a unique opportunity to work with the Red Cross based out of Johannesburg. As a 

family of two adults and two young children, we had just endured a gruelling set of years 

while I worked my way through medical school and residency. After careful consideration, 

placing fellowship on hold in order to come to South Africa seemed a kinder option. I naively 

assumed that I could find work as a general paediatrician at one of the city hospitals, but it 

quickly became apparent that this would not be feasible during my several year stay in South 

Africa. So I began to explore opportunities in research thinking that it would be nice to gain 

experience in a particular infectious disease before ultimately returning the States to do 

fellowship. I met Professor Madhi and the Research and Meningeal Pathogens Research Unit 

(RMPRU) shortly thereafter. I left the RMPRU intrigued by the possibility of approaching 

my interest in infectious diseases from a completely different angle ï through doctoral 

research.  

I began the PhD program in Clinical Microbiology and Infectious Diseases five months after 

arriving in South Africa. Professor Madhi had asked me to select a pathogen of interest, as 

long as it was already incorporated into one the RMPRUôs existing surveillance programs. As 

one could easily surmise by the title of this thesis, I selected Respiratory Syncytial Virus 

(RSV). I did so because RSV was an infection that defined my training as a general 

paediatrician who came of age after the introduction of Haemophilus influenzae type b and 

pneumococcal vaccination. My fall and winter seasons were almost entirely dedicated to 

trying to help infants (and their parents) manage RSV bronchiolitis with few options at hand. 

Supportive care measures seemed frustratingly meagre while standing by the bedside of 

young patients struggling to breath. When I started to prepare for the PhD proposal by diving 

into the epidemiological literature, I was stunned by the size of the burden estimated on the 

global scale. I was further taken aback by its estimated mortality which largely occurs in 

lower- and middle-income countries. How could we not yet have found a solution to such an 

important and large unmet medical need? This realization imbued my thesis work with a deep 

sense of purpose. My underlying goal through this thesis work would be to contribute to the 
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knowledge base in hopes that someday these data could help to inform a vaccine or anti-viral 

medication in development.  

I returned to the U.S. after several years to resume clinical work (all that RSV to take care 

of!) and was unexpectedly offered the opportunity to work on a maternal RSV vaccine 

program in industry. I made the difficult decision to leave my clinical career believing that 

perhaps I could contribute my experiences towards a concrete solution. For the past three 

years, I have been the medical director of the RSV program at Pfizer. I have worked on this 

thesis in parallel to my job and believe that my academic and professional endeavours have 

come together in a very meaningful way. My contribution to a developing RSV vaccine 

program has been deeply informed by both my experiences as a clinician and as a doctoral 

student. The rationale of a vaccine program relies intensely upon a solid understanding of the 

disease and its epidemiological/sero-epidemiological backdrop. At the same time, this thesis 

has also been deeply informed by my experiences working on an RSV vaccine program. I am 

very fortunate to work alongside a multi-disciplinary team with basic science and 

epidemiological expertise. I never had trouble finding an interested ear to discuss my latest 

thoughts and questions as I worked through each successive thesis objective. Many of the 

papers cited in this thesis are papers that I have also used in my job to help inform clinical 

trial case definitions, the design of surveillance programs, and policy considerations.  

Working a full time and raising a family have extended the time it took to reach the end of 

this thesis ï six years in total.  However, despite the snailôs pace, I am truly grateful that I 

was able to do it in such a meaningful way and with the patient and valuable guidance of my 

thesis advisors.   
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Chapter 1 Introduction  

1.1 The global burden of respiratory syncytial virus infections in children under five 

Respiratory syncytial virus (RSV) is a leading cause of respiratory related associated 

morbidity in children under the age of five years around the world and yet there is no 

effective treatment or vaccine. The only form of prevention, a passively administered 

monoclonal antibody, is generally unaffordable and reserved for high risk infants. These three 

facts depict an important unmet medical need and backdrop for understanding how local data 

can help to inform future decisions once interventions do become available.  

The most recent systematic review of the global RSV burden in children published by Shi et 

al. in 2017 highlights the key measures, uncertainties and gaps in our understanding (1).  The 

review provides global, regional and age stratified estimates with uncertainty ranges*  (UR) 

for illness episodes, hospitalisations, in-hospital mortality and total mortality based upon 250 

publications and 76 unpublished datasets from high, middle and low income settings (LMIC).  

The annual incidence of under-five RSV associated acute lower respiratory tract infections 

(ALRI) is estimated to be 33.1 million episodes (UR 21.6ï50.3), which amounts to 

approximately 28% of all ALRI episodes. Furthermore, there are approximately 3.2 million 

hospitalisations (UR 2.7ï3.8) and 59,600 in-hospital deaths attributed to RSV, which are 

thought to be conservative estimates. When community deaths are taken into consideration, 

RSV mortality is estimated to be 118,200 (UR 94,000 and 149,000) deaths per year (1).  The 

analysis further highlights that the burden is concentrated among the youngest infants with 

approximately 1.4 million or 45% of the total hospitalisations and 27,300 RSV associated 

deaths occurring in those less than six months of age.  Of note, the vast majority of these 

hospitalisations and deaths are believed to occur in developing countries, although robust 

sources of data are lacking. The size, volume and heterogeneity of the data utilized by Shi et 

al. has helped to depict the burden in children in broad brushstrokes. But more granular data 

organized by chronological age, risk groups and from LMIC settings are needed.  

* Uncertainty ranges are used for Bayesian analysis where probabilities are assigned to 

represent an uncertainty about the data. This statistical approach stands in contrast to the 

frequentist framework where confidence intervals and p-values are used to represent 

uncertainty about the data.  

1.2 Viewing RSV burden by chronological age 
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The first of only two studies to provide RSV associated hospitalisation incidence by month of 

age was conducted by Hall et al. in the United States (2). This prospective, population-based 

surveillance of lab confirmed RSV hospitalisations was conducted over five years at three 

sites in different states.  The data demonstrated a distribution of disease over the course of the 

first 24 months of life, within which the highest incidence of disease occurred among one-

month old infants at a rate of 25.9 per 1000 children; Figure 1.0 illustrates Hall incidence 

rates by month of age. The next highest incidence of approximately 14 per 1000 children 

occurred just before and after the one-month old age group, thereby concentrating the largest 

proportion of disease to the first three months of life.  Thereafter, the disease rates gradually 

reduced with each successive month of life from 8.9 per 1000 at four months of age to 2.9 per 

1000 children at 11 months of age. Although there was evidence of year to year variation in 

the incidence by as much as four-fold, the distribution of disease remained unchanged. 

Notably, the study by Hall et all included preterm infants who have a higher risk of RSV 

hospitalisation, which could have impacted this distribution.  

 

Figure 1.0 Incidence rates of RSV hospitalisation in U.S. infants by month of age 2 

A 2017 meta-analysis by Parikh et al. resolves this issue (3).  Disease distribution across the 

first year of life was identical for both term and preterm infants with the peak incidence of 

disease occurring between 1 and <2 months of age; Figure 1.1. Note the proportions sum to 
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100%. The Parikh data demonstrated that approximately 50% of RSV hospitalisations 

occurred in the first three months of life and between 75-80% in the first six months (3).  

 

Figure 1.1 Proportion of U.S. infant RSV hospitalisations by month of age, across various 

data sources 3 

1.3 Age related RSV burden and seasonality 

The distribution of age related RSV disease must also be interpreted in the context of 

seasonality.  In the study by Hall et al., 73% of hospitalisations occurred during the peak 

winter months of the northern hemisphere including December, January and February (2); 

however, the distribution of age related hospitalisation incidence in relation to RSV 

seasonality was not analysed. Such an analysis was undertaken in a Danish study, in which 

lab confirmed RSV hospitalisations in children less than five years were identified through a 

national patient registry over the course of five seasons (4). The majority of hospitalisations 

(60%) occurred in children under six months of age, with the highest annual incidence at one 

month of age; Figure 1.2. The age specific hospitalisation incidence rates changed by month 

of the RSV season in Denmark.  Peak seasonal incidence occurred in tandem across all age 

strata. The highest rates of hospitalized disease occurred in one-month old infants. This 

visualization of the data reaffirms that severe RSV illness is concentrated in the youngest 

infants and maintains a seasonal pattern and peak across all age groups.  
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Figure 1.2 Monthly RSV hospitalisation incidence in Denmark by month of age and month 

of season 4 

1.4 RSV associated mortality 

Ninety-nine percent of RSV associated mortality is estimated to occur in developing 

countries, although there is limited data which informs these estimates (5). Shi et al. estimates 

for paediatric mortality were: 59,600 in-hospital deaths for all children less than five years, 

27,300 in-hospital deaths in infants less than six months and 118,200 total RSV deaths for 

children less than five years. The uncertainty ranges provided alongside these point estimates 

are wide and reflect the variability and incomplete nature of the data. These modelled death 

counts can be further contextualized by looking at case fatality rates. 

A systematic literature review and modelling study conducted by Shi et al. in 2017 provides 

the most current assessment of global case fatality rates (1). This analysis provided CFR and 

number of in-hospital deaths in children with RSV-ALRI reported by World Bank regions 

and different age strata. For infants 0ï5 months of age from upper middle income countries 

the CFR was 1.8% (1.2ï2.6) with an estimated 7,200 (4,200ï12,300) in-hospital deaths. For 

infants 6ï11 months of age from upper middle income countries the CFR was 2.4% (1.1ï5.4) 

with an estimated 8,000 (2,800ï22,100). These are likely to be under-estimates due to lack of 

virologic testing. 

A retrospective, descriptive case-series analysis conducted by Scheltema et al., in 2017, 

provided more detailed characterization of the clinical and socioeconomic factors of deaths 

associated with RSV in children (5). Analysing a total of 358 fatal cases children from 23 

countries, 33% were from LMICs and 58% were less than six months of age.  A history of 

prematurity was identified in 8% of the children, and a further 28% had underlying 
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comorbidities. The vast majority of these deaths (77%) occurred during an identifiable RSV 

season. While 20% of children who died were admitted to the intensive care unit (ICU) 

during the course of their illness, only 24% of the total deaths had access to ICU care.   

A number of studies on RSV morbidity have been undertaken in South Africa highlighting 

different angles on RSV associated mortality within the country including in-hospital and 

out-of-hospital illness, and associations with underlying co-morbidities such as HIV 

infection. In 2003, Madhi et al. prospectively evaluated and compared RSV associated illness 

among high risk children and otherwise healthy children less than 24 months. The study was 

conducted in four provinces over two distinct time periods and enrolled 258 children (6). 

Overall, 53 cases of RSV associated LRTI were identified, with a higher prevalence among 

high risk children (30%) compared to non-high-risk children (22%). Although óhigh riskò 

children were more likely to be hospitalized, including admission to the ICU, there were no 

deaths reported in this study. Venter et al. 2011 tested for fourteen viruses among children 

less than five years of age who either required outpatient or hospital-based care for an acute 

respiratory tract infection (7). The study was located in the Pretoria area and enrolled patients 

who sought care at one of three public hospitals. A significant portion of this population was 

HIV seropositive (32%).  RSV was the second most common infection (second to rhinovirus) 

and identified in 30.1% of cases. In this study 10% (6/60) of children with RSV identified as 

a single organism died, and 2.9% (2/70) of children in whom RSV was identified with 

another respiratory virus. The study did not analyse the relationship between RSV mortality 

and HIV status.  Moyes et al. in 2013 examined this relationship more closely among 

children less than five years with and without HIV infection hospitalized for acute LRTI or 

neonatal sepsis (8). The study was conducted at four surveillance sites and identified RSV 

infection in 27% (1157/4293) of tested children. HIV-infection status was known for 69% of 

the children with 6% (49/802) of children diagnosed as being HIV infected; only half were 

receiving anti-retroviral therapy (ART). Overall, the CFR among RSV cases was 1% 

(9/1153) during hospitalisation. The CFR was 31.1-fold higher (95% CI: 5.4ï179.8, p 

<0.001) in children living with HIV (CLWH; 8% 4/49) than those without HIV (<1% 3/751). 

The CFR was 1% (2/353) in RSV associated hospitalisations among those with an unknown 

HIV status. The analysis was limited by a lack of data on additional parameters such as HIV-

disease staging, ART and viral loads.  

Finally, Cohen et al. 2018 modelled RSV associated in-hospital and out-of-hospital mortality 

from 2009 to 2013 for different age groups including children (9). These estimates were 
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classified into four ICD coded themes including: ñall-causesò, ñall-respiratoryò, ñall-

circulatoryò, and ñpneumonia/influenzaò. The estimated mean annual rate of RSV associated 

deaths in children varied widely based upon the type of ICD coding that used. The highest 

RSV associated mortality rates occurred in children less than one year of age. Among 

children less than one year of age, the ñall-causesò rate was highest at an estimated 143.4 per 

100,000 person years (95% CI: 0.0-195.4). The ñall-respiratoryò and ñpneumonia/influenzaò 

rates were closest to each other with 42.0 per 100,000 (95% CI: 0.0ï63.9) and 30.4 per 

100,000 (95% CI: 0.0ï42.1) person years respectively. The lowest rate 1.5 per 100,000 

person years (95% CI: 0.0ï6.8) occurred when utilizing ñall-circulatoryò codes. RSV was 

estimated to be the cause of 22% - 33% deaths outside of the hospital in children less than 

five years.  

As was mentioned earlier, much of our understanding of RSV associated mortality is derived 

from hospital-based studies. Global attention has now turned to understanding community-

based mortality with several collaborative efforts underway including the CHAMPS and RSV 

GOLD projects (10, 11). These studies require painstaking efforts to find and evaluate 

individual cases of RSV associated deaths to better understand which children are most likely 

to die of an RSV infection before reaching care. While the data related to these studies are not 

yet publicly available there are smaller but no less important efforts underway. A recent case 

control study conducted in Argentina examined the rates of ñat-homeò mortality associated 

with acute respiratory infections in children less than five years from a low income 

background (12).  The ñat-homeò rate of RSV associated mortality was reported as 0.26 per 

100 live births.  The risk of dying from any acute respiratory infection (ARI) at home was 

associated with several important factors including household crowding (OR 3.73), an 

adolescent mother (OR 4.89), no running water (OR 4.39), incomplete vaccination status (OR 

3.39), (prior) admission to the ICU (OR 7.17) and no emergency medical attention (OR 

72.32).  

1.5 RSV risk factors  

The vast majority of RSV hospitalisation occurs among healthy, full term infants with no 

identifiable risk factors other than being young or born in close proximity to the season (13) .  

Numerous medical, anatomical and sociodemographic risk factors have been examined in an 

effort to better understand why some develop severe RSV disease while others do not, 

leading to inconsistent results (14). Physicians who care for infants and children can easily 
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provide a list of high-risk conditions including prematurity, chronic lung conditions, 

congenital heart disease, and immune deficiency (14). The anatomical and physiologic basis 

for the increased risk of RSV  can be  explained for each of these categories. Small airway 

diameters, immature immune systems, lack of protective maternal antibody, abnormal 

respiratory and circulatory systems prevent these infants and children from responding 

appropriately to an infectious insult. A more complex task is to identify and disentangle a 

long list of non-medical factors which could contribute to disease risk, many of which are 

present in combination with each other as well as with the medical factors listed previously. 

Variations in study design, of participant bias and risk factor definitions complicate the task 

further.  

A 2003 literature review by Simoes et al. examined twelve risk factors  including race, sex, 

age at time of illness, absence of breast feeding, poor nutrition, birth during the RSV season, 

low socioeconomic status, level of maternal education, crowding, number of siblings in the 

bedroom, day care exposure, and household tobacco smoke exposure (14).  The quality and 

strength of evidence were assessed based upon the type of study design. Simoes et al. 

concluded that male sex, young age, birth in the first half of the season, day care attendance 

and crowding/siblings were all independently associated with risk for severe RSV disease. 

There was conflicting evidence with regard to whether lack of breast feeding or passive 

exposure to tobacco smoke were risk factors.  

A more recent systematic review and meta-analysis of 20 studies by Shi et al. published in 

2015 identified eight risk factors associated with RSV disease (15). These included 

prematurity, low birth weight, male sex, presence of siblings, maternal smoking, lack of 

breastfeeding, history of atopy, and household crowding.  In a smaller set of studies, other 

factors such as low parental education, passive smoking, crèche attendance, indoor air 

pollution, HIV, multiple births, malnutrition, higher altitude, previous illness and lack of 

plumbed water in the household were also found to be associated with RSV LRTI. In utero 

HIV exposure in the absence of HIV acquisition was not specifically reviewed for, but it is 

discussed in a later section of this introduction.  

1.6 The seasonality of RSV disease ï globally and in South Africa 

In temperate climates, RSV occurs as a seasonal epidemic with a distinct onset, peak and 

offset that generally lasts between five and six months (16). Some countries can have shorter 

seasons lasting 3 or 4 months.  There are 1-3 week shifts in season onset/offset which can be 
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observed from year to year, country to country or even within a single country if it is large 

enough to contain different climactic zones (16, 17). Occasionally these shifts in time can be 

up to four weeks. A recent global overview of seasonality across 27 countries revealed that 

some countries demonstrate two extremely different seasonal patterns which alternate. For 

example, Germany alternates yearly between an early fall or late spring season onset, both of 

which maintain the same duration. Finland has either an early/large epidemic or late/small 

epidemic that also alternates every two years. Tropical zones have more prolonged seasons 

lasting for as long as ten months.   

Each year, RSV is believed to begin in the southern hemisphere and progress northward 

through a wide variety of climactic zones (16). It is important to understand how local 

climate impacts RSV seasonality, as was done in a 2013 descriptive analysis of seven global 

CDC associated surveillance sites including South Africa (18). In this study, monthly 

measures of temperature, humidity and precipitation were assessed alongside lab confirmed 

RSV disease activity. The seven countries represent tropical and subtropical climate zones as 

described in detail by the Köppen classification system.  In this study, South Africa 

contributed between 3 to 6 years of data (2006 to 2012) from Soweto and Pretoria, each of 

which fell into different Köppen climate classifications. More specifically, both Soweto and 

Pretoria are described as having warm temperate climates with desert precipitation. Their 

classifications diverge when describing the general temperature, with Soweto designated as 

possessing warm summer temperatures while Pretoria, located approximately 90 km north of 

Soweto, possessing hot summer temperatures.  In this analysis however, the South African 

data from the two locations were conglomerated into a ñmoderate hotò grouping. The 

descriptive results go on to show that there is a distinctive, single RSV season which could 

begin as early as January. This seasonal onset occurs within one month of the highest 

recorded rainfall and humidity. The peak occurs during the autumn period. Temperatures 

could fall below freezing. The authors highlight that this descriptive analysis could not 

account for other variables which might also impact RSV seasonality. Factors such as in-door 

crowding behaviours, environmental pollution, as well as host and viral characteristics could 

all conceivably influence transmission dynamics, season timing and severity. 

1.7 South African surveillance and seasonality 

South African seasonality has been defined by the National Institute of Communicable 

Diseases (NICD) which issues weekly influenza and RSV surveillance reports. These reports 
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summarize data from three distinct syndromic surveillance programs which fall under the 

purview of the Center for Respiratory Diseases and Meningitis including influenza like 

illness (ILI), Viral Watch and the National Syndromic Surveillance for Pneumonia (19). 

There are also data collected from private hospital consultations. Each of these surveillance 

programs began at different time points and differs somewhat in their parameters. The Viral 

Watch program established in 1984 is the oldest of the surveillance programs and was 

developed to primarily monitor outpatient influenza activity (during the anticipated influenza 

season) but also tests for other respiratory pathogens (20). The Viral Watch program is 

extensive and represents disease activity across all nine provinces through the involvement of 

205 volunteer public and private clinics. Viral Watch inclusion criteria are informed by the 

typical clinical characteristics found in influenza patients including the presence of fever Ó38 

Cę. The National Syndromic Surveillance for Pneumonia, also known as the Severe Acute 

Respiratory Illness (SARI) program is a younger hospital-based surveillance program 

founded in 2009 in response to the influenza pandemic. The program is less geographically 

extensive but compensates by providing detailed epidemiological data in addition to 

laboratory testing for multiple respiratory pathogens throughout the year (20). The SARI case 

definition is more flexible in order to capture a larger range of lower respiratory tract 

infections and does not require the presence of fever in children less than 5 years of age.  All 

three of these surveillance programs collect and test respiratory samples using multiplex 

reverse transcription polymerase chain reaction (RT-PCR) from patients of all ages. Samples 

can be collected as oropharyngeal or nasopharyngeal swabs, nasopharyngeal aspirates, or 

induced or expectorated sputum.  

In years past, and in some current surveillance systems found in other parts of the world 

including the United States (U.S.), RSV detection has traditionally been nested into influenza 

surveillance. The implications of this approach mean that if the surveillance is timed to the 

influenza season then testing, will fail to capture a significant portion of RSV burden which 

occurred prior to its start. Furthermore, ILI surveillance inclusion criteria require the presence 

of fever which does not always occur with RSV infection. Therefore, an RSV case which 

occurs within the influenza season timeframe without fever will be excluded from viral 

testing, further eclipsing the ability to capture the true burden of disease. Finally, it is 

important to highlight that the data come from specific surveillance sites and only reflect the 

burden of RSV disease among those who have access to and seek care.  
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In 2015, the combined NICD surveillance systems identified the RSV season onset as 

beginning in week 9 (approximately March 1st), peaking in week 17 (approximately April 

26th) and ending in week 29 (approximately July 19th). The season timeframe for 2016 was 

very similar with the onset beginning in week 8, peaking in week 18 and ending week 29. 

These data confirm the observation noted earlier that seasons can shift between 1 to 3 weeks 

from year to year.  

A summary of previous studies on RSV epidemiology in South Africa will be covered in 

detail in Objective 1. 

1.8 RSV disease presentation in infants  

RSV presentation in infants occurs along a wide clinical spectrum of respiratory disease 

including upper respiratory tract infection to LRTI manifested as bronchiolitis, pneumonia or 

occasionally croup (21). Infection with RSV begins with signs of an upper respiratory tract 

infection including rhinorrhoea, cough and congestion. Fever can be present but is typically 

low grade. Over the course of several days, approximately 40% of infants will progress to 

signs of lower respiratory tract infection  including wheeze, crackles, and crepitations (21). 

Stridor occurs in cases of RSV associated croup but is otherwise not characteristic.  Moderate 

to severe forms of LRTI are accompanied by varying levels of respiratory distress as 

indicated by the presence of tachypnoea, intercostal and subcostal retractions, nasal flaring, 

grunting, hypoxemia. Some infants can present with only apnoea before more overt signs of 

respiratory infection develop, but the exact frequency is difficult to determine as the literature 

reports a range between 1% and 24% (22).  Several non-respiratory signs are also recognized 

as indicators of severe disease including inability to feed, irritability or lethargy. The overall 

course of illness lasts a total median time of 2 weeks and it is possible for caregivers to bring 

their infant or child to medical attention several times (23). Infants who come to medical 

attention typically do so between 2 to 4 days of illness when parents observe that symptoms 

have peaked (22). Even after an acute care episode, there may be additional outpatient, 

emergency room visits or hospitalisation readmissions depending upon how the disease 

evolves.  

An important quality of RSV LRTI is the dynamic clinical presentation that occurs both 

between infants and within the same infant over a very short period of time (23, 24). Signs 

such as wheeze, crackles, respiratory rate and retractions can change as quickly as ñminute to 

minuteò depending upon whether the infant is awake or asleep, or if secretions have 
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accumulated or a recent coughing fit has successfully dislodged mucus from a section of 

small airways (23). Therefore, a proper assessment of disease severity requires serial 

examinations in order to account for fluctuations in physical signs (23, 24).     

1.9 The limitations of a bedside diagnosis 

The clinical picture described above is a fairly generic presentation of LRTI that could be 

caused by any number of viruses. Traditionally, wheeze has been considered a trademark 

characteristic of RSV associated LRTI. However, there is significant overlap of clinical signs 

and symptoms between different types viral infections, making a bedside diagnosis 

challenging. A systematic literature review and meta-analysis conducted by Ma et al. 

identified both cough (OR =2.9 95% CI:  1.8ï4.6) and dyspnoea (OR 2.3 95% CI: 1.7ï3.0) 

were most strongly associated with RSV infection (25). Wheezing was also significantly 

associated with RSV (OR =2.2 95% CI: 1.7ï2.8) but also for rhinovirus, human 

metapneumovirus and human bocavirus. The same authors conducted a prospective cohort to 

further evaluate the association of clinical signs and symptoms with RSV versus other viral 

infections. Their findings revealed several additional clinical features which were strongly 

associated with RSV disease, including anorexia/difficulty feeding (OR =1.6 95% CI: 1.4ï

1.8) and apnoea (OR 1.5 95% CI: 1.1ï2.1). Other clinical features such as fever, headache, 

myalgia, seizures, rash and sore throat were negatively associated with RSV. The study 

concluded that clinical characteristics were not sufficiently discriminatory to diagnosis 

specific viral aetiologies of respiratory disease. Rather, laboratory testing was required for 

confirmation.  

1.10 Clinical management of RSV  

The lack of a definitive cure for acute illness limits clinical management to supportive care 

interventions. Clinical management guidelines for RSV are enfolded within bronchiolitis 

guidelines. Florin et al. in their 2017 review of viral bronchiolitis provide a comprehensive 

comparison of national guidelines on bronchiolitis management in eight countries including 

the United Kingdom (UK), the United States (US), Canada, Scotland, Italy, Spain, Australia, 

and France. Overall, the guidelines are consistent in terms of recommending supportive care 

measures including supplemental oxygenation and hydration when deemed clinically 

appropriate (23). None of the guidelines recommend chest radiography, antibiotic 

administration, bronchodilators, epinephrine (adrenaline), corticosteroids, antiviral therapy 

with ribavirin, chest physiotherapy. There are some notable differences. Viral testing is only 
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recommended by a few countries to facilitate patient cohorting on the wards to prevent 

contagion. The oxygen saturation threshold for oxygen supplementation varies from 90% to 

95% with some countries adding more specific instructions about relationship to infant age, 

measurements taken during feeds or accompanying signs of respiratory distress. Two 

countries (France and Spain) recommended the use of nebulized hypertonic saline while 

others did not recommend or did not mention the intervention. There were variable 

recommendations on the use of nasal suctioning with some countries not recommending the 

intervention at all while others specified the depth and frequency.   

South Africa has published a diagnostic flow for acute viral bronchiolitis as well as guidance 

for the intensive care management for severe cases (26, 27). Supportive care measures are 

recommended in a similar fashion to those reviewed in the Florin article. The oxygen 

saturation threshold for supplementation is differentiated by sea level (<92%) and inland 

(<90%). Chest radiographs are not recommended unles:  the diagnosis is uncertain, there is 

high fever Ó38 ęC, suspicion of pleural effusion or pneumothorax, severe disease or failure to 

improve. The diagnostic flow acknowledges that there is little value to viral testing as it does 

not alter clinical management but may be useful for surveillance, patient cohorting, and 

etiologic diagnosis in infants less than one month or clinical presentations of apnoea. The 

South African diagnostic flow is helpful to clinicians by providing a list of differential 

diagnoses to consider when evaluating a suspected case of bronchiolitis. Clinicians should 

consider an alternative diagnosis which could alter the clinical management of the patient 

including: bronchopneumonia, pertussis, foreign body, myocarditis, recurrent wheeze, cystic 

fibrosis, cardiac disease, HIV/tuberculosis.   In these cases, chest radiographs, antibiotics, 

bronchodilators, glucocorticoids, or other interventions might be needed.  

Overall, a review of these variations in care practices reflects the need for further data on the 

disease pathophysiology, the clinical presentation that results, identifying reliable measures 

of disease severity and the effectiveness of the existing interventions available.    

1.11 Laboratory testing 

The lack of definitive treatment for RSV infection limits the role and utility of diagnostic 

testing. Several forms of testing are available including rapid diagnostics or culture 

techniques. Serological testing of acute and convalescent antibody is also an option. There 

are several types of rapid testing that have been employed over the years such as enzyme 

immunoassays, direct immunofluorescence, and RT-PCR. There are also several options for 
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respiratory sampling including nasopharyngeal swabs, oropharyngeal swabs, and 

nasopharyngeal aspirates. Laboratory diagnostics are not commonly employed outside the 

hospital setting. In some countries, such as the U.S., rapid testing is performed in an infant or 

child who is being admitted for LRTI in part to determine the aetiology but mostly for the 

purposes of appropriate cohorting of patients on the wards to prevent nosocomial spread.  

1.12 The RSV Virion 

RSV was first identified in a chimpanzee who demonstrated signs of coryza or acute 

inflammation of the nasal passages during an outbreak of respiratory disease amongst its 

colony (28). The same virus was soon thereafter discovered in several infants presenting with 

similar respiratory symptoms which initiated further investigations and characterization of its 

virological nature (29). RSV is a member of the Pneumovirinae subfamily, which links up to 

a larger viral order mononegavirales which is characterized by the possession of a linear, 

negative-sense, single stranded RSV molecule (30). RSV virions can take on round or 

filamentous forms ,both of which are capable of infection (30). The RSV genome, which 

codes for a total of eleven proteins, sits within a viral envelope formed from the infected host 

cell plasma membrane. Each of these proteins serves a distinct role in support of the 

infectious cycle, including attachment and fusion to the host cell, transcription and 

replication, encapsidation and interference with the host immune system (30).  

RSV has two antigenic types or subgroups identified as A and B. These antigenic groups 

were originally identified through testing with polyclonal animal serum and monoclonal 

antibodies (31). The largest degree of genetic variability between the two subtypes is found 

within the G protein. Testing of prototype strains demonstrated a 47% difference in 

nucleotide sequence between subgroups (31). Genetic variability also exists within each 

subtype ,which allows for identification of multiple genotypes, also known as clades or 

lineages. Over time new genotypes evolve, while others disappear, and to date a total of 11 

RSV A and 23 RSV B genotypes have been identified (32). In spite of variable genotype 

nomenclature, the analysis of nucleotide sequences has enabled global comparisons of 

circulating strains.  RSV A and B subtypes and multiple genotypes for each subtype co-

circulate within the same season.  Attempts have been made in the past to discern meaningful 

patterns in subtype distributions as they relate to age, disease severity, season year and month 

(32, 33). Some studies suggest that subtype A predominates and causes more severe disease 

(33-36), although some studies report subtype B to be associated with more severe disease 
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(37, 38), no such association has been observed by others (39-41). Cyclical patterns of 

subtype dominance over a period of years have been observed suggesting the population 

immunity to specific subtypes waxes and wanes (32, 34). Ultimately, it is difficult to draw 

conclusions as such heterogeneous data are likely to be the result of different study designs, 

age groups, geographic settings and season years.  

Two proteins located on the viral surface, F and G, are recognized as the main targets of the 

host immune system, resulting in the production of neutralizing antibodies (42). Protein G 

facilitates initial attachment of the virus to the host respiratory epithelial cells, after which the 

F protein facilitates fusion between the virus and host cell. The fusion of multiple host cells 

into an aggregated form is called a syncytia. It is this characteristic appearance that has been 

aptly captured in the name of the disease respiratory syncytial virus.  

The F protein can take a pre or post fusion form, each with important immunological 

ramifications. Viral fusion and thereby infection can only occur while the F protein is in its 

pre-fusion state (43). The pre-fusion state is highly unstable and easily triggered into a post-

fusion form where it can no longer fuse with the host cell. The most highly neutralizing 

antibodies are directed at epitopes identified in the pre-fusion F form, which directly inhibits 

fusion with host cells and interrupt the infectious process. Recent advances in the 

crystallization of the F protein have revealed that specific epitope sites located on pre-fusion 

form of F can produce a spectrum of neutralizing potency (43).   

The presence of neutralizing antibody against RSV has been associated with protection 

against disease (13, 44). Young RSV naïve infants may acquire neutralizing antibody against 

RSV from their mothers in utero (45, 46). While antibodies are believed to be correlates of 

protection against severe disease, a specific threshold of protection has not been identified.  

Furthermore, several studies have failed to detect a protective relationship suggesting there 

are other aspects of the immune response to RSV which may play an important role (47) (48). 

The relationship between antibodies and protection against disease will be summarized in 

greater detail in Chapter 3 ñExploring for an RSV sero-correlate of protectionò. 

1.13 Justification and objectives: 

This introduction has set the context by establishing that RSV is a seasonal infection known 

to be a leading cause of respiratory related disease and hospitalisation in children less than 

five years of age around the world. Studies from multiple countries have demonstrated that 
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the bulk of RSV associated hospitalisations occur within the first six months of life and peak 

between 1 and 2 months of age. The majority of disease is believed to occur in LMIC 

settings, but additional data are needed.  South African efforts across the past several decades 

have already established important epidemiological patterns through a variety of prospective 

and retrospective studies. However, there is little granular data on the burden of RSV 

hospitalisations stratified by month of age in the first year of life. Furthermore, the 

characterization of the clinical presentation, hospital course and outcomes also lack these age 

specific details.  Certain groups of children are known to be at higher risk for RSV including 

children living with HIV infection. The success of the prevention-of-mother-to-child-

transmission (PMTCT) program in South Africa has resulted in a growing population of HIV 

exposed uninfected infants (HEU) who appear to be at higher risk of infectious and non-

infectious morbidity and mortality for reasons that remain to be fully elucidated.  The risk for 

severe RSV disease in HEU infants also requires further inquiry with equal granularity. 

This dissertation aims to provide additional epidemiological and sero-epidemiological data to 

further our understanding of the burden of severe RSV disease among HIV exposed and 

unexposed infants in their first year of life. There are three primary objectives through which 

this will be achieved: 

1. To measure the incidence of RSV associated hospitalisations in HIV exposed and 

HIV unexposed infants under 12 months of age in Soweto, South Africa 

2. To compare the level of RSV neutralizing antibody in women living with HIV and 

those without HIV at the time of delivery and the ratio of transplacental transfer of 

antibody to their newborns.  

3. To explore for a sero-correlate of protection against RSV associated hospitalisation 

during the first six months of life through an RSV neutralization assay.  

 

1.14 Materials and Methods 

1.14.1 Study Population 

This epidemiological and sero-epidemiological study occurred at the Chris Hani Baragwanath 

Academic Hospital (CHBAH) located in Soweto, South Africa. The bulk of the study 

population, infants with RSV and their mothers who brought them to CHBAH for care, 

comes from the historically, socially and economically complex setting of Soweto. The name 
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Soweto is a geographic acronym meant to describe its locale as a township within the 

southwest corner of Johannesburg. In the present day, Soweto is now identified as region D, 

one of seven administrative regions belonging to the city at large (49). There are 

approximately 1.4 million inhabitants living in this urban setting who occupy a total area of 

75 square kilometres.  This densely populated area resulted from the conglomeration of 

multiple, race-based townships developed through the course of apartheid history. While 

apartheid is now officially in the past, the social and economic consequence of forcing black 

South Africans to live on the periphery of city life has resulted in an urban sprawl that cannot 

be easily understood through a simple study of a map. The history of Soweto has shaped the 

lives of its residents on multiple levels including access to the basic necessities of life such as 

water, sanitation, electricity, transportation, employment and healthcare.  

 

It is extremely challenging to find recent or reliably sourced documentation on specific 

Sowetan demographics, and much of the detail provided hereafter is based on documents for 

the City of Johannesburg (CoJ) which combines data from all of its seven regions. It is more 

than likely that the unique qualities of Sowetan demographics are lost or diluted when 

combined with those of other city regions; however, these reports can provide an oblique 

view into the reality of the infants included within study population.  Wherever possible, 

Sowetan specific details will be added to ensure that the closest approximation of this reality 

is drawn. The main source of information came from three documents: the 2008 

Johannesburg Poverty and Livelihoods Study (JPLS) (49), the 2018 CoJ Draft Integrated 

Development Plan (50), and the 2018 Wong et al. publication on 2012 healthcare seeking 

behaviours in Soweto and Klerksdorp (51).  

 

The majority of the Sowetan community is black-African with many of the South African 

ethnic groups and languages spoken. This cultural diversity reflects both past politico-

historical ñforced resettlementò and current economically motivated migration patterns in and 

out of the area (52).  A publicly  available planning document for the CoJ estimates that 25% 

of city population comes from outside Gauteng and 10% outside of South Africa with over 

3000 people moving into the city each month (50). The 2008 JPLS study conducted by the 

University of Johannesburg looked at eight of the most deprived wards located in the CoJ and 

selected Ward 15 Phiri/Senoane as the representative community from region D (49). 

According to the JPLS, 89% of Phiri/Senoane inhabitants are South African and 11% are 

non-South African with the majority of those inhabitants speaking IsiZulu (61%) followed by 
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Sesotho (17%) and IsiXhosa (6%). Living conditions and pressures are immensely 

challenging for most Sowetans. Families are heavily reliant upon their own household 

members and sometimes other households. Housing may be small, poorly constructed, 

densely packed and far away from jobs located in other parts of the city. Employment does 

not preclude the need for government grants and the loss of a family member in their prime 

earning years can place additional stressors on household needs. Illness and food insecurity 

only add to the pressures to maintain the needs of the family. All of these factors play an 

important role in the health outcomes of a community. 

 

The Respiratory and Meningeal Pathogens Research Unit (RMPRU) has made progress to 

electronically capture the total live births and stillbirths occurring at Chris Hani Baragwanath 

Academic Hospital (CHBAH), Bheki Malangeni District Hospital (BMDH) and surrounding 

midwife operated units (MOUs).  This bottom-up assessment of the population denominator 

attempts to ensure that incidence and risk of an RSV hospitalisation can be calculated from 

the time point of birth itself. It is important to note that this denominator is vulnerable to 

migration in and out of Soweto.   

1.14.2 Paediatric Care within Soweto 

 

CHBAH provides free, secondary and tertiary level care to the surrounding public. The 

hospital is affiliated with the University of the Witwatersrand and provides both acute 

inpatient and non-acute outpatient care to all age groups. There are approximately 3200 total 

beds of which 408 are paediatric beds. The Department of Paediatrics provides emergency 

care twenty-four hours per day with the ability to admit to short stay, general medical 

surgical, intensive care and several subspecialty wards. Each year, there are an average of 

4200 admissions for infants less than 12 months of age. Patients who do not require tertiary 

level care can be transferred to Selby Hospital. In 2014, the 300 bed BMDH was opened to 

relieve a small portion of the patient volume at CHBAH by providing level one care to the 

Northern and Western Sowetan communities.  
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1.14.3 Obstetrical care within Soweto 

 

CHBAH provides tertiary obstetrical care to the surrounding area with a total of 18,282 and 

18,763 live births recorded for the years 2015 and 2016 (unpublished RMPRU data). An 

additional seven surrounding maternal obstetrical units (MOUs) provide additional delivery 

services to low risk pregnancies leading to a total of 29,264 and 28,302 annual live Sowetan 

births.  

1.14.4 Health care seeking behaviour within Soweto 

Patterns of health care seeking behaviours are an important variable to consider when 

analysing epidemiologic data.  The proportion of people within a community that seeks care 

at the site or sites of surveillance will directly impact both the numerator and the 

denominator.  Both CHBAH and BMDH should be viewed as parts of a larger formal 

network of healthcare including 16 local clinics and 14 provincial clinics. Sowetan residents 

can also access alternative forms of healthcare including :  pharmacies, private clinics, 

traditional and religious healers. A 2012 survey of healthcare utilization among households in 

Soweto and Klerksdorp assessed such patterns in relationship to different infectious disease 

syndromes including: pneumonia, ILI, chronic febrile respiratory illness, diarrhoea and 

meningitis. This study revealed that most children less than five years of age were brought to 

public clinics for pneumonia, ILI and diarrheal syndromes (51). Individuals who initially 

presented to a clinic but required a higher level of care due to illness severity most commonly 

transitioned to a public hospital. Most individuals who sought care at a public facility for 

pneumonia came from households with low monthly incomes and/or identified as having 

HIV infection compared to those who sought care in private facilities. The survey identified 

24% of deaths occurred outside of the hospital  

1.14.5 Maternal HIV infection and the HEU infant  

Maternal HIV infection in South Africa has been the focus of intense public health efforts 

since 2001 with the goal of eliminating transmission to infants during pregnancy (53). The 

prevention of mother to child transmission (PMTCT) guidelines has evolved considerably 

since this time.  The initial recommendations guided healthcare workers to provide a single 

dose of nevirapine (NVP) at the start of labour and for their HIV exposed infants to also 

receive treatment within the first 72 hours of life. As of 2015, the PMTCT guidelines now 

direct healthcare workers to provide all HIV positive pregnant or lactating women with life-
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long triple ART. In addition, their HIV exposed infants are to be tested at birth in order to 

facilitate early identification and treatment.  The success of these policy changes is reflected 

in the comparison of transmission rates over time. In 2010, approximately 32% of pregnant 

women were HIV infected and the vertical transmission rate was 3.5% (54). A recent national 

level review now estimates that 29.7% of pregnant women are living with HIV and the 

vertical transmission rate has been reduced to approximately 0.9% (54). Of note, these rates 

do vary across provinces and districts but those for Gauteng are similar with an antenatal 

prevalence rate of 28.6% and transmission rate of 0.9%.  

The success of the South African PMTCT program has resulted in a growing population of 

HIV exposed uninfected infants (HEU). Their lack of infection however does not preclude 

them from clinical complications. Numerous studies have suggested that HEU infants suffer 

from increased rates of morbidity and mortality as compared to their unexposed uninfected 

counterparts (55-58).  The HEU infant gained attention during the pre-ART era when clinical 

management options were limited. During this time studies conducted in high burden African 

countries measured outcomes in HEU infants, but varying study designs makes the 

comparison of results difficult (59-61). The most frequently cited is the ZVITAMBO study of 

over 14,000 Zimbabwean infants who were followed through their first two years of life. 

ZVITAMBO demonstrated that the two-year mortality in HEU infants was 9.2% compared to 

2.9% in HUU infants (62). In this same study there were higher rates of all-cause sick clinic 

visits at all age intervals and higher rates of LRTI-associated visits specifically during the 

first six months of life (63).  

1.15 Methods for objective 1 ï Ward surveillance for RSV hospitalisations 

A detailed description of the study design, screening, enrolment, data collection and storage, 

sample collection and testing is provided in Chapter 2 ñRSV Hospitalisation incidence, 

prevalence, seasonality and subtype distributions in HIV-exposed and HIV-unexposed 

infantsò.  

1.16 Methods for Objectives 2 and 3 ï Transplacental transfer ratios and RSV sero-

correlates of protection 

1.16.1 Study design, screening and enrolment 

Research staff positioned in the labour and delivery wards at CHBAH reviewed the maternity 

registry on a daily basis to identify potential mother-infant pairs for screening and enrolment 
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as part of a larger sero-epidemiological surveillance study identified as ñ28OBò on infant 

Group B Streptococcal (GBS) disease (HREC approval number 140203). At the time of this 

doctoral proposal and approval (October 2014) the goal enrolment was 30,000 mother-infant 

pairs. Since this time the sample size had been increased to a total of 38,000 mother-infant 

pairs. Actively labouring women who were Ó18 years and able to understand and comply 

with the planned study procedures as well as provide written, informed consent were 

enrolled.  

1.16.2 Patient data collection and storage 

A medical questionnaire was verbally administered to collect relevant historical, sociological 

and medical information on both the mother and infant. Additional details were collected 

from both the mother and infant medical charts. Data were manually captured into an 

electronically secure database owned and managed by the RMPRU. On a monthly basis, the 

total daily births were tabulated from the labour and delivery registry logs and then compared 

to the number of births captured on the RMPRU database. An additional tabulation at the end 

of the year was conducted to ensure that the total live births recorded were within the 

expected range based upon previous yearly counts.  

1.16.3 Patient sample collection and storage 

Maternal serum and infant cord blood were collected and stored in RMPRU laboratory 

freezer facilities. Monitoring for subsequent hospitalisation due to invasive GBS disease in 

any of the 28OB infants at CHBAH occurred on a daily basis. If and when an infant with 

invasive GBS disease was identified, then the respective maternal serum and cord blood 

samples were retrieved for 28OB study analysis. These maternal serum and cord blood 

samples were then unavailable to other studies nested within the 28OB cohort. The remaining 

(and majority) of the maternal-infant samples were available for the RSV sero-

epidemiological objectives conducted within the RMPRU.  

1.16.4 Patient sample testing 

Specific details related to the testing of maternal serum and infant cord blood samples will be 

described in detail within the relevant objective chapters.  

1.17 Statistical analysis for Objectives 1 - 3 
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The data analyses for Objectives 1 and 3 were generated using SAS software 9.4 (SAS 

Institute, Carey NC). The details of the statistical analyses will be shared within the 

respective objective chapters. The data analyses for Objective 2 were generated using Excel 

and Stata14 (Stata Corp LP, Texas, USA). 

1.18 Ethics 

This dissertation proposal was approved by the Human Research Ethics Committee (HREC) 

on 3 October 2014 and assigned the clearance certificate no. M140985. The document is 

located in the Appendix section.  

A single written informed consent was obtained from the infantôs mother for objective 1. A 

separate written informed consent from the labouring mother was obtained for objective 2 

and 3. These documents are available in the Appendix section.  

1.19 Funding 

Funding for the RSV study was provided by the Medical Research Council, Respiratory and 

Meningeal Pathogens Research Unit and Department of Science and Technology/National 

Research Foundation: South African Research Chair in Vaccine Preventable Diseases. 

Funding for the larger GBS sero-epidemiological surveillance study was provided by 

Novartis and GSK.  
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Chapter 2  RSV hospitalisation incidence, prevalence, seasonality and subtype 

distributions in HIV -exposed and HIV-unexposed infants  

2.1 Introduction to South African RSV epidemiology 

The review of global RSV epidemiology in the introduction section has established several 

important conclusions about the RSV burden of disease. RSV is a seasonal disease with a 

distinct onset, peak and offset. Seasonal timeframes can shift from year to year and place to 

place. RSV prevalence during its seasonal timeframe can account for a significant percentage 

of acute respiratory infections. RSV disease disproportionately affects infants in their first six 

months of life, most of whom are born as healthy, full term infants. Risk factors and risk 

groups have been identified including those who are born prematurely or with congenital 

lung and heart disease or immunocompromised. The majority of RSV related severe 

morbidity and mortality occur in LMICs but the data are sparse. A historical recount of the 

key South African publications will help to define the context for this doctoral research.  

RSV disease has been examined in South Africa since the 1970ôs (64). Earlier studies 

conducted in the 2000s examined risk factors for severe RSV disease such as HIV infection 

and prematurity.  A 2000 study by Madhi et al. observed through a prospective surveillance 

study an increased burden of hospitalised LRTI among children between two months and five 

years infected with human immunodeficiency virus-1 (HIV) (65). While RSV was more 

prevalent among HIV-uninfected children hospitalised for LRTI, the incidence was higher in  

HIV-infected children (among whom RSV-associated LRTI hospitalisation was perennial). In 

a similar study conducted in 2001 within the same surveillance program, HIV infection was 

observed to predispose children to more severe RSV associated LRTI after six months of age. 

In addition, HIV infection was more strongly associated with a clinical presentation of 

pneumonia, bacterial co-infection and mortality (66). Finally, a study published by Madhi et 

al in 2006 observed a 2.5 fold higher incidence among HIV infected children and 4.9 fold 

higher incidence among infants born less than 36 weeks gestation (67). Nevertheless, while 

the risk was greater for these two specific subpopulations, the majority (>80%) of RSV LRTI 

hospitalisations occurred among healthy, full term infants. The season was noted to begin at 

the end of the rainy season and peaked with the coldest temperatures.   

Venter et al in 2011 described the prevalence of different viral aetiologies of hospitalized 

lower respiratory tract infections (LRTI) in children under five years (7).  These data were 

derived from two years of prospective surveillance from three public hospitals and 



23 

 

emergency rooms in the Pretoria area. RSV illness mainly occurred between April and May 

(autumn) and was second most common virus in all children; associated with 30.1% of LRTI 

hospitalisations. Although, rhinovirus was the most commonly identified virus, its role in the 

pathogenesis of LRTI is uncertain (68). Respiratory distress was the most frequently 

identified clinical characteristic and occurred in 63.3% of cases. Hospitalisations were 

diagnosed mainly as bronchiolitis, bronchopneumonia or pneumonia in roughly equal 

proportions. The majority of these hospitalisations (61.7%) occurred in males and in infants 

between one and three months of age.  RSV occurred largely as a single infection and led to a 

higher percentage of cases requiring ICU level care. Ten percent of cases died; and outcome 

that is likely associated with a sicker (ICU based) study population.  The study by Venter et 

al. showed that RSV was responsible for a significant portion of respiratory related 

hospitalisation in children less than five years who sought care at public hospitals. The 

authors noted a HIV sero-prevalence rate of 32.2% among enrolled children however, 59% of 

participants had an unknown HIV status. Therefore, the impact of HIV infection upon the 

prevalence and outcome of RSV hospitalisation could not be assessed adequately. The 

relationship between HIV infection and RSV disease would be explored in several other 

studies.  

Kyeyagalire et al modelled age based trends in paediatric RSV hospitalisation incidence 

rates.  Hospital administrative data from a private hospital network were grouped into 

respiratory, circulatory or pneumonia/influenza coded diagnoses, and then linked to NHLS 

RSV and influenza testing between the years of 2007 to 2011 (69). The highest incidence was 

reported for children less than one year of age with an annual rate of 7601 per 100,000 person 

years (95% CI: 4312ï10817).  The rate declined to 1182 per 100,000 person years (95% CI: 

704ï1643) for children between one and four years of age. HIV sero-prevalence was not 

available for this population. There are several important caveats when interpreting these 

modelled data. In this study, all the included hospitalisations could only be linked to RSV or 

influenza but not to other circulating respiratory pathogens. Therefore, by excluding the 

option of considering other infectious aetiologies there may have been an over-estimation of 

RSV incidence. Furthermore, data from a private health care system may not represent the 

majority of the national population (80%) whom attend public clinics (70). In spite of these 

important limitations, the Kyeyagalire data do confirm an age based trend seen on the global 

scale (1, 2, 71).  
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The SARI surveillance program which was described in detail within the introductory chapter 

has provided nationally representative data epidemiologic and virological data for children 

<five years located in four provinces (20) (72, 73). Cohen et al utilized SARI surveillance to 

demonstrate that the majority (64%) of virally associated LRTI hospitalisations occurred in 

children less than 12 months of age between 2009 and 2012 (72). RSV was the second most 

prevalent virus identified (26%) after rhinovirus (37%).  This prevalence rate was generally 

maintained across different age groups with the highest prevalence (33%) in the 0ï3 month 

age group and the lowest prevalence (17%) occurring in 24ï59 month old children.  

SARI surveillance has also demonstrated that HIV infection in children less than five years is 

associated with higher LRTI incidence rates, disease severity and mortality in South African 

children (72). In the same analysis, Cohen shows the risk of all-cause LRTI hospitalisation 

was between 1.1 and 3.0 fold higher in HIV infected children as compared to HIV uninfected 

children were more likely to experience severe disease as indicated by the need for oxygen 

supplementation (OR 1.3 95% CI: 1.1ï1.7). The case fatality risk for HIV infected children 

with all-cause LRTI was high (OR 4.2 95% CI: 2.6ï6.8) as compared to HIV uninfected 

children. However, the authors did note that the case fatality ratio was lower for those 

children with RSV infection (1%) compared to children without RSV infection (2%). There 

have also been several recent studies on RSV infection within HIV exposed infants and these 

data will be reviewed in the discussion section in conjunction with the results of this thesis 

(73, 74).  

In addition to understanding the size of the RSV disease burden, it is also important to 

understand what RSV disease looks like clinically. RSV disease can manifest as an upper or 

lower respiratory tract infection (LRTI). Typically, approximately 1% to 3% of RSV 

infection results in hospitalisation of infants in their first year of life (75). Lower tract disease 

can present one of several respiratory syndromes including bronchiolitis, bronchitis, 

pneumonia and croup (21). In some infants there are no obvious signs of respiratory disease 

apart from an initial episode of apnoea or cessation of breathing. Reported rates of apnoea in 

infants with bronchiolitis have ranged between 1% and 24% (22).  The earliest phases of 

RSV disease presents as an upper respiratory tract infection with signs of congestion, 

rhinorrhoea and occasionally low grade fever (21). In less than 40% of children, the disease 

can progress to the lower respiratory tract over several days (21). At this stage, clinicians can 

observe clinical signs indicative of respiratory distress including a cough, expiratory 

wheezing, crackles, rhonchi and varying degrees of respiratory distress as indicated by 
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tachypnoea, grunting, abdominal breathing, chest wall retractions, nasal flaring, head 

bobbing, and hypoxemia (21, 22) (23). Many of these symptoms are dynamic and change 

rapidly over a short period of time; necessitating frequent evaluations to capture the full 

clinical picture. In the most severe cases, respiratory failure and death can occur. Young 

infants who are obligate nasal breathers can present with dehydration secondary to difficulty 

feeding that results from congestion, respiratory distress and post-tussive emesis. Finally, 

non- respiratory symptoms may be observed such as irritability and lethargy. Overall, the 

symptomatic period for RSV lasts a median of two weeks (23).   

In high income settings, most infants and children who are hospitalized with RSV are 

discharged home. The majority of RSV deaths in these setting occur in infants and children 

with complex medical conditions or life-threatening conditions such as sepsis (5, 76). In the 

US, mortality rates are approximately 3 to 4 per 10,000 admissions (76).  Global in-hospital 

mortality has recently been estimated for children less than five years (1). In-hospital case 

fatality ratios (hCFR) and number of deaths were estimated for different World Bank Income 

regions and age groupings. The 2015 hCFR for upper middle-income countries in 0-5 month 

olds was 1.8 (95% CI: 1.2ï2.6) with an estimated 7200 deaths (95% CI: 42,000ï12,300). For 

infants between 6 and 11 months the hCFR was 2.4 (95% CI: 1.1ï5.4) with an estimated 

8000 deaths (95% CI: 2800ï22,100). Previously reported case fatality rates in South Africa 

have ranged widely between 0 and 61.5 per 1000 children depending upon the study design, 

population, study year and age group (6, 7, 72, 77). Most recently, Rha et al reported in a 

national prospective surveillance of acute LRTI hospitalisations in children less than five that 

18/2677 or 0.7% of all children with RSV died (78). There are currently no South African 

estimates for RSV deaths which occur in the community.  

The South African data on RSV in children available to date have generally concurred with 

what has been reported in the global literature, however, gaps in knowledge remain. The 

overarching goal of this dissertation is to provide a deeper look into the nature and pattern of 

RSV disease in Sowetan children less than one year of age. In this second objective 

specifically the RSV seasonality, prevalence and incidence will be described in detail. 



26 

 

 

Table 2.0 Summary of selected South African studies on paediatric RSV epidemiology 

Author / 

publication and 

data years 

Study design Surveillance case 

definition 

RSV testing Study population 

and sample size 

Results 

Madhi (2000)  

 

Data years: 

1 year (March 1997 ï 

March 1998) 

Prospective, hospital 

based surveillance 

Measured bacterial 

and viral associated 

severe LRTI (SLRTI) 

including prevalence, 

incidence and relative 

risk of RSV 

associated severe 

LRTI (SLRTI) 

SLRTI based on 

clinical criteria from 

WHO complemented 

with pulse oximetry 

Nasopharyngeal 

aspirates 

Direct pooled 

immunofluorescent 

test for respiratory 

viruses 

If sample positive then 

tested for RSV with 

mouse anti-RSV 

monoclonal 

fluorescent antibody 

If sample negative 

then cultured with 

shell viral culture 

technique followed by 

specific monoclonal 

fluorescein conjugated 

antibodies  

Children 2 months to 

5 years  

HIV inf ected and 

uninfected  

Soweto / CHBAH 

N =990 

 

RSV was the 

predominant 

pathogen identified 

among HIV 

uninfected children 

(18.1%) but not in 

HIV infected children 

(5.3%) 

RSV incidence in 

children 2ï23 months 

for: 

HIV infected 

1,444 per 100,000 

 

HIV uninfected 

309 per 100,000 

 

Relative risk 1.92 

(1.29ï2.83) 
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Author / 

publication and 

data years 

Study design Surveillance case 

definition 

RSV testing Study population 

and sample size 

Results 

Madhi (2001)  

Data years: 2 years 

(March 1997 ï March 

1999) 

Prospective, hospital 

based surveillance 

Measured clinical 

characteristics and 

risk factors associated 

with  RSV associated 

severe LRTI (SLRTI) 

SLRTI based on 

clinical criteria from 

WHO complemented 

with pulse oximetry 

Nasopharyngeal 

aspirates 

Direct pooled 

immunofluorescent 

test for respiratory 

viruses 

Is sample positive then 

tested for RSV with 

mouse anti-RSV 

monoclonal 

fluorescent antibody 

RT-PCR for 

identification of RSV 

subgroups 

Children 2 months to 

5 years (Year 1) 

All children <5 years 

(Year 2) 

HIV infected and 

uninfected  

Soweto / CHBAH 

N =281 

HIV infected children 

with RSV associated 

SLRTI more likely 

to: 

¶ Present with 

pneumonia 

¶ Present with a 

concurrent 

bacteraemia 

 

Risk for RSV 

associated SLRTI in 

HIV infected children 

persists beyond first 

six months of life 

The case fatality rate 

was higher for HIV 

infected children (RR 

4.40) 
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Author / 

publication and 

data years 

Study design Surveillance case 

definition 

RSV testing Study population 

and sample size 

Results 

Madhi (2006)  

Data years: 5 years 

(March 1998 ï Dec 

31, 2004) 

 

 

Prospective 

surveillance of 

children enrolled into 

a double blind 

randomized efficacy 

trial of PCV9 

Measure the impact 

of gestational age 

upon hospitalised 

RSV LRTI incidence 

 

 

Physician diagnosed 

LRTI  

Nasopharyngeal 

aspirates 

Immunofluorescence 

assay  

Children <5 years 

Soweto / CHBAH 

N =39,836 

Incidence of RSV 

hospitalisation: 

HIV uninfected 19.4 

per 1000 children 

HIV infected 45 per 

1000 children  

Incidence of RSV 

LRTI 4.9 fold greater 

in children born <36 

weeks 

Venter (2011)  

Data years:  

2 years (2006-2007) 

Measured prevalence 

of RSV among 

patients seeking 

medical attention or 

hospitalized for acute 

respiratory infections.  

 

Testing occurred in 

the emergency room 

or hospitalisation. 

Healthy controls in 

vaccine clinic  

Not explicitly 

defined. Text refers 

to ñall patients 

suffering from acute 

respiratory tract 

infectionsò 

Nasopharyngeal 

aspirates 

RT-PCR 

Children <5 years 

HIV sero-positive 

and sero-negative 

  

Pretoria area 

3 public hospitals 

 

 

N = 1702 

RSV identified in 

30.1% of children <5 

years hospitalized for 

respiratory infections  

 

 



29 

 

Author / 

publication and 

data years 

Study design Surveillance case 

definition 

RSV testing Study population 

and sample size 

Results 

Kyeyagalire (2014) 

Data years:  

2007-2012 

 

Estimated annual age 

specific rates for RSV 

hospitalisation 

Calculated prevalence 

among total 

hospitalisations 

Applied monthly 

regression models to 

administrative 

hospitalisation data  

Used RSV 

surveillance data as a 

covariate 

Used ICD codes for 3 

general categories of: 

all-respiratory, 

pneumonia and 

influenza, all-

circulatory 

Virologic data 

obtained from the 

NHLS 

Infants <1 year  

Private hospital group 

estimated to have 

30% of market share 

of privately insured 

population 

Used countrywide 

annual population 

estimates and applied 

a calculated 

proportion of the 

population with 

private health 

insurance  

N =39,529  

all-respiratory codes:  

7601 per 100,000 

person-years in 

children <1 year 

(95% CI: 4312ï

10,817) 

Pneumonia and 

influenza codes: 

3055 per 100,000 

(95% CI: 1732ï 

4345) 

36.2% of total 

hospitalisation  

(95% CI: 25.3ï47.1) 
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Author / 

publication and 

data years 

Study design Surveillance case 

definition 

RSV testing Study population 

and sample size 

Results 

Moyes (2013)  

Data years:  

2 years (2010ï2011) 

 

Prospective, hospital 

based surveillance  

Estimated 

hospitalisation 

incidence rates  

Estimated hospital 

prevalence 

SARI surveillance 

program conducted at 

6 hospitals within 4 

surveillance sites 

RSV incidence 

calculated for 

CHBAH only  

 

Physician diagnosed 

ARLTI in children <5 

years  

In infants 2 weeks to 

3 months with 

neonatal sepsis or 

ALRTI  

Nasopharyngeal 

aspirates  

RT-PCR   

Children <5 years  

HIV infected and 

uninfected 

Urban, peri-urban and 

rural settings   

Gauteng, 

Mpumalanga, 

KwaZulu-Natal and 

Northwest provinces 

N =4489 

Prevalence of RSV 

27% 

2010: 

HIV uninfected: 

24 per 1000 

population  

(95% CI: 22ï26)  

 

HIV infected: 

128 per 1000 

population (95% CI: 

104ï157)  

 

2011:  

HIV uninfected: 

32 per 1000 

population (95%CI: 

29ï34) 

 

HIV infected: 

93 per 1000 

population (95% CI: 

73ï118) 
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Author / 

publication and 

data years 

Study design Surveillance case 

definition 

RSV testing Study population 

and sample size 

Results 

Cohen (2016)  

Data years:  

2010ï2013 

 

 

SARI surveillance 

program ï active 

prospective hospital 

based surveillance 

Compared incidence 

of hospitalized LRTI 

by viral aetiology 

including RSV  

Adjust incidence 

rates for non-

enrolments on 

weekends and 

through refusals 

Etiologic fraction 

used to calculate 

incidence rates for 

specific age/HIV 

exposure status 

groups 

Incidence rates 

calculated for 

CHBAH only  

LRTI  

Hospitalized infants 

Ò7 days of symptoms 

meeting age 

appropriate clinical 

case definitions 

2 days to <3 months 

with physician 

diagnosed sepsis or 

LRTI 

3-6 months physician 

diagnosed bronchitis, 

bronchiolitis, 

pneumonia, and/or 

pleural effusion   

Nasopharyngeal 

aspirates 

RT-PCR 

Infants <6 months  

HIV unexposed and 

exposed infants  

N =3537 

HUU:  

3507 per 100,000 

population (3244ï 

3787)  

 

HEU:  

5003 per 100,000 

population (4505ï 

5541) 

 

HIV infected: 

6709 per 100,000 

population (4589ï 

9471) 
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Author / 

publication and 

data years 

Study design Surveillance case 

definition 

RSV testing Study population 

and sample size 

Results 

McMorrow (2019)  

Data years:  

2011ï2016 

 

 

Prospective 

surveillance for SRI 

Adjust incidence 

rates for non-

enrolments on 

weekends and 

through refusals 

Etiologic fraction 

used to calculate 

incidence rates for 

specific age/HIV 

exposure status 

groups 

 

2 days to <3 months 

with physician 

diagnosed sepsis or 

LRTI 

3-6 months physician 

diagnosed bronchitis, 

bronchiolitis, 

pneumonia, and/or 

pleural effusion 

Nasopharyngeal 

aspirates 

RT-PCR 

Children <5 years  

3 hospitals in 3 

provinces: 

Mpumalanga, 

KwaZulu-Natal and 

Northwest provinces. 

N =3650 

0-5 months 

 

HUU: 

4488 per 100,000 

(3852ï5148) 

 

HEU 

6419 per 100,000 

(5335ï7604) 

 

HIV infected 

8760 per 100,000 (0ï 

21,339) 

 

0-11 months 

 

HUU 

2687 per 100,000 

(2272ï3129) 

 

HEU 

2933 per 100,000 

(2403ï3521) 

 

HIV infected 

6864 per 100,000 

(715ï15,266) 
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2.2 Methods: 

2.2.1 Study design, screening and enrolment 

This report is based on active surveillance conducted at the CHBAH paediatric medical 

wards including the short stay ward between January 2015 and December 2016. The surgical 

ward and burn unit were excluded. Enrolment of LRTI cases occurred seven days per week 

from 8 am until 4 pm. Infants admitted overnight were screened and enrolled the next day. In 

August of 2016 ward surveillance was reduced to five days per week from Monday through 

Friday. Any patient who was admitted over the weekend and still present on Monday 

morning was screened for possible inclusion in the study. Each morning research staff 

reviewed the admission log to identify infants whose admission diagnosis matched the 

inclusion criteria of the study. The surveillance case definition included any infants <3 

months of age who was diagnosed with suspected sepsis or physician diagnosed LRTI and 

infants between 3 months and <11 months who had a physician diagnosed LRTI including 

bronchiolitis, pneumonia, bronchitis and pleural effusion. Short stay ward patients were 

screened first in order to ensure that they could be enrolled prior to discharge given the 

restricted time frame for their hospital stay.  Patient caregivers were approached by research 

staff and provided a background on the purpose and process of the study. Upon consent the 

infant was enrolled into the study.  

2.2.2 Patient data collection and storage 

Upon caregiver consent the infantôs demographic, clinical and laboratory data were collected 

on a paper base case report form (CRF).  Research staff verbally administered a study 

questionnaire in addition to reviewing the patient chart. CRFs captured the required clinical 

data that were available at the time of enrolment. Photocopies of the patient chart were added 

to the case report form for auditing and quality check purposes. After enrolment, patient logs 

were periodically reviewed to capture any changes to the level of care including admission to 

the intensive care unit. Additional laboratory data which may not have been available at the 

time of enrolment was accessed through the National Health Laboratory System (NHLS) and 

collated to the patient case report form. Discharge outcome data were by necessity collected 

separately and then merged with the patient case report form at a later point in time.  RMPRU 

viral testing results for study participants were recorded and stored on a separate laboratory 

database but linked to the main CRF through a common numerical identifier. All patient case 

report forms were filled out by hand and delivered to the research unit on a daily basis for 
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auditing.  After auditing by a research clinician for accuracy and completeness, the CRFs 

were then uploaded by hand to a centralized and secure electronic database system at the 

RMPRU. Data entry was managed by a database manager. 

2.2.3 Sample collection and testing 

A commercially available nasal swab was used to collect mid-turbinate respiratory secretions 

from infants at the time of enrolment (FLOQS, Copan Flock Technologies, Brescia, Italy). 

Prior to collection, a label with the patientôs study ID was placed on the collection tube. 

Details of the date, time and name of the sampler were filled out in the patientôs CRF. For the 

specimen collection itself, a clean swab was placed into the nostril and gently advanced 

towards the direction of the infantôs ear. The swab was advanced until it was estimated to be 

at the mid-turbinate point or halfway between the opening of the nostril and the ear. The 

swab was then rotated several times, gently removed and placed into a collection tube with 

universal transport medium (UTM).  Samples were placed on ice and transported to the 

RMPRU laboratories for processing and analysis. A multi-plex real-time PCR assay was used 

to detect the presence of RSV within the nasopharyngeal samples. A cycle threshold (Ct) 

value of <37 was used as a cut off for identifying positive samples.  

2.2.4 RSV case and non-case definitions 

An RSV case was defined as any infant who met the surveillance case definition and had a 

PCR positive test result for RSV.   

A non-RSV case was defined as any child who met the surveillance case definition and but 

had a negative PCR test result for RSV.  

2.2.5 Data analysis 

Figures 2.0a and 2.0b provide a flowchart of study enrolment, data collection and source for 

the incidence and prevalence calculations. 
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Figure 2.0a Flowchart of study enrolment and data collection in infants for January 1st, 2015 

to 31st December 2016.  

À RMPRU live births register 58,056 (2015 and 2016) 

 South African Medical Journal 2018;108(3a):s25-s32. 

 During times when enrollment staff were not present - enrolment of occurred seven days per week from 8 am until 4 pm. 

Infants admitted overnight were screened and enrolled the next day. In August of 2016 ward surveillance was reduced to five 

days per week from Monday through Friday 
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Figure 2.0b Flowchart of study enrolment and data collection for determining HIV exposure 

status.  

* 3/241 (1%) of RSV positive HIV exposed infants were identified as children living with HIV (CLWH) on the surveillance 

case report forms  

 

The month of the RSV season onset was determined when more than 10% of total respiratory 

related hospitalisations tested positive for RSV for two weeks in a row. Descriptive statistics 

were used to characterize RSV associated hospitalisations in the study population from 

multiple angles. The prevalence and incidence of RSV hospitalisations were calculated for 

infants less Ò12 months of age by month of hospitalisation, by month of age, by RSV 

subtype, and by HIV exposure status. These incidence calculations were then adjusted for the 

1609 non-enrolled infants by assuming the infants who were not enrolled were a random 

sample and had the same prevalence rate and distribution of disease by month of age as 

observed for enrolled infants. 95% Confidence intervals (95% CI) were calculated using the 
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normal approximation for a binomial distribution and it was assumed that overlapping CI 

limits implied that results were not statistically significant.  

Adjustments were calculated as an upper limit for all RSV cases, as well as for HIV 

unexposed and HIV exposed infants separately. Prevalence calculations were reported as 

percentages. Incidence were reported as per 1000 live births in Soweto.  

The denominator for incidence was taken from the total number of live births recorded in 

2015 and 2016 by RMPRU surveillance at CHBAH and the surrounding midwife operated 

units (MOUs). The socioeconomic conditions in Soweto (high unemployment and low rates 

of private insurance) are such that the majority of births occur in government health facilities. 

It is estimated that 90% of Sowetan births occur in government health facilities with 

approximately 75% of annual births occurring at CHBAH (79). In 2015 there were 29,728 

live births recorded. In 2016 there were 28,328 live births recorded.   

Baseline characteristics of mothers and infants were presented as percentages with associated 

p values. Maternal age, parity birth weight and birth length were presented as medians with 

interquartile ranges. Term gestation was defined as a birth that occurred Ó37 weeks. Low 

birth weight was defined as an infant who was born weighing <2500 grams. 

Descriptive statistics were used to characterize the prevalence (as a frequency and 

percentage) of clinical signs, hospitalisation interventions, outcomes and discharge diagnoses 

in infants <12 months of age. The denominator used for each analysis was provided within 

each table underneath the designated group. Missing values were noted where appropriate. 

Crude risk ratios with 95% confidence intervals and p values were calculated for select 

clinical signs comparing RSV to non-RSV cases.  

All the data analyses were generated using SAS software 9.4 (SAS Institute, Carey NC). 

2.3 Results 

The burden of RSV disease among infants was described in several ways including 

seasonality, prevalence, incidence, clinical characteristics and outcomes.  

Over the two-year surveillance period there were a total of 8579 infants less than 12 months 

admitted to the hospital of which 5099 (59%) met the surveillance criteria for LRTI (Figure 

2.0a). A total of 3490 (68%) were screened and enrolled into the surveillance study. Of these,  

a total of 851 (24%) participants were PCR positive for RSV. The number of RSV cases was 
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fairly consistent between the two reporting years with a total of 448 cases identified in 2015 

and 403 cases identified in 2016. There were a total 3490 respiratory related hospitalisations 

of which 2395 (68.6%) were identified as HIV unexposed infants and 1039 (29.7%) as HIV 

exposed infants less than one year of age (Figure 2.0b). Of these total respiratory related 

hospitalisations there were 65 (1.9%) respiratory hospitalisations whose HIV status was 

missing. Of the total of 851 RSV cases identified there were 13 (1.5%) cases whose HIV 

exposure status was missing. The data described below are combined for both surveillance 

years unless otherwise noted.  

The baseline characteristics of RSV and non-RSV cases were similar with the exception of 

gestational age and birth weight (Table 2.1). There was a higher percentage of term infants 

among RSV cases compared to non-RSV cases (81% vs 77%, p =0.0243). The median birth 

weight was higher in RSV cases than non-RSV cases (3015 grams vs 2995 grams, p 

=0.0411); an indirect reflection of the higher percentage of term infants. There were no 

significant differences between RSV and non-RSV cases when examining maternal age or 

maternal HIV infection status. The median maternal age was 27 years (IQR 23, 32). The HIV 

sero-prevalence rate among mothers was 29.5%. Unfortunately, there were significant 

amounts of missing data for several maternal variables including parity (58%), mode of 

delivery (53%), maternal alcohol use during pregnancy (35%), and smoking during 

pregnancy (28%); these data were not generally available from the birth registry. The 

percentages of missing data were similar between mothers of RSV cases and non-cases with 

the exception of maternal alcohol use during pregnancy for which there was a higher 

percentage of missing data among RSV cases (47% vs 31%).  
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Table 2.1 Baseline maternal and infant characteristics of study participants  
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RSV Seasonality  

The bulk of RSV hospitalisations occurred within a distinct seasonal timeframe.  The number 

of RSV positive and negative tests were reported by epidemiological calendar week as 

outlined by the U.S. based Centres for Disease Control (80).  The seasonal onset and offset 

were determined when the number of RSV cases were Ó and Ò10 percent of the total 

respiratory hospitalisation respectively (bolded within the table). As is observed in Figure 2.1 

the seasonal time differed slightly between the two years. In 2015, the season occurred at 

weeks 9 and week 31. In 2016, the season onset and offset occurred at weeks 14 and 36. The 

2015 season had a bimodal peak. There was little to no disease outside the seasonal 

timeframe for both years. A table of weekly counts of RSV negative and positive results can 

be found within the Appendix 3.  

 

 

Figure 2.1 RSV seasonality reported by week, 2015 and 2016  

RSV subtype distribution 

RSV subtype A dominated the circulation in both season years. The prevalence of subtype A 

infection ranged between 61.6% and 93.9% between the months of March and August when 

both season years were combined (Table 2.2) . There were few subtype A and B co-

infections with a total of five cases over the two years.  Subtype A was responsible for the 

majority of disease across age groups within the first year of life (Table 2.3).
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Table 2.2 RSV subtype by month of admission, 2015 and 2016 seasons combined 

 

 

Table 2.3 RSV subtype by month of age, 2015 and 2016 seasons combined 

 

 

RSV prevalence 

The prevalence of RSV hospitalisations was reported by month of admission, month of age 

and by HIV exposure status. Seasonally, RSV accounted for a large proportion of respiratory 

admissions between March and July with a peak prevalence of 53.2% occurring in May 
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(Table 2.4) Annually, RSV accounted for 24% of total respiratory hospitalisations among 

children less than one year of age.  

Table 2.4 Prevalence of RSV hospitalisation by month of admission, 2015 and 2016  

 

The prevalence of RSV hospitalisation for all children regardless of HIV exposure status was 

reported by month of age (Appendix 3). In each of the surveillance years there was an 

identical pattern of disease prevalence rising dramatically between zero and one month of 

age. Over the two surveillance years the majority of RSV associated hospitalisations (69.4%) 

occurred within the first six months of life.  Annual RSV prevalence did not differ greatly 

between HIV unexposed and exposed infants in the first year of life; 24.9% vs 23.4% of total 

respiratory hospitalisations respectively (Table 2.5). However, there was a higher prevalence 

of RSV in the 0 month age group among HIV exposed infants (14.8%) as compared to HIV-

unexposed infants (8.7%) hospitalised for LRTI. Children living with HIV (n=11) are 

included within the HIV exposed category but only constituted 1% of RSV cases (3/241) and 

non-RSV cases (8/789). However, there were 65 infants who were missing HIV status of 

which 13 were RSV cases.   
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Table 2.5 Percentage of hospitalisations due to RSV by HIV exposure status, 2015 and 2016 

  HIV Unexposed   HIV Exposed  

Age in 

months 

Total 

respiratory 

hospitalisations 

RSV 

Cases 

(n) 

RSV 

Cases 

(%)  95% CI p-value   

Total 

respiratory 

hospitalisations 

RSV 

Case  

(n) 

RSV 

cases 

(%)  95% CI p-value 

            

0 588 51 8.7 6.4 - 10.9 <.0001  210 31 14.8 10.0 - 19.6 <.0001 

1 355 94 26.5 21.9 - 31.0 <.0001  175 38 21.7 15.6 - 27.8 <.0001 

2 236 77 32.6 26.7 - 38.6 <.0001  107 32 29.9 21.2 - 38.6 <.0001 

3 205 87 42.4 35.7 - 49.2 0.0304  101 34 33.7 24.5 - 42.9 0.001 

4 169 66 39.0 31.7 - 46.4 0.0044  70 20 28.6 17.99 - 39.2 0.0003 

5 141 36 25.5 18.3 - 32.7 <.0001  67 18 26.9 16.3 - 37.5 0.0002 

6 147 54 36.7 28.9 - 44.5 0.0013  61 18 29.5 18.1 - 41.0 0.0014 

7 132 44 33.3 25.3 - 41.4 0.0001  51 12 23.5 11.9 - 35.2 0.0002 

8 128 33 25.8 18.2 - 33.4 <.0001  58 11 19.0 8.9 - 29.1 <.0001 

9 97 22 22.7 14.4 - 31.0 <.0001  53 10 18.9 8.33 - 29.4 <.0001 

10 88 15 17.0 9.2 - 24.9 <.0001  42 10 23.8 10.9 - 36.7 0.0007 

11 109 18 16.5 9.5 - 23.5 <.0001  35 7 20.0 6.8 - 33.3 0.0004 
            

Total  2395 597 24.9       1030 241 23.4     
            

Missing HIV exposure status: Total 65, RSV 13          
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RSV incidence 

Unadjusted and adjusted incidence of RSV hospitalisation was calculated by month of age for 

all children and by HIV exposure status. The annual, unadjusted incidence for all infants, 

regardless of HIV exposure status was 14.56 per 1000 live births (95% CI: 13.68 - 15.63) 

(Table 2.6). The adjusted (i.e. adjusting for non-enrolment of eligible cases hospitalised for 

LRTI as noted in the methods section) incidence for RSV hospitalisation for all infants was 

21.37 per 1000 live births (95% CI: 20.19ï22.55) (Table 2.6). Similar sets of unadjusted 

(Table 2.7) and adjusted calculations (Table 2.8) were done for infants according to their 

HIV exposure status. The adjusted incidence for HIV unexposed and HIV exposed infants 

were 21.45 and 20.15 per 1000 live births respectively (Table 2.8). For both HIV unexposed 

and HIV exposed infants the incidence peaked at one month of age; 3.37 vs 3.21 per 1000 

live births respectively. The incidence rates by month of age in both HIV unexposed and HIV 

exposed infants thereafter fluctuated minimally through the first six months of life and then 

trended downward through to 12 months of age.  
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Table 2.6 Unadjusted and adjusted hospitalisation incidence by month of age for all children, 2015 and 2016 

Unadjusted Incidence*      Adjusted IncidenceϞ 

 

  

Age at 

admission Total RSV IR  

Lower 

Limit  

Upper 

Limit   

Age at 

admission Total  RSV IR   

Lower 

Limit  

Upper 

Limit  

               
0 months 807 82 1.41243  1.106931 1.717928  0 months 1179 120 2.06697  1.697524 2.436415 

1 month 541 134 2.30812  1.917762 2.698471  1 month 790 196 3.37605  2.904202 3.847899 

2 months 349 110 1.89472  1.540975 2.24847  2 months 510 161 2.77318  2.345406 3.200963 

3 months 313 122 2.10142  1.728914 2.473924  3 months 457 178 3.06601  2.616275 3.515736 

4 months 244 86 1.48133  1.168478 1.794179  4 months 356 125 2.15309  1.776046 2.530141 

5 months 216 57 0.98181  0.72705 1.236572  5 months 316 83 1.42965  1.122301 1.737007 

6 months 209 72 1.24018  0.953892 1.526472  6 months 305 105 1.8086  1.462969 2.154228 

7 months 185 57 0.98181  0.72705 1.236572  7 months 270 83 1.42965  1.122301 1.737007 

8 months 189 44 0.75789  0.534032 0.981746  8 months 276 64 1.10238  0.832449 1.372319 

9 months 155 36 0.62009  0.417591 0.822591  9 months 226 52 0.89569  0.652346 1.139028 

10 months 135 25 0.43062  0.261853 0.599385  10 months 197 36 0.62009  0.417591 0.822591 

11 months 147 26 0.44784  0.275737 0.61995  11 months 215 38 0.65454  0.446495 0.862586 

               
Total  3490 851 14.65826  13.68065 15.63587  Total 5097 1241 21.37591  20.19938 22.55244 

                              
Live births denominator 58056 
IR: Incidence rate defined as cases per 1000 live births            
* Unadjusted - only includes infants who were enrolled    

  
    

À Adjusted - includes both enrolled and unenrolled infants           
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Table 2.7 Unadjusted hospitalisation incidence rates for HIV unexposed and HIV exposed infants, 2015/2016  

 HIV Unexposed HIV Exposed 

Age at 

Admission 
Total RSV 

IR*   Lower Limit  Upper Limit  
Total RSV 

IR*   

Lower 

Limit  

Upper 

Limit  
             

0 months 588 51 1.25492  0.9107182 1.5991244 210 31 1.77997  1.1539331 2.4060118 

1 month 355 94 2.31299  1.8459420 2.7800422 175 38 2.1819  1.4889146 2.8748888 

2 months 236 77 1.89469  1.4718841 2.3174860 107 32 1.83739  1.2013526 2.4734292 

3 months 205 87 2.14075  1.6913857 2.5901103 101 34 1.95223  1.2966522 2.6078034 

4 months 169 66 1.62402  1.2325251 2.0155064 70 20 1.14837  0.6453633 1.6513753 

5 months 141 36 0.88583  0.5965849 1.1750687 67 18 1.03353  0.5563116 1.5107532 

6 months 147 54 1.32874  0.9745712 1.6829091 61 18 1.03353  0.5563116 1.5107532 

7 months 132 44 1.08268  0.7629397 1.4024146 51 12 0.68902  0.2993053 1.0787379 

8 months 128 33 0.81201  0.5350696 1.0889461 58 11 0.6316  0.2584674 1.0047388 

9 months 97 22 0.54134  0.3151888 0.7674883 53 10 0.57418  0.2184035 0.9299658 

10 months 88 15 0.36909  0.1823414 0.5558476 42 10 0.57418  0.2184035 0.9299658 

11 months 109 18 0.44291  0.2383432 0.6474836 35 7 0.40193  0.1042357 0.6996228 
             

Total 2395 597 14.68996  13.5202566 15.8596647 1030 241 13.83785  13.0913682 14.5843323 

 

HIV unexposed live birth denominator 40,640 

HIV exposed live birth denominator 17,416 

Missing ï 13 RSV case infants missing HIV exposure status and excluded from analysis 

IR: Incidence rate defined as cases per 1000 live births 
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Table 2.8 Adjusted hospitalisation incidence rates for HIV unexposed and HIV exposed infants, 2015/2016  

 HIV Unexposed  HIV Exposed 

Age at Admission Total RSV IR*  Lower Limit  Upper Limit   Total RSV IR*  Lower Limit  Upper Limit  
            

0 months 859 75 1.84547 1.4281883 2.2627566  307 45 2.58383 1.8298643 3.3377976 

1 month 518 137 3.37106 2.8075170 3.9346090  256 56 3.21543 2.3746155 4.0562527 

2 months 345 113 2.78051 2.2685507 3.2924729  156 47 2.69867 1.9281730 3.4691628 

3 months 299 127 3.125 2.5823440 3.6676560  147 49 2.8135 2.0268325 3.6001772 

4 months 247 96 2.3622 1.8902238 2.8341856  102 29 1.66514 1.0595928 2.2706782 

5 months 206 53 1.30413 0.9532552 1.6550125  98 26 1.49288 0.9194640 2.0662962 

6 months 215 79 1.9439 1.5156516 2.3721437  89 26 1.49288 0.9194640 2.0662962 

7 months 193 64 1.5748 1.1892803 1.9603260  74 17 0.97611 0.5123253 1.4399025 

8 months 187 48 1.1811 0.8471640 1.5150408  85 16 0.9187 0.4687415 1.3686494 

9 months 141 32 0.7874 0.5146883 1.0601149  77 15 0.86128 0.4255984 1.2969555 

10 months 128 22 0.54134 0.3151888 0.7674883  61 15 0.86128 0.4255984 1.2969555 

11 months 159 26 0.63976 0.3939252 0.8856024  51 10 0.57418 0.2184035 0.9299658 

            

Totals 3497 872 21.45669 20.0478887 22.8654971  1503 351 20.15388 18.0667964 22.2409666 

 

HIV unexposed live birth denominator 40,640 

HIV exposed live birth denominator 17,416 

Missing ï 22 infants missing HIV exposure status and excluded from analysis 

IR: Incidence rate defined as cases per 1000 live birth
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Clinical characteristics and outcomes 

There were five clinical signs which occurred in 50% or more of RSV cases at the time of 

admission; cough (94%), chest wall indrawing (78%), tachypnoea (68%), 

crepitations/crackles (57%), and wheezing (50%) (Table 2.9). Each of these signs occurred at 

higher frequencies as compared to non-RSV LRTI cases. Chest wall indrawing and 

tachypnoea were the only two IMCI danger signs which occurred in the majority of RSV 

patients. The clinical sign most strongly associated with RSV cases was wheezing with a 

crude RR of 1.94 (95% CI: 1.76, 2.13, p <0.0001). Hypoxemia occurred in only 11% of RSV 

patients and fever occurred in only 18% of RSV patients.  

Table 2.9 Clinical characteristics of hospitalized RSV in children <1 year, 2015/2016 

  

      

Sign or symptom 

RSV non-RSV  

n =851 n =2639  

n  (%) n  (%) 
P value 

      

Cough 786 94 1691 65 <.0001 

Chest wall indrawing 659 78 1359 52 <.0001 

Tachypnoea*  499 68 1060 49 <.0001 

Crepitations/crackles 480 57 865 33 <.0001 

Wheezing 424 50 677 26 <.0001 

Nasal flaring 296 35 651 25 <.0001 

Runny nose 296 35 542 21 <.0001 

Fever >37.5 C 134 18 520 22 .0175 

Irritability  122 15 602 23 <.0001 

Feeding intolerance/vomiting 104 12 192 7 <.0001 

HypoxemiaϞ 76 11 221 10 0.6699 

Diarrhoea 83 10 346 13 0.0088 

Lethargy or unconscious 53 6 216 8 0.0527 

Poor feeding after having fed well 41 5 77 3 0.0079 

Expiratory grunting 33 4 94 4 0.7091 

Apnoea 23 3 89 3 0.3027 

Central cyanosis 13 2 58 2 0.2153 

Stridor 14 2 108 4 0.0006 

Seizures 6 1 75 3 0.0003 

Sunken eyes 8 1 53 2 0.0379 

Sunken fontanelle 8 1 93 4 <.0001 

Decreased skin turgor 4 <1 56 2 0.0013 

Mottled skin 2 <1 12 <1 0.3515 

Poor capillary refill 4 <1 25 1 0.1717 

     
 

  

* age based cut-offs for tachypnea: Ó60 in children <2 months, Ó50 

in children Ó2 months 

À hypoxemia defined as pulse oximetry <90    
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The hospital course and outcomes of RSV and non-RSV cases were compared (Table 2.10). 

The median length of hospital stay was slightly longer in non-RSV cases (3 days vs 2 days). 

The percentage of ICU admission was slightly higher in non-RSV cases (3% vs 1%).  Of note 

there were approximately 50% of ICU admission values were missing for each group. 

However, it was assumed that if there was no ICU admission recorded on the patientôs CRF 

then it was unlikely that an ICU admission truly occurred. There was a higher percentage of 

oxygen supplementation among RSV cases compared to non-RSV cases (32% vs 23%, p 

<.0001). There were high rates of antibiotic usage in both RSV and non-RSV cases (69% vs 

79%). In hospital CFR were infrequent in RSV (0.24%) and non-RSV (0.68%) cases.  

Table 2.10 Hospital course and outcomes in RSV and non-RSV cases 

  

 

 

2.4 Discussion 

RSV is a significant, seasonal contributor to respiratory related hospitalisations in children 

less than one year in Soweto. RSV accounted for approximately one quarter (24.4%) of the 

total 3,490 annual hospitalisations in this age group as captured through the surveillance 

study. The majority of cases were due to RSV subtype A with no distinct differences in 
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season month or age-based distributions. Despite a slight shift in the seasonal timeframes, the 

number of RSV cases identified in each of the two season years was consistent.  

During peak season months the prevalence of RSV hospitalisations accounted for more than 

half of the respiratory admissions. The majority (69%) of these admissions occurred among 

infants in their first six months of life with a peak of 39% occurring at three months of age. 

These prevalence data effectively communicate that the RSV burden of disease is 

concentrated among the youngest infants. Bont et al in their 2016 systematic review of RSV 

epidemiology in western countries concluded that between 44% and 83% of infants 

hospitalized were less than 6 months (71). Parikh et al in their aggregate analysis of several 

key US studies and national datasets report that 75% of RSV hospitalisations occurred in 

those less 6 months of age (3).  The Parikh data also confirmed that the distribution patterns 

were consistent between term and preterm infants.  

The adjusted incidence for RSV LRTI hospitalisation was 21.4 per 1000 live births. This was 

in the middle of the 2016 global systematic review estimate on incidence of RSV LRTI 

hospitalisation which ranged between 8.4 and 42.7 per 1000 infants (71). This wide global 

range likely reflects differences in study design, study denominators, and cultural differences 

in care seeking behaviours, and clinical management.  

Most recently, the South African SARI surveillance program has published data estimating 

the mean annual RSV and influenza specific hospitalisations rates in HUU and HEU children 

less than five years of age (Table 2.0, McMorrow data)(81). Data from three hospitals located 

in Pietermaritzburg and Klerksdorp between the years 2011 and 2016 were utilized. The 

mean estimated annual rate of RSV hospitalisation for HUU infants 0-11 months was 26.87 

per 1000 population (95% CI: 22.72ï31.29). Both SARI and this study utilized similar 

surveillance case definitions and observed similar distributions of disease concentrated within 

the first six months of life. The study by McMorrow et al estimated RSV hospitalisations by 

multiplying a number of serious respiratory hospitalisations (SRI) by an age-specific 

proportion of positive RSV tests. These crude rates were then adjusted upward to compensate 

for an assumed number of non-enrolments (i.e. not attending hospital) secondary to 

healthcare seeking behaviours. While the exact degree of adjustment was not identified in the 

publication, this approach likely led to higher point-estimate of disease. The authors 

acknowledge that their estimates are more than twice that of rates calculated for infants <6 

months in a prior South African study conducted in 2010 and 2011 (77). While this study  
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calculated adjusted rates for infants who were admitted but not enrolled, it is still possible 

that these rates remain an underestimate of disease due to the inability to account for cases 

which did not present for hospital care altogether. 

This study demonstrates that in Soweto, the overall distribution of disease, including a peak 

at one month of age, is similar to studies conducted elsewhere(2, 3, 82). It is challenging to 

interpret the clinical significance of a wide range of incidence rates reported from different 

countries and for different age ranges.  As was noted earlier, differences in study design, 

study populations, study years, testing approaches may partially explain these divergent 

results. In addition, differences in healthcare seeking behaviour and clinical practice (i.e. the 

threshold for admission decisions) in high income countries may be lower or more wide 

ranging; allowing for a wide spectrum of disease severity. In Soweto, the threshold for 

admission is likely higher given that only infants with evidence of severe LRTI as determined 

by the WHO criteria would be considered.  

The nearly identical hospital incidence rates found in HIV unexposed and exposed infants in 

our study (14.69 vs 13.84 per 1000 live births) was in contrast to earlier reports which 

showed higher rates of disease (74, 81). Prior studies would suggest that HIV exposure would 

lead to a higher risk for RSV hospitalisation (55, 83, 84). As summarized in Table 2, Cohen 

et al reported RSV hospitalisation incidence rates and incidence rate ratios for all infants <6 

months of age who were HIV unexposed and exposed (74). In this study, rates were 

calculated using cases identified at CHBAH and Sowetan population denominators from the 

years 2010 and 2011 using a related dataset and methodology to the McMorrow publication 

described earlier (81). Cohen et al reported an RSV hospitalisation incidence of 35 and 50 per 

1000 population for HUU and HEU infants <6 months of age. As with the McMorrow data, 

the authors of this study adjusted their rates upward to account for non-enrolments (on 

weekends and refusals), healthcare seeking behaviour and the attributable fraction of 

infection to illness; an approach which may have led to an overestimation. The resulting 

incidence rate ratio for RSV hospitalisation in HEU infants in the Cohen study was calculated 

to be 1.4 (95% CI: 1.3ï1.6). The McMorrow SRI data described earlier also reported a 

similarly high rate of RSV disease in HEU infants <6 months at 64 per 1000 population as 

well as a rate for infants between 0ï11 months at 29 per 1000 infants.  

The surveillance case definition is a major determinant of how much disease a surveillance 

program is able to capture. A strength of this study was the utilization of age specific case 
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definitions in an effort to capture the spectrum of RSV disease. These case definitions were 

identical to those used in both the SARI and SRI surveillance programs. The ability to 

monitor the wards intensively is an important consideration when the average length of stay 

for RSV hospitalisations at CBHAH has not been well characterized. If the majority of RSV 

cases only require short (observational) stays then daily coverage would be imperative. 

Another strength of the study was the extent of RMPRU surveillance which occurred on all 

paediatric medical wards including the short stay ward. Screening and enrolment occurred 

seven day per week between the hours of 8 am and 4 pm from 2015 through August 2016. In 

August 2016 ward coverage was then reduced to five days per week. Overnight admissions 

were screened for enrolment the following morning. It is therefore possible that this reduction 

to five days per week led to missed cases. However previous RSV surveillance conducted by 

the NICD indicates that the RSV season was essentially complete by this point in the year 

suggesting that the number of missed cases would have been minimal (19).  

The study may have suffered from a form of selection bias if the infants of caregivers who 

refused enrolment were fundamentally different from those who did enrol. Although both the 

surveillance case definition, ward coverage were robust neither of these surveillance elements 

can account or compensate for the communityôs care seeking behaviour.  A caregiverôs 

decision is what ultimately determines who presents to the hospital for evaluation enabling a 

surveillance program the opportunity to case capture. Of note, the Zola-Jabulani hospital was 

opened in Soweto in May of 2014 in an effort to decompress the large patient volume at 

CHBAH. It is possible that this 300 bed hospital which includes a paediatric ward may have 

diverted a portion of RSV cases away from the CHBAH surveillance program leading to a 

smaller case count.  

RSV case identification is reliant upon sensitive virological testing. In this project, samples 

were obtained with nasopharyngeal swabs and tested for RSV through RT-PCR. There were, 

however, no differences in the sample type, manner of collection, processing or laboratory 

techniques between the SARI, SRI and RMPRU surveillance programs (personal 

communication Professor Madhi, February 22, 2019).  

This thesis collected data for two season years and may not have captured the seasonal and 

epidemic variability that can be observed over longer periods of time (16).  It has been 

observed in prior studies that both the size and timing of an RSV epidemic can fluctuate.  For 

example, Finland is noted to have a two year cycle whereby a ñsmallò epidemic occurs on an 
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odd-numbered year which is then followed by a ñmajorò epidemic during an even year (85). 

The Cohen data was collected over two seasons (2010ï2011) but at different years which 

may have been ñmajorò epidemic years. The study by McMorrow et al. was done over five 

years (2011ï2016) and likely captured more variability. It may be that the either or both of 

the two seasons captured through this thesis project were ñsmall epidemicò relative to years 

past.  

There are virus and population specific changes which could have occurred over time and 

account for differences in rate calculations.  RSV strain evolution and a resulting population 

level immunity could account for a less virulent form of disease over time; accounting for 

rate differences between 2010-2011 and 2015-2016. The population health and disease 

susceptibility of the infant population could have also changed over time. More specifically, 

changes in infant vaccination practices and management of maternal HIV infection may have 

indirectly reduced the risk of RSV disease. The 2009 introduction of PCV7 to the public 

immunization plan which was then followed by PCV13 in 2011 (including a catchup 

campaign) had drastically reduced pneumococcal disease in the population. Several 

publications have noted the relationship between pneumococcal and RSV disease suggesting 

that a reduction in the former could also impact the latter (86, 87).   Equally important, the 

national PMTCT and ART guidelines have changed significantly over time since the initial 

rollout in 2002 (88). In 2013, the guidelines were changed to allow all pregnant women to be 

eligible for HAART irrespective of their CD4 count. Additionally, the guidelines advised for 

their infants to receive nevirapine prophylaxis for six weeks. This important change to the 

clinical management of maternal HIV infection has reduced the national rate of MTCT from 

3.5% in 2010 to 1.1% in 2015/2016 (89). While the study by McMorrow et al, incidence rates 

for HEU infant data included more recent data it is important to note that these data were 

derived from population surveillance in Pietermaritzburg and Klerksdorp; which may not be 

representative of (urban and rural) other South African populations.  

The selection of a population denominator is a critical element in an incidence calculation. 

This thesis utilized a live birth denominator collected by the RMPRU at CHBAH and the 

surrounding MOUs.  The denominator for each surveillance year ranged between 28,000 and 

29,000 live births. Adjustments were not made for private health insurance usage or infant 

mortality rates, both of which may have reduced the total number of infants seeking care at 

CHBAH. Additionally, the live birth data cannot account for population movement over time 
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and it is possible that infants entered and exited the catchment area over the course of time 

altering the true number of infants who should have been included within the denominator.  

The results summarized in this chapter communicate the significance of the RSV burden 

among the Sowetan community who came to CHBAH for care. RSV disease is concentrated 

among the youngest infants and during its seasonal peak accounts for more than half of 

respiratory related hospitalisations. These observations are only made more urgent by the fact 

that the standard of care is limited in what it can provide to alleviate the problem. Multiple 

vaccines and anti-virals are currently in development to address this issue. Until safe, 

effective and easily accessible forms of prevention and treatment are available to the global 

community it is imperative to better characterize the disease burden so that we can be 

prepared to operationalize those solutions.   
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Chapter 3 The transplacental transfer of RSV neutralizing antibody in HIV exposed 

and unexposed infants 

3.1 Introduction  

Infants passively acquire their earliest forms of immunity against infectious disease from 

their mothers during pregnancy (90).  Pregnant women have a wide array of antibodies 

against different antigens through either natural exposure or vaccination. Antigen specific 

IgG antibody can then be actively transferred across the placenta to the developing foetus 

with the aid of the Fc neonatal receptor FcRn (90, 91). The amount of antibody that an infant 

has at birth depends upon several factors, including the level of circulating antibody in the 

mother, the efficiency of transplacental transfer,  gestational age at birth, and underlying 

health status of mother and the pregnancy itself (90).   

Baseline maternal antibody levels rely upon exposure to the antigen. RSV exposure and 

illness have been observed in pregnant women, however, the data are limited (92).  This is 

because when RSV testing in pregnancy occurs, it is often tied to influenza surveillance 

periods and case definitions thereby leading to likely under-estimation. One international 

multi-site study of 13,694 respiratory hospitalisation during pregnancy demonstrated that 

only 6% of women were tested for RSV (93). There is evidence of wider RSV exposure 

during pregnancy through serological studies of both maternal serum and infant cord blood 

(13, 94-96). The current data  suggests that RSV mainly manifest as a mild illness in pregnant 

women, with limited evidence for moderate to severe disease (97-99). A study conducted in 

South Africa calculated an incidence rate of RSV among pregnant women to be 5.3 per 1000 

person-months (97), whilst lower incidence were calculated in two other studies from Nepal 

(3.9 per 1000 person-years) and Mongolia (0.3 per 1000 person-days) (98, 99).  

Transplacental transfer of IgG  begins as early as the first trimester, albeit at very low rates 

(100).  Transfer efficiency increases with each successive week of gestation reaching their 

peak transfer in the third trimester (90, 100). There are multiple subclasses of IgG, of which 

IgG1 is transferred most efficiently (101). Infant antibody levels measured at birth can exceed 

maternal levels due to the active transport mechanism mentioned earlier (102). Shorter 

gestation periods which result in premature delivery effectively reduces the time window for 

transfer; the resulting lower titre levels increases the susceptibility to infection (103, 104). 
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There is also evidence to suggest that transfer rates can be limited by saturation of the FcRn 

receptors by maternal conditions such as hypergammaglobulinemia (90).   

Additional factors can negatively impact transfer efficiency including maternal infections, 

chronic conditions (malnutrition, diabetes mellitus) and other pregnancy-related conditions 

(gestational hypertension) (90).  

The transplacental transfer of RSV neutralizing antibody has been measured in different 

populations. Transfer ratios have generally been highly efficient with foetal (cord) : maternal 

ratios  >1.0 across different populations and subtypes as summarized in Table 4.0  (45, 46, 

105-107). The earliest study was conducted by Suara et al which compared the transfer rates 

of RSV neutralizing antibody between Gambian and American (USA) mother-infant pairs 

over an identical period of time (105). Cord maternal ratios (CMR) were calculated 

separately for RSV subtypes A and B. The titre levels between mother and infants were 

strongly correlated and efficient transfer ratios were seen in both populations for both 

subtypes. Transfer ratio were slightly lower among Gambian (CMR: 0.99 for both subtypes) 

compared to USA (CMR: 1.02 subtype A and 1.03 subtype B) women. Differences in 

subtype circulation within the two populations were directly reflected in maternal and infant 

subtype specific GMT titres. This supports the notion that subtype specific maternal exposure 

results in transfer of subtype specific IgG to their infants. Gambian women had higher titres 

to subtype B than women from USA, and vice versa for subtype A. Maternal age did not 

impact the GMTs in either Gambian or USA maternal populations. Gambian mothers with a 

lower parity (<3) had higher GMTs to both subgroups, however, this difference was not 

reflected in infant GMTs; and parity had no effect on USA maternal GMTs.  

Later studies conducted in Bangladeshi mother-infant pairs also identified efficient 

transplacental transfer of RSV IgG, with a CMR of >1.0 (95% 0.99ï1.03) (45).  There was no 

impact of different covariates upon this ratio, including type of delivery, infant sex, parity, 

birth weight, maternal age and maternal education. A similar analysis from Nepal, reported 

an overall CMR of 1.03 (95% CI: 0.89ï1.19); and also did not identify any association with 

maternal age, maternal education, parity, breastfeeding, smoking in the household, preterm, 

low birthweight or small for gestational age  (46). Male gender was associated with a 

modestly lower CMR compared to female counterparts (1.02 versus 1.05, p =0.0017).  

Finally, there are two recently published studies from Brazil and Botswana with similar 

objectives to this dissertation chapter. Each of these studies measured the impact of maternal 
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HIV infection upon CMR and observed efficient (>1.0) but reduced transplacental transfer 

rates in infants born to women living with HIV. In the Brazilian study the CMR was 1.8 vs 

1.3 in women living with HIV vs. not living with HIV respectively. In the Botswana study 

the CMR was 1.15 vs 1.02 in women living with HIV vs. not living with HIV respectively 

(56, 108). In Brazil, HEU infants had higher RSV geometric mean titres compared to HUU 

counterparts (77.4 vs 49.6 EU/ml, p =0.002), despite a lower CMR (1.3 vs 1.8; p =0.05.   This 

suggests there was higher RSV exposure  within households where women with HIV live, 

resulting in them developing  higher titres which offset the lower CMR. The Botswana study 

corroborated the observations from Brazil and provided additional insight on maternal and 

infant predictors of transplacental transfer efficiency. An undetectable maternal HIV viral 

load was associated with higher transfer rates among women living with HIV. Those in 

whom HIV-1viral load was <400 copies/ml had significantly higher CMRs than those with 

viral loads >400 copies/ml (1.06 vs. 0.55, p =0.01).   

This objective of this study was to explore the transplacental transfer efficiency (CMR) of 

RSV specific neutralizing antibody in infants born to Sowetan women living with and 

without HIV infection.   
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Table 3.0 Summary of studies on RSV transplacental transfer
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3.2 Methods 

Cord maternal ratios were determined by measuring RSV neutralizing antibody titres in both 

maternal serum and infant cord blood taken at birth. These samples were collected from 

pregnant women Ó18 years enrolled into a larger surveillance study exploring for a correlate 

of protection against invasive Group B streptococcal disease at Chris Hani Baragwanath 

Academic Hospital (CHBAH) in Soweto, South Africa (HREC approval number 140203). 

Only women who delivered full term, singleton births were considered for inclusion. 

Maternal serum was collected either at birth or within 24 hours of delivery and paired with 

their infantôs cord blood samples. Women were matched by HIV status, age, their infantsô 

gestational age and date of birth. A total sample size of 240 matched mother-infant pairs were 

randomly selected in order to provide an 80% power to detect at least a 0.16 difference in 

CMR between women living with and without HIV infection. Between January and 

December 2015, 10 mother-infant pairs for each arm were randomly selected monthly. This 

sample size calculation was based upon the starting assumption that the CMR of RSV 

neutralizing antibodies among women without HIV would be 0.9(109, 110).   

3.2.1 Laboratory methods 

The paired maternal and infant samples were analysed at the Respiratory and Meningeal 

Pathogens Research Unit for levels of RSV neutralizing antibody using a microneutralization 

assay. The assay was performed using 96-well flat bottom, micro-titre plates using HEP2 

cells (ATCC CCL-81) and the long strain of human RSV (ATCC VR-26). Each 96-well plate 

contained four samples (or two maternal infant pairs) tested in duplicate using 12 two-fold 

dilutions and paired to a positive/negative control plate. Plates were incubated at 37 °C and 

5% CO2 for 144 hours (6 days) with daily checks for virus-specific cytopathic effect. After 

the six-day incubation period the plates were: decanted, overlaid with crystal violet, and left 

to stain for 24 hours. After the 24-hour staining period the plates were gently decanted, rinsed 

and allowed to dry upside down before reading the wells. Readings were performed 

immediately after drying and then a second time two days later to ensure accuracy. Titres 

were determined by the last well with at least an 80% fully protected HEP2 cell monolayer. 

The final titre for each sample was the average of its duplicate pair. The Reed and Meunch 

method was used to calculate both the end dose (ED) 50 per ml. Hypergammaglobulinemia 
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was defined as Ó15 g/L and determined by measuring total IgG using a commercially-

available assay (Tina-quant IgG Gen.2, Roche diagnostics, Switzerland) (90).  

3.2.2 Statistical analysis 

The geometric mean titres (GMT) of neutralizing antibody in maternal and infant samples 

were determined individually. The cord to maternal ratio (CMR) was the result of dividing 

the cord titre by the maternal titre. GMTs were compared using multiple regression on log10 

transformed data. Confounding variables were analysed as covariates. Chi square or Fisherôs 

exact test were used to compare categorical values expressed as percentages. Pearsonôs 

correlation test was used for determining the association between maternal infant titres, total 

IgG and neutralizing titres and transplacental transfer ratios. 95% confidence intervals were 

calculated. A p-value of <0.05 indicated statistical significance.  Data analysis was performed 

using Excel and Stata14 (Stata Corp LP, Texas, USA). P values were adjusted for maternal 

HIV status, race, parity, mean upper arm circumference (MUAC), haemoglobin levels, 

hypertension, alcohol use and hypergammaglobulinemia between women living with and 

without HIV. P values were further adjusted for CD4 counts and viral loads among women 

living with HIV.  

3.2.3 Ethics 

This protocol was approved by the Human Research Ethics Committee of the University of 

the Witwatersrand (HREC no: 140203) as part of a larger study on invasive Group B 

Streptococcal disease in newborns and infants. The informed consent provided and signed by 

participants allowed for additional testing of samples including those performed in this study.  

3.2.4 Other items 

Additional materials can be found in Appendix 4 and 5 including the co-authorship 

agreement form and the RSV antibody assay protocol.  

3.3 Results 

A total of 240 maternal-infant sample pairs were analysed for this study. Baseline maternal 

characteristics were compared between women living with and without HIV  (Table 3.1). 

The groups were similar, except for  higher rate of alcohol use  (9.4% vs 1.1%, p =0.020) and 

higher percentage with hypergammaglobulinemia (89.7% vs 7.3%, p <0.0001) in women 

living with HIV. Overall, 67% of women were  Ó25 years age, and 65% were of <3 parity in 

women living with and without HIV. Ninety-four percent of women living with HIV were on 
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anti-retroviral treatment (ART), including  92.8%  on Atroiza (Efanvirenz, Emtricibatine and 

Tenofovir). CD4+ lymphocyte counts were available for 94.4% of women living with HIV, 

with a  median CD4+ count of 413.5 cells/mL (20ï998).  HIV-1 viral load data were 

available for 50.2% of women, in whom the  mean HIV-1 viral load was 103.2 log copies/mL. 

There were no significant differences in the baseline characteristics between infants born to 

women living with and without HIV  (Table 4.1, Table 4.2).  

The geometric mean titres (GMT) were compared between mother-newborn dyads in each 

group (Table 4.3), and association between GMTs and  maternal and infant characteristics 

included analyses in relation to  maternal age, mid-upper arm circumference (as a proxy for 

nutritional status), parity and low birth weight.  
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Table 3.1 Baseline characteristics of mothers 
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Table 3.1 (continued) Baseline characteristics of infants  

 

3.3.1 Maternal titres were similar between exposure groups 

The RSV MN GMTs were similar  in women living with and without HIV  (1449 ED50/ml 

vs 1560 ED50/ml, p =0.467). GMTs did not differ by maternal age, parity mean mid-upper 

arm circumference. GMTs among either group of women. In women living with HIV, there 

was no association between RSV GMTs and maternal CD4+ count, mean HIV-1 viral load, 

or use of anti-retrovirals. Maternal RSV GMTs did not correlate with total IgG (r2 = -0.002, p 

=0.56).  

3.3.2 Infant titres are lower than maternal titres  

Overall mean infant titres were lower than maternal titres (1113.5 versus 1503.6, p <0.001) 

but strongly correlated (r2 =0.66, p Ò0.001). The strong correlation between maternal and 

infant titres was present in both women living with s (r2 =0.72, p <0.001) and without  HIV 

(r2 =0.61, p <0.001). Infants born to women living with HIV had lower GMTs (966.7) 

compared to those born to women without HIV (1285, p =0.009). 
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Table 3.2 Geometric mean titres and cord-maternal ratios of anti-RSV antibodies 
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Lower GMTs  were also observed among infants born to women living with HIV whose 

mothers were not on ART as compared to those who were on ART (1140.4 vs 1422.3, p 

=0.005). Lower infant GMTs were also observed in infants born to women with 

hypergammaglobulinemia than those born to women without hypergammaglobulinemia  

(868.0 vs 1184.2, p =0.013). As noted earlier, the majority of women living with HIV 

infection had hypergammaglobulinemia (89.7%).  

3.3.3 Cord maternal ratios 

The overall CMR was 0.74 (95% CI: 0.69ï0.79). The CMR was not significantly different  in 

newborns born to women living without HIV (0.82) than those living with HIV (0.67, padj 

=0.122). Among women living with HIV, HIV-1 viral loads Ó500 copies were associated 

(non-significantly) with a lower CMR as compared to those with viral load below 500 copies 

(0.77 vs 0.55, padj =0.074 ). There was a weak negative correlation between total IgG and 

CMR (r2 = -0.09, p = <0.001). This weak negative correlation remained consistent for women 

living with HIV  (r2 = -0.05, p =0.012), and in those without HIV (r2 = -0.05, p =0.17) albeit 

not-significant. Higher maternal parity (Ó3 vs. <3) lost statistical significance after 

adjustment for confounders (0.68 vs 0.78, padj =0.164). Maternal age and nutritional status 

(indicated by MUAC) were also not associated with CMR, and neither were infant birth 

weight and gender. 

3.4 Discussion 

The overall GMTs of RSV neutralizing antibody in maternal serum were not significantly 

different between women living with and without HIV. The association of lower titres in 

infants born to mothers living with HIV, however, was not independent of maternal 

hypergammaglobulinemia Among women living with HIV,  factors such as CD4+ counts, 

HIV-1 viral load and ART were not associated with RSV microneutralization GMTs.  These 

analyses were, however, limited by the fact that most (94%) of women living with HIV were 

on ART. Additionally, data on HIV-1 viral loads were only available for half of these women 

which also limits the interpretation of the data. Of those for whom HIV-1 viral loads were 

available, most had viral loads <500 suggesting effective control of HIV-1 replication .  The 

impact of HIV infection upon maternal titres appears to be both study specific and antigen 

specific (111). For example, different studies on maternally derived measles immunity have 
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shown maternal HIV infection resulting in higher or lower or no difference in CMRs for the 

same antigen (112-115). A study conducted in Cape Town, reductions in transplacental 

transfer rates were antigen specific (116). CMR reductions ranged from 15% for 

pneumococcus (not statistically significant), 23% for Haemophilus influenzae type b (HiB), 

27% for tetanus toxoid and 40% for pertussis. The mechanism underlying this antigen-

specific interference is poorly understood. It is theorized that an upregulated state of 

inflammation in both mother and foetus plays an important role in the pathophysiology (111).  

The overall CMR in our study was lower than reported  in other studies. Prior studies 

conducted in Bangladesh, Nepal, The Gambia and the United States have reported CMRs of 

approximately 1.0 (46, 105). In this study population, maternal hypergammaglobulinemia 

was a major factor in reduced transplacental transfer of RSV neutralizing antibody. Maternal 

hypergammaglobulinemia reduced both infant titres and CMR before and after adjustment for 

covariates. The effect of hypergammaglobulinemia upon transfer is not surprising when one 

considers the mechanism. The active transport mediated by the FcRn receptors are sensitive 

to saturation. High levels of IgG antibody within the maternal circulation eventually achieve 

a saturation point that in turn prevents binding of additional antibody. These high levels of 

circulating antibody are not necessarily RSV specific. In fact, in this study maternal titres did 

not correlate with total IgG (r2 = -0.002, p =0.56).  This lack of correlation suggests there was 

a degree of competition created between RSV and non-RSV antibodies for receptor binding. 

The negative effects of maternal hypergammaglobulinemia on transplacental transfer of RSV 

antibody has been observed in other studies. In The Gambia, maternal 

hypergammaglobulinemia reduced the transplacental transfer of RSV antibody by 90%(117).  

This study has several limitations which must be noted. First, this study was not designed to 

relate titre or transplacental transfer rates to a clinical outcome of RSV hospitalisation in 

either HUU or HEU infants. This would have been a valuable analysis given that the majority 

of the paediatric RSV burden is believed to occur in LMIC settings (1).  The reason for this 

outsized LMIC burden is multi-factorial but lower levels of maternally derived antibody may 

be a contributor. In this study, South African CMRs were lower compared to other LMIC 

studies summarized in Table 3.0. This would suggest that RSV hospitalisation incidence 

would be higher among all infants compared to other populations. However, the RSV 

hospitalisation incidence rates reported in Chapter 2 do not suggest that the Sowetan burden 

outweighs what is seen in high income settings. Furthermore, hospitalisation rates were 
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nearly identical between HUU and HEU infants (14 vs 13 per 1000 live births). Both of these 

findings are were in contrast to previous reports which estimated much higher South African 

disease burden in general and among HEU infants compared to HUU infants (73, 74). One 

cannot directly connect the data between the two chapters, however, the data analyses borrow 

from the same patient population and surveillance timeframe which does allow for further 

hypothesis generation. In this population, access to quality healthcare could make the 

difference for both mothers and their infants.  For mothers, this is reflected in a high 

percentage of mothers receiving ART with low viral loads (although there were missing 

data). For infants, this is reflected in the majority of RSV hospitalisations resolving in 

discharge to home as was reported in Chapter 2.  

Another important limitation was that samples were collected over a single year with 10 

maternal-infant pairs for each arm selected by month. RSV is a seasonal disease that 

fluctuates in size from year to year. The data may have looked different had sample collection 

occurred over more than one season or concentrated within the seasonal timeframe when 

exposure is known to result in higher titres (96).  

Lastly, data on viral loads were available for only half the women living with HIV. It would 

have been useful to have a more complete dataset to be able to better characterize the 

relationship between HIV-1 viral replication control and transplacental transfer as was 

demonstrated in the Botswana study referred to earlier (110).  

Transplacental transfer of protective antibody is a complex biological process. Comparing 

titre levels in maternal and cord blood samples is a gross measure at best. Systems serology is 

a newer approach currently being explored to better understand the mechanisms that underpin 

transfer; down to the level of antibody glycosylation patterns (118). Recent research in this 

area suggest that the placenta behaves like a sieve, selecting antibodies with specific 

glycosylation patterns to induce downstream immune functions within the infant that are 

most appropriate for a particular antigen exposure. In this sense, the quality of antibody rather 

than the quantity may prove to be the more important measure of maternally derived 

immunity.
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Chapter 4 Exploring for an RSV sero-correlate of protection 

4.1 Introduction  

Maternally derived RSV neutralizing antibody has been inversely associated with infant RSV 

lower respiratory tract infection (LRTI) in some studies, however, a correlate of protection 

against RSV-LRTI remains elusive (13, 44, 96). Further, few  studies did not observe any 

association between overall and F-protein epitope specific RSV neutralizing antibody and 

protection against RSV disease (47, 48). Palivizumab, a monoclonal antibody directed at the 

site II epitope on the pre-fusion F protein, has provided proof of concept that RSV specific 

neutralizing antibody can reduce severe RSV-LRTI (119, 120). The pivotal ñIMpactò RSV 

trial upon which palivizumab licensure was based, demonstrated a 55% reduction in RSV 

associated hospitalisation in high risk preterm-birth infants who received the monoclonal 

(121).  

The immune response to RSV infection is complex and evolves with age and repeat 

infections. There are time dependent orchestrations between innate/adaptive immunity and 

humoral/cellular responses (122-127). Although antibody directed to F-protein epitopes plays 

an important role in the reduction of disease severity, this role may be synergistic with other 

aspects of the immune response rather than centrally defining. Additionally, there are other 

physiological factors, such as infant airway diameter, which contribute to the risk of 

developing severe disease. While the clinical interpretation of neutralizing RSV titres can be 

challenging, a better understanding of their role in protection against disease remains an 

important endeavour; particularly as it relates to vaccine design (128, 129). There are several 

studies which have examined the protective role of RSV neutralizing antibody in infants, 

Table 4.0. Importantly, comparisons across studies are limited due to differences in study 

design,  testing methods and criteria used for investigating for RSV LRTI, and RSV 

immunological assay methodologies. Nevertheless, there are important patterns which can be 

highlighted. This review will depict the evolution of the fieldôs understanding of an RSV 

antibody as sero-correlate of protection.  

4.1.1 Higher maternally derived titres are associated with less infant disease 

Glezen et al examined the relationship between levels of  neutralizing RSV antibody and 

RSV disease via prospective surveillance of infants from low income setting in the United 

States (13). The study demonstrated through the evaluation of cord sera in cases (n=68) and 

randomly selected non-matched controls (n=575), that the geometric mean titre (GMT) were 
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significantly lower in cases (92 vs. 138, p <0.01); Figure 4.0 is a graphical display of the 

distribution (13: p 710, table 3).   

 

 

Figure 4.0 Titre distributions of cases and controls during RSV epidemic period (13) 

 

The relationship between higher RSV IgG titres and protection from disease was also 

observed by Olgivie et al. in the United Kingdom (130), in infants part of a prospective birth 

cohort representative from  multiple socioeconomic backgrounds. All families who were 

screened for participation, however, had a member with asthma and the authors did not 

provide further detail on the rationale behind this selection process. In contrast to Glezen et 

al., the Olgivie study relied mostly upon maternal serum and did not measure neutralizing 

capacity of antibody. IgG titres in mothers varied considerably and likely reflected variable 

amounts of natural exposure to RSV. Despite this variability, mothers of  RSV hospitalized 

cases (7.43 log2 ± 0.19) and RSV community cases (7.63 log2 ± 0.31) had lower GMTs of 

RSV IgG than the birth cohort (community) controls (9.35 log2 ± 0.23; p <0.001).  

4.1.2 The seasonal timing of maternal infectious exposure effects the titre level 

The study by Glezen et al, further analysed RSV neutralizing GMTs in infants <6 months 

looking closely at birth timing relative to the RSV season; defined as either epidemic or pre-
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epidemic periods. Amongst  cases, infants born during the epidemic period were younger and 

had lower GMTs compared to those born in the pre-epidemic period. Conversely among the 

controls, infants born during the epidemic-period had higher GMTs compared to those born 

during the pre-epidemic period. The majority of cases were infants born during or just prior 

to the epidemic period and were less than three months of age at the time of infection. 

Consequently,  Glezen concluded that the timing of maternal exposure to RSV played an 

important role in determining the amount of protective antibody that could be trans-

placentally transferred to their infants. Infants who were born in the earlier part of the season 

received less antibody. This is due to a combination of factors within the mother including: 

waning RSV antibody from the prior season, less natural exposure to the RSV virus in the 

current season, less boosting of their immune memory to RSV, and thereby less 

transplacental transfer of neutralizing RSV antibody.  The concept of how seasonality links to 

both the amount of maternally derived antibody and consequent risk for RSV disease was 

corroborated almost three decades later in a Danish study by Stensballe et al (96).  

The study by Stensballe et al. conducted a correlation analysis linking datasets on RSV cord 

blood titres to nationally reported rates of RSV hospitalisations in infants less than six 

months. The RSV seasonal timeframe was captured through the changing RSV 

hospitalisation incidence per 100,000 infants less than six months. The mean neutralizing titre 

measured in 459 randomly selected infants rises and falls in relationship to the season. Titres 

reach their nadir just prior to or during the peak of RSV hospitalisations.  As the epidemic 

progressed and maternal exposure increased, the cord titres rose and  peaked just as infant 

RSV hospitalisations declined; Figure 4.1 (97: p. 297). 
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Figure 4.1 Temporal relationship between RSV cord blood titres and RSV hospitalisation (96) 

4.1.3 The inverse relationship between RSV microneutralization titre and RSV-LRTI  

The study by Piedra et al examined the relationship between RSV neutralizing titres in acute 

serum and hospitalized RSV disease (44). Neutralizing titres to RSV subtypes A, B and 

surface protein F were measured for different age strata. For infants less than one year of age, 

the geometric mean serum neutralising titres against RSV subtype A, B and F protein were 

4.1, 5.5 and 10.9, respectively. Utilizing logistic regression to describe the relationship 

between a single unit (log2) fold rise and a reduction in the likelihood of hospitalisation, 

across all age groups for each unit log2 increase in titre there was a 22% to 25% (depending 

upon the assay) reduction in likelihood of  being hospitalized. A similar relationship between 

a unit fold rise and reduction in hospitalisation risk is described in several other populations 

(47, 95). In Native American infants, every log2 increase in neutralising cord blood titre 

corresponded to a 30% decrease in RSV LRTI hospitalisation in infants <6 months (OR 0.69, 

p =0.0003) (95).  In Denmark, every log2 increase in neutralising titre corresponded to a 26% 

reduction in RSV hospitalisation in infants <6 months (IRR 0.74, 95% CI: 0.62ï0.87) (131). 

In Kenya, every log2 increase in neutralising cord blood titre corresponded to a 33% 

reduction in hospitalisation for infants less than 3 months of age, albeit non-significant (OR 

0.67, 95% CI: 0.33ï1.38, p =0.2) (47). In the Kenyan study, cases and age matched controls 

had similar mean concentrations of RSV neutralizing antibody (10.65 versus 10.8 log2 , p 

=0.04); and multiple sub-analyses stratified by age at time of illness (including less than three 

or six months and 3-6 months age failed to demonstrate difference between cases and 
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controls. The authors speculated that there may be other factors which contribute to disease 

risk and that neutralising antibodies alone cannot overcome, and that protection against 

severe hospitalized RSV disease may require titres higher than the what natural exposure can 

induce.  

The case control study conducted by Eick et al examined the role of maternally derived 

neutralizing RSV antibody and protection against RSV hospitalisation in Native American 

infants from the Navajo and White Mountain Apache tribes (95). Prior epidemiological 

studies had demonstrated a significantly increased risk of RSV hospitalisation in these two 

groups; two and five fold higher than the general U.S. population (132, 133).  Eick 

hypothesized that the increased incidence  and severity among Native American tribes might 

be related to sub-optimal levels of maternally derived neutralizing antibody. The study 

explored this relationship from several  angles by measuring baseline maternal titres, 

transplacental transfer rates, and antibody half-life. Cases had lower titres than their matched 

controls (392.1 vs 538) with non-overlapping 95% CI.  Among these, there was a higher 

proportion of controls with a titre above 500 (OR 0.61, p =0.034). The transplacental transfer 

ratio was 1.19. Among cases, there was no association between titre levels and disease 

severity.  

4.1.4 The quantity of antibody can impact disease severity in some infants 

Three studies provide insight into the relationship between neutralising RSV titres and 

disease severity. The case control study by Ogilvie et al, also compared RSV IgG titres 

between hospitalized and community cases (130).  The GMTs reported for hospitalized (7.43 

log2 ±0.19) and community cases (7.63 log2 ±0.31) were lower than in controls (9.35 log2 

±0.23), but similar to one each other. This poses the question regarding the extent to which 

neutralizing antibody can mitigate disease severity once infection has occurred. Notably, the 

study by Ogilvie et al mainly analysed IgG GMT in maternal serum as opposed to cord 

blood, however, the transplacental transfer ratio was generally Ó1.0 which suggests that cord 

blood GMTs would be similar (46).  

In a more recent but different study design by Walsh et al, anti-F protein titre values were 

measured in acutely ill infants using an enzyme immunoassay (EIA) and then correlated to a 

clinical severity score (as opposed to correlating to risk for hospitalisation) (134). These sera 

were collected from three separate group of RSV-infected children from outpatient, 

emergency room and hospitalized settings. There were no controls included. Amongst all 
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infants from all acute care settings, each 2-fold rise in anti-F titre was associated with a 0.56 

unit decline in global respiratory severity score or GRSS (p =0.009). When the analysis was 

limited to infants during their first two months of life, the 2-fold increase correlated to a 0.9 

unit decline in the GRSS, suggesting that the maternally derived RSV antibody impart a 

greater degree of protection against severe disease in the youngest infants when both titre and 

risk for disease are at their highest levels.  

4.1.5 The quality of maternally derived antibody also matters 

The study by Freitas et al evaluated both RSV titre levels and avidity in the acute sera of 

children hospitalized for RSV (135). Avidity refers to the ability of a single antibody to bind 

to multiple epitopes located upon the antigen and suggests a higher quality antibody response. 

In this study, avidity was defined as low, intermediate or high based on predetermined, 

arbitrary cut offs applied to an avidity index. This study conducted in Brazilian children 

identified significantly different percentages of high and low avidity RSV neutralizing 

antibody in infant less than three months of age. Infant cases had lower percentages of high-

avidity antibody compared to controls (9.5% vs 42.1%, p =0.0055).  A near identical pattern 

was observed for IgG1; a subclass of antibody preferentially transported across the placenta 

to the foetus (4.9% vs 42.1%, p =0.0009).  Conversely, a higher percentage of low avidity 

antibody was measured in the cases compared to controls (51.2% vs 10.5%, p =0.0037), 

suggesting that infants less than three months are less able to neutralize RSV  due to mainly 

having low avidity antibody. Similar findings were observed in a study from The Netherlands 

in infants less than 3 months of age (48).   

The studies reviewed  measured the relationship between antibody levels and protection 

against disease differently which makes comparisons difficult. Some studies measured anti-F 

IgG while others measured neutralizing antibody and or epitope specific neutralizing 

antibody. Despite differences in methods, anti-RSV antibody levels were generally higher in 

controls even amongst vulnerable populations (13, 96).  

This objective of this study was to investigate the association between RSV/A IgG 

neutralizing antibody and hospitalisation for RSV-associated LRTI in a setting with a high 

prevalence of maternal HIV-infection. Furthermore, we explore for a sero-correlate of 

protection against RSVA/B LRTI hospitalisation.    
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Table 4.0 Summary of the key literature exploring the protective role of RSV antibody 

Author / 

publication 

and data years 

Study design Study 

population and 

Sample Size 

 

Samples and testing Results 

Glezen (13) 

1981 

Data collection 

years: 1975 - 

1979 

Described the distribution of RSV neutralizing 

antibody in cord sera from RSV cases and controls 

within a prospective hospital/outpatient respiratory 

and sepsis surveillance program. .  

 

Cord sera from cases were matched to controls <6 

months who were  ñsimilarly agedò and born during 

the same pre-epidemic and epidemic periods. Cases 

were both hospitalized and outpatient. 

 

U.S.A - one 

city, low income 

communities 

from one city 

 

68 cases / 575 

controls 

nasal wash for viral 

culture 

 

cord blood for RSV 

IgG 

 

neutralizing antibody 

assay 

 

Protection against RSV disease is 

correlated to the level of maternally 

derived antibody. Higher levels are 

correlated to less severe disease and a 

delay in onset to primary infection 

within the first six months of life.  

 

Cases GMT: 92  

Controls GMT: 138  

p < 0.01 

 

 

Olgivie (130)  

1981 

Data collection 

years: n/a 

Examination of RSV specific IgG antibody levels in 

infants and their mothers via a prospective birth 

cohort in infants <1 year with prospective 

surveillance for RSV hospitalisation. 

 

U.K. - one city, 

all social classes  

 

48 cases / 31 

controls 

NPA for virus isolation 

and/or immune-

fluorescence, plus one 

serologically identified 

case 

Maternal serum* for 

RSV IgG indirect 

There are variable RSV titre levels in 

mothers. There were significant 

lower IgG RSV titre levels measured 

in infant cases versus controls.  
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Author / 

publication 

and data years 

Study design Study 

population and 

Sample Size 

 

Samples and testing Results 

Controls were uninfected infants from same cohort 

but no details on specific matching criteria were 

provided 

 

Note - infants were selected from families with one 

asthmatic member. 

membrane 

immunofluorescence 

*Only 3 cord blood 

samples were available 

Cases (Hospitalized) 7.43 log2 ± 0.19 

Cases (Community) 7.63 log2 ± 0.31 

Controls 9.35 log2 ± 0.23 

p <0.001 in each case 

 

Piedra (44)  

2003 

Data collection 

years: 1991 - 

1993 

Measured RSV neutralizing titres in patients between 

1 month and 89 years who were hospitalized for an 

acute LRTI. Patients were part of a larger prospective 

epidemiological study of respiratory infections.  

 

Controls were non-RSV LRTI hospitalisation but do 

not explicitly describe matching criteria.  

 

Utilized logistic regression to calculate a fold rise 

relative to hospitalisation. Age, RSV season, RSV 

specific titres were used in the model.  

 

 

U.S.A ï one city 

included 28 

infants 

Nasal wash and/or 

throat swab for viral 

culture 

 

Acute and 

convalescence serum 

for microneutralization 

to RSV A and B 

Inverse relationship between level of 

RSV antibody at time of acute 

infection and RSV hospitalisation 

across all ages.  

GMT of infants <1 year for  

RSV A: 4.1 ± 2.0  

RSV B: 5.5 ± 2.5 

ELISA F: 10.9 ± 2.1 

 

RSV/A of Ó 6.0 log2 : 3.5 times more 

likely to not be hospitalised (95% CI: 

1.4ï9.1, p =0.008) 

 



76 

 

Author / 

publication 

and data years 

Study design Study 

population and 

Sample Size 

 

Samples and testing Results 

RSV/B Ó8.0 log2, : 2.9 times more 

likely to not be hospitalised (95% CI: 

1.1ï7.7. p =0.03) 

 

No threshold titre identified for 

ELISA-F binding antibodies 

Eick (95)  

 

2008 

 

Data collection 

years: 1997 - 

2000 

Explored the relationship between neutralizing RSV 

antibodies and protection against RSV disease.  

 

Utilized logistic regression to calculate the difference 

in titres between cases and control infants <6 months 

via prospective population-based hospital 

surveillance 

 

Controls matched by date of birth and geographic 

location  

U.S.A - 

2 Native 

American tribes 

 

169 cases / 248 

controls  

NPA for 

EIA 

 

Cord blood for RSV 

IgG neutralizing assay 

60% neutralization 

Inverse relationship between level of 

maternally derived RSV antibody and 

RSV hospitalisation.  

 

Cases 392.1 (95% CI: 336.9 - 456.4), 

Controls 538 (95% CI: 470.9 - 609.2)  

 

Severe cases: 385.6 

Non-severe cases: 386.1 

 

For every log2 increase in titre of 

cord blood titre, subjects were  30% 

less likely to be hospitalized. OR 

0.69, p =0.0003. 
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Author / 

publication 

and data years 

Study design Study 

population and 

Sample Size 

 

Samples and testing Results 

Stensballe (96)  

 

2009 

 

Data collection 

years: 1998 - 

2003 

Prospectively examined the correlation between 

levels of RSV antibody in cord blood with RSV 

seasonality in infants by linking two data sets via 

correlation analysis.  

 

Data set 1: cord blood RSV titres 

Data set 2: RSV hospitalisations per 100,000 infants 

<6 months  

 

No controls.  

 

Denmark -

(national data)  

 

459 random 

cord samples 

Not specified - utilized 

national database on 

RSV hospitalisations 

Cord blood for RSV 

IgG 

microneutralization 

assay  

Inverse relationship between level of 

maternally derived RSV antibody and 

RSV hospitalisation.  

Population level GMTs < 7.5 log2 or 

1: 181 is correlated to a steep rise in 

RSV hospitalisations for 3 months 

Freitas (135)  

 

2011 

 

Data collection 

years: 2000 - 

2009 

Measured the levels and avidity of RSV total and 

isotype specific antibodies via an age-matched case 

control of children <5 years hospitalized for 

respiratory disease.  

 

Additionally, explored relationship between avidity 

and RSV disease severity (upper versus lower 

respiratory tract infection) 

 

Brazil ï one city 

 

104 cases / 66 

controls 

NPA for IFA 

 

Serum collected at time 

of illness (for indirect 

ELISA to measure 

levels of RSV IgG1, 

IgG2, IgG3, IgG4. 

Avidity assay for levels 

of IgG1 and IgG3 

Infants < 3 months had high levels of 

RSV antibody. Antibody avidity was 

lower in RSV cases compared to age 

matched controls. Higher levels of 

high avidity antibodies were 

associated with less severe disease in 

children >24 months.  

 

High avidity RSV total IgG < 3 

months:  

Controls: 42.1% (8/19)  
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Author / 

publication 

and data years 

Study design Study 

population and 

Sample Size 

 

Samples and testing Results 

 Age matched controls.  Cases 9.5% (4/42)  

p =0.0055 

 

High avidity RSV IgG1 <3 months: 

Controls: 42.1% (8/19) 

Cases: 4.9% (2/41) 

p =0.0009 

 

Low avidity RSV IgG1 <3 months: 

Controls: 10.5% (2/19) 

Cases: 51.2% (21/41) 

p =0.0037 

 

Nyiro (47)  

 

2016 

 

Data collection 

years: 2002 - 

2007 

Measured levels of maternally derived RSV antibody 

at birth in order to identify a protective threshold 

against hospitalized, severe pneumonia or LRTI in 

infants <6 months.  

 

Aged matched case controls  

 

 

 

Kenya - 

Rural, coastal 

community 

 

30 cases / 60 

controls  

IFAT 

 

Cord blood for RSV 

plaque reduction 

neutralizing titres 50% 

neutralization  

Unable to identify titre threshold of 

protection against severe RSV 

disease.  Titres between cases and 

controls overlapped. Natural 

exposure may not induce high 

enough titres to protect against severe 

disease.  

 

Overall:  

Cases mean titre 10.65 log2  

(10.3ï11.0) 

Controls mean titre 10.8 log2  

(10.6ï11.1) 

p =0.04 

 

<6 months age group: 

Cases mean titre: 10.7 (10.3ï11.0) 

Controls mean titre: 10.8 (10.6ï11.1) 
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Author / 

publication 

and data years 

Study design Study 

population and 

Sample Size 

 

Samples and testing Results 

p =0.4 

 

<3 month age group 

Cases mean titre: 10.3 (9.6ï10.9) 

Controls mean titre: 

10.7 (10.2ï11.1) 

p =0.3 

 

3-6 month age group: 

Cases mean titre 3:  

11.0 (10.6ï11.3) 

Controls mean titre: 

11.0 (10.6 ï11.4) 

p =0.9 

 

Walsh (134)  

 

2018 

 

Data collection 

years: 2012 - 

2015  

 

 

Measure RSV antibody levels associated with severe 

RSV illness in healthy full term infants during 

primary RSV infection.   

No controls. 

Mild to severe RSV cases recruited from 3 cohorts: 

Birth cohort followed development of RSV infection 

via active and passive surveillance. 

Supplemental cohort enrolled at time of respiratory 

infection from outpatient and emergency rooms.  

U.S.A ï one city RT-PCR 

Acute serum collected 

at time of illness 

Correlated each titre 

measurement to a 

global respiratory 

severity score (GRSS) 

All infections: 

Anti-F 

Anti-Ga 

Anti-Gb 

 

Neutralizing titres: 

Subtype A 

Multivariate analysis adjusting for 

age at time of infection demonstrated 

an inverse relationship between titre 

level and disease severity. Higher 

titres were associated with a delay in 

time to infection.  

All infants: 

Each 2 fold increase in anti-F titre 

associated with a 0.56 unit decline in 

GRSS (p =0.009) 

 

 

 

Infants Ò2 months: 
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Author / 

publication 

and data years 

Study design Study 

population and 

Sample Size 

 

Samples and testing Results 

 Hospitalized cohort enrolled at time of RSV verified 

admission. 

 

Subtype B Each 2-fold increase in anti-F titre 

associated with a 0.9 unit decline in 

GRSS (p =0.13) 
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4.2 Methods 

We undertook a matched case-control study in Sowetan infants in order to examine the 

association of maternally derived  RSV/A neutralizing antibody in cord blood  and risk of 

RSVA/B LRTI hospitalisation. Cases and controls were selected from an existing birth cohort 

of 38,223 infants (28OB study HREC approval number 140203). All cases were infants less 

than six months of age at the time of hospitalisation; identified through established 

surveillance described in chapter 2. A cross referenced list was used to confirm that an RSV 

hospitalized infants also had a cord blood sample available from the birth cohort.  Cases were 

then individually matched to non-RSV controls from the same birth cohort. Cord blood 

RSV/A IgG neutralizing antibody titres were measured in both cases and controls. The null 

hypothesis assumed that there would be no difference in levels of maternally derived RSV 

neutralizing antibody between hospitalized RSV-LRTI cases and matched-controls. The 

alternative hypothesis would be accepted if a significant difference between hospitalized 

RSV cases and control infants was detected.   

Case and controls (1 to 4 ratio) were matched on six variables including  infant sex, infant 

date of birth, term/preterm status, birth weight category, maternal age, maternal HIV status. 

Date of birth was matched within one week. A term birth was defined as gestational age Ó37 

weeks and preterm birth as gestational age <37 weeks. There were four birth weight 

categories including <2500, 2500-3000, 3001-3499 and Ó3500 grams. Maternal age was 

matched within five years of age.  

The initial matching process resulted in the identification of 221 cases and 837 controls.  A 

total of 143 cases (63.5%) were matched to four controls. The remaining cases could not be 

matched based on the four birth categories. To facilitate matching for the remaining 82 cases, 

the original four birth weight categories were compressed into two (i.e. <2500 and Ó2500 

grams), following which 55 cases (24.4%) were matched to three controls, 15  (6.7%) to two 

controls, 6 (2.7%)  to one control, whilst no controls were identifiable for 6 cases (2.7%) who 

were excluded from further analyses. From the original case control match list, there were 2 

cases and 20 controls who did not have sera available to analyse. The final analysis had 219 

cases and 817 controls available for analysis in infants <6 months of age.  

Additionally, three exploratory analyses were performed: 
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The first exploratory analysis re-ran the full set of statistical tests using the ED80, to 

determine if a higher threshold of virus neutralisation unmasked effects not observed with the  

ED50.  

In the second exploratory analysis, statistical testing was limited to infant cases and controls 

less than 3 months of age. This was done in order to explore for a stronger protective effect of 

neutralizing antibody against severe LRTI in the first few months of life; a pattern which was 

observed in a study by Walsh et al. (134).  

The third exploratory analysis re-ran the full set of statistical tests after removing any control 

infants with a history of all-cause LRTI or sepsis admission during the first six months of life. 

This was done by examining RMPRU paediatric surveillance registry from which cases had 

been identified. Any controls hospitalized with an admission diagnosis that could have been 

associated with RSV were removed from the analysis. These admission codes included: 

LRTI, bronchiolitis, pneumonia, sepsis and urinary tract infections and resulted in exclusion 

of 43 controls. After the removal of these controls it was confirmed that every case had at 

least one control.   

4.2.1 Laboratory methods 

Cord blood serum samples were analysed at the Respiratory and Meningeal Pathogens 

Research Unit for  RSV/A neutralizing antibody using a microneutralization assay described 

earlier (131, 136). The assay was performed in 96-well flat bottom, micro-titre plates using 

HEP2 cells (ATCC CCL-81) and the long strain of human RSV (ATCC VR-26).  Each 96-

well plate contained four patient samples tested in duplicate using 12 two-fold dilutions. For 

each assay, the following controls were included: an Intravenous immunoglobulin (IVIG) 

control, which was run the same as a test plate, but using IVIG instead of patient serum at 

four different dilutions; and another control plate with 2 rows of negative controls (no virus 

and no serum), 2 rows of positive controls (virus but no serum), and 4 rows to back-titrate the 

virus. Paired maternal and cord sera were tested on the same microtiter plate. Plates were 

incubated at 37 °C and 5% CO2 for 144 hours (6 days) with daily checks for virus-specific 

cytopathic effect. After the six-day incubation period the plates were: decanted, overlaid with 

crystal violet, and left to stain for 24 hours. After the 24-hour staining period the plates were 

gently decanted, rinsed and allowed to dry upside down before reading the wells. Readings 

were performed immediately after drying and then a second time two days later to ensure 

accuracy. Titres were determined by the last well with at least 50% fully protected HEP2 cell 
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monolayer. The final titre for each sample was the average of its duplicate pair. The Reed and 

Meunch method was used to calculate the end dose (ED50 and ED80). 

 

4.2.2 Statistical analysis 

The titre distributions (GMT) were analysed using the frequency procedure. An 

accompanying chi square test was used to determine if those distributions were significantly 

different from one another. The equal (pooled) variance independent T-test procedure was 

used to evaluate for a significant difference between mean titres (log2). The 95% confidence 

level for the means were provided. P-values were set to less than 0.05. A conditional 

(multivariable) logistic regression model was used to estimate the odds of RSV 

hospitalisation looking at different risk factors including unit titre (log2), seasonality of birth, 

smoking during pregnancy, alcohol use during pregnancy and the presence of < or >3 siblings 

within the household.  

4.3 Results 

Expectantly, mothers of cases and controls were similar in mean age, HIV infection, smoking 

and alcohol usage during pregnancy and parity categories (Table 4.1). 

4.3.1 Comparing ED50 titres distribution and values in RSV case and control infants <6 

months of age 

The comparative titre distribution demonstrated that the majority (52.63%) of infant controls 

were above a value of 1024 compared to less than half (41.55%) of cases (Table 4.2). The 

titres for controls ranged between 1130 and 1263 with a mean GMT of 1195 whereas cases 

had a significantly lower range with a mean GMT of 950 (p <0.0002).  The comparative 

mean log2 titres for cases and controls were different with statistical significance; 9.89 vs 

10.22, p <0.0002 (Table 4.3). 
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Table 4.1 Baseline demographic and clinical characteristics of mothers and infants with (cases) and without (controls) RSV lower respiratory 

tract infection hospitalisation 

  Overall  Cases  Controls          
No of mothers   1036   219   817   

        
Mean Maternal age   27.05 (17.0 - 45.0)  26.98 (17.0 - 44.0)  27.07 (18.0 - 45)  

        
Parity         
<3  819 (79.1)  169 (77.2)  650 (79.6)  
Ó3  94 (9.1)  28 (12.8)  66 (8.1)  

        
HIV status         
HIV uninfected  761 (73.5)  161 (73.5)  600 (73.4)          
Smoking during pregnancy       
No   808 (96.4)  168 (96.6)  640 (96.4)  

        
Alcohol during pregnancy       
No   772 (92.9)  160 (91.4)  612 (93.3)          
No of infants   1036   219   817   

        
Female  612 (59.1)  128 (58.5)  484 (59.2)          
Gestational age         
>37 weeks  873 (84.3)  181 (82.7)  692 (84.7)  
<37 weeks  163 (15.7)  38 (17.4)  125 (15.3)          

Mean birth weight in grams 

(SD)  3040  2995.3  3052.8  

  (635 - 5800)  (905.0 - 5800)  (635.0 - 4810.0)  
Missing values for maternal smoking status 198, for maternal alcohol status 205 

 
 

Table 4.2 RSV Geometric mean titre distribution for all cases and controls 
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ED50        

GMTs   64 to <128 128 to <256 256 to < 512 512 to <1024  >1024 Total  
        

Infants <6 months  
Cases  0 (0) 7 (3.20) 53 (24.20) 68 (31.05) 91 (41.55) 219 

Controls   2 (0.24) 17 (2.08) 103 (12.61) 265 (32.44) 430 (52.63) 817 
        

Infants <3 months        

Cases  0 (0) 2 (2.94) 14 (20.59) 27 (39.71) 25 (36.76) 68 

Controls  2 (0.82) 7 (2.87) 29 (11.89) 84 (34.43) 122 (50.00) 253 
        

ED80        

GMTs 32 to <64 64 to <128 128 to <256 256 to <512 512 to <1024 >1024 Total  
        

Infants <6 months  
All cases 0 (0) 2 (0.91) 31 (14.16) 62 (28.31) 64 (29.22) 60 (27.40) 219 

All controls 1 (0.12) 4 (0.49) 45 (5.51) 184 (22.52) 279 (34.15) 304 (37.21) 817 
        

Infants <3 months        

Cases 0 (0) 0 (0) 10 (14.71) 21 (30.88) 21 (30.88) 16 (23.53) 68 

Controls 1 (0.40) 4 (1.58) 12 (4.74) 50 (19.76) 99 (39.13) 87 (34.39) 253 

  

Missing values ED50 and ED80 =20 (2 cases, 18 controls) 

 

 

Table 4.3 Geometric mean titres and log2 titres for all cases and controls 

    
           

  95% confidence limit  mean titre 95% confidence limit    

ED50  GMT  lower upper   (log2) lower upper   

p-

value Total  
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Infants <6 months           

All cases 950.61 847.36 1066.43  9.89 9.73 10.06  0.0002 219 

All controls 1195.25 1130.92 1263.23  10.22 10.14 10.30   817 
           

Infants <3 months           

Cases 923.74 756.11 1128.53  9.85 9.56 10.14  0.0615 68 

Controls 1129.80 1027.59 1242.18  10.14 10.01 10.28   253 
           

  95% confidence limit  mean titre 95% confidence limit    

ED80 GMT  lower upper   (log2) lower upper     Total  
           

Infants <6 months           

All cases  689.42 613.66 774.53  9.43 9.26 9.60  0.0001 219 

All controls 878.19 830.74 928.35  9.78 9.7 9.86   817 
           

Infants <3 months           

Cases 661.9 541.14 809.6  9.37 9.08 9.66  0.0357 68 

Controls 829.35 754.01 912.23  9.70 9.56 9.83   253 
 

Missing values ED50 and ED80  =20 (2 cases, 18 controls) 
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4.3.2 Risk factors for RSV hospitalisation in infants <6 months of age 

A multivariate conditional logistic regression was used to analyse the effect of select 

variables upon an outcome of RSV hospitalisation in infants less than six months of age using 

ED50 values (Table 4.4). These factors included: cord blood titre, seasonality, smoking and 

alcohol usage during pregnancy and presence of siblings (<3 vs >3) in the home. The results 

indicated that only an increase of infantôs cord blood titre (as a unit log2) was significantly 

associated with an OR of 1.43 (95% CI 1.193ï1.715, p <.0001). The association between 

cord blood titre and RSV hospitalisation can be summarized as follows: in infants who were 

less than six months of age, every unit of log2 titre increase resulted in a 43% reduced odds of 

RSV hospitalisation. 
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Table 4.4 Risk factor analysis for RSV hospitalisation in infants *  

 ED50 <6 months  ED50 <3 months  
Variable  OR (95% CI) p-value OR (95% CI) p-value 

Cord blood titre (log2) 1.431 (1.193-1.715) 0.0001 1.390 (0.946-2.044) 0.0934 

Seasonality 0.494 (0.060 - 4.092) 0.5134 <0.001 (<0.001->999.999) 0.9935 

Smoking 1.028 (0.354ï2.986) 0.9596 <0.001 (<0.001->999.999) 0.9943 

Alcohol 0.766 (0.366ï1.604) 0.4793 >999.999 (<0.001->999.999) 0.9947 

Siblings <3 vs >3 1.511 (0.811ï2.817) 0.1936 3.346 (0.796-14.068) 0.0993 

     

 ED80 <6 months 
 

ED80 <3 months  
 

 
OR (95% CI) p-value OR (95% CI, p-value) p-value 

Cord blood titre (log2) 1.422 (1.192-1.696) <0.0001 1.440 (0.979-2.119) 0.0642 

Seasonality 0.493 (0.059-4.111) 0.5135 <0.001 (<0.001->999.999) 0.9936 

Smoking 1.019 (0.351-2.963) 0.9718 <0.001 (<0.001->999.999) 0.9943 

Alcohol 0.758 (0.362-1.590) 0.4642 >999.999 (<0.001->999.999) 0.9948 

Siblings <3 vs >3 1.515 (0.813-2.823) 0.1913 3.501 (0.820-14.949) 0.0907 

 

*   ORs are adjusted    via multivariate regression
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4.3.3 ED80 threshold and association with RSV LRTI hospitalisation <6 months of age 

The titre distributions were assessed using an ED80 threshold to further explore for titre 

differences between cases and controls that may have been otherwise masked by an ED50 

threshold (Figure 4.2). ED50 and ED80 values correlated strongly (R =0.9456). Overall, the 

qualitative or directional relationship between cases and controls was maintained using either 

ED50 or ED80.  The overall impact of using ED80 instead of ED50 was that it lowered the 

mean titre values in both case and controls while maintaining a small but significant 

difference between the two groups (9.43 vs 9.78, p <0.0001) (Table 4.3) 

 

 

 

Figure 4.2 Comparative titre distributions of all cases and controls, ED50 vs ED80 

 

The risk factor analysis using ED80 in infants <6 months was directionally similar to the 

ED50 in the same cohort (Table 4.4). In the ED80 analysis, the infant cord blood titre 

remained strongly correlated to a statistically significant reduction in odds for RSV 

hospitalisation  (OR =1.425 95% CI: 1.195 -1.699, p <0.0001).  
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4.3.4 Limiting the analysis to the first 3 months of life, ED50 and ED80 

By restricting the analysis to infants less than 3 months of age, the titre distributions and 

comparative GMTs/log2 titres were overall lower but remained directionally consistent with 

those observed in infants <6 months of age  (Tables 4.2 and 4.3). In the risk factor analyses,  

cord blood titres maintained similar OR values but lost their statistical significance.  

4.3.5 Excluding controls with a history of respiratory or sepsis related hospitalisation in 

the six months of life 

The third sensitivity analysis re-ran the full set of statistical tests in infants <6 months after 

removing select control infants (n =43) with a history of LRTI, bronchiolitis, pneumonia, 

sepsis or urinary tract infection admission during the first six months of life. The statistical 

testing of the remaining controls did not result in dramatic differences in case/control titre 

distributions (Table 4.6) or when comparing GMTs/log2 titres between cases and controls 

(Table 4.7).  
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Table 4.6 RSV Geometric mean titre distribution for all cases and controls <6 months, with select controls removed *  

 

ED50        
GMTs   64 to <128 128 to <256 256 to <512 512 to <1024  >1024 Total  

        
Infants <6 months  
Cases  0 (0) 7 (3.23) 53 (24.42) 68 (31.34) 89 (41.01) 217 

Controls   2 (0.26) 17 (2.19) 98 (12.65) 250 (32.26) 408 (52.65) 775 

        
ED80        
GMTs 32 to <64 64 to <128 128 to <256 256 to <512 512 to <1024 >1024 Total  

        
Infants <6 months  
All cases 0 (0) 2 (0.92) 31 (14.29) 62 (28.57) 63 (29.03) 59 (27.19) 217 

All controls 1 (0.13) 4 (0.52) 42 (5.42) 175 (22.58) 267 (34.45) 286 (36.90) 775 

        
* 43 controls which were removed if they had a history of all-cause LRTI or sepsis admission during the first six months of 
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Table 4.7 Geometric mean titres and log2 titres for all cases and controls infants <6 months, with select controls removed *  

 

  95% confidence limit  mean titre 95% confidence limit    

ED50  GMT  lower upper   (log2) lower upper   p-value Total  

Infants <6 months           
All cases 946.49 842.94 1062.76  9.89 9.72 10.05  0.0003 217 

All controls 1191.88 1126.01 1261.61  10.22 10.14 10.30   775 

           

  95% confidence limit  mean titre 95% confidence limit    

ED80  GMT  lower upper   (log2) lower upper   p-value Total  

Infants <6 months           
All cases 685.94 610.08 771.22  9.42 9.25 9.59  0.0001 217 

All controls 876.03 827.42 927.49  9.78 9.70 9.86   775 

 

* 43 controls which were removed if they had a history of all-cause LRTI or sepsis admission during the first six months of life 
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The risk factor analysis was repeated after the 43 selected controls were removed for both 

ED50 and ED80 datasets to explore for an impact (Table 4.8 and 4.9). As was seen with 

previous analyses, the cord blood titre as a unit log2 was most strongly associated with a 

reduction in odds of RSV hospitalisation.. More specifically, for the ED50 analysis the OR 

for cord blood titre as unit log2 was 1.39, 95% CI: 1.159ï1.669, p <0.0004). The ED80 

analysis were very similar. 

Table 4.8 Risk factors for RSV hospitalisation in infants <6 months, with select 

controls removed *  

    

 ED50 <6 months   
Variable  OR (95% CI) p-value  

    
Cord blood titre (log2) 1.391 (1.159-1.669) 0.0004  

Seasonality 0.496 (0.060-4.068) 0.5135  

Smoking 1.031 (0.357-2.980) 0.955  

Alcohol 0.787 (0.367-1.688) 0.5393  

Siblings <3 vs >3 1.503 (0.798-2.833) 0.2073  

    
Variable  ED80 <6 months   

 OR (95% CI) p-value  

Cord blood titre (log2) 1.383 (1.158-1.652) 0.0003  
Seasonality 0.495 (0.060-4.081) 0.5132  

Smoking 1.021 (0.353-2.950) 0.9696  

Alcohol 0.787 (0.367-1.689) 0.5385  

Siblings <3 vs >3 1.499 (0.796-2.825) 0.2100  
 

* 43 controls which were removed if they had a history of all-cause LRTI or sepsis admission during the first six months of 

life
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4.4 Discussion 

There was a significant difference in the mean ED50 titres between RSV-LRTI hospitalized 

case and control infants less than six months of age. ED80 analyses in this group revealed 

similar directional relationships as seen with ED50 analysis with slight changes to the 

percentages of each group within various titre intervals. The ED80 GMT and log2 values were 

lower overall for both cases and controls which is an expected result when the cut off is raised 

for defining neutralization. RSV antibody collected from cord blood and measured as a unit 

log2 titre was the strongly associated with a reduced odds of RSV hospitalisation (OR 43%).  

Similar to previous studies, a definitive threshold of RSV/A MN titre for protection against 

RSV-LRTI hospitalisation was not identified through this study in South Africa. 

Nevertheless, the inverse relationship between higher titres and lower odds of hospitalisation 

was observed through conditional logistic regression;  similar to  observed in other studies 

(13, 44, 95, 131). In our study, there was a reduced odds of RSV hospitalisation of 43% (95% 

CI 1.93ï1.715, p <.0001) for every unit rise in log2 titre, which was higher than point estimate 

range reported from previous studies ( Kenyan, 33%; Denmark, 26%; and USA Native 

population, 30% (47, 95, 131).   

The assay used for this study was a general RSV/A microneutralization assay summarizing 

the totality of the motherôs polyclonal antibody response to RSV/A virus acquired by the 

infant (i.e. in cord blood). What this assay could not describe were more specific aspects of 

that polyclonal response such as avidity or the targeting of a highly neutralizing epitopes 

found on the pre-fusion form of the F surface protein (135, 137). It is possible that a more 

specific assay would have revealed larger differences between case and control infants.  

A sensitivity analysis which excluded controls with a history of LRTI, UTI or sepsis related 

hospitalisations was performed in the unlikely event that these infants may have had RSV but 

were not identified through the RMPRU paediatric surveillance program. However, their 

exclusion did not alter the results materially.  

This study has several strengths and limitations. The sample size was robust  and the majority 

(63.5%) of cases were matched to four controls on multiple variables.  An important matching 

criterion was the infant date of birth. Cases and controls were matched on a date of birth that 

occurred within one week in order to control for any confounding caused by age related risk. 

This matching variable however could not account for differences in either the timing or the 

amount of infectious exposure for both mother and infant. For the mother, previous studies 

have shown that the amount of maternal exposure relative to the seasonal timeframe 
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influences the level of antibody which can be transplacentally transferred (96). For the infant, 

the baseline characteristics summary did reveal a higher percentage of case mothers with three 

completed pregnancies. This could mean that case infants had higher infectious exposure 

through a larger number of siblings; a known risk factor for disease (15).  One limitation is 

that this study was unable to account for controls who may have sought care for mild to 

severe RSV disease outside of surveillance system at CHBAH.  

There has been a large body of work dedicated to RSV sero-correlates of protection. There are 

important clinical patterns and evidence from passively administered monoclonal antibody 

which point to the promising relationship between antibody and protection against severe 

disease. It is unclear if further studies on natural immunity will reveal a definitive threshold of 

protection. The limited conclusions of the data may stem from the limitations of the human 

immune response itself which the virus has successfully averted as evidenced by repeated 

infections (138-140). Current developments in active (vaccine) and passive (monoclonal) 

immunization specifically aim to overcome this assumed natural limitation (43). The sero-

correlate of protection may have to wait for further insights through these trials.  
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Conclusion  

The numbers used to describe the global paediatric burden of RSV disease are undeniable; 

this virus is now a leading cause of respiratory infections children under five years around the 

world (1, 141). Global systematic reviews and modelling indicate that the burden is 

unfavourably tilted towards lower and middle income countries where multiple factors may 

exacerbate vulnerability to more severe forms of disease and poor outcomes (1). Equally 

important is the fact that RSV lacks an effective treatment and the one form of prevention (a 

monoclonal antibody) is largely inaccessible to the vast majority who suffer from the disease. 

Efforts are underway to develop effective and accessible interventions including vaccination, 

next generation monoclonal antibodies and anti-virals. Therefore, advancing an understanding 

of the RSV burden at the country-level is critical so that public health authorities can be 

prepared to make informed decisions for their when these interventions become available.  

The South African specific RSV burden has been investigated for several decades (6, 7, 9, 64, 

67, 72, 74, 142, 143). Over time these studies have helped narrow the focus onto specific 

populations believed to be at highest risk for disease including young infants and those with 

HIV infection or exposure (72).  This dissertation aimed to complement and expand upon the 

existing data by telling a story on two levels. First, by describing and comparing the 

hospitalized RSV burden among HIV exposed and unexposed infants through measures of 

hospital incidence, clinical characteristics and outcomes by month of age. And second, 

describing the sero-epidemiology of RSV neutralizing antibody to further inform our 

understanding of natural immunity in the first months of life.  

In Soweto, the distribution of hospitalized disease by month of age replicated what has been 

described in other populations however the overall incidence among infants <12 months was 

lower than expected when referring to other sources of data (2, 3, 71, 74, 82). Furthermore, 

hospitalisation incidence rates were similar between HIV exposed and unexposed infants 

despite prior predictions that HIV exposed infants were at higher risk for severe RSV disease 

(56, 74). These differences highlight the importance of understanding key differences across 

populations, study design, clinical practice and statistical methods which make translating 

results between studies difficult. The clinical course during hospitalisation was of moderate 

severity with only a small percentage of cases requiring ICU admission and low mortality 

outcomes. Despite the lower severity and low mortality, RSV hospitalisation should be 

viewed as a significant medical burden for the Sowetan infant population and the hospital that 
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cares for them. RSV cases accounted for approximately one quarter of the total  3490 

respiratory related hospitalisations captured through the two years of surveillance. During the 

peak of the RSV season, these cases accounted for more than half (53.2%) of all respiratory 

related hospitalisations with the majority (69.3%) occurring in infants <6 months of age. The 

majority (69%) of RSV hospitalisations received antibiotics during the course of their stay; a 

likely result of utilizing the WHO IMCI guidelines and a lack of testing within the standard of 

care. Unfortunately, it is unclear what percentage of these cases may have had a bacterial co-

infection warranting antibiotics but the assumption is that most received treatment 

unnecessarily. Given the rising concern over antibiotic resistance, one could make the case for 

incorporating virologic testing to avoid inappropriate usage.  

RSV clinical presentation is a respiratory syndrome which overlaps with other viral causes of 

respiratory infection (25). A definitive RSV diagnosis requires confirmatory testing in order 

to be able to differentiate it from the many possible viral aetiologies. This means that for 

surveillance purposes it is important to know the frequency and association of clinical signs 

for RSV in order to be able to efficiently screen for potential cases. The dissertation data 

demonstrated a clinical syndrome similar to what has been described in the past including 

signs of cough, wheeze and respiratory distress (25, 78, 144).  

The second and third objectives of the dissertation revealed important new information about 

RSV disease via sero-epidemiology studies. RSV neutralizing antibody is known to traverse 

the placenta and is associated with protection of infants against hospitalized disease (13, 44-

46). Prior studies conducted in Nepal, Bangladesh, The Gambia and the United States 

demonstrated efficient transfer rates Ó1 in the infant. Therefore, it was surprising to see that 

the overall transplacental transfer rate of RSV neutralizing antibody was less efficient among 

Sowetan mothers both with and without HIV infection. Covariate analysis revealed that 

maternal hypergammaglobulinemia contributed to lower transfer rates which makes sense 

when considering the mechanism of transplacental transfer is vulnerable to receptor 

saturation. The implications of this finding are unclear as this objective did not relate transfer 

rates to disease outcomes but the findings must be taken into consideration when developing 

RSV maternal immunization programs.  

The relationship between higher RSV neutralizing antibodies and protection against 

hospitalized RSV was identified in the 1980ôs but a definitive threshold of protection remains 

elusive (13, 44, 95, 96, 130, 134).  This dissertation attempted to identify a specific titre level 

which differentiated RSV hospitalized cases from non-hospitalized controls while also 
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examining the impact of covariates including HIV exposure, seasonality, maternal alcohol and 

smoking during pregnancy. There was a significant but very small difference in the titre 

distribution, mean GMT and mean titre (log2) between HIV unexposed cases and controls but 

not enough to confidently draw a line in the sand between protection and no protection.  The 

use of logistic regression was able to demonstrate a relationship between a fold rise in titre 

and a reduction in the odds of RSV hospitalisation. More specifically, this study identified a 

reduction in odds for RSV hospitalisation of 43% for every unit rise in log2 titre; a finding 

which was in close proximity to several other studies (44, 47, 96). Although these results are 

disappointing, there are future avenues of exploration which could provide more promising 

data in the future. The recent crystallization of the RSV viral surface protein responsible for 

fusion between virus and host cells has informed a new era of understanding of viral host 

immunity. RSV vaccine programs are now able to target specific epitopes on the F protein 

which induce highly neutralizing antibody (137, 145). The development of assays which can 

measure epitope specific sites may end up being more informative about sero-correlates of 

protection than the general microneutralizing assay that was used in this and may prior 

studies. In addition, systems serology techniques promise to map out downstream antibody 

mediated immune functions which surely matter just as much, if not more, than the absolute 

titre value itself.   

This thesis was researched and written over the course of six years during which time the field 

of RSV has continued to evolve and widen rapidly. There are currently over 40 RSV vaccine 

and monoclonal antibody programs in development (146). A recent phase 3 maternal 

immunization trial ñPREPAREò sadly failed its primary endpoint but revealed several 

important post-hoc findings including a reduction in all-cause LRTI in the first year of life; an 

effect which occurred long after maternal derived RSV antibodies had waned from the 

infantôs circulation. This intriguing finding suggests that RSV infection and prevention may 

play an important role in the overall, longer term respiratory health of children. The data 

summarized here will hopefully be incorporated into a larger landscape of RSV knowledge 

and activity aimed at supporting any number of future potential interventions. 
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