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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 diseasesoccur

in lower and middle income countries. Decades of epidemiological work have deatenhstr
that the risk for RSV hospitalisation is highly concentrated in the first six months,of life
when infantsd I mmune systems are | mmatur e
antibody are waning. The South African paediatric populationrmgdsed of a significant
percentage of HIV exposed uninfec{gtEU) infants whoreportedly havéigher risk for

infectious morbidity and mortality.

Methods: This thesis utilized a prospective, inpatient paediatric surveillance prpgnaha
prospective Ioth cohort to describe RSV hospitalisations, maternally derived immunity and
explore for a sergorrelate of protectioagainst RSMLRTI hospitalisatioramong HIV

unexposed anHEU infants.

Results:RSV hospitalisation incidenagas21.4per 1000 live biths among Sowetan infants

A peak of disease occedin the first month of life and constieda large percentage (53%)

of all-causeLRTI hospitalisation duringhe RSV epidemic period he majority of
hospitalisations (69%) occurred among infants in their first six months oRH¥.

hospitalisation incidence of HIV unexposed and exposed infightsot differ significantly

(21 vs 20 per 1000 live birthsrespectively. Most RSV hospitigsationcasesvere discharged
home with a low cases fatality risf0.009. The majority of R§-associatethospitalisations
received antibiotics69%). Infants without and with HIV exposuaequiredmaternally

derived neutralizing RSV antibody via trafesgental transfefHUU 0.82 vs HEU 0.67, 4q;
0.1222).Thecord to maternal blood rat(€MR) of RSV neutralizing antibodwas0.74 The

CMR wassignificantly associated with maternal hypergammaglobulinemia. Cord blood titres
demonstrated an inverse relationship between maternally derived neutralising RSV antibody
and risk of RSV hospitalisatidn infants up to six months of agé&/hile a definitve

threshold of protection was not identifi@tlwas observed that for eveuyit rise inlogo titre,

there was d3% reduction in odds for hospitalisation

Conclusion: RSV hospitalisation among Sowetan infants represents a significant burden of
disease tat is highly concentrated within the first six months of life. Maternally derived

neutralising RSV antibody is present in infants at the time of, lailkeit at levels lower than

\



what has been described in other parts of the world. Maternally derivedlistng RSV
antibody is associated with protection against disease but a definitive correlate of protection

has not yet been identified.
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Preface

| came to South Africa shortly after completing my paediatric residency in Philadelphia
(U.S.A)). My original plan was to do a fellowship in paediatritectiousdiseaseandl had
secured a position at the hospital whehnadtrained. Shortly thereaftemy husband was
offereda uniqueopportunity to work with the Red Cross based out of Johanrgeshsia

family of two adults and two young childreme had just endured gruellingset of years

while | worked my way through medical school and residency. After careful consideration,
placing fellowship on hold in order tmmeto South Africa seemedkander option. | naively
assumed that | could find work as a general paediatrician at one of the city haspitils
quickly became apparent ththts would not béeasible during my several year stay in South
Africa. Sol began to explore opportunities in research thinking that it would be nice to gain
experience in a particular infectious disease baitinmatelyreturning the States to do
fellowship. | met Professor Madhi and the Research and Meningeal PathogenstResdar
(RMPRU)shortly thereafter. | left the RMPRU intrigued by the pasigiof approaching

my interest in infectious diseases from a completely different d@ntl@ugh doctoral

research.

| began the PhD program @linical Microbiology andnfectiousDiseases five months after
arriving in South Africa. Professor Madhi had asked me to select a pathogen of,iaterest
longasiwas al ready incorporated into oneAst he
one could easily surmise by the titletbis thesis| selected Respiratory Syncytial Virus

(RSV). | did sobecausd&kSV was an infection that defined my training as a general
paediatrician who came of age after the introductiodagmophilus influenzagpe band
pneumococcal vaccination. Mylifand winterseasonsvere 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 strigling to breath. When | started to prepare for the PhD proposal by diving
into the epidemiological literature, | was stunned by the size of the burden estimated on the
global scalel wasfurther taken aback by its estimated mortality which largely ogours

lower- and middleincomecountries. How could we not yet have found a soluticsutth an
important and larganmet medical needrhis realization imbued my thesis work with a deep

sense of purpose. Mynderlyinggoal througtthis thesis workvould be b contribute to the

XVi
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knowledge base in hopes tlsaimedayhese data could help to inforrvaccine or aniral

medicationin development

| returned to the U.S. after several years to resume clinical work (all that RSV to take care
of!) andwasunexpectedly offered the opportunity to work on a maternal RSV vaccine
programin industry | made the difficult decision to leave my clinical careelieving that
perhaps | could contributay experiencetowards a concrete solution. For the past three
years, | have been the medical director of the RSV progtdfizer | have worked on this
thesis in paralleilo my joband believe that my acadenaind professionandeavourtave
come together in a very meaningful way. My contribution to a developing RSV vaccine
program has been deeply informeddmthmy experiences as a cliniciand asa doctoral
student. The rationale of a vaccine program refigmsnsely upon a solidnderstandingf the
disease and its epidemiological/semdemiological backdrop. At the same time, this thesis
has also been deeply informed by my experiences working on an RSV vaccine program. | am
very fortunate to worlalongsde a multidisciplinary team with basic science and
epidemiological expertisenlever had troublénding an interested ear to discuss my latest
thoughts and questioas | worked through each successive thesis objedfiaay of the
papers cited in thighesis are papers that | haalsousedin my job to help inforntlinical

trial case definitionghe design o$urveillance programs, and policy considerations.

Working a full time and raising a family have extended the time it took to reach the end of
this thesigd sixyearsintotalHowever , despi Lamtrilylgmatefsithai | 6 s p ac
was able to dd in such a meaningful waandwith 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 viruRSV)is a leading cause of respiratory related associated
morbidity in children under the age of five years around the warmtilyet there is no

effective treatment or vaccin€he only form of prevention, a passively administered
monoclonal antibody, is geradly 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 systetic review of the global RSV burden in children published byeshi
al.in 2017 highlights the key measures, uncertainties and gaps in our unders¢apdiriee
review provides global, regional and age stratified estinveitbsuncertainty rangés(UR)

for iliness episodedospitalisatios, inhospital mortality and total mortalityased upon 250
publications and 76 unpublished dataseis high, middle and low income settings (LMIC)
Theannual incidence of undéive RSV associated acute lower respiratory tract infections
(ALRI) is estimated to be 33.1 million episodes (UR 25@3) whichamaunts to
approximately 28% of all ALRI episoddsurthermore, there are approximat&If2 million
hospitalisatios (UR 2.7 3.8) and 59,600 Hmospital deathattributed to RSV, which are
thought to be conservative estimates. When community deaths aréntakeonsideration,
RSV mortalityis estimated to b#18,200 (UR 94,000 and 149,000) deaths per {fgarThe
analysis @irther highlights that the burden is concentrated among the youngest infants with
approximatelyl.4 million or45%of the total hospitalisatiorend 27,300 RSV associated
deaths occurring in those less than six months of age. Of note, the vast majority of these
hospitalisatios and deaths are believed to occur in developing courdttesugh robust
sources of data are lackinghe size, volumand heterogeneity of the data utilized by &hi

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 ®ayesian 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 avdlpes are used to represent

uncertaintyabout the dia.

1.2Viewing RSV burden by chronological age



The firstof only two studieso provide RSV associatdwbspitalisatiorincidence by month of
age was conducted by Hali al.in the United State@). This prospective, populatiemased
surveillance of lab confirmed RShospitalisatios was conducted over five yeaat three
sites in differenttates. The data demonstitedistribution of disease over the course of the
first 24 months of life, within whichthe highest incidence of disease occurred among one
month old infantsta rate of 25.9 per 1000 childrdfigure 1.0illustrates Hall incidence
rates by month of ag@he next highest incidencd approximately 14 per 1000 children
occurred just before and after the anenth old aggroup, therebgoncentratinghe largest
proportion of disease to the first three months of lfaereafter,iediseaseates graduat
reduced with each successive month of life from 8.9 per adfiur months of ag® 2.9 per
1000 childrerat 11 months of agélthough therevas evidence of year to year variation in
the incidence by as much as fdald, the distribution oflisease@emained 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.

[
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Figure 1.0Incidence rates of RSV hospitation in U.S. infantdy month of agé

A 2017 metaanalysis by Pariklet al.resolves this issu@). Disease distribution across the
first year of lifewasidentical for both term and preterm infants with the peak incidence of

disease occurring between 1 and <2 months gffagare 1.1 Note the prgortions sum to



100%. The Parikh datdemonstrated thapproximately60% of RSVhospitalisatios

occurred in the first three months of life and betwee®0% in the first six month&).
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Figure 1.1 Proportion ofU.S.infant RSV hospitalisations by month of age, across various

data source$
1.3Agerelated RSV burdenand seasonality

The distribution of ageslated RSV disease must alsoifierpreted in the context of
seasonality Inthestudyby Hall et al.,73% ofhospitalisatios occurred during the peak
winter monthsof the northern hemispheigcludingDecember, January and Februgy,
however, the distribution of age related hospitalisation incidence in relation to RSV
seasonality was nainalysedSuch an analysis was undertaken in a Danish study, in which
lab confirmed RSV hospitalisations in children less thanyears vereidentified through a
national patient registry over the course of five seadn3 he majority of hospitalisations
(60%)occurredn childrenunder six months of ageith the highest amual incidenceatone
monthof age;Figure 1.2. Theage specifihiospitalisatiorincidence rates changey month

of the RSV seasoim Denmark. Peak seasonal incidence occurred in tandem across all age
strata. The highest rates of hospitalized disease occurred-manté old infantsThis
visualization of the dateeaffirms 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 1.2Monthly RSV hospitakation incidencen Denmarkby month of age and month

of seasort
1.4RSV associated mortality

Ninety-nine percent of RS¥ssociated mortalitis estimated to occun developing
countriesalthough there imited data which informs these estimatgy Shi et al. estimates

for paediatric mortality weres9,600 inhospital deaths for all children less than five years,
27,300 inhospital 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
arewide and reflect the variability and incomplete nature of the daétse modelled death

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

A systematic literature review and modelling study conducted by &hiiet2017 provides
the most current assessment of global case fatality (BteEhis analysisprovided CFR and
number of inhospital deaths children with RSVYALRI reported by World Bank regions
and different age stratkor infants @5 months of age from upper middle income countries
the CFR was 1.8% (1i.2.6) with an estimated 7,200,200/ 12,300) inhospital deaths. For
infants 6 11 months of age from upper middle income countries the CFR was 2.405.4).1
with an estimated,800 (28001 22,100).These are likely to be undestimates due to lack of

virologic testing.

A retrospectivedescriptive caseeries analysisonducted by Scliema etal., in2017,
provided more detailed characterization of timical and socioeconomic factoo§ deaths
associated with RSV in childréb). Analysinga total of 35&atal caseghildren from 23
countries 33%werefrom LMICs and58% were less than six montblsage A history of

prematurity was identified iB% of the childrenand a further 28%ad underlying



comorbidities.The vast majority of these deati’¥$0 occurred during an identifiable RSV
seasonWhile 20%of children who died were admitted to tinéensivecare unit (ICU)

during the course of their illnessnly 24%o0f the total deaths had accessGtJ care

A number of studiesn RSV morbidity have been undertakerSwuth Africahighlighting
different angles on RSV associated mortality within the aguntluding inhospital and
out-of-hospitalillness, andassociations withinderlying cemorbidities such asllV

infection.In 2003,Madhi et al.prospectively evaluated and compared RSV associated illness
among high risk children aratherwise healthghildren less than 24 months. The study was
conducted in four provinces over two distinct time periaas enrolled®58 children(6).

Overall 53 cases of RSV associated LRW¥éreidentified with a higher prevalence among

high risk children (30%) compared to nbigh-risk children (22%)A | t h dighyrisko 6
childrenwere more likely to be hospitalized, including admission to the ICU, there were no
deaths reported in this studyenteret al.2011 tested for fourteen viruses among children

less than five years of age who either required outpatient or hesa#tedl care for an acute
respiratory tract infectio(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 seropositivg(32%). RSV was the second most common infec{s@tond to rhinovirus)

and identified in 30.1% afasesIn this study 10% (6/60) of children with RSdéntified as

a single organism died, and 2.92670) of childrenn whom RSV was identified with
anotherrespiratory virus. Thetudy did noanaly® the relationship between RSV mortality

and HIV status. Moyest al.in 2013 examiné this relationship more closely among
childrenless than five years with and without HIV infectibospitalized for acute LRTor
neonatal sepsi8). The studywas conducted at four surveillance sites igledtified RSV
infectionin 27% (1157/4293) diestedchildren HIV-infection status was known f68% of

the children with6% (49/802)of children diagnosed as being HIV infected; only half were
receiving antretroviral therapy (ART). Overall, the CFR among RSV cases was 1%
(9/1153) duringhospitalisation. The CFR was 3ifdld higher (95% CI: 5.4179.8, p

<0.001) in children living with HIV (CLWH; 8% 4/49) than those without HIV (<1% 3/751).
The CFR wad% (2/353)in RSV associateospitalisatios among those witanunknown

HIV status The analysis was limited by a lack of data on additional parameters sdt¥i-as

disease staging, ART and viral loads.

Finally, Coheret al.2018modelledRSV associated thospital and oubf-hospital mortality
from 2009 to 2013 for different age groups including child@nThese estimates were



classified into four IcClu sceosdee,s piitahl@itme sy o hcii ald
circul atoryo, and haegstmatedmeaniarmdal raief of REV asgoaiaied T
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 lessthanoneyearofeag t ta ud&lslo r at e was highest at
100,000 personyears (95% Cl:-A® 5. 4 ) .r eTshei riaatldr yo and dApneun
rates were closest to each other with 42.0 per 100,000 (95% (3300 and 30.4 per

100,000 (95% CI0.0r 42.1) person years respectively. The lowest rate 1.5 per 100,000
personyears (95% Cl1:G6. 8) occurred-cwhemnu!luwttiolriyzoi rcg dieassl. |
estimated to be the cause of 22%8% 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 hospitalbased studies. Global attention has now turned to understanding community

based mortality with several collaborative efforts underway incluttie@CHAMPS and RSV

GOLD projectq10, 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 reachingecaWhile the data related to these studies are not

yet publicly available there are smaller but no less important efforts undeAvagent case
control study conducted i AhoAwegoe nmoirntaa | el xtaymianse
with acuterespiratory infections in children less than five years from a low income

background12). Themeatrate of RSV associated mort
100 live brths. The risk of dying from amgcute respiratory infection (ARS8t home was

associated with several important factersduding 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).

1.5RSV 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 g@&3on
Numerous medical, anatomical and sociodemographic risk factors have been examined in an
effort to better understand why some develop severe RSV disease while othets do not

leading toinconsistent result&l4). Physicians who care for infants and children can easily



provide a list of higkrisk conditions including prematurity, chronic lung conditions,
congenital heart disease, and immune defici¢hdy 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 previrese infants and children from responding
appropriately to an infectious insult. A more complex task is to identify and disentangle a
long list of nonmedical factors which could contribute to disease rnskny of which are
present in combination witBach 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@kamined twelve risk factors includingcea sex,

age at time of iliness, absence of breast feeding, poor nutrition, birth during the RSV season,
low socioeconomic status, level of maternal education, crowding, number of siblings in the
bedroomgday careexposure, and household tobacco smoke sxggl4). 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.
Therewasconflicting evidence with regard to whether lack of breastifeg or passive

exposure to tobacco smoke were risk factors.

A more recent systematic review and raatalysis of 20 studies by Shi et ailiblished in

2015 identified eight risk factors associated with RSV disggeThese 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, créche attendance, indoor air
pollution, HIV, multiple births, malnutrition, higher altitude, previous ilkesd 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,igut it

discussed in a later section of this introduction.
1.6 The seasonality of RSV diseaskglobally 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 mo(ity Some countries can have shorter
seasons lasting 3 or 4 mis. There are-2 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 zor{@$, 17) Occasionally these shifts in time can be
up to four weeksA recent global overview of seasonality across 27 countries revealed that
some countries demonstrate two extremely different seasonal pattechsalternateFor
example, Germany alternates ygdretween an early fall or late spring season obhsét of
which maintain the same duration. Finland has either ar/leagy epidemic or latesmall
epidemic that also alternates every two yeargpical zones have more prolonged seasons
lastingfor aslong as ten months.

Each year, RSV is believed to begin in the southern hemisphere and progress northward
through a wide variety of climactic zon@b). It is important to understand how local

climate impacts RSV seasonality, as was done in a 2013 descriplysiamf seven global

CDC associated surveillance sites including South Afi& In this study, motmly

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 Képpen classification system. Inftility sSouth Africa

contributed between 3 to 6 years of data (2006 to 2012) from Soweto and Pretoria, each of
which fell into different Koppen climate classificat®mMore specifically, both Soweto and
Pretoria are described as having warm temperate elinéth 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, possessirigpt summer temperatas. In this analysis however, the South African
data from the two | ocations were congl omer at
descriptive results go on to show that there is a distinctive, single RSV season which could
begin as early as January. Teeasonal onset occurs within one month of the highest

recorded rainfall and humidity. The peak occurs during the autumn p&edotberatures

could fall below freezing. The authors highlight that this descriptive analysis could not
account for other varidds which might also impact RSV seasonality. Factors suchdsoin
crowdingbehavioursenvironmental 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



summarize data from three distirsgindromic surveillance programs which fall under the
purview of the Center for Respiratory Diseases and Meningilading influenza like

illness (ILI1), Viral Watch and the National Syndromic Surveillance for Pneunf@fja

There are also data collected from private hospital consultations. Each of these surveillance
programs began at different time points and differs somewhat in their parambeexéral

Watch progranestaltished in 1984 is the oldest of the surveillance programs and was
developed to primarily monitor outpatient influenza actiydyrring the anticipated influenza
seasonput also tests for other respiratory pathog@®. The Viral Watch program is

extensive and represents disease activity across alpnivinces through the involvement of
205 volunteer public and private clinics. Viral Watch inclusion criteria are informed by the
typical <clinical characteristics found in
Ce. The Nat iSumvallanceSoy Pndumonia, also known as the $sheunte
Respiratory lliness (SARI) program is a younger hoshigaed surveillance program

founded in 2009 in response to the influenza pandemic. The program is less geographically
extensive but compensgatoy providing detailed epidemiological data in addition to

laboratory testing for multiple respiratory pathogémsughout the yegR0). The SARI case
definition is more flexible in order to capture a larger rangewél 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 reaci®r-PCR) from patients of all ages. Samples
can be collected as oropharyngeal or nasopharyngeal swabs, nasopharyngeal aspirates,

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.SBSV detection has traditionalbeen nestethto influenza
surveillance. The implications of this approach mean that if the surveillance dstairtee

influenza season then testjngll fail to capture a significanportion of RSVburdenwhich
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 RS\ivtace

occurs within the influenza season timefram#out 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 Wwaee acess to and seek care.



In 2015, the combined NICD surveillance systems identified the RSV season onset as
beginning in week 9 (approximately MarcH) 1peaking in week 17 (approximately April

26™M and ending in week 29 (approximately July"L9rhe seson 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 studieon RSV epidemiology in South Africa will be covered in

detail in Objective 1
1.8RSV disease presentation in infants

RSV presentation in infants occurs along a wide clinical spectrum of respiratory disease
including upper respiratory tract infectiontt®TI manifested as bronchiolitis, pneumonia or
occasionally croug21). Infection with RSV begins with signs of an upper respiratory tract
infection includingrhinorrhoea 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
sigrs of lower respiratory tract infection including wheeze, crackles, and crepit@ins

Stridor occurs in cases of RSV associated croup but is otherwise not characteristicatélode
to severe forms of LRTI are accompanied by varying levels of respiratory distress as
indicated by the presencetathypnoeaintercostal and subcostal retractions, nasal flaring,
grunting, hypoxemia. Some infants can present with aphyeaefore nore overt signs of
respiratory infection develgput the exact frequency is difficult to determine as the literature
reports a range between 1% and 22%). Several nomespiratory signs are also recognized

as indicators of s@re 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 tirt23). Infants who come to medical

attention typically do so between 2 to 4 days of illness when parents observe that symptoms
have peake(22). Even after an acute care episode, there may be additional outpatient,
emergency roomaisits orhospitalisatioreadmissions 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 of28n24) Signs

such as wheeze, crackles, respiratory rate
mi nuteo depending upon whet heetiotshage i nf ant
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accumulated or a recent coughing fit has successfully dislodged mucusgemtion of
small airwayq23). Therefore, a prar assessment of disease severity requires serial

examinations in order to account for fluctuations in physical 28s24)
1.9The limitations of a bedside diagnosis

The clinical picture described above is a fairly generic presentaitioRTI that could be
causeé by any number of viruses. Traditionally, wheeze has been considered a trademark
characteristic of RSV associated LRHbwever, there is significant overlap of clinical signs
and symptoms between different types viral infedjomaking a bedside diagnosis
challenging A systematic literature review and metaalysis conducted by Ma et al.
identified both cough (OR =2.9 95% CI: 1486) anddyspnoedOR 2.3 95% CI: 1.73.0)

were most strongly associated with RSV infec(ip®). Wheezing waslsosignificantly
associated with RSV (OR =2.2 95% CI.11278) but also forrhinovirus, human
metgneumovirus and human bocavirus. Baene authors conductegb@spective cohotb
further evaluate the association of clinical signs and symptoms with RSV versus other viral
infections. Their findingsevealed several additional clinical features whignenstrongly
associated with RSV diseasecluding anorexia/difficulty feeding (OR =1.6 95% CI: 1.4
1.8) andapnoegOR 1.5 95% CI: 1.12.1). Other clinical features such tever, headache,
myalgia, seizures, rash and sore thimate negatively associated with RShe study
concludel thatclinical characteristicsvere not sufficiently discriminatorytdiagnosis

specific viralaetiologiesof respiratory diseas®ather)aboratory testingvas required for

confirmation.
1.10Clinical management of RSV

The lack of a definitive cure for acute illness limits clinical managemetgportive care
interventions. Clinical management guidelines for RSV are enfolded within bronchiolitis
guidelines. Florin et aln their 2017 review o¥iral 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 giglines are consistent in terms of recommending supportive care
measures including supplemental oxygenation and hydration when deemed clinically
appropriatg23). 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 relationshiprtbage,
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 weablgari
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 gelidanc
for the intensive care management for severe @6e27) Supportive care measures are
recommended in a similar fashion to those reviewed in the Florin article. The oxygen
saturation threshold for supplementation is défgiated by sea level (<92%) and inland
(<90%). Chest radiographs are not recommended unles: the diagnosis is uncertain, there is
high fever 038 eC, suspicion of pleural effu
improve. The diagnostic flo@cknowledges 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 presentatiapa@aThe

South Arican 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 managemeeatpattignt
including: bronchopneumonia, pertussis, foreign body, myocarditis, recurrent wheeze, cystic
fibrosis, cardiac disease, HIV/tuberculosis. In these cases, chest radiographs, antibiotics,

bronchodilators, glucocorticoids, or other interventionghthbe needed.

Overall, a review of these variations in care practices refileetneed 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.
1.11Laboratory testing

The lack of defiitive 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 anTotien.

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

immunoassays, direct immunofluorescence, andPRR. 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 tI& thpid testing is performed in an infant or
child who is being admitted for LRTI in part to determinedb&ologybut mostly for the

purposes of appropriate cohorting of patients on the wards to prevent nosocomial spread.
1.12The RSV Virion

RSV was first identified in a chimpanzee who demonstrated signs of coryza or acute
inflammation of the nasal passages during anreatbof 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 naturg29). RSV is a membeosf thePneumovirinaesubfamily, whichlinks up to

a larger viral ordemononegaviralesvhich is characterized by the possession of a linear,
negativesense, single stranded RSV moled@@). RSV virions can take on round or
filamentous formsboth of which are capable of infecti¢80). The RSV genome, which

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

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

infectious cycleincluding attachment and fusion to the host cell, transcription and

replication, encapsidation and interference withhbst immune systei30).

RSV has two antigenic types or subgroups ideiti@ieA and B These antigenic groups

were originally identified through testing with polyclonal animal serum and monoclonal
antibodieg31). 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 subgrd@p% Genetic variability also exists within each
subtypewhich allows for identification of multiple genotypes, also known as clades or
lineages. Over time new genotypes evpWhkile others disappeaand to date a total of 11

RSV A and 23 RSV B genotypes have been ident{f8&) 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 wthin 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 q@@rl). Cyclical patterns of

subtype dominance ev a period of years have been observed suggesting the population
immunity to specific subtypes wagand wane (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 recognizeel msith targets of the

host immune systemesulting in the production of neutralizing antibodi42). Protein G
facilitates initial attachment of the virus to the host respiratory epithelial cells, after which the
F proteinfacilitates fusion between the virus and host cell. The fusion of multiple host cells
into an aggregated form is called a syncyti#s this characteristic appearance that has been

aptly captured in the name of the disessspiratory syncytial virus.

The F protein can take a pre or post fusion faath with important immunological
ramifications. Viral fusion and thereby infection can only occur while the F protein is in its
prefusion statg43). The pe-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 epitopes identified ithe prefusion F form which directlyinhibits
fusion with host cells and interrupt the infectious process. Recent advances in the
crystallization of the F protein have revealed that specific epitope sites locatedfosiqne
form of F can produce a spectrum of neutralizing pot¢4ay

The presence of neutralizing antibody against RSV has been associated with protection
against dseasd13, 44) Young RSV naive infants may acquirautralizing antibody against
RSV from their mothers in utefd5, 46) While antibodies are believed to be correlates of
protection against severe diseasspecific 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 importé4it)r@i8).

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

greater detail in Chapt&i Ex p| or i n gserdcoorr raenl aRSeV of protecti c
1.13Justification 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 diseaskampitalisationin children less than

five years of age around the world. Studies from multiple couriteee demonstrated that
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the bulk of RSV associatdwspitalisatios occur within the first six months of life and peak
between 1 and 2 months of age. The majority of disease is believed to ochlU€in
settingsput additional data are needeflouth Afri@an efforts across the past several decades
havealready established importagpidemiological patterns through a variety of prospective
and retrospective studigddowever there is little granular data on the burden of RSV
hospitalisatios stratified by moth 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 Iving with HIV infection. The success of th&eventionof-motherto-child-
transmissionRMTCT) program in South Africa has resulted in a growing population of HIV
exposed uninfected infanlEU) who appear to be at higher riskionfectious and non
infectious morbidity and mortality for reasons that remain to be fully elucidaiéue risk for

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

This dissertation aims to provide additional epidemiological andeggd®mological data to
further our understanding of the burden of severe RSV disease among HIV exposed and
unexposednfants in their first year of life. There atlereeprimary objectives through which

this will be achieved:

1. Tomeasurghe incidence of RSV agsiatedhospitalisatios inHIV exposedand
HIV unexposednfants under 12 months of age in Soweto, South Africa

2. To compare the level of RSV neutralizing antibodyimen living with HIV and
those without HIVat the time of delivery and the ratio of transplacental transfer of
antibody to their newborns.

3. To explore for a seroorrelate of protection against RSV associdteshitalisation

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

1.14Materials and Methods
1.14.1Study Population

This epidemiological and sespidemiological study occurred at the Chris Hani Baragwanath
Academic Hospital (CHBAH) located in Soweto, South Africa. The bulk of the study
population, infants with RSV antheir 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 Johanbesg. In the present day, Soweto is now identified as regjon D

one of seven administrative regions belonging to the city at (d8)eThere are

approximatelyl.4 million inhabitants living in this urban setting who occupy a total area of

75 squarekilometres This densely populated area resulted from the conglomeration of
multiple, racebased 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 basssiges 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 demographicand much of the detail provided hereafsdnased on documents for
the City of JohannesburflCoJ)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 withthose ofother city regionshowever 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 offammation came from three documents: the 2008
Johannesburg Poverty and Livelihoods St(itBLS)(49), the 2018CoJDraft Integrated
DevelopmenfPlan (50), and the 2018Vonget al.publication on 2012 healthcare seeking
behavioursn Soweto and Klerksdor{b1).

The majority of the Sowetan community is blakkican with many of the South African

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

hi storical Af orced r es kymotivatedraigratian paterrs inandr r e n t
out of the aregs2). A pubicly 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 mo(88). The 2008 JPLS study conducted by the

Universty 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 regién D

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%iving 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 paockd 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. lliness and footyinsec
only add to the pressures to maintain the needs of the fallibyf these factors play an

important role in the health outcomes of a community.

The Respiratory and Meningeal Pathogens Research Unit (RMPRU) hapnoguass to
electronically captte the total live births and stillbirths occurring at Chris Hani Baragwanath
Academic Hospital (CHBAN Bheki Malangeni District Hospital (BMDH) and surrounding
midwife operated units (MOUSs)This bottomup assessment of the populat@@nominator
attempts to ensure that incidence and risk of an R&pitalisatiorcan 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

1.14.2Paediatric Care within Soweto

CHBAH providesfree,secondary antertiary level care to the surrounding public. The

hospital is affiliated with the University of the Witwatersrand and provides both acute
inpatient and nomcute outpatient care to all age groups. There are appiekyn3200 total

beds of which 408 are paediatric beds. The Department of Paediatrics provides emergency
care twentyfour hours per day with the ability to admit to short stay, general medical
surgical, intensive care and several subspecialty wards. Eaghtyere 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 3(B\NdB¢H was opened to

relieve a small portion of the patient voluateCHBAH by providing level one care to the

Northern and Western Sowetan communities
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1.14.30bstetrical carewithin Soweto

CHBAH provides tertiary obstetrical care to the surrounding area with a tct8]282 and
18,763 live births recorded for the years 2015 and 2016 (unpublished RMPRU data). An
additional seven surrounding maternal obstetrical units (MOUSs) provide additional delivery
services to low risk pregnancies leading to a total of 29,264 aB@28nnual live Sowetan
births.

1.14.4Health care seekingoehaviour within Soweto

Patterns of health care seeklghavioursare an important variable to consider when
analysingepidemiologic 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 an8MDH 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 healthicentading: pharmacies, private clinics,

traditional and religioukealers. 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 illndissthoeaand

meningtis. This study revealed that most children less than five years of age were brought to
public clinics for pneumonia, ILI and diarrheal syndror&l). 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 atlia faudility 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% ofdeaths occurredutside of the hospital
1.14.5Maternal 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 preg(@3)cy he
preventionof 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 infang®to al
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 estiebirth 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 tnanssion rate was 3.5¢%4). A recent national

level review now estimates that 29.7% of pregnant womelivarg with HIV and the

vertical transmission rate has been reduced to approximately(8H%f 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 swcess 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 infagts suff
from increased rates of morbidity and mortality as compared to their unexposed uninfected
counterpart$55-58). The HEU infant gained attention during the-piRT era when clinical
management optiongere 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 difficu(69-61). 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 twgear mortality in HEU infants was 9.2% compared to
2.9% in HUU infantg62). In this same study there were higher rates efalke sick clinic
visits at all age intervals and higher rates of Lia$$ociated visits specifically during the

first six months of lifg63).

1.15Methods for objective 11 Ward surveillance for RSV hospitalisations

A detailed description of the study design, screening, enrolment, data collection and storage,
sample collection and testing is provided
prevalence, seasonality and subtype distributions inékpbsed and HIMinexposed

i nfant so.

1.16Methods for Objectives2 and 31 Transplacental transfer ratios andRSV serc

correlatesof protection
1.16.1Study design, screening anénrolment

Research staff positioned in the labour and delivery wards at CHB¥kewed the maternity

registry on a daily basis to identify potential motivdant pairs for screening amshrolment
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as part of a larger seepidemiological surveillance studyd e nt i f i eahinfargs A28 OB O
Group B Streptococcal (GBS) disease (HREC approval number 140203). At the time of this
doctoral proposal and approval (October 2014) the gmalmentwvas 30,000 mothanfant

pairs. Since this time the sample size had been increased toat 88800 mothefinfant

pairs. Activelylabouringyo men who were O18 years and abl e
with the planned study procedures as well as provide written, informed consent were

enrolled.
1.16.2Patient data collection and storage

A medicd 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
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 addtaboédtion 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.
1.16.3Patient sample collection and storage

Maternal serum and infant cord blood were collé@ed stored in RMPRU laboratory

freezer facilities. Monitoring for subsequértspitalisatiordue to invasive GBS disease in

any of the 280B infants at CHBAH occurred on a daily basis. If and when an infant with
invasive GBS disease was identified, thies tespective maternal serum and cord blood

samples were retrieved for 280B study analysis. These maternal serum and cord blood
samples were then unavailable to other studies nested within the 280B cohort. The remaining
(and majority) of the maternaifant samples were available for the RSV sero

epidemiological objectives conducted within the RMPRU.
1.16.4Patient sample testing

Specific details related to the testing of maternal serum and infant cord blood samples will be
described in detail within theelevant objective chapters.

1.17 Statistical analysis for Objectives 1 3
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Thedata analysefor Objectives 1 and ®ere generated using SAS software (8AS
Institute, Carey NC)The details of the statistical analyses will be shared within the
respective objective chapteiidie data analyses for Objective 2 were generated &siog)
and Statal4 (Stataorp LP, Texas, USA).

1.18Ethics

This dissertation proposal was approved eyHuman Research Ethics Committee (HREC)
on 3 October 2014 and assigned the clearance certificate no. M14b@8Gocument is

located in the Appendix section.

A single written informed consent was obtain
sepaate written informed consent from tlaouringmother was obtained for objectie

and3. These documents are available in the Appendix section.
1.19Funding

Funding for the RSV study was provided by 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 seepidemiologicasurveillance study was provided by
Novartisand GSK.
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Chapter 2 RSV hospitalgation incidence, prevalence, seasonality and subtype
distributions in HIV -exposed and HI\funexposed infants

2.1 Introduction to South African RSV epidemiology

Thereview 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 tod/péace 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 aréorn ashealthy, 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 LMICbut 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 exami negldEailienstuiesut h Afri c
conducted in the 2000s examined risk factors for severe RSV disease such as HIV infection
and prematurity. R2000 study by Madhet al.observed through a prospective surveillance
study an increased burden of hospitalised LRTI among children betweemonths andive

years infected with human immunodeficiency viugH1V) (65). While RSV was more

prevalent among HIMIninfectedchildrenhospitalised for LRTIthe incidence was higher in
HIV-infected childrelamong whonRSV-associated LRTI hospitalisatiovasperennial)ln

a similar study conducted in 2001 within the same surveillance program, HIV infection was
observed to pdispose 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 eéofection and mortality{66). Finally, a studypublishedoy Madhi et

al in 2006 observed a 2.5 fold higher incidence among HIV infectedehilhd 4.9 fold

higher incidence among infants born less than 36 weeks geg@itioNeverthelessyhile

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 termpsratu

Venter et al in 2011 described the prevalence of different viral aetiologies of hospitalized
lower respiratory tract infections (LRTI) in children un@iee years(7). These data were

derived from two years of prospective surveillance from three public hospitals and
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emergency rooms in the Pretoria area. R8\ds mainly occurred between April and May
(autumn) and was second most common vimual children;associated witl30.1% of LRTI
hospitalisationsAlthough, hinovirus was the most commonly identifi@édus, its role in the
pathogenesis dfRTI is uncetain (68). Respiratory distress was the most frequently

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

diagnosed mainly as bronchiolitis, boltopneumonia or pneumonia in roughly equal
proportions. The majority of these hospgations (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 casesgjuiring 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
hospitalsation in children less than five years who sought care at public hospitals. The
authors noted a HIV sefarevalence 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 R8&Wdspitalisatiorcould 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 paediatriciRSpitalisatbn 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 @3).1The 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: 43120817). The rate declined to 1182 per 100,000 person years (95% CI:
7041 1643) for children between one and four years of age. HI\V@enmkence was not

available for this population. There are several important caveats when interpreting these
modelled data. In this study, all the includexbpitalisatios could only be linked to RSV or
influenza but not to other circulating respiratory patrmsy Therefore, by excluding the

option of considering other infectious aetiologies there may have been asstiastion of

RSV incidence. Furthermore, data from a private health care system may not represent the
majority of the national population (80%hom attend public clinicé/0). In spite of these
important limitations, the Kyeyagalire data do confirm an age based trend seen on the global
scale(l, 2, 71)
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The SARI surveillance program which was described in detail within the introductpyech
has provided nationally representative data epidemiologic and virological data for children
<five yearslocated in four province@0) (72, 73) Cohen et al utilized SARI surveillance to
demonstrate that the majority (64%) of virally associated LiEpitalisatios occurred in
children less than 12 months of age between 2009 and(Z2RLRSV was the second most
prevalent virus identified@6%)after rhinovirs (37%). This prevalence rate was generally
maintained acrosdifferent age groups with the highest prevalence (33%) initBer®nth

age group and the lowest prevalence (17%) occurringiif®month olcchildren

SARI surveillance has also demonstrated that HIV infection in children lesBubaears is
associted with higher LRTI incidence rates, disease severity and mortality in South African
children(72). In the same analysis, Cohen showsrisleof all-cause_RTI hospitalisation

was between 1.1 and 3.0 fold higheHlV infected children as compared to HIV uninfected
childrenwere more likely to experience severe disease as indicated by the need for oxygen
supplementation (OR 1.3 95% CI: 1117). The case fatality risk for HIV infected children

with all-cause LRTI was high (OR 4.2 95% CI. 2683) as compared to HIV uninfected
children. Fowever, the authors did nateat thecase fatality ratievaslower for those
childrenwith RSV infection (1%) compared tahildrenwithout RSVinfection %). 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 clinicd$V disease can manifest as an upper or
lower respiratory tract infection (LRTI). Typically, approximatéBt to 3%of RSV

infection results irmospitalisatiorof infants in their first year of lif€75). Lower tract disease
can present one of several respiratory syndromes including bronchiolitis, bronchitis,
pneumonia and croui21). 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 withbronchiolitis have ranged between 1% and Z2%2). The earliest phases of

RSV disease presents as an upper respiratory tract infection with signs of congestion,
rhinorrhoea and occasionally low grade fe{@k). In less than 40% of children, the disease
can progress to the lower respiratory tract over several(@aysAt thisstage, clinicians can
observe clinical signs indicative of respiratory distress including a cough, expiratory
wheezing, crackles, rhoncand varying degrees of respiratory distress as indicated by
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tachypnoea, grunting, abdominal breathing, chest wallagbns, nasal flaring, head

bobbing, and hypoxemi@1, 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, respiratlyré 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 andyssste emesis. Finally,

non respiratory symptoms may bes#sved such as irritability and lethargy. Overall, the
symptomatic period for RSV lasts a median of two we¢2k3

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 lfareatening conditions such as se[fSis/6) In the

US, mortality rates are approximately 3 to 4 per 10,000 admis&iéhsGlobal inhospital
mortality has recently been estimated for children less than five (fgahs-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 midciene countries in-8 month

olds was 1.8 (95% CI: 1i.2.6) with an estimated 7200 dest(95% CI: 42,00Q12,300). For
infants between 6 and 11 months the hCFR was 2.4 (95% C5&.4)with an estimated

8000 deaths (95% CI: 28082,100). Previously reported case fatality rates in South Africa
have ranged widely between 0 and 61.5 per 10@@ren depending upon the study design,
population, study year and age grqép7, 72, 77)Most recently, Rha et al reported in a
national prospective surveillance of acute LR®dpitalisatios in children less than five that
18/2677 or 0.7% of all children with RSV di€@B). 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 gawmerally concurred with

what has been reported in the global literature, howegegs 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 thanyaae of age. In this second objective

specifically the RSV seasonality, prevalence and incidence will be described in detail.
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Table 2.0Summary of selected South African studies on paediatric RSV epidemiology

Data years:
1 year (March 1997
March 1998)

Measured bacterial
and viral associated
severe LRTI (SLRTI)
including prevalence,
incidence and relativg
risk of RSV
associated severe
LRTI (SLRTI)

WHO complemented
with pulse oximetry

Direct pooled
immunofluorescent
test for respiratory
viruses

If sampe positive then
tested for RSV with
mouse antRSV
monoclonal
fluorescent antibody

If sample negative
then cultured with
shell viral culture
technique followed by
specific monoclonal
fluorescein conjugatec
antibodies

HIV infected and
uninfected

Soweto / CHBAH

N =990

Author / Study desgn Surveillance case | RSV testing Study population | Results

publication and definition and sample size

data years

Madhi (2000) Prospective, hospital| SLRTI based on Nasopharyngeal Children 2 months to| RSV was the
based surveillance | clinical criteria from | aspirates 5 years predominant

pathogen identified
among HIV
uninfected children
(18.1%) but not in
HIV infected children
(5.3%)

RSV incidence in
children 2 23 months
for:

HIV infected
1,444 per 100,000

HIV uninfected
309 per 100,000

Relative risk 1.92
(1.292.83)
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Author / Study desgn Surveillance case | RSV testing Study population | Results

publication and definition and sample size

data years

Madhi (2001) Prospective, hospital| SLRTI based on Nasopharyngeal Children 2 months to| HIV infected children
based surveillance | clinical criteria from | aspirates 5 years (Year 1) with RSV associated

Data years: 2 years
(March 1997 March
1999)

Measured clinical
characteristics and
risk factors associate
with RSV associated
severe LRTSLRTI)

WHO complemented
with pulse oximetry

Direct pooled
immunofluorescent
test for respiratory
viruses

Is sample positive the
tested for RSV with
mouse antRSV
monoclonal
fluorescent antibdy

RT-PCR for
identification of RSV
subgroups

All children <5 years
(Year 2)

HIV infected and
uninfected

Soweto / CHBAH

N =281

SLRTI more likely
to:

1 Present with
pneumonia
1 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 / Study desgn Surveillance case | RSV testing Study population | Results

publication and definition and sample size

data years

Madhi (2006) Prospective Physician diagnosed| Nasopharyngeal Children <5 years Incidence of RSV
surveillance of LRTI aspirates hospitalisation:

Data years: 5 years
(March 1998 Dec
31, 2004)

children enrolled into
a double blind
randomized efficacy
trial of PCV9

Measure the impact
of gestational age
upon hospitalised
RSV LRTI incidence

Immunofluoresence
assay

Soweto / CHBAH

N =39,836

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 (200&007)

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 tinic

Not explicitly
defined. Text refers
to Aall p 4

suffering from acute
respiratory tract
infectiontg

Nasopharyngeal
aspirates

RT-PCR

Children <5 years

HIV sero-positive
and serenegative

Pretoria area
3 public hospitals

N =1702

RSV identified in

30.1% of children <5
years hospitalized fo
respiratory infections
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Author /
publication and
data years

Study desgn

Surveillance case
definition

RSV testing

Study population
and sample size

Results

Kyeyagalire (2014)

Data years:
20072012

Estimated annual agg
specific rates for RS\
hospitalisation

Calculated prevalenc
among total
hospitalisatios

Applied montty
regression models to
administrative
hospitalisation data

Used RSV
surveillance data as {
covariate

Used ICD codes for 3
general categories of
all-respiratory,
pneumonia and
influenza, aH
circulatory

Virologic data
obtained from the
NHLS

Infants <1 year

Private hospital grouy
estimated to have
30% of market share
of privately insured
population

Used countrywide
annual population
estimates and applie(
a calculated
proportion of the
population with
private health
insurance

N =39,529

all-respiratory codes:

7601 per 100,000
personyears in
children <1 year
(95% ClI: 4312
10,817)

Pneumonia and
influenza codes:

3055 per 100,000
(95% Cl: 1732
4345)

36.2% of total
hospitalisation
(95% CI: 25.347.1)
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Author / Study desgn Surveillance case | RSV testing Study population | Results

publication and definition and sample size

data years

Moyes (2013) Prospective, hospital| Physician diagnosed| Nasopharyngeal Children <5 years Prevalence of RSV
based surveillance | ARLTI in children <5 | aspirates 27%

Data years: years HIV infected and

2 years (20102011) | Estimated RT-PCR uninfected 2010:
hospitalisation In infants 2 weeks to
incidence rates 3 months with Urban, periurban and HIV uninfected

neonatal sepsis or rural settings 24 per 1000
Estimated hospital | o RT] population
prevalence Gauteng, (95% Cl: 22 26)
Mpumalanga,

SARI surveillance
program conducted &
6 hospitals within 4
surveillance sites

RSV incidence
calculated for
CHBAH only

KwaZulu-Natal and
Northwest provinces

N =4489

HIV infected
128 per 1000

population (95% CI.

104 157)

2011:

HIV uninfected

32 per 1000
population (95%CI:
291 34)

HIV infected
93 per 1000

population (95% CI:

73i118)
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Author / Study desgn Surveillance case | RSV testing Study population | Results
publication and definition and sample size
data years
Cohen (2016) SARI surveillance LRTI Nasopharyngeal Infants <6 months HUU:

programi active aspirates 3507 per 100,000
Data years: prospective hospital | Hospitalized infants HIV unexposed and | population (3244
20102013 07 days of|f RT-PCR exposed infants 3787)

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 ge/HIV
exposure status
groups

Incidence rates
calculated for
CHBAH only

meeting age
appropriate clinical
case definitions

2 days to <3 months
with physician
diagnosed sepsis or
LRTI

3-6 months physician
diagrosed bronchitis,
bronchiolitis,
pneumonia, and/or
pleural effusion

N =3537

HEU:

5003 per 100,000
population(4505
5541)

HIV infected:
6709 per 100,000
population (4580
9471)
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Author / Study desgn Surveillance case | RSV testing Study population | Results

publication and definition and sample size

data years

McMorrow (2019) Prospective 2 days to <3 months | Nasopharyngeal Children <5 years 0-5 months
surveillance for SRI | with physician aspirates

Data years: diagnosed sepsis or 3 hospitals in 3 HUU:

20112016 Adjust incidence LRTI RT-PCR provinces: 4488 per 100,000
rates for non (3852 5148)
enrolments on 3-6 months physician Mpumalanga,

weekends and
through refusals

Etiologic fraction
used tocalculate
incidence rates for
specific age/HIV
exposure status
groups

diagnosed bronchitis,
bronchiolitis,
pneumonia, and/or
pleural effusion

KwaZulu-Natal and
Northwest provinces.

N =3650

HEU
6419 per 100,000
(5335 7604)

HIV infected
8760 per 100,000 (0
21,339)

0-11 months

HUU
2687per 100,000
(2272 3129)

HEU
2933 per 100,000
(2403 3521)

HIV infected
6864 per 100,000
(715 15,266)
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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 occsgxesh days paveek

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 pres&tonday

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 indladg infants 8

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. Shoytvgéad 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 purposkpaacess of the study. Upon consent the

infant was enrolled into the study.
2.2.2 Patient data collection and storage

Upon caregiver consent the infantdos demogr ap
on a paper base case report form (CRF). Research staff verbally administered a study
guestionnaire in addition to reviewing the patient chart. CRFs captureehjiiead clinical

data that were available at the time of enrolmehbtaopies 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 chartgebke 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 caseport 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
datdase 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 compkethe 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 availabl@asalswabwas used to collechid-turbinaterespiratory secretions
from infants at the time of enrolment (FLOQS, Copan Flock Technologies, Brescia, Italy).

Prior to collection, a | abel with the patien

Details of the date, time and name of thegdme r wer e f il Il ed out in

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

towards the direction of the infantdéds ear.

at the midturbinate pint 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 laborgories for processing and analysis. A mplex reaitime 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 andan-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 nonRSV case wadefinedas any child who met the surveillance case definition and but
had a negative PCR tagsult for RSV.

2.2.5 Data analysis

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

the incidence and prevalence calculations.
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( N
live births < 1
year old
58,0567
\_ | J

Number of
admissions
< 12 months old
8579 (14.7%)
_ J

( No.of infants )

Neonatal
mortality rate
27 — 33 per 1000
live births*

meeting
surveillance
criteria 5099
Number of \_ (59.4%) J Number of
infants screened infants screened
and enrolled but not enrolled =
3490 (68.4%) 1609 (31.6%) ®
| I |
4 )
RSV positive RSV negative
851 (24.4%) 2639 (75.6%)
\ | J/
( Hospitalized )
RSV incidence =
RSV positive

cases/ live births
\_ < ] year y,

Figure 2.0aFlowchart of study enrolment and data collection in infants foundiy £, 2015
to 315 December 2016.

ARMPRU live births register 58,056 (2015 and 2016)

South African Medical Journ&018;108(3a):s2532.

During times when enrollment staff were not presesmtrolment 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 wedefrom Monday through Friday
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Number of
infants screened
and enrolled

3490
|
| | I
~
HIV unexposed HIV exposed Iii‘li;s:l::
L) L)
2395 (68.6%) 1039 (29.7%) 65 (1.9%)
J
| J
4 N
RSV positive
851
s
HIV status HIV status
known unknown
838 (98.5%) 13/851 (1.5%)
. J \
| ]
\
HIV unexposed HIV exposed*®
597/2395 241/1039
(24.9%) (23.2%)
J

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
relatedhospitalisation tested positive for RSV for two weeks in a row. Descriptive statistics
were used to characterize RSV associategpitalisatios in the study population from

multiple angles. The prevalence and incidence of R&pitalisatios were calculated for
infantsls s O12 mont hs lopitatisgtionbynyontimas age, by RSV

subtype, and by HIV exposure statlibese incidence calculations were then adjusted for the
1609 norenrolled infants by assuming the infants who were not enrolled were a random
sanple and had the same prevalence rate and distribution of disease by month of age as

observed for enrolled infant85% Confidence interval§95% Cl)were calculated using the
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normal approximation for a binomidistribution and it was assumed that overlagCl

limits implied that results were not statistically significant.

Adjustments were calculated as an upper limit for all RSV cases, as well-H¥ for
unexpose@nd HV exposednfants separatelyfRrevalence 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 andstiteounding 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 birdtsur in government health facilities with
approximately 75% of annual births occurring at CHB@9). In 2015 there were 29,728

live births recorded.nl 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
interquartilerangef er m gestati on was defined as a birt
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 signkpspitalisatiorinterventions, outcomes and discharge diagnoses
in infants <12 months of age. The denominator used for each analysis widgegreithin

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 ndRSV cases
All the data analyss were generated using SAS softwarg(SAIS 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 tweyear surveillance period there were a total of 8579 infants less than 12 months
admitted to the hospital of which 5099 (59%) met the surveillance criteriBRTI (Figure

2.09). 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 numii8\dfcases 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 relapahlisatios

of which 2395 (68.6%) were identified EH$V unexpo®d infants and 1039 (29.7%) as HIV
exposed infantkess than one year of agedure 2.0b). Of these total respiratory related
hospitalisatios there were 65 (1.9%) respiratdryspitalisatios whose HIV status was

missing. Of the total of 851 RSV casesntified 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-R8V cases were similar with the exception of
gestational age and birth weigftaple 2.1). There was a higher percentage of term infants
among RSV cases compared to #RBV cases (81% vs 77%, p =0.0243). The median birth
weight was higher in RSV cases than #R8V 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 fR8V cases when examining maternal age or
maternal HIV infection status. The median maternal age was 27 years (IQR 23,88B)\VTh
sergprevalence 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-aadatowith
the exception of maternal alcohol use during pregnancy for which there wdeea hig

percentage of missing data among RSV cases (47% vs 31%).
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Table 2.1Baselinematernal and infartharacteristics of study participants

Total RSV Non-RSV  p - value
n = 3490 n= 851 n=2639
(Maternal n (%) n (%) n (%)
Maternal Age 27 26 27 0.0596
Median [TQR] (23,32) (22,31) (23,32)
Missing 61 14 47
Parity | 1 1 0.4951
Median [1,2 [1,2] [1.2]
Missing 2024 521 1503
Mode of delivery 0.0825
Vaginal 895 190 (51) 705 (56)
C-section 732 182 (49) 550 (44)
Missing 1863 479 1384
HIV status 0.3399
Positive 1030 241 (29) 789 (31)
Negative 2395 597 (71) 1798 (69)
Missing 65 13 52
Alcohol use in pregnancy 0.0543
Yes 66 7(2) 59 (3)
No 2192 443 (98) 1749 (97)
Missing 1232 401 831
Smoking in pregnancy 0.0914
Yes 111 20 (3) 91 (5)
No 2387 599 (97) 1788 (95)
Missing 992 232 760
Infant n (%) n (%) n (%)
Sex 0.5414
Male 1983 476 (56) 1507 (57)
Female 1506 375 (44) 1131 (43)
Ambiguous 1 0 1
Gestational age 0.0243
Term 2420 602 (81) 1818 (77)
Preterm (< 37 weeks) 672 139 (19) 533 (23)
Missing 398 110 288
Birth weight 3000 3015 2995 0.0411
Median [TQR] [2590, 3320] [2650, 3345] [2560, 3315]
Missing 293 80 213
Low birth weight <2500 g 0.0075
Yes 628 138 (18) 544 (22)
No 2515 633 (82) 1882 (78)
Missing 293 80 213
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RSV Seasonality

The bulk of RSV hospitalisations occurred within a distinct seasonal timefféngenumber

of RSV positive and negative tests were reported by epidemiological calendar week as

outlined by the U.S. based Centres for Disease Cdi@®d! The seasonal onset and offset

were determined when the number of RSV cases
respiratoryhospitalisatiorrespectivelybolded within the table). As is observedrigure 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 hadoemodal peak. There was little to no disease outside the seasonal

timeframe for both year#\ table of weekly counts of RSV negative and positive results can

be found within the Appendix 3.
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Figure 2.1RSV 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 andvwdugjust

both season years were combin€dile 22) . There were few subtype A and B-co

infections with a total ofive cases over the two years. Subtype A was responsible for the

majority of disease across age groups within the first year oflidiel¢ 2.3).
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Table 2.2RSV subtype by month of admission, 2015 and 2016 seasons combined

A B AB

Month of admission n % n % n %
March 45 61.6 28 38.3 1 0
April 125 69.8 54 30.1 1 0
May 206 76.6 62 23.0 2 0
June 125 76.7 38 233 0 0
July 59 70.0 25 29.7 1 0
August 19 76.0 6 24.0 0 0
Total 579 213 5

Table 2.3RSV subtype by month of age, 2015 and 2016 seasons combined

A B Total

Month of age n % n %

0 62 75.6 20 24.3 82
1 97 72.3 37 27.6 134
2 84 77.0 25 229 109
3 93 77.5 27 22,5 120
4 60 70.5 25 294 85
5 41 71.9 16 28.0 57
6 47 65.2 25 34.7 72
7 39 69.6 17 303 56
8 27 61.3 17 38.6 44
9 28 77.7 8 222 36
10 18 72.0 7 28.0 25
11 18 69.2 8 30.7 26
Total 614 232 846

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% occuiviag
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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 2.4Prevalence of RSV hospitalisation by month of admission, 2015 and 2016

Month of Admission Total RSV %
January 187 5 2.7
February 215 18 8.4
March 278 74 26.6
April 368 180 49
May 507 270 53.2
June 402 163 40.5
July 305 85 27.9
August 277 25 9
September 311 15 4.8
October 241 8 33
November 244 5 2
December 156 3 1.9
Total 3491 851 24.4

The prevalence of RSV hospitalisation for all childregardless of HIV exposure statuas
reported by month of ag@ppendix 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 assotiaspitalisatios (69.4%)
occurred within the first six months of life. Annual RSV prevalence didlifier greatly

between HIV unexposed and exposed infants in the first year of life; 24.9% vs 23.4% of total
respiratory hospitalisations respectiveéiable 25). However, there was a higher prevalence

of RSV in the 0 month age group among HIV exposé&hiis(14.8%)as compared tBllV -
unexposed infant&.7%) hospitalised for LRTIChildren living with HIV (n=11) are

included within the HIV exposed category but only constituted 1% of RSV cases (3/241) and
nonRSV cases (8/789). However, thevere 65 indnts who were missing HIV status of

which 13 were RSV cases.
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Table 2.5Percentage diospitalisatios due to RSV by HIV exposure status, 2@b82016

HIV Unexposed HIV Exposed
Total RSV RSV Total RSV RSV

Age in  respiratory Cases Cases respiratory Case cases
months hospitalisations (n) (%) 95% Cl p-value hospitalisations (n) (%) 95% Cl 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 77 326 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 33.7 245-429 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 28.9-445 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 exposurestatus: Total 65, RSV 12



RSV incidence

Unadjusted and adjusted incidence of RSV hospitalisation was calcijateahth of agdor
all childrenand by HIV exposure status. The annual, unadjusted incidence for all infants,
regardless of HIV exposure status was 14.56 per 1000 live births (95£8.68- 15.63
(Table 26). The adjustedi.e. adjusting for nomenrolment of eligible cases hospitatiser
LRTI as noted in the methods sectiam)idence for RSV hospitalisation for all infantais
21.37 per 1000 live births (95% CI: 20i122.55) Table 2.6. Similar sets ofinadjusted
(Table 2.7 and adjusted calculatiof¥able 2.8)were done for infats according to their

HIV exposure statud he adjusted incidence fellV unexposedndHIV exposednfants
were21.45 and 20.15 per 1000 live births respectivégb{e 2.8). For bothHIV unexposed
and HV exposednfants thencidence peaked at one month of a8&7vs 3.21per 1000

live births respectively. The incidence rates by month of age inHidtlunexposedandHIV
exposednfants thereafter fluctuated minimally through the first six months of life and then

trended danward through to 12 months of age.
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Table 2.6Unadjusted and adjustédspitalisation incidence by month of ageddrchildren, 2015 and 2016

Unadjusted Incidence*

Age at
admission

0 months
1 month

2 months
3 months
4 months
5 months
6 months
7 months
8 months
9 months
10 months
11 months

Total

Total

807
541
349
313
244
216
209
185
189
155
135
147

3490

RSV

82
134
110
122

86

57

72

57

44

36

25

26

851

IR

1.41243
2.30812
1.89472
2.10142
1.48133
0.98181
1.24018
0.98181
0.75789
0.62009
0.43062
0.44784

14.65826

Lower
Limit

1.106931
1.917762
1.540975
1.728914
1.168478

0.72705
0.953892

0.72705
0.534032
0.417591
0.261853
0.275737

13.68065

Upper
Limit

1.717928
2.698471

2.24847
2.473924
1.794179
1.236572
1.526472
1.236572
0.981746
0.822591
0.599385

0.61995

15.63587

Adjusted Incidencet

Age at
admission

0 months
1 month

2 months
3 months
4 months
5 months
6 months
7 months
8 months
9 months
10 months
11 months

Total

Total

1179
790
510
457
356
316
305
270
276
226
197
215

5097

RSV

120
196
161
178
125
83
105
83
64
52
36
38

1241

IR

2.06697
3.37605
2.77318
3.06601
2.15309
1.42965

1.8086
1.42965
1.10238
0.89569
0.62009
0.65454

21.37591

Lower
Limit

1.697524
2.904202
2.345406
2.616275
1.776046
1.122301
1.462969
1.122301
0.832449
0.652346
0.417591
0.446495

20.19938

Upper
Limit

2.436415
3.847899
3.200963
3.515736
2.530141
1.737007
2.154228
1.737007
1.372319
1.139028
0.822591
0.862586

22.55244

Live births denominator 58056
IR: Incidence rate defined as cases per 1000 live b

* Unadjusted only includes infants who were enrolled

A Ad j -unsludes dboth enrolled and unenrolled infants
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Table 2.7 Unadjusted hospitalisation incidence rates fo¥ Hnexposedand HV exposednfants, 2015/2016

Age at
Admission

0 months
1 month

2 months
3 months
4 months
5 months
6 months
7 months
8 months
9 months
10 months
11 months

Total

Total

588
355
236
205
169
141
147
132
128

97

88
109

2395

RSV

51
94
77
87
66
36
54
44
33
22
15
18

597

HIV Unexposed

IR*

1.25492
2.31299
1.89469
2.14075
1.62402
0.88583
1.32874
1.08268
0.81201
0.54134
0.36909
0.44291

14.68996

HIV unexposedive birth denominator 40,640
HIV exposedive birth denominator 17,416
Missingi 13 RSV case infants missing HIV exposure statuseastiided from analysis

IR: Incidence rate defined as cases per 1000 live births

Lower Limit

0.9107182
1.8459420
1.4718841
1.6913857
1.2325251
0.5965849
0.9745712
0.7629397
0.5350696
0.3151888
0.1823414

0.2383432
13.5202566

Upper Limit

1.5991244
2.7800422
2.3174860
2.5901103
2.0155064
1.1750687
1.6829091
1.4024146
1.0889461
0.7674883
0.5558476
0.6474836

15.8596647

Total

210
175
107
101
70
67
61
51
58
53
42
35

1030

RSV

31
38
32
34
20
18
18
12
11
10
10

7

241

HIV Exposed

Lower

IR* Limit
1.77997 1.1539331
2.1819 1.4889146
1.83739 1.2013526
1.95223 1.2966522
1.14837 0.6453633
1.03353 0.5563116
1.03353 0.5563116
0.68902 0.2993053
0.6316 0.2584674
0.57418 0.2184035
0.57418 0.2184035
0.40193 0.1042357
13.83785 13.0913682

Upper

Limit
2.4060118
2.8748888
2.4734292
2.6078034
1.6513753
1.5107532
1.5107532
1.0787379
1.0047388
0.9299658
0.9299658
0.6996228

14.5843323
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Table 28 Adjusted hospitalisation incidence rates fa¥Hinexposednd HV exposednfants, 2015/2016

Age atAdmission

0 months
1 month

2 months
3 months
4 months
5 months
6 months
7 months
8 months
9 months
10 months
11 months

Totals

Total

859
518
345
299
247
206
215
193
187
141
128
159

3497

RSV

75
137
113
127

96

53

79

64

48

32

22

26

872

HIV unexposedive birth denominator 40,640

HIV exposedive birth denominator 17,416
Missingi 22 infants missing HIV exposure status and excluded from analysis
IR: Incidence rate defined as cases per 1000 live birth

HIV Unexposed

IR*

1.84547
3.37106
2.78051
3.125
2.3622
1.30413
1.9439
1.5748
1.1811
0.7874
0.54134
0.63976

21.45669

Lower Limit

1.4281883
2.8075170
2.2685507
2.5823440
1.8902238
0.9532552
1.5156516
1.1892803
0.8471640
0.5146883
0.3151888
0.3939252

20.0478887

Upper Limit

2.2627566
3.9346090
3.2924729
3.6676560
2.8341856
1.6550125
2.3721437
1.9603260
1.5150408
1.0601149
0.7674883
0.8856024

22.8654971

Total

307
256
156
147
102
98
89
74
85
77
61
51

1503

RSV

45
56
47
49
29
26
26
17
16
15
15
10

351

HIV Exposed
IR* Lower Limit

2.58383 1.8298643
3.21543 2.3746155
2.69867 1.9281730
2.8135 2.0268325
1.66514 1.0595928
1.49288 0.9194640
1.49288 0.9194640
0.97611 0.5123253
0.9187 0.4687415
0.86128 0.4255984
0.86128 0.4255984
0.57418 0.2184035
20.15388 18.0667964

Upper Limit

3.3377976
4.0562527
3.4691628
3.6001772
2.2706782
2.0662962
2.0662962
1.4399025
1.3686494
1.2969555
1.2969555
0.9299658

22.2409666

a7



Clinical characteristics and outcomes

There werdive 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 (50Vap{e 29). Each of these signs occurred at
higher frequencieas compared to neRSV 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 0fL.94 (95% @ 1.76, 2.13, p <0.0001Hypoxemiaoccurred in only 11% of RSV
patients and fever occurred in only 18% of RSV patients.

Table 2.9Clinical characteristics of hospitalized RSV in children <1 year, 2015/2016

RSV non-RSV
Sign or symptom 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 >37.5C 134 18 520 22 0175
Irritability 122 15 602 23 <.0001
Feeding intolerance/vomiting 104 12 192 7 <.0001
Hypoxemiak 76 11 221 10 0.6699
Diarrhoea 83 10 346 13 0.0088
Lethargy orunconscious 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
*agebaseduto f f s for tachypnea: Of

i n chiimathen O2
A h yemiadefined as pulse oximetry <90
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The hospital course and outcomes of RSV andR8N cases were comparethple 2.10).

The median length of hospital stay was slightly longer inlR8WV cases (3 days vs 2 days).

The percentage of ICU admission was slightly higher inR8V case$3% vs 1%). Of note
there were approximately 50% of ICU admission values were missingdbrgeoup.
However, it was assumed that if there was
then it was unlikely that an ICU admission truly occurred.rélvas a higher percentage of
oxygen supplementation among RSV cases compared {BR8Urcase$32% vs 3%, p

<.000). There were high rates of antibiotic usage in both RSV andR®hcasesgd% vs

79%). In hospitalCFRwere infrequent irRSV (0.21%) and norRSV (0.8%) cases.

Table 2.10Hospital course and outcomes in RSV and-R&V cases

RSV non-RSV
n =851 n =2639
n (%) n (%) P value
Hospital course
Length of stay, median [IQR] 2[1.5] 3[L,7] <.0001
ICU admission 10(1.2) 66 (2.5) 0.0373
Oxygen supplementation 273 (0.32) 617 (0.23) <.0001
Mechanical ventilation 3(0.35) 17 (0.64) 0.5938
Antibiotics 583 (68.5) 2076 (78.7) <.0001
Inotrope medication 40.47) 15 (0.57) 1
Intravenous fluids 13 (1.5) 111 (4.2) 0.0004
Steroid medications 24 (2.8) 132 (5.0) 0.0081
Hospital outcomes 0.1087
Death in hospital 2(0.24) 18 (0.68)
Transfer to step-down 7(0.82) 50 (1.9)
Refused treatment 0(0) 2(0.08)
Discharged home 834 (98.0) 2546 (96.5)
Missing 8 23

2.4 Discussion

RSV is a significant, seasonal contributor to respiratory relategitalisatios in children
less than one year in Soweto. RSV accounted for approximately one quarter (24.4%) of the
total 3,490 annudlospitalisatios in this age group as captured through the surveillance

study. The majority of cases were due to RSV subtype A withigtimct differences in
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season month or admsed 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 R&pitdisations 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 coonicate 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 mon{i$). Parikh et al in their aggregate analysis of several
key US studies and national datasets report that 75% ofrRS§Mitalisatios occurred in
thoseless 6 months of ag8). The Parikh data also confirmed that the distribution patterns

were consistent between term and preterm infants.

Theadjusted incidenckor RSV LRTIhospitalisatiorwas21.4 per 1000 live birth§ his was

in the middle of th016 global systematic reaw estimate on incidence of RSV LRTI
hospitalisatiorwhichranged between 8.4 and 42.7 per 1000 inféfity This wide global

range likely reflets 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 amdluenza specific hospitalisations rates inBland HEU children

less than five years of age (Table 2.0, McMorrow d&ig) Data from three hospitals located

in Pietermaritzburg and Klerksdorp between the years 2011 and 2016 were utilized. The
mean estimated annual rate of RBdspitalisatiorfor HUU infants 011 months wa26.87

per 1000 population (95% CI: 22i721.29).Both SARI and thistudyutilized similar

surveillance case definitions and observed similar distributions of disease concentrated within
the first six months of life. Thetudy byMcMorrow et alestimated RS\Wospitalisatios by
multiplying a number of serious respiratdrgspitalisatios (SRI) by an agspecific

proportion of positive RSV tests. These crude rates were then adjusted upward to compensate
for an assumed number of renrolmentgi.e. not attending hospitadecondary to

healthcare seeking behaviours. While the exact degree of adjustment was not identified in the
publication, this approach likely led to highmint-estimae of disease. The authors

acknowledge that theestimates are more than twice that of rates calculated for infants <6
months in a prior South African study conducted in 2010 and gX)1While thisstudy
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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 studydemanstrates that in Soweto, the overall distribution of disease, including a peak
at one month of age, is similar to studies conducted else{@h8e82) It is challenging to
interpret the clinical significance afwide range of incidence rates reported fronfiedént
countries and for different age ranges. As was noted edlifferences irstudy design,

study populations, study years, testing approaches may partially explain these divergent
results.In addition, differences in healthcare seeking behaviodichnical practice (i.e. the
threshold for admissiodecisions)n 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 infantglwevidence 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)s in contrast to earlier regemhich

showed higher rates of dised34, 81) Prior studies would suggest that HIV exposure would
lead to a higher risk for RSKospitalisation55, 83, 84) As summarized in Table 2, Cohen

et al reported RSYospitalisatiorincidence rates and incidence rate ratios for all infants <6
months of age who were HIV unexposed and exp¢&&dIn this study, rates were

calculated using cases identified at CHBAH and Sowetan population denamsifnam the

years 2010 and 2011 using a related dataset and methodology to the McMorrow publication
described earlig81). Cohen et al reported an R®gspitalisatiorincidence 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 f@nnoimentgon

weekends and refusaliealthcare seeking behavioudahe attributable fraction of

infection to illnessan approach which may have led to an overestimation. The resulting
incidence rate ratio for RSNospitalisatiorin HEU infants in the Cohen study was calculated
to be 1.4 (95% CI: 1i13.6). The McMorrowSRI data described earlier also reported a
similarly high rate of RSV disease in HEU infants <6 monthglate 1000 population as

well as a rate for infants betweeinld months at 29 per 1000 infants.

The surveillance case definition is a major deteamirof how much disease a surveillance

program is able to capture. A strength of gtisdy 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 liothe SARI and SRI surveillance programs. The ability to

monitor the wards intensively is an important consideration when the average length of stay
for RSV hospitalisatios at CBHAH has not been well characterized. If the majority of RSV
cases only requershort (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 ay per week between the hours of 8 am and 4 pm from 2015 through Augusin2016.
August 2016wvard coverage was then reduced to five days per week. Overnight admissions
were screened for enrolment the following morning. It is therefore possible thagdiinision

to five days per weeled 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 nfitBinal

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. hHmath the

surveillance case definition, ward coverage were robust neither of these surveillance elements
can account or compensate for the community?o
decision is what ultimately determines who presents to thethbfpi evaluation enabling a
surveillancgorogramthe opportunityto case captureOf note, the Zoldabulani hospital was

opened in Soweto in May of 2014 in an effort to decompress the large patient volume at

CHBAMH. It is possible that this 300 bédspital 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 throuBICRT Theravere,
however, no differences in the sample type, manner of collection, processing or laboratory
techniques between the SARI, SRl 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(1i6)e It has been
observed in prior studies that botke thize and timing of an RSV epidemic can fluctuate. For

exampl e, Finland is noted to have a two year
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oddnumbered year which is then follo@d by a
The Cohen data wamllected over two seasons (202011) but at different years which

may have been 0Amaj etudobyMcMordveetdl. was domeverive T h e
years(2011 2016) and likely captured more variability. It may be that the either or both of

the two seasons captured through this thesis

past.

There are virugnd population specific changes which could have roedwver 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 202011 and 2012016. 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 dase. 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 E#w pneumococcal and RSV disease suggesting
that a reduction in the former could also impact the [§8@&r87) 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 nedpine 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 2015/20{89). While thestudy byMcMorrow et al,incidence rates

for HEU infant data included more recent data it is ingrarto note that these data were
derived from population surveillance in Pietermaritzburg and Klerksddrgh may not be
representative of (urban and ruratherSouth African populations.

The selection of a population denominator is a critical el¢mesn 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 fivgie 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 infantstened 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 chagtemmunicate the significance of tR&V burden

among the Sowetasommunitywho came to CHBAH for card&RSV disease is concentrated
among the youngest infants and during its seasonal peak accounts for more than half of
respiratory relatetospitalisatios. 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 antiirals are currently in development to address this issue. Untjl safe
effectiveand asily accessibléorms 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.

54



Chapter 3 The transplacental transfer of RS/ 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 pregnan¢§0). 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 wviieping foetus

with the aid of the Fc neonatal receptor F¢B®, 91) The amount of antibody that an infant
has at birth depends upon several factors, including the level of circulating antiibdy
mother the efficiency of transplacent@hnsfer, gestational age at birth, and underlying

health status of mother and the pregnancy i{9€lf

Baseline maternal antibody levels rely upon exposure to the antigen. RSV exposure and
illnesshave been observed in pregnant women, however, the data are (B@itedhis is

because when RSV testing in pregnancy occurs, it is often tied to influenza surveillance
periods and case definitions thereby leading to likely uedémation. One international
multi-site study of 13,694 respiratongspitalisatiorduring pegnancy demonstrated that

only 6% of women were tested for R$33). There is evidence of wider RSV exposure

during pregnancy through serological studies of both maternal serum and arthbtond

(13, 9496). The current data suggests that RSV mainly manifest as a mild illness in pregnant
women, with limited evidence for moderate to severe dig@as@9). A study conducted in

South Africa calalated an incidence rate of RSV among pregnant women to be 5.3 per 1000
personmonths(97), whilst lower incidence were calculated in two other studies from Nepal
(3.9 per 1000 perseyears) and Mongolia (0.3 per 1000 persiatys)(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 gestationgedhelr

peak transfer in the third trimes{®0, 100) There are multiple subclasses of IgG, of which
IgG1 is transferred most efficient{01) Infant antibody levels measured at birth can exceed
maternal levels due to the active transport mechanism mentionied @£2). Shorter

gestation periods which result in premature delivery effectively reduces the time window for

transfer; the resulting lower titre levels increases the susceptibility to infét08n104)
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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 hypergammaglobulif@dyia

Additional factas can negatively impact transfer efficiency including maternal infections,
chronic conditions (malnutrition, diabetes mellitus) and other pregnrahated conditions
(gestational hypertensiof90).

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 sulstgsesummarized ifable 4.0 (45, 46,
105-107) The earliest study was conducted by Sutied which compared the transfer rates

of RSV neutralizing antibody between Gambian and American (USA) muoitagrt pairs

over an identical period of tim@&05) 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 iatwere slightly lower among Gambi&@@&MR: 0.99 for both sutypeg
compared to USACMR: 1.02 subtype A and 1.03 subtypgvdomen. Differences in

subtype circulation within the two populations were directly reflected in maternal and infant
subtype specific GMT titres. This supports the notion that sulsfypeific 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 matepw@ulations. Gambian mothers with a
lower parity (<3) had higher GMTs to both subgroups, howekier differencevas not

reflected ininfant GMTs; and parity had no effect on USA maternal GMTs.

Later studies conducted in Bangladeshi methtant pairs &o identified efficient

transplacental transfer of RSV IgG, with a CMR of >1.0 (95%i0.9B)(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:&0i 1.19); 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 agé6). 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. Eacthefe 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 HIVh the Brazilian study the CMR was 1.8 vs
1.3 in women living with HIV vsnot 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/mI, p =0.002), despite a lower CMR (1.3 vs 1.8; p =0.05. This
suggests thene@ashigher RSV exposure within households where women with HIV live,
resulting in then developng higher titres which offset the lower CMR. The Botswana study
corroborated the observations from Brazil and provided additional insight tennaleand
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
whomHIV-1viral load was <400 copies/ml had significantly higher GRan 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

Author/publications and | Study design and/or Study Sample size Testing method CMR results
data years description population
Suaya (1996) Measured prevalence of | The Gambia | The Gambia: Microneutralization The Gambia:
RSV A and B antibodies | U.S.A. 75 maternal assay for RSV subtypes | 0.99 subtype A
Data collection years: in maternal venous and 90 infant samples A and B — titres 0.99 subtype B
May 1992 — Feb 1993 cord blood samples in of which 50 were maternal- expressed as a GMT log:
two geographic infant pairs US.A:
populations 1.02 subtype A
U.S.A.: 1.03 subtype B
110 maternal / 107 infant
samples
107 were maternal-infant pairs
Chu (2014) Nested within a maternal | Bangladesh 149 maternal-infant pairs Microneutralization 1.01 (95% CI: 0.99 —
influenza immunization assay — expressed as log> | 1.03)
Data collection years: trial titres
Aug 2004 — Dec 2005
Chu (2017) Nested within a maternal | Nepal 310 maternal-infant pairs Microneutralization 1.03 (95% CI: 0.88 —
influenza immunization assay — expressed as logz | 1.19)
Data collection years: trial titres
Mar 2012 — Oct 2013
Weinberg (2017) Prospective cohort study | Brazil 335 maternal-infant pairs ELISA assay 1.8 HIV uninfected
of adverse pregnancy, 247 HIV infected mothers 1.3 HIV infected
Data collection years: birth and childhood 88 HIV uninfected mothers
2011 -2013 outcomes in HIV
infected women
Patel (2019) Cross sectional study of | Botswana 316 maternal-infant pairs Microneutralization 1.15 HIV uninfected

Data collection years:
2015-2016

HIV infected and HIV
uninfected women

assay* - expressed as
logo titres

1.02 HIV infected
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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 O18 years enrol | eadladorrelate a | ar
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 considerdddtusion.

Maternal serum was collected either at birth or within 24 hours of delivery and paired with
their infantds cord bloodHVsampluses. aYyemen hwe rr
gestational age and date of birth. A total sample size of 2#&thethmotheinfant 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 motherfant pairs for each arm werarmdomly selected monthly. This

sample size calculation was based upon the starting assumption that the CMR of RSV
neutralizing antibodies among women without HIV would b€1@9, 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 micatization
assay. The assay was performed usingvél flat bottom, micretitre plates using HEP2

cells (ATCC CCl:=81) and the long strain of human RSV (ATCC-¥B). Each 9éwell plate
contained four samples (or two maternal infant pairs) tested in dtelising 12 twdold
dilutions and paired to a positive/negative control plate. Plates were incubated at 37 °C and
5% CQ for 144 hours (6 days) with daily checks for vigecific cytopathic effect. After

the sixday incubation period the plates werecdnted, overlaid with crystal violet, and left

to stain for 24 hours. After the 2¥bur staining period the plates were gently decanted, rinsed
and allowed to dry upside down before reading the wells. Readings were performed
immediately after drying andhén 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 uskto calculate both the end dose (ED) 50 per ml. Hypergammaglobulinemia
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was defined as O15 g/ L an dusithatoenmerdialye d by

available assafTina-quant IgG Gen.2, Roche diagnostics, Switzerlgaa).

3.2.2 Statistical analysis

The geometric mean titres (GMT) of neutralizing antibody in maternal and infaptesa
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 regressioncon log

transformed data. Confounding variables were analysed as covalidtds. s quar e ofr

Fi

exact test were used to compare categorical

correlation test was used for determining the association between maternal infant titres, total

IgG and neutralizing titres and transplacentahsifer ratios. 95% confidence intervals were

calculated. A prvalue of <0.05 indicated statistical significance. Data analysis was performed

using Excel and Statal4 (St&arp LP, Texas, USA). P values were adjusted for maternal
HIV status, race, paritynean 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 anbysigned

participants allowed for additional testing of samples including those performed in this study.

3.2.4 Other items

Additional materials can be found #yppendix 4 and 5 including the ceauthorship
agreement form and the RSV antibody assay protocol.

3.3 Results

A total of 240 maternaihfant sample pairs were analysed for this study. Baseline maternal
characteristics were compared betwagmen living with and withoutllV (Table 3.1).

The groups were similaexcept forhigher rate of alcohol use 496 vs 1.1%, p =0.02@&nd
higher percentageith hypergammaglobulinemia (89.7% vs 7.3%, p <0.000Women

livingwithHIV.Over all, 67% of women wer e 025 years

women living with and without HIV. Ninetjour percent of wmen living with HIV were on
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antiretroviral treatment (ART), including 92.8% on Atroiza (Efanvirenz, Emtricibatine and
Tenofovir). CD4+ lymphocyteounts were available for 94.4% of women living with HIV,

with a median CD4+ count of 413.5 cells/mL1{208). HIV-1 viral load data were

available for 50.2% of women, in whom the mean HIViral load was 1% 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 4.3.

The geometric mean titres (GMT) were compared between mo¢wdsorn dyads in each
group {Table 4.3), and association between GMTs and maternal and infant characteristics
included analyses in relation to maternal age;uppler arntircumference (as a proxy for

nutritional status), parity and low birth weight.
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Table 3.1 Baseline characteristics of mothers

Number of women

Median maternal age, in years (range)
Maternal age, in years

<25 years

> 25 years

Race - Black African decent
Median gravidity (range)

Median parity (range)

<3

23

Mean mid-upper arm circumfrence (SD)
£23.5cm

>23.5cm

Maternal medical history

Urinary tract infection
Hemoglobin < 10 mg/dl
Gestational diabetes

Maternal hypertension

PROM* 2 18 hours at delivery
Meconium stained liquor
Hemorrhage

Anemia

Syphilis

Smoking

Alcohol

Total IgG

GMT of total IgG in g/L
Hypergammaglobulinemia
Antiretroviral therapy

Atroiza

CD4+ lymphocytic count available
Median CD4 count

Mean CD4

Viral load data available

Mean viral load in copies/ml (range)
Mean log viral load copies/ml (SD)

*Prolonged rupture of membranes

Overall HIV uninfected HIV infected p value
240 119 (49.6%) 121 (50.4%) n/a
27.8(18.1-35.35) 27.6(18.5-35.35) 27.9 (18.1-34.8) 0.643
0.999
79 (32.9%) 39 (32.8%) 40 (33.1%)
161 (67.1%) 80 (67.2%) 81 (66.9%)
237 (98.8%) 116 (97.5%) 121 (100%) 0.12
2 (1-6) 2 (1-5) 2 (1-6) 0.349
2 (1-6) 2 (1-5) 2 (1-6) 0.167
156 (65.0%) 84 (70.6%) 72 (59.5%) 0.08
84 (35.0%) 35(29.4%) 49 (40.5%)
292 (4.2) 29.7 (4.4) 28.7 (4.0) 0.073
17 (7.3%) 8 (7.0%) 9 (7.7%) 0.999
215 (92.7%) 107 (93.0%) 108 (92.3%)
1 (0.48%) 1/101 (1.0%) 0/106 0.49
46 (21.0%) 19/118 (16.1%) 27/115 (23.5%) 0.189
1 (0.92%) 0/59 1/50 (2%) 0.464
15 (13.6%) 11/59 (18.6%) 4/51 (7.8%) 0.176
4(3.7%) 2/39 (3.4%) 2/50 (4%) 0.999
16 (7.7%) 8/95 (8.4%) 8/111 (7.2%) 0.273
6 (5.5%) 3/59 (5.1%) 3/50 (4%) 0.999
13 (11.9%) 5/59 (8.5%) 8/50 (16%) 0.381
6 (2.8%) 1/110 (0.91%) 5/107 (4.7%) 0.212
4(2.1%) 2/94 (2.1%) 2/96 (2.1%) 0.999
10 (5.3%) 1/94 (1.1%) 9/96 (9.4%) 0.02
234 (97.5%) 117/119 (98.3%) 117/121 (96.7%) 0.999
12.4(11.9 - 13.0) 10.5(10.0-11.0) 14.7 (13.9-15.6) <0.001
58 (24.8%) 6/58 (10.3%) 52/58 (89.7%) <0.001
97 (94.2%) NA 97/103 (94.2%) NA
NA 90/97 (92.8%) NA
90 (94.4%) NA 90 (94.4%) NA
NA 413.5 (20 - 998) NA
NA 22.6(95) NA
62 (51.2%) NA 59 (48.8%) NA
NA 0 (0-405736) NA
NA 3.2(1.2) NA
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Table 3.1 (continued)Baseline characteristics of infants

Overall HIV uninfected HIV infected p value
Number of infants 240 119 121 NA
Female gender, n (%) 122 60 (50.4%) 62 (51.2%) 0.899
Race - Black African descent,n (%) 238 (99.2%) 117 (98.3%) 121 (110%) 0.245
Mean Birth weight in g, (SD) 3174.1 (421.4) 3199.5 (413.9) 3149.1 (429.0) 0.356
Low birth weight (<2500 g), n (%) 11 (4.6%) 7 (5.9%) 4 93.3%) 0.373
Median APGAR S minutes (range) 10 (6-10) 10 (8-10) 10 (6-10) 0.026
Median Placenta weight (range) 613 (349 - 1069) 613.5 (349 - 1069) 611.5 (349 - 986) 0.325

3.3.1 Maternal titres were similar between exposure groups

TheRSV MN GMTs were similarin women living with and without HIV(1449 ED50/ml
vs 1560 ED50/ml, p =0.467). GMTs did not differ by maternal age, parity meanppét
arm circumference. GMTs among either group of womewdmen living with HIV, there
was no association between RSV GMTs and maternal CD4+ count, megh\H#lI load,
or use of antretrovirals. Maternal RSV GMTs did not correlate with total Ig6=(+0.002, p
=0.56).

3.3.2Infant 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{= 0. 6 6, p ©OO0.001). The strong corr
infant titres was present in both women living with?’s=0.72, p <0.001) and withoutllV
(r?=0.61, p <0.001). Infants born to women living with HIV had lower GNBIB5.7)
compared to those born to women without HIV (1285, p =0.009).
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Overall
Maternal HIV
negative
positive
Maternal CD4

<200 cells/pl
200-500 cells/pl
>500 cells/pl
Maternal Viral load
<500 copies/mL
2 500 copies/mL
Antiretroviral therapy
none
triple therapy
Hypergammaglobulinemia
(total IgG>15 g/L)

No
Yes
Maternal age (yrs.)
<25
225
Mid-Upper Arm
Circumfrence (MUAC)
$23.5 cms
>23.5 cms
Parity
<3
>3
Low birth weight (<2500g)
No
Yes
Infant Sex
Male
Female

maternal serum

Cord serum

Table 3.2 Geometric mean titres and camhternal ratios ointi-RSV antibodies

CMR

n GMT (95% CI) p value p adj GMT (95% CI) p value p adj GMT (95% CI) p value p adj
1503.6 (1361.7 - 1660.3) 1113.5(999.4 - 1240.7) 0.74 (0.69 - 0.79)
119 1560.3 (1367.1 - 1780.9) 1285.6 (1106.3 - 1493.9) 0.82(0.75-0.91)
121 1449.8 (1249.0 - 1683.0) 0.467 0467 966.7 (829.2 - 1127.1) 0.009 0.009  0.67(0.61-0.72) 0.001 0.122
21 1666.8 (1147.9 -2420.4) 1140.4(759.6 - 1712.0) 0.69 (0.58 - 0.81)
36 13959 (1139.6 - 1709.8) 949.7 (765.5-1178.2) 0.68 (0.57-0.81)
33 1280 (950.3-1724.1) 045 0216 814.9(612.4-1084.3) 0292 0.116  0.64(0.54-0.74) 0.709 0.715
46 1454 (1181.1 - 1792.2) 0.557 0557  1126.1(892.0-1421.7) 0347 0347  0.77(0.67-0.89) 0.011 0.074
16 1660.0 (1004.4 - 2743.3 905.1 (584.7 - 1401.2) 0.55 (0.43-0.70)
6 1140.4 (519.8-2501.9) 905.1 (382.7-2140.4) 0.79 (0.44-1.44)
97 14223 (1206.2-1677.1) 0369 0214 954.9 (805.4-1132.2) 0.019 0.005 0.67(0.61-0.74) 0.016 0.151
176 1477.9 (13274 - 1645.4) 094 094 1184.2(1050.7-1334.7) 0013 0.013 0.80(0.74 - 0.86) <0.000 <0.001
58 1490.7 (1186.3 - 1873.2) 868.0 (690.8 - 1090.8) 0.58 (0.52 - 0.65)
79 1422.1(1203.5 - 1680.5) 1112.4(920.7 - 1344.0) 0.8 (0.7-0.9)
161 1545.3 (1365.1-1749.3) 0439 0439 1114.1(975.1-1272.9) 099 081 0.7(0.7-0.8) 0.242 0.358
17 1446.6 (1043.1-2006.1) 1191.9 (838.0-1695.2) 0.8(0.7-1.0)
215 1510.0 (1358.4-1678.5) 0827 0.827 1117.9 (997.2-1253.2) 0.762 0877 0.7(0.7-0.8) 04 0617
156 1535.8(1358.2-1736.6) 1193.5(1038.5-1371.7) 0.78(0.72-0.84)
84 1445.7(1218.5-1715.2) 0568 0.568 978.9(826.1-1160) 0085 024 0.68(0.61-0.75) 0.044 0.164
229 1490.3(1346.0-1650.1) 1104.4(987.6-1235.1) 0.7(0.7-0.8)
11 1810.2(1110.8-2950.1) 042 042 1321.0(844.6-2066.1) 0.496  0.423 0.7(0.5-1.1) 0981  0.96
118 1484.7(1261.3-1747.5) 0.805 0.805 1124.8(949.7-1332.3) 0.857 0.987 0.76(0.69-0.83) 0.492 0.321
122 1522.2(1353.9-1711.4) 1102.7(960.2-1266.2) 0.72 (0.66-0.80)

padj: p-value after adjusting for maternal HIV status, race. parity, MUAC, hemoglobin, hypertension, alcohol and hypergammaglobulinemia
between HIV-infected and vninfected women. Among HIV-infected women additional adjustment for CD4 count and viral loads



Lower GMTs were also observed among infants born to women living with HIV whose
mothers were nain ART as compared to those who wereART (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 livithgHii/

infection had hypergammaglobulinen{&9.®56).

3.3.3 Cord maternal ratios

The overall CMR was 0.74 (95% CI: 0i&R79). The CMR wanot significantly differentin

newborns born to women living without H@.82)than those living with HIV (0.67,4p

=0.122). Among women livingwithHIV,HIM v i r al | oads O500 copies
(nonsignificantly) with a lower CMR as compared to those with viral load b&l@vcopies

(0.77 vs 0.55, ,=0.074 ). There was a weak negative correlation between total IgG and

CMR (? =-0.09, p = <0.001). This weak negative correlation remained consistent for women

living with HIV (r? =-0.05, p =0.012)and in thosevithout HIV (r? =-0.05, p =0.17}albeit

not-significant Higher maternal paritgO 3/s.<3) lost statistical significare after

adjustment for confounders (0.68 vs 0.78; 0.164). Maternal age and nutritional status

(indicated by MUAC) were also not associatgth 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 HIV1 viral loads were only available for half of these women
which also limits the interpretation of the data. Of those for whom-HiNfal loads were
available, most had viral loads <500 suggesting effective control ofiIHBplication . 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 salting in higher or lower or no difference in CMRs for the
same antigeLl12-115). A study conducted in Cape Town, reductions in transplacental

transfer rates werantigen specifi¢116) CMR reductions ranged from 15% for
pneumococcus (not statistically significant), 23%Haemophilus influenzae type(lHiB),

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 pathoplgy<ibid.)

The overall CMRn our studywas lower thameportedin otherstudies. Prior studies

conducted in Bangladesh, Nepal, The Gambia and the United States have reported CMRs of
approximately 1.@46, 105) In this study population, maternal hypergammaglobulinemia

was a major factor in reduced transplacental transfer of RSV neutralizing gnfitatrnal
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 byRimeréceptors 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 necessaf$V specific. In fact, in this study maternal titres did

not correlate with total IgG{= -0.002, p =0.56). This lack of correlation suggests there was

a degree of competition created between RSV aneR&W antibodies for receptor binding.

The negativesffects of maternal hypergammaglobulinemia on transplacental transfer of RSV
antibody has been observedimer sudies. In The Gambia, maternal
hypergammaglobulinemia reduced the transplacental transfer of RSV antibody (1 9D%

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 ohB§\talisatiorin

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 setifhysThe reason for this
outsized LMIC burden is muHactorial but lower levels of maternally derived antibody may

be a contributor. In this study, South African CMRs were lower compared to other LMIC
studies smmarized inTable 3.0.This would suggest that RS\ospitalisationncidence

would be higher among all infants compared to other populations. However, the RSV
hospitalisationncidence rates reported @hapter 2 do not suggest that the Sowetan burden

outweighs what is seen in high income settings. Furtherrhospitalisatiorrates 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 poevious reportsvhich estimated muchigherSauth African
disease burden in general and among HEU infants compared to HUU {(f@&nf4) One

cannot directly connect the data between the two chapmrever, the data analyses borrow
from the same patient population and surveillance timeframe which does allow for further
hypothesis gemation. 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). Fo infants, this is reflected in the majority of RSV hospitalisations resolving in

discharge to home as was reporte@hapter 2.

Another important limitation was that samples were collected over a single year with 10
maternadinfant pairs for each armleeted 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 resut higher titreq96).

Lastly, data on viral loads were available for only half the women living with Kiwould
have been useful to have a more complete dataset to be able to better characterize the
relationship between HRI viral replication control and transplacental transfer as was

demonstrated in the Botswana study referred to e#tli€))

Transpla@ental 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 mechhatamslerpin

transfer; down to the level of antibody glycosylation pattétd8) 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 far 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 seracorrelate of protection
4.1 Introduction

Maternally derived RSV neutralizing antibody has been inversely associated with infant RSV
lower respiratory tract infection (LRTi) some studies, however, a correlate of protection

against RSWLRTI remains elusivé¢l3, 44, 96)Further,few studies did not observeyan

association betweayveralland Fprotein epitope specific RSV neutralizing antibody and
protection against RSV disea@®, 48) Palivizumab, a monoclonal antibody directed at the

site Il epitope on the pision F protein, has provided proof of concept that RSV specific
neutralizing antibody can reduce sevB®V-LRTI (119, 120) The pivotali | Mpact 6 RSV
trial upon which palivizumab licensure was bassmonstrated a 55% reduction in RSV
associatethospitalisationn high riskpretermbirth infantswho 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 respons¢€$22-127). Although antibody directed to-jprotein 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
physiologcal 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 diseagesrama

important endeavour; particularly as it relates to vaccine d€si) 129) There are several
studies which have examined the protective role of RSV neutralizing antibody in infants,
Table 4.Q Importantly, comparisons across studies are limited due to differences in study
design, testing miebds and criteria used for investigating for RSV LRTI, and RSV
immunological assay methodologies. Nevertheless, there are important patterns which can be
highlighted. This review wil/ depict the evo

antibody aserocorrelate of protection.

4.11 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
Stateq13). The study demonstrated through the evaluation of cord sera in cases (h=68) and

randomly selected nematched controls (n=573hat the geometric mean titre (GMT) were
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significantlylower in cases (92 vs. 138, p <0.0Eigure 4.0is a graphical display of the
distribution (B: p 710, table 3).
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Figure 4.0Titre distributions of cases and controls during RSV epidemic pEtR)d

The relationship between higher RSV IgG titres and protection from disease was also
observed by Olgivie et al. in the United Kingd¢h30), in infants part of a prospece birth
cohort representative from multiple socioeconomic backgrounds. All families who were
screened for participatioimoweverhad a member with asthraadthe authors did not

provide further detail on the rationale behind this selection processnirast 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 thrsability, mothers of RSV hospitalized
cases (7.43 logt 0.19 andRSV community cases (7.63 tof§ 0.3]) had lowerGMTs of

RSV IgG tharthe birth cohort (communitygontrols (9.35 logt+ 0.23 p <0.001).

4.1.2 The seasonal timing of maternainfectious 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 epidemie or pre
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epidemic periodsAmongst cases, infants born during the epidemic period were younger and
had lower GMTs compared to those born in thegmielemic period. Conversely among the
controls, infants born during the epiderpieriod had higher GMTs compared to those born
duringthe preepidemic 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 RSVaayed
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 antibodyhis is due to a combination of factors witkiie mother including:

waning RSV antibody from the prior seastass natural exposure to tR&V virusin the

current seasqress boosting of their immune memory to RSV, and thereby less
transplacental transfer of neutralizing RSV antibody. The comédmw 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 Stensbaj@sgt al

The study by Stensballe et al. conducted a correlation analysis linking datasets on RSV cord
blood titres to nationally reported rates of RBaépitalisatios ininfants less than six

months. The RSV seasonal timeframe was captured through the changing RSV
hospitalisationncidence per 100,000 infants less than six months. The mean neutralizing titre
measured in 459 randomly selected infants rises and fallsatioredhip to the season. Titres
reach their nadir just prior to or during the peak of Rf§gpitalisatios. As the epidemic
progresedand maternal exposure incredsthe cord titresase and peadjust as infant

RSV hospitalisatios declingl; Figure 4.1(97: p. 297).
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Figure 4.1 Temporal relationship between RSV cord blood titres and R®italisatior®®

4.1.3The inverse relationship betweerRSV microneutralization titre and RSV-LRTI

The study by Piedra et al examined the relationship between RSV neutralizing titres in acute
serum and hospitalized RSV dise&$4). Neutralizing titres to RSV subtypes A, B and

surface protein F were measured fdfatent age strata. For infants less than one year of age,
the geometric mean serumeutralisingtitres against RSV subtype A, B and F protein were
4.1, 5.5 and 10,9espectively. Utilizing logistic regression to describe the relationship
between a singlenit (log) fold rise and a reduction in the likelihoodhafspitalisation

across all age groups for each unitlogrease in titre there was a 22% to 25% (depending
upon theassay reduction in likelihood of being hospitalized. A similar relationdepveen

a unit fold rise and reduction hospitalisatiorrisk is described in several other populations
(47, 95) In Native American infants, every lpmcrease imeutralisingcord blood titre
corresponded to a 30% decrease in RSV LdHEpitalisationn infants <6 months (OR 0.69,

p =0.0003)95). InDenmark, every logincreasen neutralising titrecorresponded to a 26%
reduction in RS\hospitalisatiorin infants <6 months (IRR 0.74, 95% CI: 0i6237)(131)

In Kenya, every logincrease imeutralisingcord blood titre corresponded to a 33%

reduction inhospitalisatiorfor infants less than 3 months of age, albeit-agmificant (OR

0.67, 95% CI: 0.331.38, p =0.2)47). In theKenyan study, cases aade matched controls

had similar mean concentrations of RSV neutralizing antibody (10.65 versus X1.8 log
=0.04); and multiplsub-analyses stratified by age at time of illness (including less than three

or six months and-8 months age failed to demstrate difference between cases and
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controls. The authors speculated that there may be other factors which contribute to disease
risk andthatneutralisingantibodies alone cannot overcome, and that protection against
severe hospitalized RSV disease meyuire titres higher than the what natural exposure can

induce.

Thecase control study conducted by Eick et al examined the role of maternally derived
neutralizing RSV antibody and protection against R®gpitalisationn Native American

infants from the Navajo and White Mountain Apache tri{@s. Prior epidemiological

studies had demonstrated a significantly increased risk oftiRSpitalisationn these two
groups; two and five fold higher than tgeneral U.S. populatiof132, 133) Eick

hypothesized that the increased incidence and severity among Native American tribes might
be related to subptimal levels of maternally derived neutralizing antibody. The study
exploredthis relationship from several angles by measuring baseline maternal titres,
transplacental transfer rates, and antibody-lifalf Cases had lower titres than their matched
controls (392.1 vs 538yith non-overlapping 95% ClIAmong these, there washaher
proportion of controlsvith a titre above 500 (OR 0.61, p =0.034). The transplacental transfer
ratio was 1.19Among caseghere was no association between titre levels and disease

severity.

4.1.4The quantity of antibody can impact disease sevayi in some infants

Three studies provide insight into the relationship betweerralising RS\Mitres and

disease severity. The case control study by Ogilvie et al, also compared RSV IgG titres

between hospitalized and community cad&9) The GMTs reported for hospitalizefl43

log2£0.19 and community case3.63 log +0.31 were lower than in control®.35 log

+0.23), but similar to one each othéis poses the question regarding the extent to which
neutralizing antibody can mitigate disease severity once infection has occurred. Notably, the
study byOgilvie et al mainly analysed IgG GMT in maternal serum as opposed to cord

blood, however,thed&rn s pl acent al transfer ratio was gen
blood GMTs would be similgi6).

In a more recent but different study design by Walsh et atFgototein titre values were
measured in acutely ill infants using an enzymmunoassay (EIA) and then correlated to a
clinical severity scoréas opposed to correlating to risk for hospitalisat({@3y) These sera
were collected from three separate group of R@¥cted children from outpatient,
emergency room and hospitalized settings.r&keere no controls included. Amongst all
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infants from all acute care settings, eadold rise in antiF 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 durig their first two months of life, the-@ld 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.

4.1.5The 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 RSY135). 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 lowentpges 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). Conversehygher 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 findgs were observed in a study from The Netherlands

in infants less than 3 months of g¢8).

The studies reviewed measured the relationship between antibody levels and protection
against disease differently which makes cangons difficult. Some studies measured-anti
IgG while others measured neutralizing antibody and or epitope specific neutralizing
antibody.Despite differences in methods, aR$V antibody levels were generally higher in

controls even amongst vulneralgopulationg13, 96)

This objective of this study was to investigate the association between RSV/A IgG
neutralizing antibody ankospitalisatiorfor RSV-associated LRTI in a setting with a high
prevalence of maternal Hhnfection. Furthermore, we explore for a sewrelate of
protection against RSVA/B LRTHospitalisation
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Table 4.0Summary of the key literature exploring the protective role of RSV antibody

Data collection

within a prospective hospital/outpatient respiratory
and sepsis surveillance program. .

communities
from one city

Author / Study design Study Samples and testing | Results

publication population and

and data years Sample Size

Glezen(13) Described the distribution of RSV neutralizing U.S.A-one nasal wash for viral Protection against RSV disease is
antibody in cord sera from RSV cases and controls city, low income| culture correlated to the level of maternally

1981

derived antibody. Higher levels are
correlated to less severe disease ar
delay in onset to primary infection

Data collection
years: n/a

cohort in infants <1 year witprospective
surveillance for RS\hospitalisation

48 cases / 31
controls

31/33;5: 1975 ::;Cr;d blood for RSV within the first six months of life.

Cord sera from cases were matched to controls <¢ 68 cases / 575

mont hs whmnmi Iwemrley digedOod | controls

the same prepidemic and epidemic periods. Case . . CaseGMT: 92

- . neutralizing antibody
were both hospitalized and outpatient.
assay Controls GMT: 138
p<0.01

Olgivie (130 Examination of RSV specific IgG antibody levels if U.K. - one city, | NPA for virus isolation| There are variable RSV titre levels i

infants and their mothers via a prospective birth all social classeq and/or immune mothers. There were significant
1981

fluorescence, plus one
serologically identified
case

Maternal serum* for
RSV IgG indirect

lower IgG RSV titre levels measure
in infant cases versus controls.
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Author / Study design Study Samples and testing | Results
publication population and
and data years Sample Size
Controls were uninfected infants from same cohor membrane Cases (Hospitalized) 7.43 lpg§ 0.19
but no details on specific matching criteria were immunofluorescence | Cases (Community) 7.63 lpg 0.31
provided Controls 9.35 log+ 0.23
*Only 3 cord blood
samples were avails | p <0.001 in each case
Note- infants were selected from families with one
asthmatic member.
Piedra 4 Measured RSV neutralizing titres in patients betwg U.S.AT one city | Nasal wash and/or Inverse relationship between level @
1 month and 89 years who were hospitalized for af throatswab for viral RSV antibody at time of acute
2003 acute LRTI. Patients were part of a larger prospec included 28 culture infection and RS\hospitalisation
infants

Data collection
years: 1991
1993

epidemiological study of respiratory infections.

Controls were noiRSV LRTI hospitalisatiorbutdo
not explicitly describe matching criteria.

Utilized logistic regression to calculate a fold rise
relative tohospitalisationAge, RSV season, RSV
specific titres were used in the model.

Acute and
convalescence serum
for microneutralization
to RSV Aand B

across all ages.

GMT of infants <1 year for
RSVA:41+20

RSV B:55+25

ELISAF:109+21

RSV/ A of ;:@5ténesnore
likely to not ke hospitalised (95% CI
1.419.1, p =0.008)
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Author / Study design Study Samples and testing | Results
publication population and
and data years Sample Size
RSV/ B (8 2.9timesongre
likely to not be hospitalised (95% C
1.217.7. p =0.03)
No threshold titre identified for
ELISA-F binding antibodies
Eick (95 Explored the relationship between neutralizing RS| U.S.A- NPA for Inverse relationship between level @
antibodies and protection against RSV diseas _ maternally derived RSV &ibody and
2 Native EIA RSV hospitalisation
American tribes
2008

Data collection
years: 1997
2000

Utilized logistic regression to calculate the differen
in titres between cases and control infants <6 mon
via prospective populatiehased hospital
surveillance

Controls matched by date of birth and geographic
location

169 cases / 248
controls

Cord blood for RSV
IgG neutralizing assay
60% neutralization

Cases 392.1 (95% ClI: 336.956.4),
Controls 538 (95% CI: 470.9609.2)

Severe cases: 385.6

Non-severe cases: 386.1

For every logincrease 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 / Study design Study Samples and testing | Results

publication population and

and data years Sample Size

Stensballes) Prospectively examined the correlation between | Denmark- Not specified utilized | Inverse relationship between level g

2009

Data collection

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

(national data)

459 random
cord samples

national database on
RSV hospitalisatios

Cord blood for RSV
19G
microneutralization
assay

maternally derived RS¥ntibody and
RSV hospitalisation

Population level GMTs < 7.5 legr
1: 181 is correlated to a steep rise i
RSV hospitalisatios for 3 months

years: 1998 Data set 2: RSWospitalisatios per 100,000 infants

2003 <6 months
No controls.

Freitas (135 Measured the levels and avidity of RSV total and | Brazili one city | NPA for IFA Infants < 3 months had high levels ¢
isotype specific antibodies via an agatched case RSV antibody. Antibody avidity was|
control of children <5 years hospitalized for lower in RSV cases compared to ag

i i . h Is. Higher levels of

2011 respiratory disease 104 cases / 66 | Serum collected at tim matched controls. Higher levels o

Data collection
years: 2000
2009

Additionally, explored relationship between avidity
and RSV disease severity (upperstes lower
respiratory tract infection)

controls

of illness (for indirect
ELISA to measure
levels of RSV IgG1,
IgG2, IgG3, IgG4.
Avidity assay for levels
of IgGland IgG3

high avidity antibodies were
associated with less severe disease
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 1gG1 <3 months:
Controls: 10.5% (2/19)

Cases: 51.2% (21/41)

p =0.0037

Nyiro @7
2016
Data colletion

years: 2002
2007

Measured levels of maternally derived RSV antibo
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
plague 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 sev
disease.

Overall:

Cases mean titre 10.65 log2
(10.311.0)

Controls mean titre 10.8 log2
(10.611.1)

p =0.04

<6 months age group:
Cases mean titre: 10.7 (1013.0)

Controls mean tie: 10.8 (10.611.1)
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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 agegroup

Cases mean titre: 10.3 (910.9)
Controls mean titre:

10.7 (10.211.1)

p=0.3

3-6 month age group:
Cases mean titre 3:
11.0 (10.611.3)
Controls mean titre:
11.0 (10.6111.4)

p =0.9

Walsh (134

2018

Data collection
years: 2012
2015

Measure RSV antibody levels associated with sev
RSV illness in healthy full term infants during
primary RSV infection.

No controls.
Mild to severe RSV cases recruited from 3 cohortg

Birth cohort followed development of RSV infectiol
via active and msive surveillance.

Supplemental cohort enrolled at time of respiratory
infection from outpatient and emergency rooms.

U.S.AT one city

RT-PCR

Acute serum collected
at time of illness

Correbted 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 demonstratg
an inverse relationship heg¢en titre
level and disease severity. Higher
titres were associated with a delay i
time to infection.

All infants:

Each 2 fold increase in arfititre
associated with a 0.56 unit decline i
GRSS (p =0.009)

I nfants O2 month
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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 verifie
admission.

Subtype B

Each 2fold increase in antf titre
associated with a 0.9 unit decline in
GRSS (p =0.13)
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4.2 Methods

We undertoola matched caseontrol studyin Sowetan infants in ordéo examine the
association omaternally derived RSM neutralizingantibody in cord bloodand risk of

RSVA/B LRTI hospitalisationCases and controls weselectedrom an existing birth cohort

of 38,223 infants (280B study HREC approval number 140203). All cases were infants less
than six months of age dte time ofhospitalisationidentified through established

surveillance described in chapterA2cross referenced listas used to confirm that &5V
hospitalized infants also had a cord blood sample available from the birth cohort. Cases were
then indvidually matched to neRSV controls from the same birth cohort. Cord blood

RSV/A IgG neutralizing antibody titres were measurelddthcases and controls. The null
hypothesis assumed that there would be no difference in levels of maternally derived RSV
neutralizing antibody between hospitalized RERTI cases and matcheabntrols. The
alternative hypothesis would be accepted if a significant difference between hospitalized

RSV cases and control infants was detected.

Case and controls (1 tordtio) 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.
weels and preterm birth as gestational age <37 wethkere were four birth weight

categories including <2500, 253000, 30013499 and O3500 grams. Mat

matched within five yearsf age

The initial matching process resulted in the identificatib®21 cases and &3controls. 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 weightcageor i es wer e compressed into
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 excludedrbm further analyse$-rom the original case control match list, there were 2
cases and 20 controls who did not have sera available to analyse. The final ana®$% had

cases and Jlcontrolsavailable for analysis in infants <6 months of age.

Additiondly, three exploratory analyses were performed:
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The first exploratory analysis-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
ED5S0.

In the secon@xploratory 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 lipati@rn which was
observed in a study by Walsh et(@l34).

The third exploratory analysis-ran the full set of statistical tests after removing any control
infants with a history oéll-causeLRTI or sepsis achission 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 removiedm 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 RSM neutralizing antibody using a microneutralization assay described
earlier(131, 136) The assay was performed in@@ll flat bottom, micretitre plates using
HEP2 cells (ATCC CCi81) and the long strain of human RSV (ATCC-¥RB). Each 96

well plate contained four piant samples tested in duplicate using 12-tald 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 tbttzekhe
virus. Paired maternal and cord sera were tested on the same micrdttelPlalizes were
incubated at 37 °C and 5% ¢@r 144 hours (6 days) with daily checks for vhgsecific
cytopathic effect. After the sigday incubation period the plates were: decanted, overlaid with
crystal violet, and left to stain for 24 hours. Aftee 24hour 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 determineglthe last well with at least 50% fully protected HEP2 cell

82



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 indepeneest procedure was

usal to evaluate for a significant difference between mean titres.(lbige 95% confidence

level for the means were providedv®ues were set to less than 0.05. A conditional
(multivariable) logistic regression model was used to estimate the odds of RSV
hospitalisatioriooking at different risk factors includingnit titre (log), 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 afases and controls were similar in mean age, HIV infection, smoking

and alcohol usage during pregnamcyparity categorie¢Table 4.7J).

4.3.1 Comparing ED5O0 titres distribution and values in RSV case and control infants <6
months of age

Thecomparativeitre distribution demonstrated that the majority (52.63%) of infant controls
were above a value of 1024 compared to less than Hali5%) of caseéTable 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 <0.0008&comparative

mean log titres for cases and controls were differerth statistical signifiance 9.89 vs

10.22, p<0.0002 Table 4.3.
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Table 4.1Baseline demographic and clinical characteristics of mothers and infants with (cases) and without (controls) RSV |@aiewyrespir

tract infection hospitalisation

Overall Cases Controls
No of mothers 1036 219 817
Mean Maternal age 27.06(17.0- 45.0) 26.98(17.0- 44.0) 27.07 (18.0- 45)
Parity
<3 819(79.1) 169(77.2 650(79.9
03 94 (9.1 28(12.8 66 (8.1
HIV status
HIV uninfected 761(735) 161 (B.5) 600(734)
Smoking during pregnancy
No 808(96.4) 168 (96.6) 640 (96 4)
Alcohol during pregnancy
No 772 (92.9) 160 (914) 612(93.3
No of infants 1036 219 817
Female 612 (59.1) 128(585) 484 (592)
Gestational age
>37 weeks 873(843) 181(82.7) 692(84.7)
<37 weeks 163 (15.7) 38 (174) 125 (153)
Mean birth weight in grams
(SD) 3040 29%.3 30528

(635- 5800) (905.0- 5800) (635.0- 4810.0)

Missing values for maternal smoking stali®8 for maternal alcohol status 20

Table 4.2RSV Geometric mean titre distribution for all cases and controls
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ED50

GMTs 64 to <128 128 to <256 256 to <512 512to <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
EDS80

GMTs 32t0 <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 (5.81) 184 (2252) 279 (34.B) 304 (37.20) 817
Infants <3 months

Cases 0 (0) 0 (0) 10 (14.71) 21(30.88) 21(30.88) 16 (23.53) 68
Controls 1 (0.9) 4 (158 12 (474) 50(19.79 99(39.13 87 (3439 253

Missing valuesED50and ED80=20 (2 cases18 controls)

Table 4.3Geometric mean titres and loiifres for all cases and controls

EDS50

GMT

95% confidence limit

lower

upper

mean titre

(logy)

95% confidence limit

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

ED8O0 GMT lower upper (logy) lower upper Total
Infants <6 months

All cases 689.42 613.% 774.53 9.43 9.26 9.60 0.0001 219
All controls 87819 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 9.5 9.83 253

Missing valuesED50and ED80=20 (2 cases, 8 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 R&Wspitalisatiorin infantsless than six months of agsing

ED50 valuegTable 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 anincreaseofanht 6 s cor d bl owasdignificandy ( as a
associated with an OR of 1.43 (95% CI93i 1.715, p <.0001). Thassociatiorbetween

cord blood titre and RSYospitalisatiorcan be summarized as follows: in infants who were

less than six monthsf age, every unit of lagitre increase resulted in a 43% reduced odds of

RSV hospitalisation.
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Table 4.4Risk factoranalysisfor RSV hospitalisation in infants

*

ED50 <6 months

Variable OR (95% CI)

Cord blood titre (log2) 1.431 (1.1931.715)
Seasonality 0.494 (0.060 4.092)
Smoking 1.028 (0.3512.986)
Alcohol 0.766(0.366 1.604)

Siblings <3 vs >3 1.511 (0.8112.817)
ED80 <6 months
OR (95% CI)

Cord blood titre (log2) 1.422 (1.12-1.696)

Seasonality 0.4 (0.069-4.111)
Smoking 1.019(0.351-2.963)
Alcohol 0.758 (0.362-1.590

Siblings <3 vs >3 1.515(0.813-2.823)

ORs are adjusted via multivariate regression

p-value
0.0001
0.5134
0.9596
0.4793
0.1936

p-value
<0.0001
0.51%
0.9718
0.4642
0.1913

ED50 <3 months
OR (95% CI)

1.390 (0.9462.044)

<0.001 (<0.002>999.999)
<0.001 (<0.003>999.999)
>999.999 (<0.00999.999)
3.346 (0.79614.068)

ED80 <3 months
OR (95% ClI, p-value)
1.440 (0.972.119)
<0.001 (<0.00%4>999.999)
<0.001 (<0.00%4>999.999)
>999.999<0.001>999.999)
3.501 (0.82614.949)

p-value
0.0934
0.9935
0.9943
0.9947
0.0993

p-value
0.0642
0.9936
0.9943
0.9948
0.0907
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4.3.3 ED8O threshold and association with RSV LRThospitalisation <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 Wy an ED5
threshold Figure 4.2). ED50 and ED8O values correlated strongly (R =0.9456). Overall, the
gualitative or directional relationship between cases and controls was maintained using either
ED50 or ED80. The overall impact of using ED80 instead of ED5Cheast lowered the

mean titre values in both case and controls while maintaining a small but significant
difference between the two grou®s43 vs 9.78, p <0.000{Table 4.3
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Titre interval

u Controls 50 Cases 50 : Controls 80 Cases 80

Figure 4.2Comparative titre distributions of all cases and controls, BB3D80

The risk factor analysis using ED80 in infants <6 months was directionally similar to the
ED50 in the same cohorfdble 4.4. In the ED80 analysis, the infant cord blood titre
remained strongly correlated to a statistically significant reduatiodds for RSV
hospitalisation(OR =1.4%5 95% CI: 1.1%-1.69, p <0.0001).
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4.3.4 Limiting the analysis to the first 3 months of life, ED5&nd ED80

By restricting the analysis to infants less than 3 months of age, thdigitibutions and
comparative GMTs/logtitres were overall lower but remained directionally consistent with
those observed in infants <6 months of agiab(es 4.2 and 4.38 In the risk factor analyses,

cord blood titres maintained similar OR values lbat 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#m@n the full set of statistical tests in infants <6 months after
removing selectcontrol infantgn =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 differeincesse/control titre
distributions Table 4.6 or when comparing GMTs/lagjtres between cases and controls
(Table 4.7).
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Table 4.6RSV Geometric mean titre distribution for all cases and controls <6 mavithsselect controls removéd

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
ED8O0

GMTs 3210 <64 64 1to <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 otallse 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 motitisg|ectcontrols removed

95% confidence limit

mean titre 95% confidence limit

ED50 GMT lower upper (log) lower upper p-value Total
Infants <6 months

All cases 946.49 842.94 1062.76 9.8 9.72 10.05 0.00B8 217
All controls 1191.88 1126.01 1261.61 10.2 10.14 10.30 775

95% confidence limit

mean titre 95% confidence limit

EDS80 GMT lower upper (logy) lower upper p-value Total
Infants <6 months

All cases 685.9% 610.08 771.2 942 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 otalise LRTI or sepsis admission during the first six months of life
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The risk factor analysis waispeated after th43 seleced controlswereremoved for both
ED50 and ED8@atasets to explore fonampact(Table 4.8 and4.9). As was seen with
previous analyses, the cord blood titre as a un#twag most strongly associated with a
reduction in odds of RSV hospitalisatioMore specifically, for the ED50 analysis the OR
for cord blood titre as uhlogowas 1.39, 95% CI: 1.159.669, p <0.0004). The ED80

analysis were very similar.

Table 4.8 Risk factors for RSV hospitalisation in infants <6 monthigh select
controls removed

ED50 <6 months

Variable OR (95% CI) p-value
Cord blood titre (log2) 1.391 (1.1591.669) 0.0004
Seasonality 0.496 (0.0604.068) 0.5135
Smoking 1.031 (0.3572.980) 0.955
Alcohol 0.787 (0.3671.688) 0.5393
Siblings <3 vs >3 1.503 (0.798.833) 0.2073
Variable ED80 <6 months

OR (95% CI) p-value
Cord blood titre (log2) 1.383(1.158-1.62) 0.0003
Seasonality 0.4% (0.0604.081) 0.5132
Smoking 1.021(0.363-2.950 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 otalise LRTI or sepsis admission during the first six months of

life
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4.4 Discussion

Therewas asignificant difference in the mean ED5O0 titres betWB&Y-LRTI hospitalized

case and control infants less than six months of D80 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 GMDbginvhlues 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

loge titre was the strongly associated witheduce odds ofRSV hospitalisatiofOR 43%)

Similar to previous studies,definitive threshold oRSV/A MN titre for protection against
RSV-LRTI hospitalisatiorwas not identified through this studySouth Africa

Neverthelesshie inverse relationship lve¢en higher titres and lower oddshafspitalisation
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 R&%pitalisatiorof 43% (95%
Cl11.931.715, p <.0001) for every unit rise in kdgre, which was higher than point estimate
range reported from previous studies ( Kenyan, 33%; Denmark, 26%; and USA Native
populdion, 30%(47, 95, 131)

The assay used for thssudywas a generdRSV/A microneutralization assay summarizing

the totality of the mot her @sirupaoquinechyther al ant
infant (i.e. in cord blood)What this assay could not describe were more specific aspects of

that polyclonal response such a&gldy or the targeting of a highly neutralizing epitopes

found on the prdusion form of the F surface protgib35, 137) It is possible that a more

specific assay would have revealed larger differences between case andfamiisol

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 surveikaprogram. 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 impostahimg
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 difiees 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 engplacentally transferr€@6). For the infant,

the baseline characteristics summary did reveal a higiteeptage 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 dis@dge One limitation is

that his 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 §&&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 digs on natural immunity will reveal a definitive threshold of
protection. Thdimited conclusions of the dataay stem from thémitations of thehuman
immune response itself which the virus has successfully averted as evidenced by repeated
infections(138140). Current developments in active (vaccine) and passive (monoclonal)
immunization specifically aim to overcome thissumed natural limitatid@d3). The sere

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 indicaté¢ tihe burden is

unfavourably tilted towards lower and middle income countries where multiple factors may
exacerbate vulnerability to more severe forms of disease and poor ou{dynizgially

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 accessit#eventions including vaccination,

next generation monoclonal antibodies and-aiméils. Therefore, advancing an understanding

of the RSV burden at the countigvel is critical so that public health authorities can be
prepared to make informed decissdior their when these interventions become available.

The South African specific RSV burden has been investigated for several d@;atek 64,
67,72, 74, 142143). 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 exposuré72). 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 amohtlV exposed andinexposednfants through measures of
hospital incidence, clinical characteristics and outcomes by month of age. And second,
describing the serepidemiology of RSV neutralizing antibody to further inform our

understanding of natural immunity in the firsonths 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(8a8 71, 74, 82)Furthermore,
hospitalisationncidence rates were similar betwddty exposed and unexgedinfants
despite prior predictions thellV exposednfants 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 courserdunospitalisatiorwas of moderate
severity with only a small percentage of cases requiring ICU admission and low mortality
outcomes. Despite the lower severity and low mortality, R83pitalisatiorshould be
viewed as a significant medical burden for 8mvetan 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 relatetlospitalisatios captured through the two years of surveillance. During the
peak of the RSV seasongse cases accounted for more than half (53.2%) of all respiratory
relatedhospitalisatios with the majority (69.3%) occurring in infants <6 months of age. The
majority 69%) of RSVhospitalisatios 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 mosived 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 othkcauses of
respiratory infectiorf25). A definitive RSV diagnosis requires confirmatory testing in order

to be able to differentiate it from the many possible viral aetiologies.ni¢éss 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 lesnlalescribed in the past including

signs of cough, wheeze and respiratory distf2Ss78, 144)

The secon@nd third objectivesf the dissertation revealed important new information about
RSV disease via serepidemiology studies. RSV neutralizing antibody is known to traverse

the placenta and is associated with protection of infants against hospitalized {i8edde

46). Prior studies conducted in Nepal, Bangladesh, The Gambia and the United States
demonstrated efficient transfer rates O1 in
the overall transplacental transfer rate of RSV neutralizing antibody wasffiesnt 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 &bled¢o 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 relatimship between higher RSV neutralizing antibodies and protection against
hospitalized RSV was identified in the 1980
elusive(13, 44, 95, 96, 130, 134)This dissertation attempted to identify a specific titre level

which differentiated RSV hospitalized cases from-hospitalized controls while sb
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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 ({pfpetween HIV unexposed casand 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 R&WUspitalisatio. More specifically, this study identified a
reduction in odds for RS¥Yospitalisatiorof 43% for everyunitrise in log titre; a finding

which was in close proximity to several other studiels 47, 96) Although these results are
disappointing, there are futureemwues 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. RSVvaccine programs are now able to target specific epitopes on the F protein
which induce highly neutralizing antibod$37, 145) The development of assays which can
measure epitope specific sites may end up being more informative abeobsetates of
protection than the general microneutralizing assay that was used in this and may prior
studies. In addition, systems serologgtniques 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 cousseydars during which time the fibl

of RSV has continued to evolve and widen rapidly. There are currently over 40 RSV vaccine
and monoclonal antibody programs in developn(#6). A recent phase 3 maternal

i mmuni zation trial APREPAREO sadly failed i
important postoc findings including a reduction in aause LRTI in the first year of life; an

effect which occured long after maternal derived RSV antibodies had waned from the
infantds circulation. This intriguing findi
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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Appendix 171 Ethics approvals

Ethics approvals for the PhD study
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R14/49 Dr Yasmeen Mele Agosti et al

HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
CLEARANCE CERTIFICATE NO. M140985

NAME: Dr Yasmeen Mele Agosti et al
(Principal Investigator)
DEPARTMENT: Clinical Microbiology and Infectious Diseases

DST/NRF Vaccine Preventable Diseases
Respiratory and Menigeal Pathogens Research Unit

PROJECT TITLE: Measuring Epidemiology and Sero-Correlates of Protection
against severe Respiratory Syncytical Virus (RSV)
Associated Hospitilization in HIV Exposed and
Unexposed South Africa Children

DATE CONSIDERED: 03/10/2014
DECISION: Approved unconditionally

CONDITIONS:
SUPERVISOR:

Sl

APPROVED BY:

Professor P Cleaton-Jones CHairperson, HREC (Medical)

DATE OF APPROVAL: 21/01/2015
This clearance certificate is valid for 5 years from date of approval. Extension may be applied for.

DECLARATION OF INVESTIGATORS
To be completed in duplicate and ONE COPY returned to the Secretary in Room 10004, 10th floor,

Senate House, University.
I/we fully understand the conditions under which | am/we are authorized to carry out the above-mentioned

research and l/we undertake to ensure compliance with these conditions. Should any departure be
contemplated, from the research protocol as approved, l/we undertake to resubmit the

application to the Committee. | agree to submit a yearly progress report.
A 21/01/ 205
Principal Investipa(or - Bignature Date r
PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES
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GAUTENG PROVINCE

e - S, REPUBLIC OF SOUTH AFRICA

MEDICAL ADVISORY COMMITTEE
CHRIS HANI BARAGWANATH ACADEMIC HOSPITAL

PERMISSION TO CONDUCT RESEARCH

Date; 12 June 2014

TITLE OF PROJECT: Epidemiology and sero-correlates of protection of severe RSV associated
hospitalization in HIV exposed and unexposed South African children

UNIVERSITY: Witwatersrand

Principal Investigator: Y Agosti

Department: Microbiology

Supervisor (If relevant): S Madhi

Permission Head Department (where research conducted): Yes

Date of start of proposed study: June 2014
Date of completion of data collection: December 2017

he Medical Advisory Committee recommends that the said research be conducted at Chris Hani
Baragwanath Hospital. The CEO /management of Chris Hani Baragwanath Hospital is accordingly
informed and the study is subject to:-
e Permission having been granted by the Committec for Research on Human Subjects of the
University of the Witwatersrand.
e the Hospital will not incur extra costs as a result of the research being conducted on its patients
within the hospital
e the MAC will be informed of any serious adverse events as soon as they occur
e permission is granted for the duration of the Ethics Committee approval.

..................................................... A
Recommended ﬁéprt‘)vcd/Not Approved
(On behalf of the MAC) Hospital Mz)nagcment
Date: 12 June 2014 Date: > 5/ 0 iy
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Ethics approval for the paediatric surveillance program

R14/49 Prof Shabir Madhi et al
HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)

CLEARANCE CERTIFICATE NO. M140904

NAME: Prof Shabir Madhi et al
(Principal Investigator)
DEPARTMENT: RMPRU
CHBAH
PROJECT TITLE: Surveillance on Severe Childhood lliness in Soweto, South Africa

DATE CONSIDERED: 03/10/2014

DECISION: Approved unconditionally
CONDITIONS:
SUPERVISOR:

)
&&&W/&Q

Professor PE Cleaton-Jofes Chairperson, HREC (Medical)

APPROVED BY:

DATE OF APPROVAL: 05/12/2014
This clearance certificate is valid for 5 years from date of approval. Extension may be applied for.

DECLARATION OF INVESTIGATORS

To be completed in duplicate and ONE COPY returned to the Secretary in Room 10004, 10th floor,
Senate House, University.

I/we fully understand the conditions under which | am/we are authorized to carry out the above-mentioned
research and l/we undertake to ensure compliance with these conditions. Should any departure be
contemplated, from the research protocol as approved, I/'we undertake to resubmit the

application to the Committee. | agree to submit a yearly progress report.

Principal Investigator Signature Date

PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES
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of the Witwatersrand, &
Johannesburg z z
Human Research Ethics Committee: (Medical) \/
United States FWA Registered No IRB 00001223 “o o

ot
South African National Health Research Ethics Council Registration: REC-250208-004 “annger”

SECRETARIAT: Suite 189, Private Bag x2600, Houghton 2041, South Africa Tel. +27-11-274 9200 Fax: +27-11-274 9281

Ms S Trenor FAXED & COURIERED
Research Associate 23 February 2016

DST/NRF - RMPRU

11th Floor, West Wing, Nurses Residence
Chris Hani Baragwanath Hospital

2013

Fax: 086 262 0626

Dear Ms Trenor,

"" PROTOCOL: PNEUMO & GASTRO PATHOGENS - SURVEILLANCE ON PATHOGEN-SPECIFIC

CAUSES OF PNEUMONIA AND DIARRHOEA HOSPITALIZATION IN CHILDREN

ETHICS REFERENCE NQ: 131109

RE : APPROVAL FOR PROTOCOL AMENDMENT VERSION 3.0 DATED 2 FEBRUARY 2016

We acknowledge receipt of your letter dated 02 February 20186 with the following documentation pertaining
to the above-captioned trial.

Amendment Date 02-Feb-2016 Amendment Version Protocol Version 3.0
Amendment Number: Received Date: 02-Feb-2016

The following has been approved by the Wits Human Research Ethics Committee: (Medical):

* PCV&gastro_pathogens, Protocol Version 3.0 dated 2 February 2016 (clean and tracked)

* Information Leaflet and Informed Consent Form, Version 3.0 dated 2 February 2016 (Tracke & Clean)
* Information Leaflet and Informed Gonsent Form for Transport, Storage and Future use of Samples,
Version 2.0 dated 2 February 2016 (Tracked & Ciean)

- Requested amendments:
- To include the collection of bloods in all infants younger than one year of age during RSV season. Since
during RSV season (approximately from end of February to August) more than 70% of all respiratory
hospitalizations are due to RSV infections RMPRU believe is more practical to sample every infant.
- Bloods will be used for cytokines profiling and evaluate any association with disease severity.
- Blood will also be stored for potential future testing for host single nucleotide polymorphisms (SNP) that
may be used to measure the association between selecled host genetic polymorphism and altered
pulmonary function including asthma among children who experienced a RSV LRTI episode during the first
year of life.
- Inclusion of two new secondary objectives related to the cytokine testing.

Ethics Approval Date: 23 February 2016

The University of the Witwatersrand, Human Research Ethics Committee Approval Granted for the above
mentioned study is valid for five years. Where required by Sponsor to have approval on a more frequent basis it
remains the responsibility of the Sponsor and Investigator to apply for continuing review and approval, or for the
duration of the Trial.

1. THIS APPROVAL IS SUBJECT TO THE FOLLOWING PROVISOS:

* A copy of the MCC Approval and/or MCC Notification letter must be submitted to the Ethics Regulatory Office
Secretariat before the study commences / or where an Amendment may be implemented (IF MCC APPROVAL /
NOTIFICATION IS APPLICABLE). It remains the responsibility of the Principal Investigator and/or Sponsor to
ensure that the relevant approvals are in place
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1 conaucted according to the protocol submitted to the University of the Witwatersrand, Human
w »"“‘E“l'“,a Committee  Any amendments to the protocol must first be submitted to the Human Research

e Committee for approval
e

. punng the study, the University of the Witwatersrand, Human Research Ethics Committee is informed
mmediately of :

- Any Unexpected Serious Adverse Events or Unexpected Adverse Drug Reactions, which, in the Investigator
and/or the Sponsor's opinion are suspected to be related to the study drug (Refer to POL-IEC~001 and SOP-
JEC-005, Item 3 4)

- Any data received dunng the trial which, may cast doubt on the validity of the continuation of the study

* The University of the Witwatersrand, Human Research Ethics Committee is notified of any decision to
discontinue the study and the reason stated

* The Inyestlgators authonised by this approval participate in this study. Additional Investigators shall be submittod
to the University of the Witwatersrand, Human Research Ethics Committee for approval prior o their participation in

the study

In the event of an authorised Investigator ceasing to participate in the study, the University of the Witwatersrand,
Human Research Ethics Committee must be informed and the reason for such cessation given

2 PRINCIPLES OF INFORMED CONSENT:

* The University of the Witwatersrand, Human Research Ethics Committee requires that in all studies, the
Principles of Informed Consent are adhered to. This applies to volunteers as well as patients.

3 PROGRESS REPORTS.

* The University of the Witwatersrand, Human Research Ethics Committee requests that the MCC Progress
Reports be submitted twice a year either in March and September or six monthly from start of study to the HREC
Secretariat Office - 011 274 9281 and a report of the final results, at the conclusion of the study. (IF APPLICABLE)

4. REIMBURSEMENT TO PATIENTS FOR TRANSPORT.

* The Human Research Ethics Committee: (Medical) is in agreement that reimbursement per visit is according to
the Medicines Control Council of SA and that reimbursement should be appropriate according to the situation

5. TRANSPORT AND STORAGE OF BLOOD AND TISSUE SAMPLES IN SOUTH AFRICA:

* If blood specimens are to be stored for future analysis and is planned that such analysis will be done outside
Wits, then the blood must be stored at a facility in South Africa agreed with the relevant IRB, with release of sub-
samples only once projects have been approved by the local Research Ethics Committee applicable to where the
analysis will be done as well as by the Wits Human Research Ethics Committee: (Medical).

6. GENETIC TESTING

* The Human Research Ethics Committee: Medical; will not approve open-ended genetic testing as this does not
fit the Human Research Ethics Committee criteria.

7. GOOD CLINICAL PRACTICE

The South African Department of Health, Medicines Contral Council requires Good Clinical Practice (GCP) Training
for all Investigators in Clinical Trials, and that GCP training be renewed every three (3) years.

As yet, there are no National Guidelines for the content of GCP courses. Until these are available the Wits Human
Research Ethics Committee (Medical) will note courses cc d by In: i rs without approval of the content
of the individual courses.

8. THE SUPPORTING APPROVAL DOCUMENTS ARE ATTACHED:

8.1 Ethics Approval Form signed by the Chairperson of the HREC - Kindly return the copy of the Approval Form
signed by the Principal Investigator /(s) per fax: 011 274 9281 for our records (this is only applicable with the initial
Approval).

The above has been noted for the Ethics Committee information and records.
KINDLY FORWARD TO THE RELEVANT INVESTIGATORS /CRA/ STUDY CO-ORDINATORS

Regards, i %’ 7.
ROF PETER CLEATON-JONES Ma“ '/C""

For and on behalf of the Human Research Ethics Committee: (Medical)

111




Ethics forms for 280B GBS study

University .«
of the Witwatersrand, &
Johannesburg :

>

Human Research Ethics Committee: (Medical)
FWA Registered No IRB 00001223 ) «©
Yan N1 ae

SECRETARIAT: Suite 188, Private Bag x2600, Houghton 2041, South Africa Tel: +27-11-274 9200 Fax: +27-11-274 9281

Dr CL Cutland, FAXED & COURIE
Medical Officer
Respiratory & Meningeal Pathogens Resear 02 July 2014

11th Floor, West Wing, Nurses Residence
Chris Hani Baragwanath Hospital

P O Box 90753, Bertsham

2013

Fax: 086 674 0564
Dear Dr Cutland,
PROTOCOL: V98 280BTP - ESTABLISHING A SERO-CORRELATE OF PROTECTION AGAINST

INVASIVE GROUP B STREPTOCOCCUS DISEASE IN NEWBORNS AND YOUNG INFANTS AGED <90
DAYS

ETHICS REFERENCE NO: 140203
RE : APPROVAL FOR PROTOCOL AMENDMENT

- We acknowledge receipt of your letter dated 01 July 2014 with the following documentation pertaining to
the above-captioned trial.

Amendment Date: 13-Jun-14 Amendment Version: Version 1.1
Amendment Number: Received Date: 01-Jul-14

The following has been approved by the Wits Human Research Ethics Committee: (Medical):

* Observational Study Protocol V98_280BTP, Version 1.1 dated 13 June 2014

* Information Leaflet and Informed Consent Form (Aduit), Version 1.2 dated 20 June 2014

* Information Leaflet and Informed Consent Form (GBS case), Version 1.2 dated 2014

* Informed Consent Form Transport, Storage and Future use of Samples, Version 1.2 dated 20 June 2014

Noted:
This amendment is required due to a change in the study sponsor from Novartis Pharma Services A.G.
(Novartis) to Novartis funding RMPRU as an independent investigator-driven study.

Novartis will continue to provide financial support and will retain responsibility for ELISA testing to meet
primary and secondary study objectives due to the availability of a validated ELISA within Novartis.

RMPRU will take responsibility for all other key study activities including authorship of all key study
documents, study operations, data analysis and reporting and monitoring.

Amendments include:

- Change in the delivery hospital centers, now restricted to CHBAH. There will, however, be ongoing
surveillance for GBS cases at these hospitals.
- Study enrolment period has been extended from 12 to 24 months.
- Data collected during antenatal clinic visits will be restricted to maternal demographics and gestational
age based on findings from a feasibility study (V98_220B).
¢ - A concurrent serotype identified between the GBS case and the vaginal swab from the corresponding
- mother is no longer required.
- All sample (blood and vaginal swab) processing will be completed at the RMPRU laboratory.
- RMPRU laboratory will retain right to complete testing for markers of immune function, though primary
study results will be based on GBS anticapsular titres tested using a Novartis ELISA.
Clarification in the ethics section that if consent is not obtained post-cord blood collection, the relevant
samples will be tracked and destroyed and will not be tested for study purposes.
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The University of the Witwatersrand, Human Research Ethics Committee Approval Granted for the above
mentioned study is valid for five years. Where required by Sponsor to have approval on a more frequent basis it

remains the responsibility of the Sponsor and Investigator to apply for continuing review and approval, or for the
duration of the Trial.

1. THIS APPROVAL IS SUBJECT TO THE FOLLOWING PROVISOS:

* A copy of the MCC Approval and/or MCC Notification letter must be submitted to the Ethics Regulatory Office
Secretariat before the study commences / or where an Amendment may be implemented (IF MCC APPROVAL /

NOTIFICATION IS APPLICABLE). It remains the responsibility of the Principal Investigator and/or Sponsor to
ensure that the relevant approvals are in place.

* The study is conducted according to the protocol submitted to the University of the Witwatersrand, Human

Research Ethics Committee. Any amendments to the protocol must first be submitted to the Human Research
Ethics Committee for approval.

* During the study, the University of the Witwatersrand, Human Research Ethics Committee is informed
immediately of :

- Any Unexpected Serious Adverse Events or Unexpected Adverse Drug Reactions, which, in the Investigator
and/or the Sponsor's opinion are suspected to be related to the study drug. (Refer to POL-IEC~001 and SOP-
IEC-005, Item 3.4).

- Any data received during the trial which, may cast doubt on the validity of the continuation of the study .

* The University of the Witwatersrand, Human Research Ethics Committee is notified of any decision to
discontinue the study and the reason stated.

* The Investigators authorised by this approval participate in this study. Additional Investigators shall be submitted

to the University of the Witwatersrand, Human Research Ethics Committee for approval prior to their participation in
the study.

* In the event of an authorised Investigator ceasing to participate in the study, the University of the Witwatersrand,
Human Research Ethics Committee must be informed and the reason for such cessation given.

2. PRINCIPLES OF INFORMED CONSENT:

* The University of the Witwatersrand, Human Research Ethics Committee requires that in all studies, the
Principles of Informed Consent are adhered to. This applies to volunteers as well as patients.

3. PROGRESS REPORTS:

* The University of the Witwatersrand, Human Research Ethics Committee requests that the MCC Progress
Reports be submitted twice a year either in March and September or six monthly from start of study to the HREC
Secretariat Office - 011 274 9281 and a report of the final results, at the conclusion of the study. (IF APPLICABLE)
4. REIMBURSEMENT TO PATIENTS FOR TRANSPORT:

* The Human Research Ethics Committee: (Medical) is in agreement that reimbursement per visit is according to
the Medicines Control Council of SA and that reimbursement should be appropriate according to the situation.

5. TRANSPORT AND STORAGE OF BLOOD AND TISSUE SAMPLES IN SOUTH AFRICA:

* If blood specimens are to be stored for future analysis and is planned that such analysis will be done outside
Wits, then the blood must be stored at a facility in South Africa agreed with the relevant IRB, with release of sub-

samples only once projects have been approved by the local Research Ethics Committee applicable to where the
analysis will be done as well as by the Wits Human Research Ethics Committee: (Medical).

6. GENETIC TESTING

* The Human Research Ethics Committee: Medical; will not approve open-ended genetic testing as this does not
fit the Human Research Ethics Committee criteria.

7. GOOD CLINICAL PRACTICE

The South African Department of Health, Medicines Control Council requires Good Clinical Practice (GCP) Training
for all Investigators in Clinical Trials, and that GCP training be renewed every three (3) years.

As yet, there are no National Guidelines for the content of GCP courses. Until these are available the Wits Human

Research Ethics Committee (Medical) will note courses completed by Investigators without approval of the content
of the individual courses.

8. THE SUPPORTING APPROVAL DOCUMENTS ARE ATTACHED:
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5.1 Ethics Approval Form signed by the Chairperson of the HREC - Kindly return the copy of the Approvel Form

signed bﬂ the Principal Investigator /(s) per fax: 011 274 9281 for our recards (this is only applicable with the initial
Approval).

The above has been noted for the Ethics Committee information and records.

KINDLY FORWARD TO THE RELEVANT INVESTIGATORS /CRA/ STUDY CO-ORDINATORS

(.t

PROF PETER CLEATON ES
For and on behalf of the Human Research Ethics Committee: (Medical)

Regards,
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INDEPENDENT ETHICS COMMITTEE APPROVAL FORM @ i

“Ethics Referencgﬂlrc ) T 140203 ~ jDate of Meeting 28 February 2014 . ]
LI | Recertification Due | 27 February 2015 (if applicable) ‘__j
{Principal Investigators: [or CL Cutlang _Investigators: DrOPMBhana
Prof SA Machi_ i 07 CN Biner =
. T Dr Z Dangor o B
DriJ) Groome -

Dr R Hassan-Moosa
Dr Andrea Hugo

Dr SA Jones

Dr L Jose

Dr AL Koen

| Establishing a sero-correlate of protection against invasive Group B Streptococcus disease in
inewborns and young infants aged <90 days

! Protocel Title:

| — ! S IO e
DOCUMENTS REVIEWED - Tick As Appropriate . Yes ' No
[ves 2z80B | Date; | 11November2043l |
__|Opservational Study Protocol V8_2808, |Date [11 November 2013 ¥4 |
lVers on |
\N!ﬁ\ Version NiA -Dated. v

.Subjeci Informaltonl(’:c-nsenl Form ‘Lelter lo GBS colonised Wumen Version: 1.0 - Daled 24/Mari2014 b
‘Infarmeﬂ Consent Form Transpor\ Storage and Future use of Samples . v '___
|{To be signed by all participants who are older than 8 years) - Version: |~~~
‘Fnal 1.1 - Dated: 24/Mar/2014 — -
Infam'lalmrl Leaflet and Informed Consent Form ( (GBS case) (To be L ) !
Isigned by parent of infant participants) - Version: Final 1.1 - Dated: I -
24Mer/2014 |

Information Leaflet and Informed Gonsent Form | [Adult) (T obe signed by |
|aii pamclpams who are 16 years and older) - Version: Final 1.1 - Dated:
4 |

t- Version: 1.0 - Dated:

Advetlsements

Questionnaires |

Insurance/Gompens: DT Geriing - Certiioate of |Vaiid From |18 Mar 2014[T0: |31 Dec 2015 |
“Insurance - Palicy No: 01475018~ T T i
o 14031 |
|Synops|s of Stu Jy/Trial Summary [invasive E%FI_J_UP B S!reptu:nccus Disease
{Other Documentation HREC Application Form -

HREG Application Form - Dated: 07/Fsb/2014
NHREC Trial Appiication 1D #: 3680 - Dated: 07/Feb/2014
PRC Application Form - Datet: 07/Feb/2014

‘Pg‘ploc‘o_l Summary - Version 1.0 - Dated: 1 1!Nuw’2013
1V98_280B Budget Summary ‘Dated:
'Medical Advisory Committae: Chris Hani Baragwanath Academic
\Fospital - Dated. 12/Mar/2014
Relevant Trial Hospital(s) _ [Lillian Ngoyi Community Clinic
'Johaﬂnesburg Hospital - Charlotte Maxeke JHB Academic
Coronation Hospital - Rahima Moosa Mother & Child Hospnlal
Chns Hani Baragwanath Hospital
¢ andlor Research Unt _ﬁ_iuan Ngoyi Clinic_
' JHB Paediatrics Neonatology
[DSTMRF Vacsine Preventable Diseases - RMPRU
[Corenation Paediatrics - Rahima Moosa Mother and Child Hosp

Page 1 of 2
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INDEPENDENT ETHICS COMMITTEE APPROVAL FORM

) DETAILS OF COMMITTEE
Name o Unwersity of the Wilwalersrand Humar Research Ethics Comm-tze (Medica
Address Researcn Off.ce, Serate House
University of the Witwatersrand, 1 Jan Smuts Avenue, BRAAMFONTEIN. Johannasurg, 2000
o DETAILS OF MEETING ) Yes No
15 the Investigator a member of the committee 7 n i . v
1 "ves did ne’sha vote 7 il

I% the: Comemittes organised and operated acconiing (o applicable laws and regulations together with ?
Local GOP requirements ?

ICH GCP requrements ?

FDA GCP requitements 7 FWA Registered No ITRBODCC1223

Progress reponts required either in March and September or six monthly from start of stucy ?

DECISION ON APPROVAL : is approval g_iven to conduct the tnal ?
Yes - with no conditions ) B ) -
Yes - with conditions
Specify cbn-h‘unns

No

Specify reasons

i gl <

SIGNATURES
| sonfirm that the details on this form are correct Date
Name:

Prof PE Cleaton-Jones Signature: ([ i N -Liu ) 30 June 2014
Chair / Deputy Chair of Committee Ll -

DECLARATION OF INVESTIGATORI(S)

16 b ramp eted and ONE COPY retumec 1o the Secrstanal for the RREC at Wits Heal'h Consorium B Blackwood Avenue Parkiown, 2193

or Fax To. 011 2748281

[\e fully understanis the zonaibons under WaCh | amiwe 3@ author sec o camy outand complete the above-mensoned research and Ywe agree

1o ensure lul compkance with thags conditor s Sheuld any amenament, ateraton or Cepariure te contemplated from tng r2search proecire meticociogy
or manner of eveculion, lwe wil communicate with the Charman ¢f he Auman Rasearch Etmes Committee {Medical} for appiowal oror ic aceng

on any of the above menboned propased amendments, alleralions or depantures. | amvwe are Wiy aware that any unauthosised amengmant.

alteration - departure as abave will ameunt 1o Misconduct and may lead 1o the msiiution of discipl nary procedures.

Any approval given by the HREC is conditonal upon consent being cotained by the invesligator's from the Susenmengent {or eguvaiant

sah of the Hospital, Slinic or Insttubon in whech the msearch . n cat or fuit, to ake place

of
e Channan may of course at his discreton place the malter before theuli Com

DATE [EERRARAY IR SIGNATURE (A \'-:T- L\ nave_ Snbhift Ma>h
PROTOCOL NUMBER V88_280B ETHICS REF 1402032
Date Printe 30 June 2014

Page Ul
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Wits Clinical Research

8 Blackwood Avenue, Parktown, 2183, South Africa

B P e ] Tel +27-11-274-9200, Fax +27-11-274-9281
CONSORT Postnet Suile 189, Private Bag x2600, Houghton, 2041
(Pty) Ltd.

Reg No.: 0771544307

EAXED & COURIE

Prof SA Madhi,

Respiratory & Meningeal Pathogens Research Uni
11th Floor, West Wing, Nurses Residence

Chris Hani Baragwanath Hospital

P O Box 90753, Bertsham

2013

Fax. 0BG 646 4208
Dear Prof Madhi,

PROTOCOL NO: vV98_280B

PROTOCOL TITLE: Establishing a sero-correlate of protection against invasive Group
B Streptococcus disease in newborns and young infants aged <80 days

PRC REFERENCE NUMBER: 140203

B e L LT TR Y

Please be advised that your trial application was:

APPROVED
The Expert Reviewer /(s): Prof PA Cooper
Also 1eviewed by: Mrs J Palmer. Acting Chairperson Prolocol Review Committes
Medical Advisory Committee: Chris Hani Baragwanath Academic

Hospital
Yours sincerely
Bimer

. MRS JENNIFER PALMER (BRYCE-BORTHWICK)
ﬂd’\g airperson: Protocol Review Committee

30 June 2014

©G.
Respiratory & Meningeal Patho  Ms C Combrinck Tel 011 9834283 Cell Fax 086 262 0526
Novartis Vaccines and Diagnos  Ms C Combrinck Tel 011983 4283 Cell Fax 086 262 0526

Prof SA Madhi Tel 011 3866137 Cell 0828706672 Fax 086 262 0626

A wholly owned subsidiary of the University of the Witwatersrand
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HUMAN RESEARCH ETHICS COMMITTEE MEMBERS: (MEDICAL)
UNIVERSITY OF THE WITWATERSRAND

Attendance Register for the Ethics Meeting held on 28 February 2014 from 12:30 - 15:00
Venue: PPS BOARDROOM, Faculty of Health Sciences, University of Witwatersrand 7 York Road, Parktown
FEIL EDTOT IVERSITY OF THE WI TWATERSRAND
Surnanp Initials Title Discipline/s Academic Qualifications Gendor Present
Adam Y Dr Obstetrics & Gynaccolagy MB BCh; FCOG F  Present
Cleaton-Jones PE Prof Biomedical Fihics BDS; MB BCh; PhD; DA (SA); DTME&H; M Present
DSc (Dent), FCD (SA) DPH: PhD Hon
Causa, MASSAIr
Conradie FM D Infectious Diseases/HIV/TE MB BCh; DTME&H; MSg; Dip HIV Man F Present
Cooper PA Prof Paediatrics MBE RCh, PhD, DCH (SA), FCPaeds (SA) M Present
Cubasch H Or Surgery FCS (SA) M Absent
Dessein PHMC Prof Rheumnatology MD, FCP [SA), FRCP. PhD M Fresent
Dhai A Pral Biomedical Ethics ME ChB; FCOG; LLM; PGDipintResEthics F Absent
Donde B Prof Radiation Oncology MB BCh, MMed Rad (T) M Present
Elharedge H Ms Biomedical Ethics MSc Med, BA F  Present
Feldman c Profl Pulmenalogy MEB BCh, PhD, DSc, FCP (SA), FRCP M Present
Gerrang P Ms Soclal Wok MA {Social Work) F  Present
Langley G Prof Nursing 1Sc (Nursing), PhD, MPhil (Ethics) F Present
Lownie MA Prol Masdllo-Facial & Oral Surgery BDS, BA (Hons), DipMFOS, F  Absent
FCMFOS(SA), MEd
Mokhachane M Dr Paedialrics ME BCh, FCP (Paeds) SA, Mivied, £ Absent
Neanatology (SA)
Naidoo Shan Prof Public Health ME BCh, DMTH, DHSM, DOH. MMED M  Present
Maran NH Dr Chemical Pathology PhD M  Presant
Faruk F Prof Anaesihesia ME ChB, FCOB{SA), Crit Care{SA}). PhD F  Absent
Pann c Prof Speech Pathalogy BA (Sp&HTh), PhD, CCC SL-P, OMS F  Absent
Penny (o Dr Internal Medicine BSc Hons, PhD M Present
Ross M Prof Public Health ME ChB, FFCH{SA), MFamMed, MFPH F  Absent
Sanne M Prof Infectious Diseases/HIVITE gl:DBCll. FCP (SA), DTM&H; MMed & M Present
Smith, Cara c Prof Psychialry BA, BA (Hons), M.A (Ciin.Psych), PhD £ Present
Stewart A Prof Physlotherapy BSc (Physio), MSc, PhD, DPE F  Absent
Szabo cP Prof Psychiatry ;AgPBscy:h(gr)Ed MSchMed, PhD, M Absent
Thom RGM Prof Psychiatry MB ChB, DCH, FCPsych, PhD F  Absent
Tsalsi N Dr BDS; MPH; MSc Med; PGDiplnt £ Absent
ResEthics
Van Gelderen cJ Prof Obstetrics & Gynaesology ME BCh, FRCOG, FCOG(SA) M Present
Velaphi s Prof Paedialrics M8 BCh, FCPaeds, MMed M Absent
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