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Abstract

Rheumatic Heart Disease and Beta-hemoRttieptococci in Salvador, Brazil:
A Study of Slum Health

By
Sara Yee Tartof
Doctor of Philosophy in Epidemiology
University of California, Berkeley

Professor Lee W. Riley, Chair

Despite the near disappearance of rheumatic hessase (RHD) in wealthier nations of
the world, this disease continues to cause sulstanorbidity and mortality in poor
countries worldwide. The burden is projected to pmaticularly important among
residents of urban slums in poor countries. Howeter epidemiologic features of RHD
in developing countries are poorly understood. RIsDcharacterized by damage to
cardiac valves that is the long-term consequencanoimmune process initiated by
infection with Sreptococcus pyogenes (Group A Streptococcus; GAS). Progression to
RHD often takes decades; it would require decadeg-prospective studies to observe
associations between GAS infections and the outcom@HD in the same subjects.
Therefore, in this dissertation we first attemptedssess the current burden of RHD in
Salvador (Chapter 2), a city where more than hialhe population is living in slums, by
conducting a population-based study of operati@réopmed for cardiac valve disease.
We found that a large proportion of valvular surgeiperformed in Salvador from 2002-
2005 was for RHD. We then wished to investigatesjids reasons for the large burden
of this disease. It is known that RHD is influendsabiological factors of beta-hemolytic
Streptococcus as well ashealth-care seeking behavior and treatment of teicepcal
infections. Therefore, in the third and fourth cteap of this dissertation we focused on
the biological factors o8treptococcus, focusing our work to address current hypotheses
regarding RHD pathogenesis as found in the liteeatauch as: 1) the association of
infection or colonization with certain streptocolcstrain types and clinical outcome; 2)
the increased risk of RHD with repeated infectioih a diverse set of GAS strains, and
3) the possible association of RHD wiineptococcus spp. other than GAS.

In Chapter 3, we compared the genotypes of GASstracovered from children aged 3-
15 years of age who live in slum versus non-slumrmoaonities. This was done to
determine if there are differences in the strainoggpe distributions (as measured by
genotype diversity) in these two populations. Detec of differences in genotype
distributions by community (estimating slum commiigs to have higher diversity of
genotypes circulating in the population comparedntm-slum populations), would
provide preliminary data to support the hypothélsa high GAS genotype diversity in



slums may be associated with the observation ofi lmgevalence of RHD in slum

populations compared to the low prevalence of RHBorg non-slum populations.

Furthermore, we investigated two additional speoielseta-hemolytic streptococci from

slum and non-slum communities as well, and found umexpected finding that

colonization withStreptococcus dysgalactiae equisimilis was associated with lower odds
of sore throat in children (Chapter 4). We disqogssible explanations for this finding,
including biological plausibility as well as altate explanations. While our

observational studies can not define causal adsmtsabetween epidemiologic features
of beta-hemolyticSreptococcus and the outcome of RHD, they provide preliminarjada
that the epidemiologic features of GAS and non-GAfections in urban slums of

Salvador may be distinct from that in non-slum gapans.
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Chapter 1: Introduction

A. OBJECTIVES AND SPECIFIC AIMS

1.1 Burden of Rheumatic Heart Disease in Salvador

The objective of this study was to investigate blveden of end-stage rheumatic heart
disease (RHD) in Salvador, Brazil. Salvador is rgdacity (population 3 million) in a
middle income country where a large proportionhef population lives in slum$afrelas)

[1]. It is known that living in a slum is a riskdir for RHD, and that the risk associated
with residence in a slum is above that seen inrtimal poor [21-24]. Therefore, we
hypothesized that RHD is an under-recognized arustantial disease burden for
residents of Salvador. We sought to investigate thypothesis with the following
specific aims:

a. To describe the epidemiological characterisiiud etiologies of valvular damage
requiring surgery in residents of Salvador from 2@Q05, in order to determine what
proportion of valve surgeries was due to RHD.

b. To identify risk factors for death among RHDweakurgery patients, as well as
risk factors for death among all valve surgerygqras.

1.2 Outpatient Clinic Study: Streptococcus spp. associated with
pharyngitis

The progression of acute rheumatic fever (ARF) HDRs thought to be influenced by
bacterial strain factors. Therefore, in the thindoter of this dissertation, we studied the
early event, pharyngitis caused 8yeptococcus pyogenes (GAS), which is known to be
associated with the eventual outcome of RHD. &nftdurth chapter we studied group G
streptococci (GGS) and group C streptococci (GCHBihvalso colonize the throat and
have been hypothesized to be associated with bath throat and RHD. In these
projects, we evaluated the species compositiongambtypes oftreptococcus isolates
comparing children from slum and non-slum commaesitiWe characterized patients by
whether they had sore throat or not, and whethegénotypes oftreptococcus isolates
recovered from theses patients differ between tloegemunities with the following
specific aims:

a. To compare the strain diversity and clonal cositpon of Streptococcus pyogenes
(GAS) isolates from children with sore throat amildren without sore throat from slum
and non-slunpopulations in Salvador, Brazil.

b. To evaluate the species composition of GGS a@8 Gom children with sore throat
and children without sore throat from slum and samn populations in Salvador, Brazil.



c. To determine if presence of GGS and G&Beftococcus dysgalactiae equisimilis or
Sreptococcus anginosus) is associated with higher or lower odds of sdieodt in
children in slum and non-slum populations in Sabra@razil.

B. RATIONALE

1.3 Slums in the 21 *' Century

In 2008, for the first time in human history, thejority of the world’s population lived
in cities [2]. The population growth within urbaanters is not occurring at the same rate
worldwide. In fact, more than 90% of the world’$san population growth by 2030 will
be in less developed regions. In these parts ofwbedd, a large proportion of the
population will be living in slums. By 2030, assumyithat the proportion of slum
dwellers within the total urban population does matrease, close to 1.7 billion of the
expected 3.93 billion urban residents in low-incaane middle income countries will be
living in slums [3, 4]. Clearly, improving healthasdards in slum populations will be
paramount for the global health agenda of th& @dntury. Public health efforts to
address the urban condition will be facilitatedhwé better understanding of disease
burden in slum populations.

In 2003, the United Nations Human Settlements Rrmg({UN-Habitat) published the
first comprehensive report providing a global dgdgmn of slum communities. In this
document, a slum is operationally defined as a musedtlement that has one or more of
the following characteristics: 1) inadequate acdtessafe water; 2) inadequate access to
sanitation and other infrastructure; 3) poor strtadtquality of housing; 4) overcrowding;
and 5) insecure residential status [5]. The regoés not address disease burden in these
communities.

Those living in slums have been shown to be at highfor a variety of adverse health
conditions [6]. However, specific risk factors tl@ntribute to disease in slums are not
well identified. In these communities, diseasesracge likely to receive attention only
after they become severe. Therefore, opportunitiggrevent disease progression in the
early stages of illness are lost. Rheumatic haaeade (RHD) is one example of a severe
outcome of an easily treatable disease—pharyrajiestoStreptococcus pyogenes.

Recent studies suggest there have been epidenualatiifts in RHD — much of what is
described in older literature may not apply to oagi of the world where this disease is
now prevalent. Whether the new findings in ther&ture reflect differences in host
characteristics, the environment, or the geneticghe etiologic agent is unknown.
Therefore, re-evaluation of the epidemiologic feasuof RHD and the causes of RHD is
warranted for these environments [7].



1.4 Acute rheumatic fever/rheumatic heart diseasei  nthe 21° century

A great deal remains to be understood about abetematic fever (ARF) and its chronic
sequela, RHD. The majority of the literature onstheliseases was created primarily in
the first half of the 28 century, and these early works largely constitae body of
literature that exists today. New research on AR# RHD has declined considerably in
the past 50 years; available data are therefoma Studies conducted primarily in the
specific environments of the northern hemisphemantiges. In some ways, this waning
interest indirectly celebrates the near disappearaof these sequelae in affluent
countries where research pursuits have been divéoteother public health concerns.
However, for the majority of the world’s populatibwing in poverty where the incidence
of death and disability due to RHD remains higle tieed for further investigation is as
pertinent as it ever was.

C. BACKGROUND

1.5 Global burden of group A streptococcal disease

Group A Streptococcus (Streptococcus pyogenes, GAS) causes a wide spectrum of
diseases, ranging from relatively benign conditisash as pharyngitis and pyoderma to
more severe diseases such as toxic shock syndnoeneearotizing fasciitis. RHD, ARF,
and glomerulonephritis are immunologically-mediatesinplications of GAS infections
[8]. Children are the major reservoir of GAS. Hurmare the only recognized natural
host of GAS [9].

A recent review estimated that over 500,000 dep#ins/ear worldwide can be attributed
to GAS, placing GAS among the major human pathod0is This rate of death due to
GAS is comparable to that caused by rotavirus, laegsaemophilus influenzae type b,
and hepatitis B; it is exceeded only by HIMycobacterium tuberculosis, Plasmodium
falciparum, andStreptococcus pneumoniae.

The greatest burden of GAS-related mortality andhmlity as measured by disability-
adjusted life years (DALYS) is due to RHD. In thisto-immune disease, heart valves are
permanently damaged, and the condition may prodcebeart failure, atrial fibrillation
and embolic stroke. In 2005, the global numberasies of RHD was estimated to be 15.6
— 19.6 million with 282,000 new cases and 233,08&tlts each year [10]. It is estimated
that 79% of these RHD cases are in developing cesntin 2000, it was estimated that
6.6 million DALY are lost per year due to RHD.

1.6 Clinical manifestations of rheumatic heart dise ase

RHD is most commonly diagnosed by Doppler echocardiphy. The diagnosis of RHD
is typically made only when an individual is foutal have a new heart murmur or



undergoes echocardiography after becoming symptonf@atg., with congestive heart
failure or chest pain). Both the echocardiograpfyigment and the specialized training
required for echocardiography reading require resssuwhich are often lacking where
RHD is most prevalent.

Those who have progressed to end-stage RHD regumgical procedures including
heart valve repair or replacement. A great deahef DALYs associated with RHD is
related to the young age at which the disease ewnif RHD often manifests in
individuals in the late second to the fourth desanlelife [11]. Often, corrective surgery
is needed in the years following appearance omdisig of disease—among young adults
at their most productive stages in life. These pdoces are followed by long-term, if not
life-long secondary antibiotic prophylaxis and ardgagulation treatment. Heart valve
replacements often need to be repeated or repaineidare associated with increased risk
for death and complications such as endocarditls [P-14]. In addition, it has been
shown that children diagnosed with RHD have a cerably greater chance of dropping
out of school [15].

RHD remains a prominent cause of cardiac diseapgrieg admission to a hospital in
many parts of the world [16, 17]. In less developgedntries it is the most commonly
acquired heart disease in children, adolescentsyaung adults hospitalized or seen by
specialist cardiology services [10]. Furthermoré&lDRcontinues to be the cause of heart
failure and death in pregnant women in less dewsl@ountries [18, 19].

Technological advancements in portable echocardyr have facilitated important
new estimates of the burden of RHD. A seminal stbgyMarijon et al. reported
prevalence estimates of RHD in randomly selecteldireim aged 6 — 17 years that were
substantially higher than what had been previousported [20]. Using
echocardiographic screening, they detected 21.5 RE&es per 1000 in Cambodian
children and 30.4 cases per 1000 in children in &fadzique. Furthermore, they reported
a great discrepancy using two different diagnostiategies to detect RHD. They found
that systematic screening with echocardiographgakd a prevalence of RHD that was
approximately ten times higher than what was deteetith clinical screening (clinical
examination to detect suspected RHD and confirnyeechocardiography).

1.7 Rheumatic heart disease in slum versus non-slum communities

The majority of studies have found that resideitsial areas are at higher risk of RHD
than urban residents, with the exception of thogad in slums; slum residents have a
higher risk of RHD than the rural poor [21-24]. Rgnized risk factors for RHD include
low socioeconomic status, low maternal educationmotrition, overcrowding, and
restricted access to health care [25, 26].

A cross-sectional study from 1997 measuring theglemce of RHD in children aged 5-
16 years in Kinshasa, Democratic Republic of tbegd and adjoining slums in a semi-
urban area of Kinshasa found that risk factorsRHID included: attending a slum school



and, for those in slum areas, birth in the raingssae, low birth-weight, low socio-
economic status, malnutrition, crowding, and migmstatus [27]. Surveys of school-age
children in areas such as Agra, India and SahatanT&udan have found that the
prevalence of ARF and RHD is significantly higher those who reside in slum
settlements [21, 28].

1.8 Cost of rheumatic heart disease in Brazil

An assessment of the costs of ARF (the acute aotaime response preceding RHD) was
conducted at a tertiary center in Sao Paulo, BriazR001. Using data from both the
public and private medical sectors, the study esttdh that the direct and indirect annual
cost of ARF in Brazil is $51,144,347.00 [15]. Tkism also suggests a potentially larger
cost: that of RHD. The annual expense attributawIBRHD likely exceeds that of ARF.
The surgical costs associated with RHD such asiept hospital care, the cost of heart
valves and post-surgical immunosuppressive tredasnagmeatly exceed the costs
associated with treating ARF.

It is likely that ARF is greatly underreported. THmgnosis of ARF is primarily made

using a symptom-based diagnostic algorithm knownthes Jones Criteria, and is
supported by laboratory findings when possible [28)wever, the limitations of these
criteria are well documented. Many of the symptamhsch constitute the Jones Criteria,
such as fever, arthritis, arthralgia, and rash associated with many differential

diagnoses which can lead to misdiagnosis. [30]pkewith limited access to health care
may not seek care for these symptoms. The latenbdpebetween the onset of
streptococcal pharyngitis and ARF is approximatd8ydays, and it is often difficult to

isolate the organism at the time that ARF symptalaselop. Consequently, under-
diagnosis of ARF continues to be a serious proj&m31-33].

1.9 Health Care in Brazil

Brazil has a markedly uneven income distributio][3The wide (and growing
disparities) in wealth in Brazil are associatednwinhequal access to medical care [35].
Although the federal constitution guarantees umsiaerhealth care to all Brazilians
through the Sistema Unico de Satde (SUS) prograengeélivery of this care is limited
by insufficient government funding [36]. Brazilidmealth care is funded by private
medical insurance in addition to SUS, and discreganin level of care and mortality
rates have been observed between these healtlamesuplans, even after adjusting for
other factors [36, 37].

1.10 Streptococcal Pharyngitis

GAS pharyngitis is the acute infectious diseasephecedes RHD. A properly performed
and interpreted throat culture remains the diagnagbld standard to identify GAS
pharyngitis compared to other diagnostic techni@8k



A recent comprehensive analysis of the global bu@leGAS pharyngitis estimated that
approximately 616 million cases of symptomatic G#&faryngitis occur annually among
people aged over 4 years, and that over 550 miliibthese illnesses occur in less
developed countries [10]. The cost of GAS pharysgis substantial, from school
absenteeism and loss of earnings in parents, tacdbe of treatment and the risk of
autoimmune sequelae.

In low-income regions, there is often no laboratoapacity for microbiologic diagnosis
of GAS pharyngitis and it is difficult to measurecidence data for these regions.
Presumptive diagnosislies on clinical signs only, although the postpredictivevalue

of clinical signs and symptoms has been shown textemelyiow. An evaluation of the
World Health Organization clinical decision rufer streptococcal pharyngitis in
developing countries revealed sensitivity estimatedt did not exceed 9% [39, 40].
Clinicians often empirically treat all pharyngigpisodes with antibiotics, particularly
when microbiologic testing is not possible. Ba@tkdulture and rapid tests for GAS are
not routinely available for testing children witthgryngitis in public clinics of many
developing and middle-income countries, includingA [41].

1.11 Microbiology and typing of pharyngeal streptoc occal species

In addition to Streptococcus pyogenes, Streptococcus dysgalactiae equisimilis and
Streptococcus anginosus commonly colonize the human pharyn@&reptococcus
dysgalactiae equisimilis and Streptoccus anginosus can have Lancefield group C R3-
hemolytic streptococcal (GCS) or group G RR-hemolgireptococcal (GGS)-specific
polysaccharide.

When Group A, C, and Gtreptococcus are cultured on a blood agar plate, they exhibit
characteristic beta-hemolysis. GAS can be subtypedmore than 150 types based on
the antigenic property of a cell wall protein cdlldne M protein and the sequence of the
gene émm) that encodes the M protein [42]. Other methatsgEnotyping streptococci
include multilocus sequence typing (MLST) and liesbn endonuclease fingerprinting
of chromosomal DNA [43].

Streptococcus dysgalactiae equisimilis is closely related to GAS and is often termed
‘pyogenes-like’, because it shares virulence fagtorcluding haemolysins, extracellular
enzymes, and M-proteins, with GAS [44-46]. Tlewm genes of Sreptococcus
dysgalactiae equisimilis also display sequence heterogeneity at their 85ggiving rise

to at least 30 distin@mm sequence types.

The great majority of human GGS and GCS infectitmeughout the body are due to
strains of Streptococcus dysgalactiae equisimilis. These organisms are generally
considered commensal organisms. However, somestaae capable of causing classic
streptococcal diseases and their sequelae [47keThdections are often the same as
those seen with GAS infection, and include pharysgi bacteremia, endocarditis,
meningitis, septic arthritis, toxic shock syndroraad infections of the respiratory tract



and skin [48-52]. GGS and GCS bacteremia and seskin and soft tissue infections are
often associated with underlying serious disea2¢ [Ehe incidence of invasive GGS and
GCS infections have been increasing since the $983]. Certairemm types have been
associated with invasive disease for GGS and GG [5

In some parts of the world, the prevalence of aggmatic throat carriage of GCS and

GGS is substantial. Studies conducted in aborigipallations in Australia and children

in India have found that the prevalence of pharghgarriage of group C and group G

streptococci is higher than the prevalence of GB& p5]. Yet, the reported incidence

rates of ARF and RHD in the aboriginal populatioa some of the highest reported rates
in the literature [56].

Like GAS, GCS and GGS have recently been suggésthdve the potential to elicit an
autoimmune response that may trigger ARF [57].udlgtof GCS and GGS isolates from
an aboriginal population in Australia demonstrateat antibodies against three GCS and
two GGS strains reacted with human cardiac myos#ie target protein of the
autoimmune response in RHD.

1.12 Genetic recombination between streptococcal sp  ecies

GGS and GCS commonly colonize the same tissue (sgegpharynx and skin) as GAS.
This proximity facilitates gene exchange betweer tpecies. Genes which are
exchanged include virulence factors as well as é&keeping genes. It was recently
shown that mobile genetic elements, such as phaggdransposons, play an important
role in the ongoing inter-species transfers of gerteaits between GGS/GCS and GAS
in the community [58].

Virulence genes that are shared between GGS andi@A&le genes encoding the M
protein, superantigenic exotoxins, fibronectin lmgdproteins, and C5a peptidase [44-46,
59, 60]. Evidence of lateral gene transfer betw8&% and GGS has also been observed
for housekeeping genes, where transfer was denatedtrto be predominantly
unidirectional (GAS to GGS) [61]. The substantialedap in the disease spectrum
caused by GAS and GGS and strong evidence for-spsses acquisition of virulence
traits suggests that particularly virulent GGS el®rmay have arisen by inter-species
recombination [58, 61].

1.13 Pathogenesis of rheumatic heart disease

The pathogenesis of RHD is believed to be relatdtlimoral and cell-mediated immune
responses against host tissue antigens triggerddAsy after symptomatic pharyngitis
(molecular mimicry hypothesis). CD4+ T cells thatognize both heart tissue and
streptococcal M protein have been described [62, 83ertainemm types have been
suggested to be rheumatogenic (i.e. 1, 3, 5, 618424, 27 and 29) [64, 65]. In the
United States, the decline in the incidence of ARRE been hypothesized to be related to



the replacement of rheumatogemom types by non-rheumatogenic types in cases of
acute streptococcal pharyngitis [66]. Conversabngient or regional increases in ARF
cases have been attributed to the introduction @ mheumatogenic types [65].
However, recent studies from highly endemic regitorsARF/RHD demonstrate that
emm types previously suggested to be associated witk ARhe United States are not
present [7, 67, 68].

1.14 Diversity of emm-types of group A Streptococcus

In populations with high prevalence of GAS, higlvetsity in the distribution oémm
types is often observed. For example, a study ageduin Ethiopia found that 82
carriage isolates represented 43 sequence typés A63tudy in India found that 59
isolates represented 33 isolates, where many oistilates represented novel sequence
types [69]. In comparison, a study conducted in Bdound that 114 isolates represented
22 emm types. In some settings, a singtem type can constitute the majority observed
isolates. A community study in South Korea examgnoommunity-wide GAS strain
diversity found thatemm 78 andemm 23 accounted for 69% of GAS isolates in one
region, whereas in another region, 4 types accduimie52% of isolates [70]. In Japan,
only 29 emm types were detected among 906 clinical isolat&$. [And in the US, six
serotypes accounted for 60% of all isolates ream/érom patients with uncomplicated
pharyngitis [72].

The generation of diversnm-types may be due to overcrowding and lack of tneait,
which increase opportunity for intra-species anterispecies transfer of genes and
consequent genotypic and phenotypic diversity [48]has been hypothesized that
exposure to a wide variety @nm-types may contribute to high diversity of anti-M
protein antibodies, increasing the risk for an amtoune response [41].

GAS emm type diversity and the predominance of ceranm- types may influence the
relevance of new vaccines based on M protein stygie, including a 26-valent vaccine
that has completed phase Il trials [74-76]. Thaisttypes selected for the vaccine were
based on findings in the U.S. of GAS types assediatith pharyngitis, necrotizing
fasciitis, and other invasive streptococcal infacé. In areas with diversamm type
profiles circulating in the community, vaccine eficy against GAS infections may be
substantially diminished.

1.15 Conclusions

It is known that RHD is the disabling consequentcaroinfectious disease which can be
treated with antibiotics. However, very little elseknown about the epidemiology of
RHD in the populations that now suffer the mostrfriis disease, namely those living in
urban slums of developing countries. There areodppities to develop a new body of
knowledge for this poorly understood but importaigease of some of the world’'s
poorer populations.
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Chapter 2: Burden of rheumatic heart disease in
Salvador, Brazil

A. INTRODUCTION

Valvular heart diseases are an important causeoobidity and mortality worldwide. In
the industrialized world, valve disease is primandegenerative and predominantly
affects those aged 65 and older [1]. In develogiogntries, valve disease is due largely
to rheumatic heart disease (RHD), where prevalgeeds in those aged 30-40 years of
age [2]. It is estimated that 15.6 — 19.6 milliaople are living with RHD worldwide. Of
these, 79% are in less developed countries, where the most common cause of
acquired heart disease in children, adolescentsyaung adults hospitalized or seen by
cardiology specialty services [3].

Brazil has an emerging economy and its medicalagtfucture has undergone vast
improvements in the past 20 years. However, econalisparities in Brazil persist and
are substantial. The inequality between the ricth poor mirrors that seen comparing
countries with contrasting levels of economic depetent [4]. In this context, in Brazil,
valve disease may manifest the characteristicsotf Heveloped as well as developing
countries. It is difficult to efficiently allocateesources for preventative measures without
knowledge of the etiologies of valve disease. Tioeee we conducted a population-
based study to estimate and describe the demograpid etiologic characteristics
associated with heart valve disease surgery irptipailation of Salvador. A further aim
was to identify risk factors for death in those ergbing valve surgery.

B. METHODS

2.1 Study Design

This was a population-based cross-sectional stddlyhospitals and cardiac surgery
teams (five teams) in Salvador performing cardiagery between January 2002 and
December 2005 were identified and recruited in® gtudy. The study consisted of two
stages of data collection. The first stage wasvaeweof registries of all cardiac surgery
procedures to identify valve surgeries that wendopeed during the study period. The
second stage consisted of detailed medical chagweof patients identified in the first
stage of the study who were residents of Salvatdhrestime of valve surgery.

Salvador is located in the state of Bahia and & dhly major city in the region with

medical facilities conducting cardiac surgery. Tive identified hospitals performed all
cardiac surgeries in this city during the studyiqur
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2.2 Data Collection

Review of Registries

All surgery teams recruited into this study mainéai registries that recorded basic data
on all cardiac surgery procedures and patientsxguhie study period. The registries of
all teams were reviewed by a Brazilian medical stucand an additional member of the
research team. Review of registries occurred franiuhe 2006 - January 18, 2007.

Patients undergoing valve (aortic, mitral, tricajpsurgery during the study period were
identified and data were collected for these p#tiebData were not collected for surgeries
conducted for non-valve related surgeries. Foresalwgery patients, data were collected
from the registries on date of surgery, age atesyrgex, health insurance payment plan,
procedure (prosthesis or repair), the valve(s) atpdr on, the city of residence of the
patient at the time of surgery, and outcome (livedsus died). Data on outcome were
available for only four of five hospitals.

Review of Medical Charts

A list of patients who were identified during theview of the registries and who were
residents of Salvador at the time of surgery waegged. The medical charts of patients
on this list were solicited from the five hospitéds review. Medical chart reviews were

conducted by medical residents specializing in icéwdy using a standardized data
collection form.

The data collection form for medical chart reviegcarded information on age, sex,
health insurance payment plan and race; diagndsislee involvement, valve surgery
procedure (repair or prosthesis), type of prostheschocardiographic findings of
location and severity of valve lesion; specific ecardiographic findings, such as
thickening of the mitral and aortic leaflets, fusiof the commissures, thickening of the
aortic and mitral tendons, calcifications of thert@oand mitral leaflets, and anular
dilation of the aortic mitral and tricuspid valvesid time (in days) spent in intensive care
unit (ICU), total time hospitalized, previous suige, post-operative complications, co-
morbidities, and outcome. Data on previous acueumfatic fever (ARF), age of first
attack of ARF, and number of ARF attacks were cbdlé as well.

2.3 Eligibility Criteria

All patients who underwent valve surgery in Salwvafflom January 2002-December
2005 were eligible for inclusion into the studyidiility into the medical chart review
portion of the study included residency in Salvaakathe time of surgery.
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2.4 Exclusion Criteria

Patients who underwent non-valvular cardiac surdeey pacemaker, stent, etc.) were
not eligible for review. All patients who lived @idle of Salvador at the time of surgery
were not eligible for medical chart review.

2.5 Study Definitions

All valve disease etiologies (RHD, degenerativejomarditis, other) were defined based
on pathological, echocardiographic and other docuaten in the medical record.

Six categories describing the underlying etiology ¥alvular disease were created: 1.)
Rheumatic heart disease (RHD), 2.) Endocarditis@ated with RHD, 3.) Endocarditis

of unknown etiology, 4.) Degenerative disease, Gther (includes surgeries due to
tendinous cord rupture, congenital valve diseaskag@s disease, aortic aneurism,
Marfan’s syndrome, trauma, alcoholic myocardiopatiWegener's granulomatosis,

coronary insufficiency, systemic lupus erythemaspsaortic dissection), and 6.)

Unknown etiology.

Valve repair included annuloplasty and ring annlasty. Days of hospitalization were
calculated from the time of admission to the timelischarge from the hospital. Data on
outcome consisted of occurrence of death duringgesyr or while in the hospital
following surgery. Post-operative cardiac insufitty was defined as: ejection fraction
<40% or dyspnoea, hepatomegaly, or edema of tlse leg

2.6 Ethical Approval

Institutional Review Board (IRB) approval was obtad from all hospitals, the Comisséo
Nacional de Etica em Pesquiszotiep) (National Bioethics Commission of Brazil), the
Comité de Etica em Pesquisa-Centro de Pesquisaal@mhoniz — Fiocruz (Ethics
Committee for Research — Fiocruz), and the Unitersif California, Berkeley
Committee for the Protection of Human Subjects.

2.7 Statistical Analysis

Analyses were conducted using STATA 11.0 (Stata, I@vollege Station, Texas).
Categorical variables were compared using the gha® test or the two-tailed Fisher’s
exact test. Student’s t-test was used to compaemsa&tatistical analysis was carried out
by computing 95% confidence intervals and two thpevalues. Two tailed p-values less
than 0.05 were considered statistically significaBelection of variables into the
multivariable model was done by backward stepwaggstic regression with a cut-off of
p=0.20. We used the multivariable models to evaluagk factors for death while
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controlling for covariates. Effect modification laeten covariates was evaluated by the
Mantel-Haenszel test of homogeneity following bighte stratification and by cross-
product terms in the multivariable model. The agé atiology-specific rates of incident
surgeries per year were calculated using the 2080tuto Brasileiro de Geografia e
Estatistica (IBGE) census data for Salvador, adgufdr the four year study period.

C. RESULTS

2.8 Characteristics of population identified in sur gery registries

From January 1, 2002 to December 31, 2005, 1,3R@& surgeries (includes surgeries
with > 1 valve, including mitral, aortic and tricuspidpegr and implant of prostheses;

patients could undergo more than one surgery dahegtudy period) were conducted at
six hospitals in Salvador, Brazil. If residents Bahia from outside Salvador are

predominantly seeking care within the state, tlisnt (1,320) approximates the number
of valve surgeries in the whole state of Bahia adl.wCensus data from the IBGE

reported 13,070,250 residents in the state of Bal2800. Using the 2000 census data to
estimate the population of Bahia from 2002-2006ait be estimated that during this four
year period, the mean annual incidence of valvgesyrin Bahia was 2.5 per 100,000

residents.

Six hospitals performed cardiac surgery in Salvddon 2002-2005. The majority of all
surgeries were conducted in Hospital 1 (n=737; %9,8ollowed by Hospital 5 (n=222;
16.8%) and Hospital 6 (n=178; 13.5%). The otheee¢hhospitals combined conduced
13.9% of the surgeries, with one hospital (Hospiplperforming only two surgeries
(0.15%). Five surgical teams (A, B, C, F, G) cortddcvalve surgery in these hospitals
over this period, performing 19.1%, 20.9%, 31.698,5%, and 14.9% of surgeries,
respectively.

Demographic Data

Data on age were available for 1256 (95.2%) paiefihe mean age of these patients
was 43.9 years (range 1-86 years, median 42 yeaex).was evenly distributed; 650

(49.2%) patients were male. Information on heailgurance plan was available for 1310
(99.2%) patients. The federal public health insoeaplan (SUS-Sistema Unico de

Saude) was the most frequent payment source (n=B0%); private health insurance

plans covered 399 (30.2%) surgeries, and 31 (2stfgeries were paid for using cash.

Valve Procedures

The most frequent valve surgery procedures werahvialve replacement (n=754; 1.442
per 100,000/year), aortic valve replacement (n=40847 per 100,000/year), and mitral
valve repair (n=140; 0.268 per 100,000/year) (TdbleThe least performed surgery was
tricuspid valve replacement (n=11, 0.021 per 100/y¥ar).
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Qutcome

Mortality data (measured as death occurring eitlering surgery or during the
hospitalization) were available from five of six dpitals (Hospitals 1-5; n=1,140).
During the study period, 109 (9.6%) patients diddilevin the hospital. Case-fatality
ratios within hospitals ranged from 7.7% to 14.5%poocedures. The mean age of
patients who died was 50.3 years. The only proaedignificantly associated with death
was tricuspid repair (p=0.005).

Residents of Salvador vs. Non-Residents

Residence data were available for 1,224 of 1,32Qesies (Figure 1). Of these, 540
(40.9%) were conducted in residents of Salvaddahattime of surgery and 684 lived
outside of Salvador. We were not able to deterrtonation of residence of 96 patients.
Patients from outside of Salvador were younger (meege: 41.9 years) than those from
Salvador (mean age: 46.3 years)(p<.001). Among begidents and non-residents of
Salvador, approximately half of the surgeries wesaducted in male patients. Those
from outside of Salvador were more likely to haw¢SSas their source of payment than
those from Salvador (74.8% vs. 58.0%)(p<0.001).

The proportion of the different valve procedured dot differ between Salvador and
non-Salvador residents (p > 0.1 for all procedurEajthermore, outcome did not differ
between Salvador and non-Salvador residents (9. wersus 9.5% died; p=0.84).
However, those who died and were from outside dicgimr were younger (45.5 years)
than those who died and were from Salvador (57a2sy§=0.006).

Incidence of Valve Surgery: Salvador Residents

Using the census estimate for Salvador for 20084@107 residents), we estimate the
mean annual incidence of valve surgery in Salvadioing the study period to be 5.5 per
100,000 (n=540). For non-residents (those livin@ahia but outside of Salvador), the
mean annual incidence of valve surgery was estairtatbe 1.6 per 100,000 (n=684).

Data on age were available for 525 surgeries cdedua Salvador residents. The mean
annual incidence of valve surgery increased witheiasing decade of age (Table 2). The
incidence peaked in the 70-79 age group (n=64; B2r1100,000). For those in younger
age group, the incidence was 3.7 per 100,000 fosettaged 20-29 years, and 5.6 per
100,000 for those aged 30-39 years (Table 2).

2.9 Characteristics of population identified in med ical chart review

Etiology of Valve Disease and Incidence Estimates

We were able to obtain the medical charts of 49L7%) of the 540 cardiac surgery
patients who were residents of Salvador duringstinely period. Of these 491 patients,
the most common indication for surgery was RHD, akhcomprised 56.4% of all
surgeries in our study population. In the populatiof Salvador, the mean annual
incidence of surgery for RHD was 2.8 per 100,00@is Tncidence was 3.7 times higher
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than the second most frequent etiology, degeneratie disease, at 0.77 per 100,000.
Degenerative disease comprised 15.3% of all swgémithe study population (Table 3).
Endocarditis (due to RHD and other causes) wasitigerlying etiology of 8.4% of all
surgeries, with a mean annual incidence in Salvatiér42 per 100,000.

Age and Etiology of Valve Disease

Altogether, 273 (55.8%) surgeries were conductetthase under the age of 50 years. In
this age group, 215 (78.7%) procedures were forwait disease caused by RHD. In the
total population, the age decade of 30-39 (n=854%7 had more surgeries than any
other age category. In those aged 30-39 years3B2%) of surgeries were for valvular

disease caused by RHD. Of the patients with surdeeyto RHD during the study period

(n=277), more than one-quarter (28.1%) had a hjisibprevious surgery due to RHD.

Of those aged 60-69 years (n=79), 23 (29.1%) ofesigs were for valvular disease
caused by degenerative disease, 24 (30.4%) werdigease caused by RHD, and 22
(27.8%) were for disease with unknown etiology.

The mean age of those undergoing surgery for degéve disease (n=75) was 67.9
years. In comparison, the mean ages of those haurggry for RHD or for endocarditis
due to RHD, were 37.8 years and 31.5 years, raspbc{Table 3). The mean age of
surgery patients whose condition was due to enddsamot associated with RHD
(n=25) was 48.7 years.

Sex

Males had approximately half the odds of surgerg tuRHD compared with females
(OR=0.55, p=0.001). The mean age of females undeggurgery for RHD (n=159) was
higher than males (n=118) (39.6 vs. 35.3; p=0.08g incidence of RHD surgery was
higher for females than males as well (3.1 vs.A26100,000). The annual incidence of
surgery caused by complications of degenerativeads was higher for males than
females (1.0 vs. 0.6 per 100,000). Surgery for eadbtis not associated with RHD
occurred more frequently in males (0.4 vs. 0.218€,000 per year), whereas surgery for
disease caused by endocarditis associated with RedDevenly distributed by sex (0.2
per 100,000 in males vs. 0.2 in females).

Race and Health Insurance

Race was associated with type of health insuratese B0 (76.9%) of 39 black patients
used SUS to pay for their surgery, 128 (66.3%)38 fnixed race patients used SUS to
pay for surgery, and 83 (45.4%) of 183 white pdtiemsed SUS as a payment source
(p<0.001).

Source of payment was associated with etiology @3D. The majority (n=190, 69.6%)
of operations for RHD (n=273) and endocarditis esded with RHD (15 of 16, 93.8%)
were paid for by SUS. In comparison, 6 (24.0%) 2Bd31.5%) of procedures for valve
disease caused by endocarditis (not associated RHtB) and degenerative disease,
respectively, were paid for by SUS.
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Length of Hospitalization

Mean total days in the hospital was longer for mgnte (n=235) than white (n=256)
patients (23.0 days vs. 18.3 days; p=0.004). Vdigease caused by endocarditis, both
due to RHD and due to other causes, was assoaidtiedhe highest overall number of
days hospitalized (51.3 days and 28.3 days, respgt(Table 3). Surgery for RHD was
associated with the least amount of time hospédlid7.7 days).

Degenerative disease and endocarditis due to RHE the etiologies of valve disease
associated with the highest number of days (6.5,dagth) in the intensive care unit
(ICU). RHD was associated with the least amourninoé in the ICU (4.2 days).

Surgical Procedure

Data were collected on type of prosthetic valvel@gic vs. metallic), and valve repair
procedures. Implant of a biologic valve (porcineggswthe most frequent procedure, with
208 (50.5%) of 412 patients with data on procedundergoing this surgery. Implant of a
metallic prosthesis followed in frequency, with 1(84.9%) of patients receiving metallic
valves. Repair procedures were conducted in 70%) of patients. Of 207 patients
receiving biologic prostheses and who have datagm 87 (42.0%) were implanted in
patients 50 years or younger. In those less tharye2®s of age (n=90), 41 (45.6%)
received biologic prostheses.

Multiple Valve Involvement

Multiple valve involvement (measured as moderatsexere disease ¥R valves) was
diagnosed in 159 of 465 patients with data avasldbl this variable. Multiple valve
involvement was associated with RHD. Those with RH&d 1.5 times the odds of
multiple valve involvement compared with those ngvsurgery for other etiologies; this
finding approached statistical significance (p=6)0SMultiple valve involvement was
not associated with degenerative disease or enditisaSurgeries which were paid for
with SUS had twice the odds of having multiple ealdisease (OR=1.96, p=0.001)
compared with those with private health insurance@w-of-pocket payment. Multiple
valve disease was not associated with race, agkath in bivariable analyses.

Outcome

A total of 58 (11.9%) surgeries of 489 with avaltabutcome data resulted in death. The
mean annual incidence of death due to valve suligergased with increasing age, such
that the age group 70-79 had the highest incidehceath (6.0 per 100,000), and those
aged 20-29 had the lowest incidence of death (p€5100,00). Of those undergoing

valvular surgery, 27.8% of those aged 80-89 di@?% of those aged 70-79, 17.7% of
those aged 60-69, 12.8% of those aged 10-19 diedl,14.8% of those 40-49 died.

Females were not more likely than males to die (3)0 Race and hospital were not
associated with death in bivariable analyses. Feryeadditional day spent in the ICU,

the odds of death increased by 10% (p<0.001).

Death due to surgery for valve disease caused b R&d the highest mean annual
incidence overall, and was nearly twice as frequesndleath due to degenerative disease
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(0.3 per 100,000 vs. 0.1 per 100,000). Of 277 swegdor valve disease caused by RHD,
25 (9%) patients died. A record of at least onevipres valve surgery for complications
of RHD was associated with death in RHD patients0(p01). Of 198 patients with no
previous surgery, 12 (6.1%) patients died, compaoethe death of 8 (12.7%) patients
with one previous surgery, 5 (33.3%) of 15 patiemith two previous surgeries.
However, comparing all RHD to the other etiologitb®se with RHD were least likely to
die (OR=0.54, p=0.03).

The odds of death associated with specific etiolegs the highest for those with
endocarditis not associated with RHD compared wather etiologies (OR=3.15,
p=0.01), among whom 7 of 25 (28.0%) died.

Of 76 patients with moderate or severe tricuspatifficiency, 15 (19.7%) died (OR=2.2,
p=0.014). Of patients with moderate or severe $pati insufficiency, 98.7% were
patients with multiple valve involvement. The méajprof patients (n=56, 73.7%) with
moderate or severe tricuspid insufficiency had siyglue to RHD, and had higher odds
of paying with SUS (OR=2.3; p=0.002). These assmria remained significant
following multivariable adjustment for the two valbies (RHD OR=1.85, p=0.036; SUS
OR=2.00, p=0.020).

The post-operative complications of endocarditis1@), arrhythmia (n=129), cardiac

insufficiency (n=46), and bleeding associated waifiti-coagulation (n=62) were all

associated with death while in the hospital (p<Qd}. Arrhythmia was associated with

being older (OR per year=1.29, p<0.001), havingaree of payment other than SUS
(OR=0.65, p=0.040) with surgery for valve diseaseised by degenerative disease
(OR=1.68, p=0.051). Post-operative endocarditis \@asociated with indication for

surgery due to endocarditis (associated with RH12, @ot associated with RHD)(OR=

6.92, p=0.019; OR=6.68, p=0.007, respectively). tharmore, post-operative

endocarditis was associated with implant of biatagivalve (OR=9.09, p=0.012), and

moderate or severe aortic insufficiency (OR=4.08).019). Bleeding associated with

anticoagulation was associated with tricuspid ifisighcy (OR=1.9, p=0.032), and SUS

(OR=1.76, p=0.029).

Risk Factors for Death—multivariable analysis

Several variables were associated with death intivaubble analyses (Table 4).
Diagnosis of moderate or severe tricuspid insudficy was associated with 2.52 higher
odds of death (p=0.022). Each additional day spetite ICU was associated with a 7%
higher odds of dying (p=0.008) and each additigealr of age was associated with a 3%
higher odds of dying (p=0.006). Three post-opeeatiomplications were associated with
death, including endocarditis (OR=4.92; p=0.0313rd@c insufficiency (OR=3.43,
p=0.006), and bleeding associated with anti-codiguma OR=3.14, p=0.006). Multiple
valve involvement was not significant in the mudtiable model.

Risk Factors for Death among RHD patients
In multivariable analyses restricted to RHD pasenpost operative endocarditis
remained associated with a markedly increased adfddeath (OR=18.37, p=0.004)
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(Table 5). Furthermore, every additional previousyery for RHD was associated with
three times the odds of death (OR=3.03, p=0.00nge3y at hospital 3 was associated
with 16 times the odds of death (OR=16.00, p=0.088) payment for surgery by SUS
was associated with almost five times the odds exdtld (OR=4.67, p=0.060) when
adjusted for the other variables in the model. @$s&ociation between SUS as the source
of payment and odds of death approached statisiigaificance.

D. DISCUSSION

In this study, we found that RHD was the most commeason for cardiac valvular

surgery in Salvador, Brazil, and that the populatimdergoing valve surgery was quite
young (mean: 43.9 years). Concurrently, we foursthlastantial burden of degenerative
disease in older populations. The young, non-whgeprer populations suffered

substantially from RHD, while the older, white pégtion with private health insurance

suffered the burden of degenerative disease.

An important finding was that the severe consegegmd RHD manifest throughout the
life course. In those aged60 years, 21% of all valvular surgeries were duRHD. We
note that it is important to consider the morbidityd mortality due to RHD in later life
in some populations [5].

Overall, the pattern of valve disease in Salvadorentlosely resembles what is observed
in the developing world. In developed countries-BW6 of surgical repairs of mitral
regurgitation are due to degenerative diseasepalyd2-5% are due to RHD [6-10]. In
Salvador, 58% of mitral insufficiency was due to[RHnd 11% was due to degenerative
disease. Additionally, from 1997-1999, RHD was kb&ding cause of valvular damage
leading to surgery in China, where 77-81% of vaduegeries from 1997-1999 were due
to RHD [13].

If we apply the 9.6% case-fatality ratio which waculated from the surgery registry
data to Hospital 6 (for which mortality data wag a@ailable), we can estimate 17 deaths
would have occurred in Hospital 6 over the fourryeariod. With this value, it can be
estimated that a total of 126 deaths would haveroed due to valve surgery during the
study period. Using Bahia census data, we can atithe mean annual incidence of
valve surgery mortality from 2002-2005 to be 0.24 p00,000 for the state.

The overall incidence measure for valve surgerywafl as the measure of overall
mortality was approximately three and a half tinasshigh for Salvador as what was
calculated for the rest of Bahia. In Salvador, €s¢imated annual incidence of valve
surgery was 5.5 per 100,000 from 2002-2005, and pk6 100,000 for Bahia (not
including Salvador). The annual mortality rate 8alvador was 0.59 per 100,000, while
that for Bahia (not including Salvador) was estiedato be 0.16 per 100,000. It has been
shown that those living in slums such as flaeslas in Salvador, suffer higher rates of
RHD than those in rural areas [15-17]. This mayréfected in our data as well.
However, this discrepancy is also likely to refléwtalth care seeking behavior and
obstacles of seeking specialized health care twetirom the rural interior of the state.
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We found a high case fatality ratio in our studye@ill, 12% of patients identified in the

medical chart review, died. This finding is partanly striking as this mortality measure

does not include death following discharge from tlespital. This proportion is higher

than the 4-7.5% range which is documented in selange studies in the United States
measuring mortality during hospitalization followimitral and aortic valve surgery [18-

20]. Remarkably, the mean age of patients in tisasdies from the United States ranged
from 61.3 to 71.6 years. The case fatality ratiooagithis much older population was
approximately half that of our study population @hion average was 44 years old; we
detected an unusually high proportion of surgegeding in death, particularly for a

young population undergoing surgery.

In the literature, hospitalization case fatalityioa for valve surgery restricted to RHD

patients are generally lower than those for allveakurgeries combined. A study
conducted in Toronto of RHD patients (n=573, mege=a54 years) reported 4.2%
mortality during hospitalization [21], and a studgnducted in France of 951 RHD

surgery patients (mean age 25.8 years) undergathvwg vepair reported a hospital case
fatality ratio of 2% over 30 days post-procedur2][2n our study, 9% of RHD patients

with a mean age of 37.8 years, died. In the muitide model, payment by SUS and re-
operation were associated with higher odds of dedtiese factors may reflect a
population which is poorer and suffering from eahd more severe valvular disease.

The appropriateness of valve repair for patientth wheumatic mitral valve disease
remains controversial. Valve repair is often prefdrover valve replacement for mitral
insufficiency because of lower operative mortalibgtter late survival, and less risk of
thromoembolic complications [9, 21, 23]. Howevealwe repair is associated with a
higher early re-operation rate than mitral valvelaeement. In environments where the
patient population has limited access to heath, gargsicians may choose the solution
which will require the least future medical visii. replacement [21]. Furthermore,
rheumatic heart disease can cause severe valvafarnidties requiring the surgical
implantation of prostheses [24]. In this study,vealeplacement was more than five
times as frequent as mitral valve repair. In thiess than 40 years old, mitral prostheses
were approximately four times as frequent.

The choice between implanting mechanical or bi@qgiostheses in young patients is
also controversial. Mechanical valves require ongoanticoagulation treatment, and
inadequate monitoring of treatment increases risk thromboembolic events and
haemorrhage [25]. Transportation difficulties, ouwl factors, and distance from
appropriate health services can contribute to @oudrcoagulant adherence. However,
biologic valves are associated with rapid detetionain young patients; the American
Heart Association (AHA) recommends the use of meidah prostheses in adolescent
and young patients for that reason [26]. Biologaves typically require re-operations to
replace the valve in the 10-15 years following iampation, and re-operation is an
important risk factor for death in valve surgeryowiver, if a doctor feels that adequate
monitoring can not be achieved, the doctor will@t®to implant a biological prosthesis
even in young patients, such as those 18 yearsrotdunger [24]. In our study, 45.6% of
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those less than 30 years of age received biolagistipeses. These patients will need at
least one and likely several re-operative proceduoger their lifetime. In our
multivariable model, each re-operation increasedaitids of death by a factor of three in
RHD patients.

In our study, tricuspid insufficiency was indepenilie associated with death in the
multivariable model. Tricuspid insufficiency frequily follows mitral valve surgery,
both in the long and the short term, and is assegtiith poor outcome [27-29]. In our
study, 16% of those presenting with tricuspid ds&ealso had previous surgery to treat
mitral disease, and a third of these patients died.

The population-based design we used strengthenedttidy. By capturing all cases of
valve surgery throughout the city, we avoided maflebias and the influence that is
inherent in observing a study population from asegroup of hospitals. The different
hospitals in Salvador treat patient populationshwdlifferent age structures and of
different socioeconomic status. Therefore, theileraif disease etiologies, the overall
severity of disease, and the outcomes in institgtiman vary greatly.

However, there were several limitations to thisdgtuOur study population represents
only the most severe cases of valve disease, aslrdu provide an understanding of the
overall burden of valve disease in Salvador. Thopytation does not include what is
likely to be a substantial number of individualdlwimoderate and undiagnosed valvular
disease; the study patients only represent those ahive at specialist care. This
population may be more likely to represent thoseh vgreater access to care, and/or
under-represent those who have already developgdtage severe disease and are not
able to be treated before death occurs. It is finebthat those of lower socioeconomic
status are disproportionately less likely to seate dor their disease, and as our study
shows, they are more likely to present with RHD. &jlecting data only on incident
clinical cases receiving surgery, we cannot knogvgfoportion of cases that are missed.
A survey of the community using echocardiographyildde the most effective way to
measure RHD prevalence in this population.

During medical chart review, we found that speafachocardiographic findings (such as
calcification, thickening of the leaflets, and fusiof commissures) as well as data on co-
morbidities, were not complete or consistent in itedical charts across the hospitals.
Therefore, we were not able to include these datha analyses. These data would have
offered further insight into our findings, but aret likely to have influenced the direction
or strength of the findings which are presentedeh&inally, RHD continues to be an
important cause of heart failure and death in pragwomen in less developed countries,
but data on pregnancy status were not collectethfsistudy [30, 31].

Our categorization of severity and etiology of aldisease were based on clinician
report, and the original echocardiographic repasse not reviewed or validated for this
study. Differences in echocardiographic interpretet could have been possible for
different physicians or between hospitals. Furtteean assessment of the severity of
disease may not have been uniform between clirgsamthin one center as well. Finally,
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we had many patients (n=65) for whom the etiolofjyheir valvular disease was not
known.

In conclusion, we report the first population-bagedings on the etiology and outcome
of valve surgery in Salvador. In this populatiome verall case fatality ratio was high.
RHD and degenerative valvular disease caused tharityaof surgeries, and RHD was
almost four times more common than degenerativeuleal disease. In addition to
substantial morbidity and mortality, RHD imposédame monetary cost to society. It has
been estimated that the annual cost of ARF in Bra#i51,144,347.00; the cost of RHD
is likely to be much higher [32]. Unlike degenevativalvular disease, RHD can be
prevented through appropriate antibiotic prophytadtrategies. When implemented
effectively, the burden of end-stage disease aadifisociated costs can be significantly
reduced through register-based secondary proplsylaxagrams. Further investment in
planning and resources for secondary prophylaxisildvdbe a cost and life-saving
strategy for Brazilians [33-36].
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by medical chart review
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Table 1. Estimated mean annual incidence of valveiggery procedure and mean age
at surgery in the state of Bahia, 2002-2005.

Total #(i)gzsou)rgeries Mean Age (SD) Mean Annual Incii:lence
N (%) per 100,000

Prosthesis

Mitral 754 (57) 43.0 (18.1) 1.442

Aortic 495 (37) 47.0 (20.6) 0.947
Tricuspid 11 (1) 32.2 (19.7) 0.021

Repair

Mitral 140 (11) 32.4 (19.5) 0.268

Aortic 20 (2) 37.4 (26.4) 0.038
Tricuspid 86 (7) 37.3 (18.6) 0.164

*Estimated population: 13,070,250

Table 2. Estimated mean annual incidence of valveigyery procedures per decade
of age, Salvador, 2002-2005.

years Census (2002-2005)* 100,000
0-9 414,730 6 0.362
10-19 505,684 44 2.175
20-29 503,201 75 3.726
30-39 399,208 90 5.636
40-49 292184 82 7.016
50-59 163064 63 9.659
60-69 93847 81 21.578
70-79 49888 64 32.072
80-89 21301 20 23.473
Total 2,443,107 540 5.526

*15 subjects with missing data on age
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Figure 2. Mean annual incidence of valve surgery duto rheumatic heart disease,
degenerative disease, and endocarditis by decadeagfe in Salvador, Brazil 2002-
2005

Age and Valve Disease Etiology

—e—RHD
8

—=— Degenerative
6 Endocarditis
4
) / . \\
0 ,4@ |

09 10- 20- 30- 40- 50- 60- 70- 80-
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Age (in years)

Annual incidence (per 100,000)

Table 4. Risk factors for death in cardiac valve sigery patients in Salvador, Brazil,
2002-2005

Covariate AdeSted. Odds Ratio P-value
(95% Confidence Interval)
Days in Intensive Care Unit 1.07 (1.02-1.12) 0.0Q
Age (per year) 1.03 (1.01-1.05) 0.006
Moderate or Severe Tricuspid Insufficiency 2.52415.54) 0.022
Post-operative Endocarditis 4.92 (1.15-20.99) 0.031
Post-operative Cardiac Insufficiency 3.43 (1.4253. 0.006
Post-operative Bleeding Associated with Anti-Coagjoh 3.14 (1.40-7.04) 0.006
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Table 5. Risk factors for death in rheumatic heart disease @tients undergoing
cardiac valve surgery in Salvador, Brazil, 2002-2(®

Covariate Adjusteq Odds Ratio P-value
(95% Confidence Interval)
Post-operative endocarditis 18.37 (2.51-134.66) 04€.0
Number of previous surgeries for RHD 3.03 (1.5%2%. 0.001
Surgery at hospital 3 16.00 (2.02-126.66) 0.009
SUS as the source of payment 4.67 (0.93-23.36) 00.04d
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Chapter 3. Factors associated with Group A
Streptococcus emm type diversity in a large urban
setting

A. INTRODUCTION

Group A Streptococcus (Streptococcus pyogenes, GAS) causes a wide spectrum of
diseases, ranging from pharyngitis and pyodermadce severe diseases, such as toxic
shock syndrome, necrotizing fasciitis, glomeruldmés and rheumatic heart disease
(RHD) [1]. Children are the major reservoir of GEZ. The highest prevalences of GAS
infections and their complications are found in@eping countries [3].

GAS strain typing is frequently used to charactetize epidemiology and pathogenesis
of GAS infections. The most common target of typmethods is the M protein, which is

a cell surface virulence factor serving as a tagjehe immune response to GAS that
confers type-specific resistance. In 1996, a serpH#pased typing system calledm
sequence typing, which is based on the N-terminyetvariable region (5°) of the M
protein gene, was described [4]. Many studies Hepen conducted usirgnm typing to
show associations of specific strain types witheds® outcomes [5-9]. In addition,
information about geographignm type distribution can be used to assess and predic
potential candidate vaccine efficacy [10, 11], intthg that of a 26-valent vaccine that
has recently completed phase Il trials [12].

Epidemiologic studies have revealed that develomogntries have higlemm type
diversity [13, 14], while industrialized countriase more likely to have a limited number
of emm types [15-18]. This pattern was clearly demonsttan a recent systematic
review of the global distribution of GASm types [19]. However, comparisons that are
made across continents cannot evaluate the imphdboal factors on genotype
distribution. In this study, we compared téem types of GAS isolates obtained from
children in slum and wealthy neighborhoods in tlaene city, Salvador, Brazil, to
examine whether GASmm type diversity differs in communities with contriasf
environmental, demographic, and socioeconomic facto the same urban center. A
finding of distinctemm type diversity indices between communities in thens city
would support the hypothesis that local epidemicldgatures may play an important
role in the generation of diversity amm types in a population. Furthermore, we
collected isolates from children with and withootes throat to identify associations of
certainemm types with this clinical outcome.
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B. METHODS

3.1 Study sites

This study was conducted at three pediatric owgpatirgent care clinics (clinics A, B,
and C). Clinical services at Clinic A and ClinicaBe offered free to patients through the
publicly funded Unified Health System (SUS). Thefrics serve primarily low-income
patients. The socioeconomic status and demograjaiacteristics (household density,
income, and education level of mother and fathepatients seeking care at Clinic A and
Clinic B are similar. Clinic C serves wealthieresiiele and only those with private
insurance.

3.2 Patient recruitment

Patients aged 3-15 years were consecutively reckrdrom Clinics A-C from April 17,
2008 to October 31, 2008. Recruitment occurred evpdtients waited for their medical
evaluation or immediately following their appointmie Parents/guardians of children
were approached by a research team member foiitreent and consent to participate in
the study. A brief description of the study, riskenefits, and issues of confidentiality
was provided. Following consent from parents/guarsgliand verbal assent from minors,
a trained member of the research team administerethndardized questionnaire and
collected a throat swab sample from the study @pent. All members of the research
team were trained in standardized technique foh Ippbcedures. Institutional Review
Board (IRB) approval was obtained from all hosgitdhe Comissdo Nacional de Etica
em Pesquisadonep) (National Bioethics Commission of Brazil), ther@ité de Etica em
Pesquisa-Centro de Pesquisa Goncalo Moniz — FidEthzcs Committee for Research —
Fiocruz), and the University of California, Berkgl€ommittee for the Protection of
Human Subijects.

Definitions Cases were defined as those children whose cbiaplaint was sore throat.

GAS culture-positive sore throat was defined akildl avith a sore throat in whom GAS

was isolated from the throat swab. Controls weffendé as those visiting the clinics for

other reasons (Appendix 1). Exclusion criteriauigleld use of antibiotics in the past two
weeks or any illness requiring inpatient hospitgtian on the day of recruitment.

3.3 Data collection

The following variables were recorded: reason fisit\to the hospital, date of birth of

patient, sex of patient, household income, homeesdd whether in school and where,
whether in daycare and where, total number of meloghg in house, number of children

15 years or younger in household, whether the hadgesore throat in past six months,
level of education of mother, and level of eduaatd father.
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3.4 Isolation and genotyping of streptococci

Swab cultures were obtained from the pharynx ofstney children following a standard
protocol. All study technicians were observed qaigally at the clinic sites for proper
and consistent swabbing technique. A sterile castwab tip was applied to the posterior
pharynx and tonsils, as recommended by the InfestiDisease Society of America
(IDSA) [20]. The swabs were immediately placed Stuart transport medium,
transported to the laboratory and plated the saageod 5% sheep blood agar. The plates
were incubated at 37°C for 24 - 48h with 5% ;C@treptococci were phenotypically
identified by beta-hemolysis, colony morphology ahe catalase test. Carbohydrate
group identification (Groups A, B, C, F, G) wasfpemed by positive latex agglutination
(Remel PathoDx Strep Grouping Latex Test Kit, Rerhehexa, KS, USA). Pure culture
samples were stored in 5% glycerol at -80°C.

emm typing: emm-typing of all isolates were performed as describgdhe Centers for
Disease Control and Prevention (CDC) protocol
(http://www.cdc.gov/ncidod/biotech/strep/protocaohra-type.htm).

3.5 Statistical analysis

Analyses were conducted using STATA 11.0 (Stata, I@vollege Station, Texas).
Categorical variables were compared using the gqha®e test. Student’s t-test and
ANOVA were used to compare means, and multivarisdiestic regression was used to
evaluate the association between speeifim types and case status while controlling for
covariates. Only those children with culture-pegtiGAS were included in the logistic
regression model. Simpson’s index of diversity wasd to calculate the variation of the
number ofemm types of GAS isolates by clinic or by case stai].[ Higher index
measures represent greater diversity enim types, as the method calculates the
probability that any two randomly selected isoldtesn the same population will be of
different emm types. Confidence intervals (CI's, 95%) for theatsity index measures
were calculated as previously described [22].

C. RESULTS

3.6 Demographic and clinical characteristics of st udy population

Between April 17, 2008 and October 31, 2008, 218ddeen aged 3-15 years (759 in
Clinic A, 518 in Clinic B, 917 in Clinic C), who mehe eligibility criteria, were
identified from the three study clinics. Of 2181ildren with data on case status, 624
(28.6%) came with a complaint of sore throat (casasd 1557 (71.4 %) came for other
illnesses. The distribution of reasons for visitoam the controls was comparable across
the three hospitals.
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The mean age of all the study children differedMeein slum (defined as patients from
Clinics A and B combined, Appendix 2) and non-shasidents (defined as patients from
Clinic C)(7.2 years vs. 7.8 years, respectively §.001)(Table 1). The sex distribution
did not differ between slum and non-slum populaio®ne minimal monthly salary

(MS) or less (equivalent to $246.10 USD as of Ap€iD8)was reported by 648 (53.8%)

of 1205 slum households, and 37 (4.3%) of 870 nomdouseholds as the household
income (p<0.001). The mean number of members pesdimld in the slum population

(4.5) was greater than that in the non-slum pomria#.0) (p<.001). The mean number
of children <15 years per household was great#rarslum population (2.0 persons) than
that in the non-slum population (1.6 persons) (0%).

The differences in mean age between cases (7.4)yaad controls (7.5 years) or
between patients who tested positive for GAS (#&6ry) and negative for GAS (7.5)
were not significant (p>0.1), either in the totalpplation, or when stratified by slum
status.

3.7 Microbiologic studies

In total, 529 Streptococcus isolates (groups A-G) from 2194 children were otsd
(Table 1). Of these, 254 (48%) were GAS (Table@).253 GAS isolates (1 isolate
missing case/control status), 125 (8%) were fromtrots and 128 (20.5%) were obtained
from cases (p<.001). The proportion of cases wistete culture positive for GAS
differed by slum (23.1%) vs. non-slum clinic sulige¢17.4%), which approached
statistical significance (p= 0.08). The proportmincontrols that tested positive for GAS
did not differ between slum vs. non-slum childrér8fo vs. 8.2%).

3.8 Diversity of emm types of group A Streptococcus

Of 254 GAS isolates, 238 yielded interpretabiam sequences. These 238 isolates
represented 61 uniqueenm types. In the non-slum population, 94 isolates pased 36
distinct emm types (38.3%). In the slum population, 144 isadatemprised 53 distinct
emm types (36.8%). Between these two groups, the ptigpoof uniqueemm types did
not differ (p=0.81). The proportion of uniqeem types was higher for carriage isolates
than for sore throat cases in the slum populatan this finding did not reach statistical
significance (p=0.11) (Table 3).

Simpson’s diversity index for the overathm types was 96% (94%-97%). The index was
92% (89%-96%) for the non-slum population, and 9B%E6-98%) for slum children.
Significantly, the CI's for slum vs. non-slum ordyerlap at the lower bound estimate for
slum, and the upper bound estimate of non-slum. Bath slum and non-slum
populations, the diversity index was lower for cadean for controls [non-slum: 90% vs.
93%:; slum 96% vs. 98%] (Table 3).
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In both slum and non-slum populatioes)m12.0 was the predominant type, followed by
emml1.0 (Figure 1). However, in the non-slum populatidd (21.3%) of 94 isolates were
emm12.0, whereas in the slum population, 18 (12.5%)144 isolates weremm12.0
(p=0.07). emm1.0 was the second most prevalemin type in both populations, and also
constituted a larger proportion of non-slum isadatt the non-slum population, 14
(14.9%) of 94 isolates wermmml.0, and in the slum populatioaym1.0 constituted 9
(6.3%) of 144 isolates (p=0.03). The three mostn@nantemm types constituted a
much larger proportion of isolates in the non-shopulation as compared with the slum
population (41.5% vs. 24.3%)(p=0.005), suggestirag GAS diversity was greater in the
slum population.

emmtypes 12.0 (n=38), 1.0 (n=23), st2904.1 (n=13)0§6=12), 87.0 (n=9), 49.3 (n=8),
and 27G.0 (n=8) were the most common types encadia the study, accounting for
46.6% of the total. There were 2hm types that were represented by only a single
isolate. In total, 2®mm types were detected only in slum children, compavita only 8
emm types which were found only in non-slum childreifthe proportion of allemm-
typable GAS isolates which were subtypes (alleidants) did not differ between slum
and non-slum populations, where 14 (9.7%) of 1#fates from the slum population
were subtypes, and 9 (9.6%) of 94 isolates fromnthreslum population were subtypes
(p=0.98).

emm types which were represented by only one isolaevmnore likely to be found in
children 10 years or older, than in those 9 andngeu, which approached statistical
significance (p=0.08).

3.9 Group A Streptococcus emm type and case status

Three emm types were significantly associated with sore dhroconferring either
increased or decreased odds of reporting soretthtidathose who tested positive for
GAS, those witrermm12.0 (n=38) had 2.2 times the odds of having domeat compared
with those with a differenemm type (p=0.04), after adjusting for age, income and
number of children less than 15 years of age inhbesehold (Table 4). For those
patients withemm66.0 (n=12), the odds of sore throat were 8.7 tithas of sore throat
with otheremm types in the multivariable model (p=0.04). Int¢iregy, a lower odds of
reporting sore throat was seen éom27G.0 (n=8), where those with thesim type had
0.1 times the odds of sore throat compared witlerothnm types in the multivariable
model (p=0.07); this finding approached statistgighificance. None of the associations
between emm type and sore throat remain significant followingjustment with
Bonferroni correction for multiple comparisons {te®f significance at the p=0.007
level).
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3.10 Estimated coverage of 26-valent group A Streptococcus vaccine

In this study, 100 (42.0%) of the 288 m typed isolates, and 15 (24.6%) of #ikemm
types would be covered by the 26-valent M-protaasdal GAS vaccine, assuming Cross-
immunity between type 1.2 and subtype 1.25, betvigea 101 and subtype 101.1, and
between type 33.0 and subtype 33.1 [12]. Stragfjny populations, 45 (47.9%) of 94
isolates and 10 (27.8%) of 3Bnm types from non-slum children would be covered by
the vaccine. In the slum, the coverage for isolatesld be 52 (36.1%) of 144 isolates,
and 11 (20.8%) of 58mm types.

In children presenting with sore throat, 55 (44.766)123 emm typed isolates, and 13
(30.2%) of 43emm types would be covered by the current 26-valent rvtgin-based
GAS vaccine. In the non-slum population, 25 (51.@%%9 emm typed isolates, and 8
(33.3%) of 24emm types would be covered. In the slum population(822%) of 74
emm typed isolates, and 10 (29.4%) of @mtypes would be covered by the vaccine.

D. DISCUSSION

In Salvador, Brazil we found significant differescén emm type diversity in GAS

isolates obtained from different populations in 8smne city. The diversity index was
significantly higher among GAS isolates from chédrresiding in slum communities
(97%) compared to those living in wealthier neigtitomds (92%). In fact, the diversity
index of the non-slum GAS isolates was closer & ¢iemm types identified from high

income countries (92%) than to those found in thenspopulations of Salvador [19].
Though this study evaluated only two communitibss study lends preliminary data to
the hypothesis thamm diversity may be influenced by local factors, sashcrowding

and lack of access to health care which are moewatent in slum communities.
Crowding may facilitate increased transmission opputies, and lower likelihood of
antibiotic treatment for sore throat. Our data fwwignificant differences in household
density, type of health insurance plan, and inconstum versus non-slum communities.

In addition toemm type differences in GAS strains across high-incarsielow-income
populations in the same city, we found cerenm types to be over or under-represented
among children with sore throagnim66.0 (OR = 8.7)emm12.0 (OR=2.2)emm27G.0
(OR=0.1)]. Although none of these associationsaiansignificant following statistical
adjustment for multiple comparisons (Bonferroni rection), the crude associations
provide exploratory data which can be further inigeded in the laboratory, comparing
the presence of virulence factors in these streamspared with strains which were not
associated with sore throat, or in future fieldlgiof emm types and association with
clinical outcome.

A vaccine against GAS will have substantial besefibridwide. However, the impact on

disease reduction could vary by region dependinthervaccine composition. Currently,
the only vaccine to complete phase I/l trials i@valent recombinant M protein
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vaccine [12, 23]. While it has been postulated that vaccine would offer substantial
protection against invasive disease morbidity ardtafity in the United States, studies
from developing countries suggest that the curferhulation would provide limited
coverage in those areas [9, 13, 14]. In our stwdyy 42% of the total isolates, and
44.7% of isolates from cases, would be coveredhby26-valent M-protein-based GAS
vaccine. This level of coverage is lower than wivas recently estimated for Africa,
Asia, Latin America, Middle East, and high incomsuwtries [19]. Additionally, our
comparison of 26-valent vaccine coverage in slué¥Bversus non-slum (48%) overall
clinic samples, and in samples found only in cleldwith sore throat (slum: 43.2%; non-
slum: 51.0%), revealed that coverage would notdumkeeven within the same city.

In conclusion, we hypothesize that local demogmand socioeconomic factors may
contribute to the diversification of GASmM types. While our analyses are based in a
study of limited size, our finding of distinct diggty profiles of bacterial populations in
different neighborhoods in the same city lends iprielary support of the proposed
hypothesis. We also hypothesize that this distmcin emm type diversity might be
particularly pronounced in cities with slums. Thavieonmental and demographic
conditions which characterize slums, such as crogvdind lack of access to health care,
may contribute to increased transmission of GA8rgased opportunities for transfer of
genetic material between organisms, and conseduemrgased genotypic diversity. The
opportunities for horizontal gene transfer mayb®as frequent in wealthy communities;
this may be reflected in lower diversity of genagpFurther studies comparing genotype
diversity indices in a larger number of communities contrasting economic and
demographic conditions would help elucidate théditgl of this hypothesis. We note that
it is not simply poverty itself that determinessthdifference [24, 25]. As the world
expands toward the projected population size oftillmn slum residents in less than 30
years, it will be essential to better understare glum structural dynamics which may
contribute to major differences in disease outcoamesvaccine efficacy [26].
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Table 1. Demographic characteristics and beta-hemyic streptococcal groups
isolated in children attending slum and non-slum ¢hics in Salvador 2002-2005

Total Non-slum? Slum®
Population (n=917) (n=1277)
(n=2194) N(%) N(%)
N (%)
p-value
Cases 624 (28.6) 287 (31.4) 337 (26.6) --
Controls 1557 628 929 --
Mean Age in years ]
(95%A)C|)y 7.5 (7.3-7.6) 7.8 (7.6-8.1) 7.2 (7.1-7.4) <.00}
Sex
Female| 1060 (48.3) 443 (48.3) 617 (48.3) 1.0
Male 1134 474 660
Monthly salary (in reais)®
<415| 685 (33.0) 37 (4.3) 648 (53.8) <.001
416-830| 550 (26.5) 161 (18.5) 389 (32.3)
831-1660| 336 (16.2) 204 (23.4) 132 (11.0)
1661-2490| 195 (9.4) 173 (19.9) 22 (1.8)
22491| 309 (14.9) 295 (33.9) 14 (1.2)
Mean # people /house
(95%Cl) 4.3 (4.2-4.3) 4.0 (3.9-4.1) 4.5 (4.4-4.6) <.001
Mean # people<15yrs./ | 1 8 (1.8-1.9)| 1.6 (1.5-1.6) 2.0 (2.0-2.1) <.001
house (95%Cl)
Group A Streptococcus 254 (48.0) 99 (44.4) 155 (50.7) 0.33
Group B Streptococcus 34 (6.4) 24 (10.8) 10 (3.3) .001
Group C Streptococcus 57 (10.8) 30 (13.5) 27 (8.8) 0.09
Group F Streptococcus 51 (9.6) 24 (10.8) 27 (8.8) 0.44
Group G Streptococcus 133 (25.1) 46 (20.6) 87 (28.4) 0.08

qncludes all children from Clinic C
®Includes all children from Clinics A and B
€119 missing data on income
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Table 2. Demographic characteristics and beta-hemgtic streptococcal groups
isolated in slum versus non-slum children in Salvaa 2002-2005, stratified by sore
throat (case) and carriage (control)

Non-slum (n=915% Slum (n=1266Y
Case (%) Control (%) p-value Case (%) Control (%) pvalue
287 (31.4) 628 (68.6) 337 (26.6 929 (73.4
Mean Age (95% CI) | 7.8(7.3-8.2) 7.9 (7.6-8.1) 0.67 7.2(6.8-75) (7.A-7.5) 0.57
Male 139 (48.4) 335(53.3) 0.17 146 (43.3 508 (54.1)  00%.
Monthly Salary (in
reais) N=274 N=594 N=312 N=882
<415 11 (4.0) 26 (4.4) 0.02 178 (57.1) 468 (53.1) 0.75
416.830| 38(13.9) 123 (20.7) 91 (29.2) 291 (33.0)
831-1660 58 (21.2) 145 (24.4) 34 (10.9) 96 (10.9)
) 55 (20.1) 117 (19.7) 5 (1.6) 17 (1.9)
1661-2490, 112 (40.9) 183 (30.8) 4 (1.3) 10 (1.1)
>2491
Mean # persons per ) ) ) )
household (95% CI) 4.0 (3.9-4.2) 4.0 (3.9-4.1) 0.96 4.5(4.3-48) @®B-4.5) 0.27
Mean # < 15 yrs. per ) ) . )
household (95% CI) 1.5 (1.5-1.6) 1.6 (1.6-1.7) 0.16 21(2.0-23) @®-2.1) 0.06
Group A
Streptococcus 50 (17.4) 49 (7.8) <.001 78 (23.1) 76 (8.2) <.001
Group B
Streptococeus 7 (2.4) 17 (2.7) 0.81 4(1.1) 6 (0.6) 0.34
Group C
Streptococeus 8 (2.8) 22 (3.5) 0.57 6 (1.8) 21 (2.3) 0.60
Group F
Streptococcus 6 (2.1) 18 (2.9) 0.50 7.1) 20 (2.2) 0.93
Group G
Streptococeus 8 (2.8) 38 (6.1) 0.04 17 (5.0) 70 (7.5) 0.12
No isolate 208 (72.5) 475 (75.6) 0.17 225 (66.8 736 (79.2) 00%.

%Includes all patients from Clinic C. Case/contttaktss missing for 2 study participants
PIncludes all patients from Clinics A and B. Casetcol status missing for 11 study

participants

Table 3. Diversity of Streptococcus pyogenes (GAS) emm types in non-slum versus

slum populations

Simpson's Number of Number

Diversity Unique of Proportion
Index Cl emm Types Isolates Unique
All 0.95 (0.94-0.97) 61 238 26.1%
Non-Slum 0.92 (0.89-0.96) 36 94 38.3%
Case 0.90 (0.84-0.97) 24 49 49.0%
Carriage 0.93 (0.88-0.97) 21 45 46.7%
Slum 0.97 (0.96-0.98) 53 144 36.8%
Case 0.96 (0.94-0.98) 34 74 45.9%
Carriage 0.98 (0.97-0.99) 41 69 59.4%
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Figure 1. Sreptococcus pyogenes (GAS) emm types in non-slum (A) and slum (B)
populations. Onlemm types represented by more than one isolate altedied in
the graphs. Bars in red indica®m types included in the 26-valent vaccine. Blue
bars indicatemm types not included in the vaccine.
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Appendix 1. Reason for visit of patients for patiets without sore throat

Clinic A Clinic B Clinic C
N= 566 N= 363 N= 628
Gastrointestinal 186 (32.9)* 138 (38.0)* 157 (25.0)*
Nausea 1 1 11
Stomach ache 40 44 58
Vomit 118 78 58
Diarrhea 27 15 30
Upper Respiratory 371 (65.5) 167 (46.0) 254 (40.4)
Nasal Congestion 6 4 9
Cough 168 78 105
Allergies 13 8 27
Phlegm 10 4 16
Difficulty breathing 2 4 10
Asthma 172 96 87
Other 353 (62.4) 230 (63.4) 282 (44.9)
Fever 190 88 106
Chest pain 11 3 3
Flu 14 4 13
Eye infection 6 1 5
Chicken pox 7 2 4
Skin infection 18 11 10
Body ache 10 9 9
Headache 42 37 50
Injury 18 13 7
With patient but not 16 51 45
seeking care
Urinary tract infection 7 6 10
Earache 14 5 20
Other 22 26 38
Don't know 55 (9.7) 24 (6.6) 150 (23.9)

*Sum may be greater than 100% because patienthenaygiven more than one complaint
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children attending slum clinics A and B

Appendix 2. Demographic characteristics and streptooccal group distributions of

Clinic A Clinic B p-value
N=759 N=518
Cases 193 (25.4) 144 (27.8) 024
Controls 566 363 '
Mean Age in years
(95%/0 Cl)y 7.3(7.1-7.5) 7.1(6.8-7.3) 0.14
Sex
Female 372 (49.0) 245 (47.3) 0.55
Male 387 273
Monthly salary (in reais)
<415 410 (57.6) 238 (48.3) 0.02
416-830| 208 (29.2) 181 (36.7)
831-1660 74 (10.4) 58 (11.8)
1661-2490 14 (2.0) 8 (1.6)
>2491 6 (0.8) 8 (1.6)
Mean # people /house 4.4 (4.3-4.5) 4.5 (4.4-4.7) 0.22
(95%Cl)
Mean # people 15 yrs./ | 5 1 (2,0-2.1) 2.0 (1.9-2.1) 0.33
house (95%CI)
Group A Streptococcus 85 (11.2) 70 (13.5) 0.22
Group B Streptococcus 2 (0.3) 8 (1.5) 0.02
Group C Streptococcus 13 (1.7) 14 (2.7) 0.22
Group F Streptococcus 17 (2.2) 10 (1.9) 0.71
Group G Streptococcus 40 (5.3) 47 (9.1) 0.01

49




Chapter 4. Epidemiologic characterization of patien ts
with sore throat in slum and non slum settings: pos sible
protective role of Group G Streptococcus colonizati on

A. INTRODUCTION

While Streptococcus pyogenes (Group A Streptococcus, GAS) is clearly a cause of
pharyngitis, the role oftreptococcus dysgalactiae equisimilis (SDE)as a causative agent
of endemic pharyngitis has been debated for mae 89 years [1-7, 8 ]. SDE has been
implicated as a causative agent of pharyngitis utbi@ak situations, but its role in
endemic disease remains uncertain [9-16]. More teren decades of nomenclature
changes among non-GrouppAemolytic streptococci has contributed to theiclifity of
generating consensus regarding the role of thegan@ms in causing disease [17]. In
1933, Rebecca Lancefield developed a techniquehntiassified3-hemolytic strains by
specific carbohydrate “group” antigens [18]. Adadiital speciation techniques have
revealed streptococci with carbohydrate groups €@r{GCS, GGS) to be comprised of
several streptococcal species, in which some spa@a express either group C or G
carbohydrate antigen.

The most common human 3-hemolytic GGS and GCSdecBDE ands anginosus.
GGS/GCS are most commonly considered commensahigrga with the capacity to
cause severe opportunistic infections in individuaith underlying medical conditions
such as malignancy, vascular disease or diabe®es2(l]. However, in recent decades,
GGS/GCS have been increasingly implicated in dess#isat occur in healthy individuals
[21, 22]. GGS/GCS and GAS inhabit the same tissigs,sand the disease spectrum
caused by GGS/GCS overlaps with that caused by 38511, 13, 19, 23-28]n some
medical centers, GGS has been shown to exceed GAlRedeading cause of invasive
streptococcal infection [26, 29, 30].

SDE produces an M protein that has structural amndtional features similar to the M
protein of GAS.S anginosus does not produce an M protein. The M protein is an
important virulence factor and the most commonedtaj strain typing methods for GAS
and SDE. One typing method based on sequence anafythe 5 end of the gene that
encodes M proteine(nm) has been a valuable tool for characteriziBigeptococcus
strains for epidemiologic studies [31]. Correlaiobetweenemm type and disease
potential have been shown for GAS and SDE [21,482-3

In environments endemic for SDE and GAS, intra- exterspecies lateral gene transfer
between the organisms occurs [35-38]. Virulencéofacand housekeeping genes may be
transferred across species via mobile genetic elesm®ich as transposons and phages
[36, 39-44]. Such exchanges could affect the pahmgpotential of SDE [35]. This
process may occur more frequently in highly denspufation settings where contact
between organisms is more likely to occur, suchimsrban slums in developing
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countries. Therefore, we chose to study this goesh Salvador, Brazil, by comparing
slum and non-slum populations. We investigatedepielemiologic features associated
with the prevalence of 3-hemolytic GGS/GCS in tim@at in children seen in outpatient
emergency clinics serving slum and non-slum comtrasj)iand whether sore throat is
associated with any of the GGS/GCS species or gpestin these study populations.

B. METHODS

4.1 Study sites

Study participants were recruited from three pediabutpatient emergency clinics
(clinics A, B, and C). Clinical services at Cliniegsand B are offered free to patients
through the publicly funded Unified Health Syste®tS). The socioeconomic status and
demographic characteristics (household densitygm&; education level of parents) of
patients seeking care at Clinic A and Clinic B ammilar. Clinic C serves wealthier
clientele and only those with private health inswe

4.2 Patient recruitment

Patients aged 3-15 years were consecutively recrdiom Clinics A, B and C from
April 17, 2008 to October 31, 2008. Recruitmentwoed while patients waited for their
medical evaluation or immediately following theippmintment. Parents/guardians of
children were approached by a research team mefobeecruitment and consent to
participate in the study. A brief description ottktudy, risks, benefits, and issues of
confidentiality was provided. Following consentrfrparents/guardians and verbal assent
from minors, a member of the research team adreneidta standardized questionnaire
and collected a throat swab sample from each giadyjcipant.

Institutional Review Board (IRB) approval was ob&l from all hospitals, the

Comissdo Nacional de Etica em PesquiBan€p) (National Bioethics Commission of
Brazil), the Comité de Etica em Pesquisa-Centr®esquisa Gongalo Moniz — Fiocruz
(Ethics Committee for Research — Fiocruz), andUheversity of California, Berkeley

Committee for the Protection of Human Subjects.

Definitions Cases were defined as children whose chief caniplaas sore throat.

GGS/GCS culture-positive sore throat was defined akild with a sore throat in whom
GGS/GCS was isolated from the throat swab. Contveliee defined as children visiting
the clinics for reasons other than sore throatlusken criteria were use of antibiotics in
the past two weeks or any illness requiring inpdtibospitalization on the day of
recruitment.
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4.3 Data collection

The following variables were recorded: reasonvisit to the clinic, date of birth of
patient, sex of patient, household income, homeeadd enrollment in school or daycare,
location of school or daycare, total number of pedjving in household, number of
children< 15 years of age in household, occurrence of $woat in the case in the past
six months, and mother’s and father’s educatioellev

4.4 Isolation of streptococci and group carbohydrat e identification

A sterile cotton swab tip was applied to the pastepharynx and tonsils of each
participant, as recommended by the Infectious Bsetociety of America (IDSA) [45].

All study technicians were observed periodicallytlé clinic sites for proper and

consistent swabbing technique. Swabs were immdégigtlaced in Stuart transport

medium, transported to the laboratory and plateddtky of collection on 5% sheep blood
agar. Plates were incubated at 37°C with 5%, @® 24 - 48h. Streptococci were
phenotypically identified by beta-hemolysis, colomprphology, and the catalase test.
Carbohydrate group identification (Groups A, B, I,G) was performed by positive
latex agglutination (Remel PathoDx Strep Groupiagek Test Kit, Remel, Lenexa, KS,
USA). Cultures were stored in 5% glycerol at -80°C.

DNA Isolation DNA isolation was performed using the DNeasy Bla® Tissue Kit
(Qiagen, Valencia, CA) as indicated.

16S rRNA Polymerase Chain Reaction (PCR) for Sgebesignation Amplifications
were carried out in a total volume of 25 pl withl 2fi template DNA, 0.5ul 50uM each
of forward (16s-8F: 5-AGA GTT TGA TCC TGG CTC AG)&and reverse primer (16s-
806R: 5'-GGA CTA CCA GGG TAT CTA ATC C-3'), 2.5ul0X Buffer 15mM MgCh,
0.5ul 10mM dNTP mix, and 0.1 pl 5,000 U/ml Taq (N&ngland Biolabs, Ipswich,
MA). Thermal cycling conditions were as follows:ndinute denaturation at 94°C, 33
cycles of 30 second denaturation at 94°C, 30 seemmealing at 62 °C, 90 second
extension at 72°C, and a final 7 minutes at 72°C.

emm typing: emm-typing of SDE isolates was performed accordingh® Centers for
Disease Control and Prevention (CDC) protocol
(http://www.cdc.gov/ncidod/biotech/strep/protocaohra-type.htm).

4.5 Statistical analysis

Analyses were conducted using STATA 11.0 (Stata, I@pllege Station, Texas).
Patients who reported sore throat were initiallynpared with patients who did not
report sore throat by bivariable methods. Bivaeathalyses were also used to compare
those with and without GGS/GCS and those from shmd non-slum communities.
Categorical variables were compared using the gha® test or the two-tailed Fisher’s
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exact test. Student’s t-test was used to compaemsi&tatistical analysis was carried out
by computing 95% confidence intervals and two thjpevalues. Two tailed p-values less
than 0.05 were considered statistically significaBelection of variables into the
multivariable model was done by backward stepwaggstic regression with a cut-off of
p=0.20. The multivariable model was used to evaltla¢ association between presence
of SDE and S anginosus and case status while controlling for the covasaiage, sex,
slum versus non-slum residence, and culture-pesgiatus of GAS. We evaluated effect
modification between covariates using the Mantebitzel test of homogeneity
following bivariable stratification, and by usingoss-product terms in the multivariable
model.

C. RESULTS

4.6 Demographic and clinical characteristics of stu dy population

Between April 17, 2008 and October 31, 2008, 21ggibée children aged 3-15 years

(759 in Clinic A, 518 in Clinic B, 917 in Clinic Q)ere enrolled in the study. Of 2181

children with data on case status, 624 (28.6%) rtegosore throat (cases), and 1557
(71.4 %) presented with other illnesses. Reason$idspital visit among the controls

were comparable across all three clinics (datashown).

Patients from the slum population were younger (P8D), less likely to be cases
(p=0.015), had lower income (p<0.001), and lived higher density households
(p<0.001), compared to those in the non-slum pajpuaTable 1). Patients colonized
with SDE were older (p=0.004), lived in househohdth higher density of children (aged
< 15 years)(p=0.04), and were less likely to be £4pe0.03) than those without SDE
(Table 1).

4.7 Microbiological studies

In total, 133 (6.1%) GGS isolates and 57 (2.6%) Gsifates were obtained from 2194
children. Of 133 GGS isolates, we were able to isped22; 60 were SDE, 61 wege
anginosus, and one was. constellatus. Using PCR, we were not able to amplify the
target sequence for 11 strains; speciation of #mmaming 11 isolates is currently
underway using biochemical methods. Of 57 GCS ies]a39 were speciated; 12 were
SDE, 26 wereS. anginosus, and one was$. constellatus. Speciation using biochemical
methods is currently underway for the 18 GCS isslaivhich we were not able to
speciate using PCR techniques.
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4.8 Risk factors for sore throat by bivariable anal  yses

In bivariable analyses, those who presented witle sroat were more likely to be
female (p<0.001), from the non-slum study popula(je=0.015), 3-5 years old (p=0.03),
living in a household with earnings at least simes the minimum wage (p=0.002), or in
a household with a mother and/or father with a ersity or higher education level
(p<0.01) (Table 2).

Those with sore throat were less likely to be ced with GGS overall (p=0.01), and
specifically with SDE (p=0.03) o8. anginosus (p=0.06) (Table 2). Those with sore
throat were more likely to be colonized with GASQ01). Colonization with GCS was
not associated with sore throat (p=0.49).

4.9 Risk factors for sore throat by multivariable a  nalyses

Several variables were found to be independentdga@ated with absence of sore throat
by multivariable logistic regression (Table 3). ing in a slum was associated with
reduced odds of sore throat (OR=0.79, CI. 0.6550(88).018), age 3-5 years was
associated with increased odds of sore throat codpaith children aged 6-8 years
(p=0.011).

We found two interaction terms which remained digant following adjustment of age
and slum residence in the multivariable model. Tih& interaction term represented
effect modification by sex in the association beisweSDE and sore throat (p=0.031).
Effect modification by sex was also evident in #ssociation between GAS and sore
throat; the interaction term approached statissoghificance (p=0.057) and was left in
the model for adjustment purposes. To evaluateetmsractions, we established females
with no SDE and no GAS infection as the referemgégure 1). Figure 1 demonstrates the
interactions between GAS and SDE and sex. In tiggrd, it is evident that GAS
increased the odds of sore throat in both malesfemdles (males: OR: 2.64, Cl. 1.82-
3.83; females: 2.33, CI: 1.58-3.43; both p<0.0@gmpared to baseline, male sex alone
was protective against sore throat, and those wit@AS or SDE had lower odds of
being a case (OR=0.67, Cl: 0.54-0.83, p<0.001)mhles, the additional colonization
with SDE increased the protective effect against sloroat by more than five and a half
times (OR=0.12, CI: 0.03-0.51, p=0.004). Interagtinthe protective effect of SDE was
not seen in females colonized with this organisrR£0.09, CI: 0.50-2.35, p=0.831).

4.10 Streptococcus dysgalactiae equisimilis emm typ ing

Of 60 GGS SDE isolates, we were ableetam type 51 isolates. We were not able to
amplify theemm target sequence using PCR for any of the 12 SDE &db$ples, and

could not type these isolates. Foemm types--stG480.0 (n=11), stG4831.0 (n=10),
stC6979.0 (n=9) and stG166b.0 (n=5)--collectivadgaunted for 69% of the typed SDE
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strains. The remaining 18nm types were represented by two (emm57.4, stG485.0,
stG5063.0, stG6792.0) or one isolate each (emm3d58.0, stG10.0, stG245.0,
stG4974.0, stG643.1, stG652.1, stG866.0). Noneheffour predominanemm types
were significantly associated with clinical outcame

D. DISCUSSION

We found an unexpected association of GGS colaoizaspecifically SDEwith lower
odds of sore throat in pediatric populations inv8dbr, Brazil. In an attempt to discern
whether GGS is associated with a clinical syndromedetected the opposite effect. To
our knowledge a statistically significant associatof SDE colonization with endemic
sore throat has not been previously reported ititérature.

This finding may reflect a spurious association.wdwer, the protective association
persisted after controlling for age, sex, and fivin a slum in a multivariable analysis
with evaluation of interaction terms. There maydtker confounders which were not
considered in this study, and the findings preskmethis study may be due to bias or
chance. Further investigations would help elucidate generalizability of this reported
association.

In our study, an interaction between sex and celiron with SDE was detected. The
evaluation of these interaction effects were diggiain Figure 1. Comparing females and
males with no GAS or SDE it was found that femdlad higher odds or reporting sore
throat than males. Furthermore, colonization wilbESin females was not protective,
although SDE was protective in males. Finally, demaith SDE demonstrated lower
odds of sore throat compared to a female with ¢dnaut SDE.

In 2009, Steer et al. published their findings frarstudy of prospective surveillance for
sore throat in a tropical country in children agetl4 [46]. In this study, sore throat was
defined as patient complaint of sore throat. Exingcdata from their tables, we found
what appears to be an interaction by sex in thecéason of sore throat and GGS/GCS
(excludingS. anginosus isolates). From our calculations, a lower oddsarke throat was
reported with GGS/GCS colonization in males (OR60.F7=0.01) but not in females
(OR=1.2; p=0.06) (See Appendix for calculationsinitar to our findings, an interactive
effect was not seen for sex and GAS. The consigtéetween this study and ours
provides preliminary evidence for an associatiat thay warrant investigation in future
studies.

The biological plausibility of this finding may ba&nalogous to what is seen in other
human bacterial ecosystems, in which the presericea mon-pathogen inhibits

colonization by more pathogenic species, therebgvemting disease in the host.
Protection can occur through steric hindrance tfigggen adhesion sites, or stimulation
of cross-protective immunity. Co-colonization olveeal streptococcal species is rare or
transient in pharyngeal colonization witreptococcus. The presence of non-pathogenic
GGS in a mucosal site may prevent colonization lmyerpathogenic species such as

55



GAS or viral respiratory pathogens. This ideaupported by the increased protective
effect of GGS (OR=0.32) or SDE (OR=0.32) when asialyvas confined to children
colonized with any&treptococcus spp.

An interesting discovery from these data was timy one of the GGS species, namely
SDE, was found to be associated with lower oddsare throat. Whereas SDE is
morphologically similar to GAS and shares strudt@eatures such as the M protef,
anginosus is morphologically distinct [47]. The hypervariakierminal region of the M
protein is known to be immunogenic. It is possibhat prior or long-term SDE
colonization induces a cross-protective mucosal umenresponse against subsequent
GAS colonization or infection.

In this study, living in a slum was protective agdisore throat. This finding may be the
consequence of the case definition being a proxyhéalth care seeking behavior. It is
possible that people with more resources are mkedylto seek care for self-limited,
relatively benign symptoms such as sore throais HIso possible that slum residents
experience repeated exposures to causative agedtsara therefore more likely to
develop immunity relatively earlier in age agaisymptomatic infections. The small
sample size of the study limited our power to detssociations with particular SDE
emm types and clinical outcome. Two of theam types found in this study were recently
shown to be associated with invasive disease ianJ§&2]. Larger studies are needed to
further elucidate the role of theamm types in endemic pharyngitis.

The results which are represented in this study rbayinfluenced by laboratory
identification techniques. The common laboratomytecol of sub-culturing (for isolation
of a single species) a primary plating of a swaha with selection of only one colony
from the initial plate may contribute to underesttran of co-colonization. We were
careful to evaluate primary plates for presencealbfbeta-hemolytic colonies which
appeared to have distinct phenotypes (we did fordeschildren in our study colonized
with more than one beta-hemolytireptococcus species), however, SDE strains can
visually appear very similar to GAS colonies. If GAvas the predominant strain in a
child (and therefore also on the plate) with conmplaf sore throat, but this child was
simultaneously colonized with SDE that was simifaphenotype to GAS on agar plate,
it is likely that the single colony selected forbstulture would be GAS. If this event
occurred repeatedly in the study, we could be wslenating the number of children
with sore throat and SDE, thus biasing our redoltdetect the protective effect that we
found. Furthermore, we were not able to generapotimeses of biologic plausibility to
explain the interaction we detected between sexSdpi on sore throat. This limitation
weakens our ability to propose that our findingzresent a causal association.

The diversity ofemm types detected in this study (16 types among &latiss) is greater
than what has been previously published [21, 48, @8e quarter of our SDE isolates
displayed emm types that are associated with GCS or GAS. This meflect a
particularly high degree of genetic exchange anstreptococci in this population. These
dynamics may have important implications for chanigethe pathogenicity of SDE.
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SDE has been increasingly implicated as a causeva$ive disease and other diseases .
SDE may be developing increased capacity for witdedue to genetic exchange with
pathogenic species, or this may be an artifactngbroved laboratory methods for
distinguishing p-hemolytic streptococci (such as latex agglutimatior Lancefield
grouping) [25]. A great deal of GGS/GCS literatdaes not identify the bacteria to the
species level; this might have contributed to trstonical uncertainty about the role of
GGS, specifically SDE, in clinical disease. Cleaflyther studies of the epidemiology of
GGS stratified by species are needed, particulamlytropical regions where the
prevalence of these bacteria appears to be higH, wahere environmental and
socioeconomic conditions favor high rates of traissmn.

57



E. LITERATURE CITED

1.

10.

11.

12.

13.

14.

15.

16.

McMillan JA, Sandstrom C, Weiner LB, et al. lieand bacterial organisms
associated with acute pharyngitis in a school-gmgallation. J Pediafif986
Nov;109(5):747-52.

Cimolai N, Elford RW, Bryan L, Anand C, BergerPo the beta-hemolytic non-
group A streptococci cause pharyngitis? Rev Inbest1988May-Jun;10(3):587-
601.

Cornfeld D, Hubbard JP. A four-year study of tleeurrence of beta-hemolytic
streptococci in 64 school children. N Engl J M&b1Feb 2;264:211-5.
Hayden GF, Murphy TF, Hendley JO. Non-group iestiococci in the pharynx.
Pathogens or innocent bystanders? Am J Dis Ql8i&9Jul;143(7):794-7.

Fox K, Turner J, Fox A. Role of beta-hemolytiogp C streptococci in
pharyngitis: incidence and biochemical charactessif Streptococcus
equisimilis and Streptococcus anginosus in patientshealthy controls. J Clin
Microbiol 1993Apr;31(4):804-7.

Meier FA, Centor RM, Graham L, Jr., Dalton HRn{cal and microbiological
evidence for endemic pharyngitis among adults dugraup C streptococci. Arch
Intern Med1990Apr;150(4):825-9.

Turner JC, Hayden FG, Lobo MC, Ramirez CE, MuiDe Epidemiologic
evidence for Lancefield group C beta-hemolyticsiveocci as a cause of
exudative pharyngitis in college students. J Cliervbiol 1997 Jan;35(1):1-4.
Lindbaek M, Hoiby EA, Lermark G, Steinsholt IMjortdahl P. Clinical
symptoms and signs in sore throat patients withel@olony variant beta-
haemolytic streptococci groups C or G versus gdupr J Gen Prac2005
Aug;55(517):615-9.

Cohen D, Ferne M, Rouach T, Bergner-Rabinowitzddd-borne outbreak of
group G streptococcal sore throat in an Israelitanyt base. Epidemiol Infect
19870ct;99(2):249-55.

Stryker WS, Fraser DW, Facklam RR. Foodborrbreak of group G
streptococcal pharyngitis. Am J Epideml@i82Sep;116(3):533-40.

Cimolai N, Morrison BJ, MacCulloch L, Smith DiHlady J. Beta-haemolytic
non-group A streptococci and pharyngitis: a casgrobstudy. Eur J Pediatr
1991 Sep;150(11):776-9.

Gerber MA, Randolph MF, Martin NJ, et al. Conmtyrwide outbreak of group
G streptococcal pharyngitis. Pediatricd1 May;87(5):598-603.

Hill HR, Caldwell GG, Wilson E, Hager D, Zimnmean RA. Epidemic of
pharyngitis due to streptococci of Lancefield gréap.ancetl969Aug
16;2(7616):371-4.

McCue JD. Group G streptococcal pharyngitisalgsis of an outbreak at a
college. Jama982Sep 17;248(11):1333-6.

Efstratiou A. Outbreaks of human infection @by pyogenic streptococci of
Lancefield groups C and G. J Med Microbi®89Jul;29(3):207-19.

Kaplan E, Nussbaum M, Shenker IR, Munday Whiteeg HD. Group C
hemolytic streptococcal pharyngitis. J Pedi&v7Feb;90(2):327-8.

58



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Facklam R. What happened to the streptocoeerveew of taxonomic and
nomenclature changes. Clin Microbiol R&8020Oct;15(4):613-30.

Lancefield RC. A Serological Differentiationldtiman and Other Groups of
Hemolytic Streptococci. J Exp Méd®33Mar 31;57(4):571-95.

Baracco GJ B, AL. Group C and Group G Streptoablinfections:
Epidemiologic and Clinical Aspects. In: Fischeth WR, Ferreti JJ, Portnoy DA,
Rood JI, ed. Gram-Positive Pathogens. Washingt@n:[ASM Press2006222-
9.

Ruoff KL. Streptococcus anginosus ("Streptoosauilleri”): the unrecognized
pathogen. Clin Microbiol Re¥988Jan;1(1):102-8.

Pinho MD, Melo-Cristino J, Ramirez M. Clondlateonships between invasive
and noninvasive Lancefield group C and G streptacaed emm-specific
differences in invasiveness. J Clin Microbk8l06 Mar;44(3):841-6.

Broyles LN, Van Beneden C, Beall B, et al. Hapon-based study of invasive
disease due to beta-hemolytic streptococci of ggaiber than A and B. Clin
Infect Dis2009Mar 15;48(6):706-12.

Hashikawa S, linuma Y, Furushita M, et al. Glaterization of group C and G
streptococcal strains that cause streptococcat shack syndrome. J Clin
Microbiol 2004Jan;42(1):186-92.

Johnson C, and A. Tunkel. Viridans streptocaod groups C and G
streptococci. In: G. Mandell JB, and R. Dolin, Bdnciples and practice of
infectious diseases. Philadelphia, Pa.: Churclniinigstone,200Q 2167-82.
Gaunt PN, Seal DV. Group G streptococcal indest J Infectt987Jul;15(1):5-
20.

Cohen-Poradosu R, Jaffe J, Lavi D, et al. G@wgireptococcal bacteremia in
Jerusalem. Emerg Infect D2©04Aug;10(8):1455-60.

Brandt CM, Spellerberg B. Human infections tluStreptococcus dysgalactiae
subspecies equisimilis. Clin Infect (#909Sep 1;49(5):766-72.

Haidan A, Talay SR, Rohde M, Sriprakash KSriéwJ, Chhatwal GS.
Pharyngeal carriage of group C and group G stregtm@nd acute rheumatic
fever in an Aboriginal population. Lanc2®00Sep 30;356(9236):1167-9.
Skogberg K, Simonen H, Renkonen OV, Valtonen B®&ta-haemolytic group A,
B, C and G streptococcal septicaemia: a clinieadystScand J Infect Dis
198820(2):119-25.

Sylvetsky N, Raveh D, Schlesinger Y, RudenskyiBnon AM. Bacteremia due
to beta-hemolytic Streptococcus group G: increasinglence and clinical
characteristics of patients. Am J M2d02Jun 1;112(8):622-6.

Beall B, Facklam R, Thompson T. Sequencing espetific PCR products for
routine and accurate typing of group A streptocog€lin Microbiol1996
Apr;34(4):953-8.

Sunaoshi K, Murayama SY, Adachi K, et al. Malac emm genotyping and
antibiotic susceptibility of Streptococcus dysgékee subsp. equisimilis isolated
from invasive and non-invasive infections. J Medidbiol Jan;59(Pt 1):82-8.
O'Loughlin RE, Roberson A, Cieslak PR, et &le €pidemiology of invasive
group A streptococcal infection and potential vaeamplications: United States,
2000-2004. Clin Infect Di2007Oct 1;45(7):853-62.

59



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Miner LJ, Petheram SJ, Daly JA, et al. Molecualaaracterization of
Streptococcus pyogenes isolates collected duringgseof increased acute
rheumatic fever activity in Utah. Pediatr Infecs[3i2004Jan;23(1):56-61.
Davies MR, McMillan DJ, Van Domselaar GH, JoN#S, Sriprakash KS. Phage
3396 from a Streptococcus dysgalactiae subsp.igglisspathovar may have its
origins in streptococcus pyogenes. J Bact@@dl7 Apr;189(7):2646-52.

Davies MR, Tran TN, McMillan DJ, Gardiner DLufie BJ, Sriprakash KS.
Inter-species genetic movement may blur the epidiegy of streptococcal
diseases in endemic regions. Microbes InB&&5Jul;7(9-10):1128-38.

Davies MR, Shera J, Van Domselaar GH, Sriptak& McMillan DJ. A novel
integrative conjugative element mediates genediastier from group G
Streptococcus to other {beta}-hemolytic Streptocogdacterio2009
Apr;191(7):2257-65.

Bisno AL, Brito MO, Collins CM. Molecular basi$ group A streptococcal
virulence. Lancet Infect Di2003Apr;3(4):191-200.

Towers RJ, Gal D, McMillan D, et al. Fibroneebinding protein gene
recombination and horizontal transfer between gi@md G streptococci. J Clin
Microbiol 2004Nov;42(11):5357-61.

Kalia A, Bessen DE. Presence of streptocoogalgenic exotoxin A and C genes
in human isolates of group G streptococci. FEMSrbhol Lett2003Feb
28;219(2):291-5.

Simpson WJ, Musser JM, Cleary PP. Evidenceisiams with horizontal transfer
of the gene (emm12) encoding serotype M12 proteiwéen group A and group
G pathogenic streptococci. Infect Immi@92May;60(5):1890-3.

Cleary PP, Peterson J, Chen C, Nelson C. Vitlleman strains of group G
streptococci express a Cha peptidase enzyme sitmithat produced by group A
streptococci. Infect Immuh991Jul;59(7):2305-10.

Sriprakash KS, Hartas J. Lateral genetic teasgdfetween group A and G
streptococci for M-like genes are ongoing. Micraii®gl996May;20(5):275-
85.

Kalia A, Enright MC, Spratt BG, Bessen DE. Ritenal gene movement from
human-pathogenic to commensal-like streptococtecinmmun2001
Aug;69(8):4858-69.

Bisno AL, Gerber MA, Gwaltney JM, Jr., Kaplah,ESchwartz RH. Practice
guidelines for the diagnosis and management ofpgposatreptococcal
pharyngitis. Infectious Diseases Society of Amerein Infect Dis2002 Jul
15;35(2):113-25.

Steer AC, Jenney AW, Kado J, et al. Prospestiveeillance of streptococcal
sore throat in a tropical country. Pediatr Infect D2009Jun;28(6):477-82.
Bisno AL, Collins CM, Turner JC. M proteinsgroup C streptococci isolated
from patients with acute pharyngitis. J Clin Mici@il996Oct;34(10):2511-5.
Ahmad Y, Gertz RE, Jr., Li Z, et al. Genetiatenships deduced from emm and
multilocus sequence typing of invasive Streptocesatysgalactiae subsp.
equisimilis and S. canis recovered from isolatdected in the United States. J
Clin Microbiol 2009Jul;47(7):2046-54.

60



49.

Bramhachari PV, Kaul SY, McMillan DJ, Shaila M&rmarkar MG, Sriprakash
KS. Disease burden due to Streptococcus dysgadasatiasp. equisimilis (group G
and C streptococcus) is higher than that due &p&icoccus pyogenes among

Mumbai school children. J Med Microbiol Feb;5929220-3.

61



Table 1. Demographic characteristics of children@onized with Streptococcus

equisimilis dysgalactiae and those attending slum and non-slum clinics in $&ador,

Brazil
Pogﬁi[g‘:ion SDE? Non-slum* Slum**
(n=2194) (n=71) (n=917) (n=1277)
p-value p-value
Casest 624 12 0.03 287 337 0.015
Controls 1557 59 -- 628 929 --
Mean Age in years 7.4 8.6 7.8 7.2
(95%Cl) 7376) | (7.894) | 9994 | (76800 | (7174 | <O
Sex
Female 1060 31 0.43 443 617 1.0
Male 1134 40 474 660
Monthly salary N=2075 N=68 N=870 N=1205
<415 685 23 0.26 37 648 <.001
416-830 550 25 161 389
831-1660 336 9 204 132
1661-2490 195 5 173 22
>2491 309 6 295 14
Mean # people
/house (95%CI) 4.3 4.4 0.64 4.0 4.5 <.001
(4.2-4.4) | (3.9-4.9) (3.9-4.1) (4.4-4.6)
Mean # people< 15
yrs. / house 1.8 21 0.04 1.6 2.0 <.001
(95%Cl) (1.8-1.9) | (1.7-2.5) (1.5-1.6) (2.0-2.1)
Group A 252 1 - 99 154 0.36
Streptococcus
Group G 133 - - 46 87 0.08
Streptococcus

*Includes all children from Clinic C
**Includes all children from Clinics A and B
T Case/control status missing for 13 individualanzon-slum population, 11 in slum

population)

1 SDE =Streptococcus dysgal actiae equisimilis
N: Total number with available response
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Table 2. Risk factors for sore throat in a pediatrc outpatient population in Salvador, Brazil

Sore throat | Sore throat Odds 95% p-
Covariates Positive Negative Ratio Confidence| value
(n=624)* (n=1557)* Interval
Male 285 (45.7) 843 (54.1) 0.71 0.59-0.86 <.001
Slum 337 (54.0) 929 (59.7) 0.79 0.66-0.96 0.015
Age
3-5 years 226 (36.2) 511 (32.8) 1.0 - --
6-8 years 165 (26.4) 481 (30.9) 0.78 0.61-0.98 0.03
9-11 years 148 (23.7) 365 (23.4) 0.92 0.72-1.1y7 0.4P
12-15 years 85 (13.6) 200 (12.8) 0.96 0.71-1.29 0.79
Monthly salary
<415 189 (32.3) 494 (33.5) 1.0 - -
416-830 129 (22.0) 414 (28.1) 0.81 0.63-1.06 | 0.12
831-1660 92 (15.7) 241 (16.3) 1.00 0.74-1.34 | 0.99
1661-2490 60 (10.2) 134 (9.1) 1.17 0.83-1.66 | 0.38
>2491 116 (19.8) 193 (13.1) 1.57 1.18-2.09 | 0.002
Mean # people /house 4.31(0.07) | 4.26 (0.04) -- 4.18-4.34 | 0.53
(SD)
Mean # people<15yrs./ | 1.86(0.04) | 1.83(0.03) - 4.18-4.44 | 0.67
house (SD)
Education Mother
Primary Incomplete 159 (25.8) 425 (27.7 1.0 - -
Primary Complete 37 (6.0) 125 (8.2) 0.79 0.53-1.190.26
Secondary Incomplete 44 (7.1) 151 (9.8 0.79 0331 0.20
Secondary Complete 241 (39.1 573 (37.4) 1.12 0.39- 0.33
> University 133 (21.6) 247 (16.1) 1.44 1.09-1.90 010.
llliterate 3 (0.49) 13 (0.85) 0.62 0.17-2.19 0.4p
Education Father
Primary Incomplete 124 (22.4) 345 (25.0 1.0 - -
Primary Complete 45 (8.1) 122 (8.8) 1.03 0.69-1.5630.90
Secondary Incomplete 33 (6.0) 113 (8.2 0.81 0281 0.35
Secondary Complete 220 (39.7 585 (42.4) 1.05 0.8%- 0.73
> University 126 (22.7) 207 (15.0) 1.69 1.25-2.29 000
llliterate 6 (1.1) 9 (0.7) 1.85 0.65-5.32 0.25
School 552 (88.6) 1394 (89.5) 0.91 0.67-1.24 0.53
Daycare 40 (6.4) 75 (4.8) 1.36 0.89-2.04 0.13
Streptococcal Colonization
Group G (all species) 25 (4.0) 108 (6.9 0.56 OBB 0.01
Group C (all species) 14 (2.2) 43 (2.8) 0.81 0.41-1.52 0.49
S Dysgalactiae equisimilis 12 (1.9) 59 (3.8) 0.50 0.24-0.94 0.03
S. Anginosus 17 (2.7) 69 (4.4) 0.60 0.33-1.0% 0.06
Group AStreptococcus 128 (20.5) 124 (8.0) 2.98 2.26-3.98 <.001

*Thirteen subjects missing case/control status
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Table 3. Association of colonization witlS. dysgalactiae equisimilis and sore throat in
Salvador, Brazil.

Covariate Adjusted Odds Ratio* P-value
(95% Confidence Interval)
Slum 0.79 (0.65-0.96) 0.018
Age
3-5 years 1.0 (Reference group) --
6-8 years 0.73 (0.57-0.93) 0.011
9-11 years 0.87 (0.68-1.25) 0.293
12-15 years 0.92 (0.67-1.25) 0.575

*Adjusted forS. pyogenes, S. dysgalactiae equisimilis, sex, the interaction term for sex afgyogenes,
and the interaction term for sex aBdlysgalactiae equisimilis.

Figure 1. Odds ratios of sore throat as the outcomgredicted by throat colonization with S.
dysgalactiae equismilis or S. pyogenes as the exposure, among subgroups defined by sex
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SDE =Streptococcus dysgal actiae equisimilis
GAS =Sreptococcus pyogenes
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Appendix 1

Data collected by Steer et al. in a prospective segillance study of streptococcal sore
throat in a tropical country (1)

Sore Carriage Risk Ra_tio o-

Throat (no sore (95% Confidence value
throat) Interval)

Total 667 665 - -

Male 340 348 - -

Female 327 317 -- -
GAS Culture Positive 61 40 1.23 0.03
Male & GAS Culture Positive 33 23 1.21 0.14
Female & GAS Culture Positive 28 17 1.25 0.11
GGS/GCS Culture Positive 120 126 0.97 0.65
Male & GGS/GCS Culture Positive 48 75 0.76 0.01
Female & GGS/GCS Culture Positive 72 51 1.20 0.06

*GAS = Group ASreptococcus;, GGS/GCS = Group Gtreptococcus/Group CStreptococcus

1. Steer, A. C., A. W. Jenney, J. Kado, M. F. GdddBatzloff, G. Magor, R.
Ritika, K. E. Mulholland, and J. R. Carapetis. 20Bfospective surveillance of
streptococcal sore throat in a tropical countryi&e Infect Dis J 28:477-82.

65



Chapter 5. Discussion

A. SUMMARY OF OBJECTIVES AND SPECIFIC AIMS

The objectives of this thesis were to determinebiinelen of end-stage RHD in Salvador,
Brazil, and to evaluate whether strain characiesisbf Sreptococcus spp. which may
influence the outcome of RHD differ between slund amon-slum communities in this
city. Often, RHD takes decades to manifest. Theegfdhe chapters in this thesis
investigated RHD epidemiology at the two stageshefdisease process: the infectious
events that initiate the RHD immune process, andtstage disease at the point of
surgical intervention.

Chapter 2 demonstrated that valve surgery in Salvésl associated with substantial
morbidity and mortality in a young population, aticht RHD was the main cause of
valve surgery in this city from 2002-2005. In ChapB8 we found that the bacterial
ecology, as measured by genotype diversityS.gfyogenes differed between the slum
community and the non-slum community that we swdi@hapter 3 further provided
preliminary data which identified genotypes asdeciawith sore throat in analyses
unadjusted for multiple comparisons. In Chapterwg evaluatedS dysgalactiae
equisimilis and S anginosus, two other streptococcal species which colonize ttivoat
and are known to cause outbreaks of pharyngitisamachypothesized to be associated
with RHD. We found an unexpected finding of lowedds of sore throat with
colonization withS dysgalactiae equisimilis. We discuss the possible explanations for
this finding, including biologic plausibility andtarnate explanations.

This final chapter summarizes our findings accaydio our stated specific aims, and
discusses the contributions of this thesis to g#n&nowledge of current RHD
epidemiology. Finally, this thesis concludes witldiscussion of the implications of our
findings for possible public health interventioasd the identification of possible future
directions for RHD research.

5.1 Specific Aim 1: Determine the burden of end-sta  ge rheumatic
heart disease in Salvador, Brazil

This study was the first population-based studgarfliac valve surgeries in Brazil. We
found that despite Brazil's emerging economy, vauegery in Salvador more closely
reflects that of developing countries where RHiEhes predominant etiology.

We found that the mean age of the population uralleggRHD valve surgery was 38
years, and that RHD patients were more likely tofdasmale, non-white, have multiple
valve involvement and corrective procedures, tpadisinsufficiency, and be poor
compared with those undergoing valve surgeriesofber reasons. Those undergoing
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surgery for endocarditis due to RHD were even yeungveraging less than 32 years of
age.

Mortality due to RHD surgery was more than twicehagh as what was found in large
studies conducted in Canada and France. In our,sffd of those undergoing RHD
surgery died.

In this study, implant of a mitral prosthesis wasrenthan 5 times as frequent as mitral
valve repair. Prostheses are associated with highertality and post-operative
complications than repair procedures. That implahtprostheses was much more
common than repairs may reflect the severe disgtase in which patients presented for
surgery. An additional finding in this study wastt6% of those less than 30 years of
age in our study received biologic prostheses, Wwhie associated with poor long-term
prognosis. These findings raise serious concdoonsitahe enormous economic burden
placed on the long-term management of these patend provide, for the first time, the
data that can inform resource allocation for thible health problem.

5.2 Specific Aim 2: Determine risk factors for deat  h during
hospitalization in rheumatic heart disease patients and for valve
surgery patients due to all causes

In multivariable analyses restricted to RHD patserat striking finding was that every

additional surgery due to RHD in the medical recoes associated with three times the
odds of death during hospitalization. Of all RHDigats in the study, 28% had evidence
of previous surgery due to RHD. Furthermore, mahthe patients undergoing surgery
during the study period were very young in age eukiving biologic prostheses that
will need to be replaced at least once and likelyegal, times in their lifetime.

Young, poor patients with RHD have high odds ofegative health outcome over their
lifetime. Surgeons in Salvador may choose biolagilves over metallic valves in young
patients in part due to knowledge that the papepulation with RHD has limited access
to the health care that is required to maintaim-e@agulation treatment for these patients
over the long term. Inconsistent anti-coagulatidverapy is associated with high
probability of potentially lethal complications. FFthese patients, these risks are being
weighed against the high risks inherent in futueeoperative procedures. Our data
demonstrate that RHD is a disease associated vgitead deal of morbidity and mortality
in a young population.

Payment by SUS for valve surgery was associatdudapiproximately five times the odds
of death in RHD patients in multivariable analysiad the majority of surgeries in RHD
patients are paid for with SUS. Those paying fagsty with SUS had higher odds of
being black or racially mixed and may representreopopulations with limited access
to health care. Those paying with SUS may presentsifirgery with more advanced
disease.
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We found a surprisingly high case fatality ratiocanmg those undergoing cardiac valve
surgeries in Salvador, Brazil. Overall, 12% of eats identified in the medical chart
review died during hospitalization. This proportisriwo to three times higher than what
is seen in the United States for overall cardideesaurgical procedures in much older
populations. In multivariable analyses, we foundttblder age, additional days in the
ICU, and several post-operative complications, waseociated with higher odds of

dying.

5.3 Specific Aim 3: Determine diversity of group A Streptococcus in
slum and non-slum communities

We found significant differences iemm type diversity in GAS isolates obtained from
slum versus non-slum populations. The diversityexavas significantly higher among
GAS isolates from children residing in slum comntiesi (97%) compared to those living
in wealthier neighborhoods (92%). The dissimilaritythese diversity indices is similar
to what has been shown in comparisons of develagiigdeveloped countries.

By comparing two communities in the same urbanerente were able to control for
factors that could affect the diversity when commpgrcountries on distant continents.
Comparisons between countries on different contsx@me common in the literature.
What has never been asked is whether one mighthsegame distinctions in genotypic
diversity when comparing two communities of corirags economic development in the
same city. In this study, we found that distincttieaial population distribution occurred
between different neighborhoods in the same city: udy was limited in size; these
data alone do not definitively demonstrate thatlldactors contribute to the diversity of
GAS emm types, however, the findings from this study previdhportant preliminary
data which can inform hypotheses for future ingegtons.

We also found certaiamm types appear to be more or less frequent amomdyehiwith
sore throat. These samples are available for fuaberatory studies to determine why
certainemm types predominate or are rarely encountered mcdi cases.

The implications of this study are that the 26-waleaccine, or any other M-protein-
based vaccine with a restricted numbeemim types in the formulation, would result in
different levels of coverage in slum versus nomyslpopulations. We found that only
36% of the total isolates in the slum communiteesd 48% of isolates from non-slum
communities would be covered by the 26-valent Migirebased GAS vaccine.

5.4 Specific Aim 4: Determine species and clonal co  mposition of
group G and C Streptococcus in slum and non-slum communities

Previous studies conducted in tropical climateshaund very high prevalences of GGS
and GCS in the throat. We sought to determine és¢hGGS/GCS are also highly
prevalent in pediatric populations in Salvador, amether GGS/GCS differ in species or
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clonal constitution between slum and non-slum comtraes. First we sought to
characterize GGS and GCS at the species level.N\Algzed the population distribution
of S dysgalactiae equisimilis, at the level of genotype. Of 2194 children, warfd that
6% were colonized with GGS and 3% were colonizeti @iCS.

Among theS. dysgalactiae equisimilis isolates that we were able to genotype, we found
that a diversity obmm types that was greater than what has been prdyipublished.
We found that one quarter of c8rdysgalactiae equisimilis isolates displayedmm types
that are associated with GCS or GAS. This may cefée particularly high degree of
genetic exchange among streptococci in this popualatn this contextS. dysgalactiae
equismilis may be more likely to encounter and incorporatelgiice factors that could
result in changes in its capacity to cause diseaksegmans.

5.5 Specific Aim 5: Determine if group G or C  Streptococcus (S.
dysgalactiae equisimilis and/or S. anginosus) cause endemic
pharyngitis

The role of GGS and GCS in endemic pharyngitis remnanknown. What is known is
that exchange of genetic material between GAS a@B/GCS is ongoing. Urban
settings such as slums may be more likely to hagh hates of transmission of
Sreptococcus and high levels of exchange of virulence-codingeagie material between
streptococcal species. We hypothesized that thesencanities may be more likely to
harbor GGS species that can cause endemic phasyngit

However, we found an unexpected associatio8. aysgalactiae equisimilis with lower
odds of sore throat in pediatric populations inv&dor, Brazil, particularly in males and
those living in slums. We have not seen similadifigs reported in the literature. These
findings may be due to bias introduced with labamatechniques, and/or bias introduced
by differences in health care seeking behavior betwslum and non-slum populations.
However, these findings may also reflect biologrogesses; we hypothesize that the
presence of non-pathogenic GGS/GCS in a mucosalnsity prevent colonization by
more pathogenic species such as GAS or other adspirpathogens. We further suggest
that colonization witls. dysgalactiae equisimilis may induce a cross-protective mucosal
immune response against subsequent GAS colonizatiorfection. Slum residents may
experience different levels of exposure to thegmmisms and therefore develop greater
immunity. Our data are not sufficient to supporinegate any of these hypotheses, or to
generalize our findings beyond the scope of oudystiruture studies are needed to
ascertain the validity of these findings and toesstgate if there is an association
between SDE and sore throat, and the biologic ural role of sex and environment in
the association.
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B. CONTRIBUTIONS OF THE RHD WORK AND FUTURE DIRECTI ONS

5.6 Prevention

That Streptococcus pyogenes remains susceptible to penicillin presents an @isus
opportunity to improve RHD prevention strategiesth/Mntibiotic prophylaxis strategies,
the burden of end-stage disease RHD can be signific reduced [3-5]. Penicillin is
inexpensive and widely available. Therefore, tleatment itself is not the primary barrier
to prevention.

Two stages, known as “primary prophylaxis” and etary prophylaxis” have been
identified as the most effective periods to adn@ripreventative measures against RHD
[6]. Primary prophylaxis of RHD is defined as amdiix treatment for streptococcal
pharyngitis. Secondary prophylaxis consists of astriation of antibiotics to patients
with a previous attack of ARF or documented RHDtiBintics are administered by
intramuscular injection of penicillin every threee@ks for a duration which ranges from
five years to lifelong treatment. Secondary propkid is a difficult treatment regimen to
follow for many reasons, including access to heséitvices, absenteeism from work or
school for patients seeking treatment, and trawsicto health clinics.

Achieving effective primary and secondary prophidagrograms is not only about
antibiotic delivery. In order for secondary propdis programs to be effective and for
people to initiate treatment early in their diseaserse, it is important to identify people
with mild RHD. The new data from Marijon et al. pesully demonstrate the utility of
population-based echocardiographic screening totilgeundiagnosed RHD. However,
expensive technologies are often neither feasiteaffordable in poor countries with the
highest disease burden. Marijon et al. estimated Ph3% of school-age children in
Cambodia and Mozambique had undiagnosed RHD. Téisan alarmingly high
prevalence. As our data in Chapter 1 demonstratkaa other data show as well, cases
in children to represent a small proportion of RHD cases in the population, and the
burden in the total population is expected to besaterably higher [7].

However, reducing the incidence of RHD situatioiBiazil is possible. Improvements in
the economy in the past decade and the signifemanatunt of funding that is being spent
on surgical procedures provide excellent justifarafor increased investment and energy
into prophylaxis campaigns. A great deal of effand consideration has already been
dedicated to the planning of prophylaxis programsléveloping countries. The World
Health Organization has been publishing recommémtator more than 20 years [4].
Furthermore, a 2005 meeting of cardiology expertafrica produced The Drakensberg
Declaration on the Control of Rheumatic Fever ahgunatic Heart Disease in Africa.
This document presents the A.S.A.P. Programme,istor of. increasedwareness of
RF/RHD among the general public and practitiondrs; establishment ddurveillance
programmes to measure the burden of disease ipdpelation;Advocacy to increase
allocation of resources for the treatment of a#dcthildren and young adults; and the
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implementation of primary and second&mnevention schemes in all countries of Africa
[8]. Brazil has more resources than many Africanntoes to invest in these strategies.

5.7 Slums revisited

Our studies ofStreptococcus may speak to the larger issues of infectious deseas
dynamics in slums. Our preliminary finding that tem@l diversity differed between a
slum and a non-slum population is limited to onlyotcommunities. However, if this
finding is representative of genotype diversitytrilimitions that are also found in other
cities with slums, this pattern could also applyothber infectious diseases as well. The
slum environment may constitute conditions thatofagenetic exchange between
infectious organisms. This may have implications accine efficacy in the short and
long-term. In the short term, serotypes circulaiimglums may not be well represented
in vaccines which are formulated to protect agamdimited number of serotypes;
particularly those vaccines which are created hi/fan developed countries. In the long
term, the presence of high genotype diversity midyaace vaccine type replacement, as
has been suggested for the 7-valent pneumococoplgade vaccine [9]. The circulation
of infectious organisms under crowded conditiorslifates increased opportunities for
genetic exchange. Frequent horizontal gene traesfemts could contribute to increased
dissemination of virulence factors, or the spre&dirog resistance genes in bacterial
populations. Finally, repeated exposure to infetiagents with different serotypes may
induce host immune responses that lead, in someytmune-mediated disease, such as
RHD.

5.8 Future Directions

There is a great deal more to learn about RHD ina8ar, Brazil. The medical chart
review raised several questions that merit furtheestigation. We found that even those
undergoing valve surgery caused by degenerativeasiés are dying at much higher
proportions than what we found in studies conduatéth patients undergoing valve
surgery due to degenerative disease in differepulations. We were able to identify
post-operative complications and more time in @¥ las increasing the odds of death
for valve surgeries due to all etiologies. Perhidyose who die are presenting to surgery
with more severe disease. Why are patients in 8atvarriving for surgery with more
severe disease? The same questions can be podeHIopatients; why is paying with
SUS associated with higher odds of death? Is ialse of severity of disease in the
patient base due to delayed diagnosis or qualityospital care, or both? Ultimately, we
will present our data and enter into conversatidth We participating surgery teams of
our study to discuss opportunities for feasiblerwnention.

Currently, we are conducting additional analysesaliaboration with a geo-referencing
specialist at the Oswaldo Cruz Foundation in Salv&ol determine which of the patients
in the medical chart review are from slums, andclwhare not from slums. This
information is important to our study and may eflate some of these questions.
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This project generated a large collection 8ireptococcus isolates which have
corresponding epidemiological data. A duplicatetluf bacterial collection exists in
Brazil. Many bacterial collections contain only lses from symptomatic patients.
However, our collection contains isolates from agtomatic children as well, which is
valuable for pathogenicity studies to investigateyvgome bacteria cause disease while
others do not.

5.9 Final Remarks

As the urban population expands in size and nurabery year, the issues surrounding
the health of these populations will grow as wiglany of these residents will have little
to no political or economic power with which to neatheir voices heard. It is important
that we continue to increase acknowledgement arastemgss of the health risks of these
populations. Furthermore, in the five years of agrohg these projects, many students
from Brazil and the United States participatedhis research and gained epidemiology
and microbiology skills in the public health contew/e hope that an additional outcome
of this study is the training and inspiration ofnew generation of public health
professionals interested in neglected diseasesgleated populations.
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