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Invasive pneumacaccal disease (IPD) is the leading cause ofvacche-preventabk death in children
yownger than five thoughoutthe warld, and over 90% ofthe deaths accur in devebping countries .t
It is important to understand the biologtcal mechanisns behnd IPD, the comporens of
pneunccaccal vaccine development, and the oher deteminants of child health in ader to
determhe whth types of interventiors can lower chill mortality. Possibe interventions include
vacchation progans,as well as cultural,economi, and socal changes thatwaould improve female
status, maternal health, and thus child health. In my thesis, | draw on theories and enpircd
methods in the fields of health economts,chemisty and publc health to aralyze the relationship
between hvasive preumccoccal serotypes, child nortality and femak satus. The specific ains o
my thesis are:
(1) Analyze the relationship betveen invasive pneumococcal seroypes, preumacoccal vaccines
and child mortality using omganicsynthesisand translationd science methods.
(2) Analyze the asscciation betveen child nortalif, invasive pneunococcal seroypes and femde
status in developing courtriesusing the OLS regression methad.
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Chapter 1: Organic Synthesis

Beginnhg as early a 1900, S. pneumonae infectiors were teated with pentillin, which remaired
effective untilthe 1960s due to the developnentofresstantbacteria.n 1983, the firstpneumacoccd
vacche, Pneumovax23, was rekased and was shown to be effective aganst nealy 90% o
pneunccoccal infections; however, this vacche was only recomnmended for healty aduls and
children over the age oftwo. In 2000, Pfizer introduced Prevrar-7,and then in 2010 Prevnar 13 was
infroduced marking the firstconmercialy availeble conjugate vaccires effective forchilden under the
age oftwo. These vaccines have been shown to be highly effective againstinfections caused by S.
pneunonae in the United States and other developedcountries. However, significantwork remairs in
the developnentofvacches aganstinvasive pneunococcal dsease (IPD). There are severalissues
with pneunpcoccal vaccines. Curently, the vacches are developed by the growing of harmfu
bacteria, require lengthy extraction and puification processes, account for ony 23/90 possble
semtypes, and target setypes predomhatey found in devebped couwntries. In this section, |
provided background on the pneumocaccal vacches, the chemealy synthesized ofthe comstucs of
SPn seroype 8, and perforned a cost amalysis on the synthess of conjigaed SPn serotype 8
vaccineson a 1.00-gamscade.

Chapter 2: Quantitative Analysis

Little is known aboutthe underling county-bvel characterstics thatcould mitigate the negative eflect

ofinvasive SPn semtypeson health in developingcountries.

This projectaimed to aralyze:

(1) the relationship betweeninvasive SPn serdypes and child-mortality ratesin developing countries

(2) the impactofgender inequdities onmitigating the serdyp€es effecton child mortality rates,

(3) the role ofpneumocoaccal vaccineson mitigatingthe semtype’seflecton childmortalityrates, and

(4) other economt, polittal and cultural characteristcs that diminsh the seroypes effect on child
mortality rates.

Methods and Results

i. Invasive SPnseroypeindex and Cso SPn were corstructed based on a conprehensive literatue
review. | then merged the invasive semotype data fom multiple data sources with county
characterstics from the Warld Bark, Worll Health Organization, United Nations Human
DevelopmentRepat, Maco Daa Guide and Trars parency Intematioral.

i. The preserce ofinvasivepneumccoccal seropes in the countrywas asscciated with higherchild
mortality rate of 20.6 children per 1000 live birts (p= 0.028) in the baseline model without
controls.

ii. When contolling for Gender Inequality Index (Gll) and other socal, economt, and political
chearacterbtics, the invasive seroype coeficentwas asscciated with higher child mortality rate of
7.968 children per 1000 live births (p=0.051).

iv. Ushg total fertility and fermale literacy, Ifound that 1%increase in female literacy (p< 0.000) leads
to a decrease of 1.2 child deaths per 1000 live births. Additionally, 1found a positive rehtionship
between total fertility (c=3.962,p =0.075) and child morality ata 10%confidence level. Other
county characteristics found to have a statsticaly significantrelationship withchild mortality were
culture fragmentation political atmos phere, andincame.

The PS8 tetrasaccharile issynthesized from twoglucuront acd buildhg blockscreated from readily
avaihble glucose and linked together using standard gly cosy lation procedures. The builling blocks
required for ourstudy weregeneraed thraugha berzylidene precursar.
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(1) Base Model:
Eg (1): Hi=po + Bi*ISPm; + €

where e is an error term

(2) Political Economic Factors Model:
Eq (2): Hi= o + B*ISPn; + B*GIL + Xie v + €

where X; s a vector of political/econ indicators: log GDP per capita (US$), GINI, CPI Democracy,
Culture

(3) Vaccine Model:
Eq (3): Hi=Bo + B*ISPn; + B2*GIL +Xia ¥ + Zia U+ &

‘where Z; are vaccine characteristics: Cso SPn, DTP3

(4) Exploration of GII Model:
Eq (4): Hi = B, + Bi*ISPn; + Pr*FemLit + Bs*TotalFert, + Xia v +Zi 1+ €

where EemLit and TofalEert arc individual GII characteristics: Female Literacy, Total Fertility
Rate

(5) Healthcare Extension Model:
Eq (5): Hi = Po + Br*ISBn + Xia v + Zia b + K Kby

where Kiq are health system characteristics: Health Expenditure per capita (USS) and log
Physicians (per 1000 pop)

Results

@ @ @)
[0 Political and &) Explomtion of GIl | Healtheare Extension
Base Model Economic Factors | Vaccine Model Model
Adjusted R? :0.103 | Adjusted R :0.864 | Adjusted R? :0.891 Adjumd R1 0.388
= 36 36 36
Coeflicient_p Value | Coeflicient _p Value | Coefficient _p Value |Coeflicient _p value [Coeflicient _p Value

Adjusted R? :0.883

. ISPn 20556%%* 0028  7.968** 0.051| 10.624***  0.007| 7900  0050] 10.552*% _ 0.014]
Co st Ana|y3|s Gender Incquality
Index (value) 17.816%%* 0,000 | 16377%**  0.000 17.002%%% 0,000
Female Literacy 0.806%**  0.000)
Iback calculated the amountofmateriab used to synthesize the 1.00-g-am productusig the Total Fertility Rate 3.962¢  0.075

reacton synthesis and thearetical yelds adapted fom my Experimental Pocedure

conducted/extrapolated from the Summer 0f2015. (US$) 0216 0971 4986 0374 15799 0.021 4963 0458
GINI@ithinlast 15
years) 0854%  0.014| 0.903*** 0,006 0190 0549 0.899** 0013
cpl 0.401%*  0.045|  0371** 0045 0151 0386 0421 0.125
Democracy L614%  0.016( -1.582*** 0,010 0101 0866 1655 0018
Culture 4197*%% | 0.001| 3374%* 0004 0243 0.049| 3508*8 0014

Conjugate Profein l

log GDP per capita

Health expenditure
per capita current
Uss)

Person-hours 0002 0851
log Physicians (per
$1,785.42 $714,000.00 $11,442.00 | naoms
Cs0 Spn 9.404%  0.035| -15.736*** 0001  8.976* | 0.066]
. H : . o©TR)
Chapter 2: Quantitative Analysis imanizaon
coverage among 1-
vear olds (%) 0273 0134|0198 0284] 0274 0153
Outcome Variable: Mean [Std.Dev[Definition
Number of childrenper1000live births thatdie b dore .
Under 5 Mortality Rate 3927 | 28.57 |theageof5 Conclusions and Future Work
Explanatory Variables: % Definition
. Equals 1 if the prevalentseroty pe in country is 1.5, Ushg organt synthesis and ranshtional science methods, | found thatsyntheszing preumccocca
Invasive Streptococcus (Spn)| 0.53 and/or

Equals I if thetop 5 prevalentsertypes in countryae

CsoSpn 0.60 found in PCVI0

Mean [Std.Dev|

Gross Domegic Product per

semtype for vaccine development is lengthy and expersive. Using enpircal methods utilized by
health economsts, Ifound a pasitive asscciation between invasive preunococcal seroty pes and child
mortaliy, and that an increased female status, especialy female literacy, mitigates the impact of
invasive pneumococcal disease on child mortaliy. Using trarslational science and health econamic
methods, | found that pneumocaccal vaccines can alevate the burden of invasive pneumococcd
disease on chid motality .

capita (US$) 690025/9429.24| Gross domedic productper capita.
GINT __ _ 4227 | 691 |0 complteequality- [00conplete inequalty My findings demenstate the need for a conbination of interventions improving wormens statis in
Corrwptbn Perceptdn Index . ; develophg cowntries and investmens in PCVIO child immunization programs to reduwe child
(CPD 3647 | 1379 100 highlyclean- 0 highly corrupt mortalif. [ wauld Ike to expand ny research by: (1) Analyzing the current utilzation of PCV10 and
Democracy Index 571 3.25 [0 completeautocracy - 10 complete democracy price per cauntly, (2 Explaring curent countly level child immunization polcies’ effects on child
Gender  Inequality  Index| mortality rates over time, and (3)Explorng currentcountry level female righs based polcies’ effects
(Gl 46 | 013 |0 completeequaliy- 10 completeinequaliy e xplorhig v 9 P
Total percentage of the female population age +1 5 tha|

Female Literacy 7446 | 2350 |can read and write ACkn0W|edgementS
TotalFertility Rate 08 148 |Number of childrenwho would bebornperwoman
Culture 14 0.18 10 completchomo gencity, T0complete fragnentation | would first like to thank my two wonderful advisors, Dr. Nicde Lee Snyder and Dr. AlicaS parling, fortaking on a dreamer and he r
Public health spending pen project. This work would not have been acconushedwmhomymrsuppm energy, and confidence. The tenacity, creatiity, and wok
capita (US$) 386.86|494.86 | Amountof public health spendingper capita ethic that you both inspires me to thorougmy enjoyedworking alongside you both during these

— . - gast two years. To the Certer for Inlerdls:\plmaly i Tk Vou for baieving in my sbilty o inestgats, gnhesize, md
Physician per pop 1.08 1.09  |Number of doctors per country population my pasion for approach to health To the Davidson Researdh Initiatve Grant commitee and he
DTP3 86.63 | 11.23 |%ofmfants<I vaccinated orDTP3

Abemethy Grant committee, ek you for mvesmg in my dream. Wihout your suppot, this wok would not have been posible. To ny
ather mentors, Dr. Dave Mattin, Dr.Vema Case, andDr. Patick Baron- thank you for engaging inconversation, your corstant ear, and
your wisdom. To my friends and to my family | owe youmy remaining saty.



