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Malaria remains a significant public health issue in Haiti, with 25,423 confirmed 

cases in 2012.  However, reliable data on malaria in Haiti is not available. To reduce 

transmission of gametocytes, a single dose of primaquine (PQ) was added to the 

previous treatment policy of chloroquine monotherapy in 2010.  The use of PQ is 

contraindicated in people with glucose 6 phosphate dehydrogenase (G6PD) deficiency 

due to the risk of drug induced hemolysis. Unfortunately there is no information in Haiti 

on the prevalence of G6PD deficiency.  These concerns will be introduced in Chapter 1 

and addressed in the subsequent chapters of this dissertation.     

Briefly, Chapter 2 documents the history of treatment policies in Haiti from 1955 

to 2012, and provides details on the rationale behind the adoption of PQ into current 

treatment strategies.  This section discusses studies that have previously occurred in 

Haiti, while identifying the absence of data for much of this period. 

Chapter 3 and 4 present the results of two G6PD deficiency studies implemented 

in Haiti.  Chapter 3 focuses on determining the prevalence of G6PD deficiency in our 

sample population, which was found to be 22.8% (14.9% to 24.7%).  Chapter 4 

examines the performance of the CareStart G6PD deficiency rapid diagnostic test in a 
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school based population.  Results suggest that the test detects severe G6PD deficiency 

correctly 90% of the time, indicating that this test could be incorporated into current 

malaria treatment strategies that rely on PQ therapy   

Chapter 5 presents serological findings that were used to calculate an annual 

transmission rate in the Ouest and Sud Est departments of Haiti.  An age adjusted 

seroconversion rate of 2.5% suggests that despite the absence of sustained malaria 

control efforts in Haiti, transmission has remained low over multiple decades.  

Chapter 6 provides a general discussion on future prospects for malaria 

elimination in Haiti and Hispaniola. Policy makers should consider the risks of PQ 

treatment in G6PD deficient individuals, and what low transmission of malaria in Haiti 

entails for the future. These findings provide valuable information that can be used to 

guide future elimination efforts and strategies for combating malaria in Haiti.              
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CHAPTER 1 
INTRODUCTION  

The World Health Organization (WHO) estimates that 207 million (135 million to 

287 million) cases of malaria occurred globally in 2012, caused by the four species of 

malaria Plasmodium falciparum, P. vivax, P. ovale, and P. malariae, with the Africa 

Region accounting for 80% of malaria cases and 90% of malaria deaths worldwide.  

Malaria continues to be responsible for an estimated 627,000 (CI 473,000-789,000) 

deaths globally each year, of which a majority are among African children under 5 years 

of age[1, 2].  In 2013, there were a total of 97 countries and territories with ongoing 

malaria transmission, and 7 countries in the prevention-of-reintroduction phase, with 

roughly 3.4 billion people at risk of malaria globally[1].  Malaria remains one of the top 

five causes of infectious disease mortality globally, ranking number four behind lower 

respiratory infections, HIV/AIDS, and diarrheal diseases.   

The region of the Americas as a whole accounts for less than 1% of all cases 

globally, however there is a disproportionate risk of malaria by country with a majority of 

cases occurring in Haiti, the Dominican Republic, and Brazil[1].  The WHO criteria for 

malaria elimination are based on the malaria epidemiological situation, case 

management practices, and the state of the surveillance system for each individual 

country. Currently seven countries from the region of the Americas have entered the 

“pre-elimination” phase: Argentina, Belize, Costa Rica, Ecuador, El Salvador, Mexico, 

and Paraguay. Malaria persists in Hispaniola despite its elimination from other 

Caribbean countries[3], with the Dominican Republic on track to achieve a 50% 

decrease in malaria incidence by 2015.  Noticeably absent from the WHO list of pre-

elimination countries is Haiti, due to “insufficiently consistent data to assess trends”[1].   
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Limited surveillance and baseline data on malaria in Haiti pose a major obstacle 

to internal and external agencies attempting to document trends, quantify the impact of 

interventions, and monitor elimination benchmarks.  Over the past decade there has 

been a renewed interest in eliminating malaria from the island of Hispaniola, with a bi-

national strategy to eliminate malaria by 2020 recently adopted between the Dominican 

Republic and Haiti[4].  As reported cases of malaria in the Dominican Republic have 

reached a 15-year low of 952 reported cases in 2012, malaria continues to burden Haiti 

with 25,423 confirmed cases and 161,236 suspected cases reported in 2012[1, 4].  

However, Haiti has historically under-reported the number of malaria cases, largely due 

to limited resources, inadequate surveillance and a shortage of trained personnel [5-7].  

Until Haiti can adequately address malaria transmission, importation of cases from Haiti 

to the Dominican Republic across the porous 275km long border, will continue to occur, 

making malaria control in Haiti key to sustainable malaria elimination for the island of 

Hispaniola. This dissertation focuses on the history of malaria treatment policy in Haiti, 

the prevalence of G6PD deficiency and what it means for current treatment strategies, 

and modeling previous exposure to malaria as a tool for increased surveillance. 

Malaria in Haiti 

Malaria was first introduced to the Caribbean from Africa through the slave trade.  

Historical records dating back to the 1780s indicate that Haiti was primarily populated by 

West Africans taken to the New World through the trans-Atlantic slave trade[8] who 

were brought to the island to work in the sugar cane fields.  As the proportion of slaves 

and freed blacks (gens de couleur) increased compared to French colonists, stricter 

rules and discriminatory laws were put into effect.  This eventually resulted in the 1791 

Haitian Revolution, where Haitian slaves, led by General Toussaint Louverture, revolted 
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against French rule, leading to over a decade of war.  Haiti’s eventual victory over 

Napoleon’s forces in 1802 was heavily attributed to over 24,000 French soldiers dying 

of yellow fever and malaria[9].   

Two-hundred and ten years later, malaria continues to present a complex public 

health challenge in Haiti, with roughly 80% of Haiti’s population of 10 million living in 

areas where malaria is endemic[10, 11].  It’s estimated that over 99% of malaria cases 

in Haiti are caused by Plasmodium falciparum transmitted by Anopheles albimanus, the 

principal mosquito vector in Haiti [12-14] .  A. albimanus is primarily a coastal mosquito 

and is largely a non-domestic zoophilic feeder, but will opportunistically bite 

humans[15].  However, A. albimanus feeding behaviors may influence the effectiveness 

of bed-net campaigns in Haiti, as they prefer feeding outside of houses at night[16].    

Malaria in Haiti has been characterized as meso- and hyop-endemic, where 

transmission follows a seasonal pattern, with peak transmission occurring during the 

rainy seasons, November to February and July to August[17].  In Haiti, the number of 

reported malaria cases increased between 2000 and 2012, however it is unclear if this 

is the result of increased surveillance or an actual rise in rates.  A similar spike occurred 

after the January 12, 2010 earthquake, where cases increased from 32,000 to 84,000 

followed by a decrease to 25,423 confirmed cases in 2012[1, 18].  This has also been 

attributed to increased surveillance and health services immediately following the 2010 

disaster. Additionally, Haiti has seen an increase in Non-Governmental Organizations 

(NGOs) and foreign aid agency activity, especially in the health sector over the past 

decade[19]. Although transmission continues to occur in Haiti, findings from a 2012 

country wide cross-sectional survey administered by Population Services International 
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suggest parasite prevalence rates to be <1% [20].  However, focal transmission has 

been documented elsewhere, with reported parasite prevalence ranging from 0 up to 

34% in the Sud-Est department  and 3.1%[21] in the Artibonite valley [22], suggesting 

the possibility of heterogeneous malaria transmission in Haiti and disproportionate risk 

of exposure (Figure 1-1).   

In an effort to reduce malaria transmission and address concerns of developing 

drug resistance, the gametocidal drug primaquine (PQ), was added to the Haitian 

national treatment policy in 2010. Prior to this change, the principal treatment for 

malaria in Haiti had relied primarily on chloroquine (CQ) for over 65 years, despite the 

loss of efficacy of CQ due to wide-spread drug resistance in several countries around 

the globe, which will be discussed in further detail in Chapter 2.   

However, PQ, like other 8-aminoquinoline drugs, can cause severe and acute 

hemolytic anemia in people with glucose-6-phosphate-dehydrogenase (G6PD) 

deficiency[23]. Further complicating the matter, there is an absence of data on the 

prevalence of G6PD enzyme deficiency in both malaria-infected patients and the 

general population in Haiti.  Information on G6PD deficiency rates in Haiti and whether 

there are tools available to accurately screen for G6PD deficiency in the field at minimal 

costs, is much needed and will be useful in guiding current malaria treatment policies in 

Haiti.  Additionally, there is an absence of clear data on malaria transmission in Haiti.  

Accurate data must be collected if malaria transmission dynamics in Haiti are to be 

correctly modeled.  Using sound serological methods this dissertation will provide 

information on rates of previous malaria exposure.  Establishing the magnitude of 

malaria exposure can assist in identifying locations in need of targeted malaria control 
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interventions, while also providing broader information on the feasibility of malaria 

elimination in Haiti.  As Haiti continues to work towards malaria elimination, findings 

from this dissertation offer valuable data on the prevalence of G6PD deficiency, the 

utility of a possible G6PD rapid diagnostic test (RDT), and a malaria transmission model 

based on seroprevalence data.      

Focus of Research  

This dissertation covers four closely related studies, each of which has been 

published or submitted to a peer review journal. Specifically, it examines the history of 

treatment policy in Haiti, the prevalence of G6PD deficiency, the performacnce of a 

G6PD RDT, and previous malaria exposure through the detection of malaria antibodies 

in Haiti.  An overall lack of infrastructure in Haiti presents daunting barriers to passive 

surveillance, which can be addressed by robust data.  The lack of baseline data on 

G6PD deficiency and serological markers presents an opportunity for this research to 

lay a foundation for future studies examining malaria and its potential for elimination in 

Haiti.  

Study 1) Examine the History of Malaria Treatment Policies and Practice over the 
Past 65 Years in Haiti  

Chloroquine, after 69 years of use in Haiti, is still part of the official treatment 

policy for malaria. A majority of malaria endemic countries globally have used CQ in the 

past due to its low incidence of adverse events, therapeutic efficacy, and affordability, 

but were forced to switch treatment policy due to the development of widespread CQ 

resistance[1].  The dissertation will discuss findings from a systematic review of 

publications from PubMed, Web of Science, and the Armed Forces Pest Management 

Board, that focus on malaria treatment policies and antimalarial drug efficacy studies in 
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Haiti between 1955 and 2012, providing a useful reference for antimalarial drug 

resistance studies in Haiti.  After the January 2010 earthquake in Haiti, most 

documentation pertaining to the previous half-century’s policies were lost.  The purpose 

of this review is to create a reference that details the history of treatment policy used by 

the Haitian government to treat malaria over the past several years based on published 

papers and reports.  This study represents the first comprehensive report on historical 

treatment policies of malaria in Haiti, while providing a clear documented reference on 

CQ drug resistance studies in Haiti. 

Study 2) Determine the Prevalence of Glucose-6-Phosphate Dehydrogenase 
(G6PD) Deficiency in Haiti 

G6PD deficiency is a hereditary enzyme abnormality in which individuals with the 

disorder are more susceptible to oxidative stress due to medications or certain 

infections.  The identification of G6PD deficiency is of clinical importance especially in 

malaria endemic regions where severely deficient individuals are at risk of drug induced 

hemolysis (DIH) when treated with the gametocytocidal drug, PQ. Due to the absence 

of available literature on G6PD deficiency rates in Haiti, coupled with the recent change 

in malaria treatment policy incorporating PQ, there is an urgent need for information on 

G6PD deficiency rates in Haiti.  This dissertation provides relevant data on the rates of 

G6PD deficiency in Haiti, which may assist in shaping future malaria policy decisions.  

Chapter 3 details the first study to ever examine G6PD deficiency in Haiti.    

Study 3) Field Test the Performance of the CareStart™ G6PD Rapid Diagnostic 
Test  

Administering PQ to treat malaria patients with glucose-6-phosphate G6PD 

deficiency can pose a serious risk of drug-induced hemolysis (DIH). The current "gold 

standard" is to measure G6PD enzyme activity using a spectrophotometric assay that 
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often precludes its use in low resource settings such Haiti.  This dissertation evaluates 

the use of a new point-of-care RDT, which were purchased from AccessBio (Somerset, 

NJ), to identify patients with moderate and severe G6PD deficiency that would be most 

at risk for DIH.  Since the application of the CareStart™ test is easier to implement than 

the labor-intensive spectrophotometric method, and much less expensive than other 

G6PD RDTs[24], we aim to discuss its feasibility and appropriateness as a point-of-care 

diagnostic tool in Haiti.      

Study 4) Measure the Rates of Malaria Exposure in Haiti by Serological Surveys of 
Asymptomatic and Symptomatic Populations 

Unfortunately there is a lack of solid data that can accurately estimate the risk of 

malaria exposure in Haiti, which is a key metric used to determine elimination progress.  

Serological surveys that are more sensitive in determining rates of exposure than 

traditional parasite prevalence rates in low transmission settings were conducted to 

better characterize risk of malaria exposure in the general population.  These findings 

may help tailor future strategies in Haiti that are geared towards total elimination of 

malaria from the island of Hispaniola.  This chapter documents the first time that both 

Apical Membrane Antigen and Merozoite surface protein (MSP), have been used to 

determine previous exposure of malaria in Haiti. By using multiple antigens to screen for 

previous malaria exposure, we were able to increase the sensitivity of detection.  This 

data in turn can be used to calculate age-specific malaria seroconversion rates, which 

can then be used to model annual incidence.   



 

22 

    Approach to Fieldwork (Studies 2-4) 

Ethical Approval 

Ethical approval was obtained from the Comité national de Bioéthique d'Haïti 

(National Bioethics Committee of Haiti), the University of Florida Institutional Review 

Board (IRB), and the Office of Research Protections, United States Army Medical 

Research and Materials Command for all research involving humans in this dissertation.  

All ethical guidelines provided by the University of Florida IRB have been followed, with 

our studies receiving annual full board review. All studies were minimal risk, with 

participant information thoroughly de-identified.  Participants were given opportunities to 

ask our enrolling physicians questions during informational sessions prior to consenting.  

All informed consents were obtained by physicians/health care workers on site from 

adult participants and from the parents or legal guardians of minors. 

University of Florida’s Research Capacity in Haiti 

The research facilities provided by the Emerging Pathogens Institute at the 

University of Florida and with our partners in Christianville, Haiti, combined with the 

well-established infrastructure of the Community Coalition for Haiti (CCH), were all 

essential to the success of these studies.  In addition to having access to adequate 

resources, our malaria research group has strong ties with the Ministère de la Santé 

Publique et de la Population (MSPP) and numerous non-governmental agencies active 

in Haiti.   

Study Sites 

For this research, study enrollment and data collection occurred at five different 

sites throughout 2012 and 2013, (Figure 1-2).  Study sites include Hospital Sainte Croix 

in Leogane, Portail Leogane Clinic & Hosanna Baptist School in Jacmel, a mobile clinic 
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in the rural mountain community of Chabin and the Christianville School in Gressier.  

Further detail on study sample sizes and population characteristics can be found in 

Table 1-1.      

Participant Enrollment 

Leogane- Hospital Sainte Croix: From July 17 to 19, 2012, we passively 

enrolled 66 febrile patients attending Hospital Sainte Croix in Leogane Haiti.  Febrile 

status was determined based on an axillary temperature reading of >99°F.  Patients 

were informed of the study and consented on site by Sainte Croix staff, under the 

supervision of Dr. Gladys Memnon and Dr. Jean Rooseveld Romain.  Blood samples 

were drawn by venipuncture into 4mL purple top collection tubes coated with 

ethylenediaminetetraacetic acid (EDTA), by trained physician and nursing staff from 

Hospital Sainte Croix. Participants were de-identified by Sainte Croix nursing staff prior 

to analysis.  Data from this location was only included in Study 2, examining the 

prevalence of G6PD deficiency, as there were no serum samples collected at this 

location and enrollment occurred before CareStart™ G6PD RDTs were obtained.  

Jacmel- Portail Leogane Clinic: From February 22 to March 10, 2013, we 

passively enrolled 78 febrile patients at the Portail Leogane Clinic in Jacmel, Haiti. 

Febrile status was determined based on an axillary temperature reading of >99°F.  

Patients were informed of the study and consented on site by our collaborators at 

Community Coalition for Haiti (CCH). Blood samples were drawn by venipuncture into 

4mL serum separating collection tubes (Red Top) and 4mL EDTA collection tubes by 

trained physician and nursing staff from CCH.  All participant information was managed 

and de-identified by CCH collaborators prior to analysis by University of Florida 

personnel.  Data from this location were only included in Study 2, examining the 
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prevalence of G6PD deficiency and Study 4, measuring previous malaria exposure, 

since enrollment occurred before CareStart™ G6PD RDTs were obtained.                

Jacmel- Hosanna Baptist School: February 22 to March 10, 2013, we enrolled 

166 asymptomatic school aged children participants from Hosana Baptist School in 

Jacmel, Haiti.  Febrile status was determined based on an axillary temperature reading 

of >99°F. Community sensitization was done on two separate occasions, where parents 

of school children were given the opportunity to ask questions pertaining to the study 

goals, procedures implemented, and the right to refuse participation.  Parents were 

asked to send their signed consent forms in with their child if they wanted to participate. 

Blood samples were drawn by venipuncture into 4mL serum separating collection tubes 

(Red Top) and 4mL EDTA collection tubes by trained physicians and nursing staff from 

CCH.  All participant information was managed and de-identified by CCH collaborators 

prior to analysis by University of Florida personnel.  Data from this location were only 

included in Study 2, examining the prevalence of G6PD deficiency and Study 4, 

measuring previous malaria exposure, since enrollment occurred before CareStart™ 

G6PD RDTs were obtained.    

Chabin-CCH Mobile Clinic Community Outreach: From March 17 to March 

27, 2013, we enrolled 228 participants in the rural community of Chabin, through mobile 

outreach services provided by CCH.  Study enrollment was based on community based 

sampling, with individuals attending the mobile clinic given the option of participating in 

University of Florida’s malaria research.  Blood samples were drawn by venipuncture 

into 4mL serum separating collection tubes and 4mL purple EDTA collection tubes by 

trained physician and nursing staff from CCH.  All participant information was managed 
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and de-identified by CCH collaborators prior to analysis by University of Florida 

personnel.  Data from this location was only used in Study 4, measuring previous 

malaria exposure.  Data was not included in Study 2 because entire families were 

enrolled, potentially skewing prevalence rates.    

Gressier- Christianville School: From May 10 to May 27, 2013, we enrolled a 

total of 573 participants from the Christianville School.  With the help of our 

collaborators at the Christianville Foundation, I was able to sensitize and inform the 

community about our study, giving the parents of school children the opportunity to ask 

questions pertaining to the study goals, procedures implemented, and the right to refuse 

participation.  Parents were asked to send their signed consent forms in with their child 

if they wanted to participate.  Blood samples were drawn by venipuncture into 4mL 

serum separating collection tubes (Red Top) and 4mL purple EDTA collection tubes by 

trained visiting nursing staff from Hospital Sainte Croix.  All participant information was 

managed and de-identified by Christianville collaborators prior to analysis by University 

of Florida personnel.  Data from this location was used in Study 2, examining the 

prevalence of G6PD deficiency, Study 3, testing the performance of the CareStart™ 

G6PD RDT, and Study 4, measuring previous malaria exposure. 
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Figure 1-1 Malaria Risk in Haiti. Predicted malaria risk in Haiti based on MSPP data 

collected in 2011.  Retrieved from 
http://globalhealthsciences.ucsf.edu/sites/default/files/content/ghg/mei-
malaria-elimination-haiti.pdf  [4] 

  
 
 
 
 

http://globalhealthsciences.ucsf.edu/sites/default/files/content/ghg/mei-malaria-elimination-haiti.pdf
http://globalhealthsciences.ucsf.edu/sites/default/files/content/ghg/mei-malaria-elimination-haiti.pdf
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Figure 1-2. Sites of enrollment in the Ouest and Sud-Est departments of Haiti for Study 
2, 3, and 4. The inset shows the overall study area (shaded) relative to the 
country of Haiti, covered in this dissertation.  The capital of Port-au-Prince, is 
located approximately 16 miles due East of Gressier. The five sites of 
enrollment include: Gressier (Christianville school), Leogane (Hospital St. 
Croix), Chabin (rural community), and Jacmel (Hosana Baptist school and 
Portail Leogane clinic). 
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Table 1-1.  Description of sites by study  

Site City Date 
Population       
(age range) 

Enrolled 
Study 2-
G6PD 

Prevalence 

Study 3 
G6PD 
RDT 

Study 4- Malaria 
Seroprevalence 

Hospital Sainte 
Croix 

Leogane 
(urban) 

Jul-12 
Febrile*        

(ages 2-80) 
66 YES (n=66) NO NO*** 

Portail Leogane 
Clinic 

Jacmel 
(urban) 

Feb-
March 

13 

Febrile*  & 
Family 

members 
(ages 2-80) 

78 YES (n=74) NO YES (n=72) 

Hosana Baptist 
School 

Jacmel 
(urban) 

Feb-
March-

13 

School 
children 

(ages 4-15) 
166 

YES 
(n=137) 

NO YES (n=102) 

CCH Mobile 
Clinic 

Chabin 
(rural) 

Mar-13 

Febrile* & 
community 
members   

(2-80) 

228 NO** NO YES (n=131) 

Christianville 
School 

Gressier 
(suburban) 

May-13 
School 

children (4-
23) 

573 
YES 

(n=523) 
YES 

(n=456) 
YES (n=510) 

Total N/A N/A N/A 1111 800 456 815 

*axillary temperature >99 
      

**samples excluded, due to enrollment of entire households with related family members 

***No serum collected from site 
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CHAPTER 2 

MALARIA TREATMENT POLICIES AND DRUG EFFICACY IN HAITI FROM 1955-

2012 

Chapter Summary 

Chloroquine (CQ), after first being introduced in 1955, is still part of the official 

treatment policy for malaria.  Several countries around the world have used CQ in the 

past due to its low incidence of adverse events, therapeutic efficacy, and affordability, 

but were forced to switch treatment policy due to the development of widespread CQ 

resistance. The purpose of this paper was to compile literature on malaria treatment 

policies and antimalarial drug efficacy in Haiti over a 67-year period. A systematic 

review of PubMed, Web of Science, and the Armed Forces Pest Management Board, 

was conducted to find pertinent documents on national malaria treatment policies and 

antimalarial drug efficacy studies in Haiti between 1955 and 2012. A total of 329 

citations and abstracts were reviewed independently by two researchers, of which thirty 

three met the final inclusion criteria of studies occurring in Haiti between 1955 and 2012 

which specifically discuss malaria treatment policies and drug efficacy. Results suggest 

that CQ has been the predominant antimalarial drug in use from 1955 to 2012. In 2010 

single dose primaquine (PQ) was added to the national treatment policy, however it is 

not clear whether this new policy has been put into practice. Although no widespread 

CQ resistance has been reported, some studies have detected low levels of CQ 

                                            
 

Published: Journal of Pharmaceutical Policy and Practice 2013, 6:10 

Available at http://www.joppp.org/content/pdf/2052-3211-6-10.pdf  
doi:10.1186/2052-3211-6-10 
 

http://www.joppp.org/content/pdf/2052-3211-6-10.pdf


 

30 

resistance. Increased surveillance and monitoring for CQ resistance should be 

implemented in Haiti. 

Background 

The antimalarial chloroquine (CQ) was first introduced into Haiti in 1955 as part 

of the Global Malaria Eradication Program (GMEP), where it was relied on heavily as 

the, due to its low incidence of adverse events, affordability, and perceived therapeutic 

efficacy.  Prior to 1955, the only antimalarial treatment in Haiti was quinine, which was 

used intermittently during periods of US occupation[25].  However, the wide spread 

emergence of CQ resistance throughout malaria endemic countries in Africa, South 

East Asia, and much of South America, forced changes in national treatment policies 

elsewhere. Haiti appears to have remained committed to using CQ, despite resistance 

elsewhere; however documentation of previous official Haitian treatment policies is 

limited.  

To better understand Haiti’s prolonged commitment to CQ, we compiled reports 

and publications on malaria chemotherapeutic policies and antimalarial resistance in 

Haiti from 1955 to 2012 based on a systematic search of historical literature.  The 

purpose of this paper is to document the history of Haiti’s malaria treatment policies, 

while providing a useful reference for antimalarial drug resistance studies in Haiti.  

Materials & Methods 

Data Sources 

Published studies and reports about malaria in Haiti were identified from an 

electronic search of MEDLINE®/PubMed® and Web of Science, with the search years 

confined to 1955-2012. A search of gray literature was carried out on the Armed Forces 

Pest Management Board (AFPMB)[26], which contains publications and reports from 
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the Centers for Disease Control and Prevention (CDC), World Health Organization 

(WHO), and Pan American Health Organization (PAHO). Search terms were chosen to 

capture malaria treatment policy and drug efficacy studies in Haiti only, using a 

combination of simple subject headings and term combinations, focusing on treatment, 

malaria, and Haiti.     

Study Selection 

The selection criteria of the data sources included are: 1) reports from the period 

of 1955 to 2012, 2) studies carried out in Haiti, 3) and studies that discuss malaria. Full 

text manuscripts and all citations which met the predefined selection criteria were 

obtained and examined by three independent researchers, Michael von Fricken, 

Thomas Weppelmann, and Jennifer Hosford. Final inclusion and exclusion decisions 

were made with 100% agreement between the examiners based on studies that 

reported malaria treatment policies and drug efficacy for final inclusion. Where 

duplications were observed the most recent version of the manuscript was selected.   

The year 1955 was used as a start date for analysis, because it coincided with the 

Global Malaria Eradication Program (GMEP) campaign in Haiti.  A full list of studies 

examined can be found in Table 2-1. 

Results 

A detailed description of study selection can be found in Figure 2-1. A total of 329 

citations and abstracts in the electronic searches were found, of these, 85 citations and 

abstracts met the preliminary criteria and had their full texts reviewed. Thirty three 

studies described malaria treatment policies or antimalarial drug efficacy in Haiti from 

1955-2012 [3, 5-7, 10, 12-15, 17, 22, 27-52].   
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Characteristics of Included Studies 

Chloroquine was first introduced in Haiti in 1955, when The Eighth World Health 

Assembly recommended its use in combination with pyrimethamine (P) for the 

elimination of malaria.  The chloroquine/pyrimethamine (CQ/P) combination strategy 

was the first treatment policy switch in Haiti replacing the previous accepted practice of 

quinine for the treatment of malaria[27, 28, 53]. According to the data sources, from 

1955 to 1970, CQ/P was administered in a prophylactic manner through mass drug 

administration (MDA) campaigns, as part of the GMEP in Haiti [27, 29, 32, 33].  From 

1970 to 2010, the treatment for malaria switched from a combination therapy of CQ/P 

therapy to CQ monotherapy for uncomplicated malaria cases[33]. In 2010 a CDC report 

mentioned the addition of the transmission blocking drug primaquine (PQ) at a single 

dose of 0.75 mg/kg, suggesting a major change in policy [52]. This policy change was 

based on a PQ tolerance study that was implemented by the CDC and the Carter 

Center in the city Ouanaminthe, which lies directly on the Haiti DR boarder[4].  All final 

articles (N = 33) that we evaluated reported CQ as or part of the standard treatment 

policy in Haiti.  A brief summary of treatment policies can be seen in the timeline 

provided (Figure 2-2). 

Evidence for Treatment Resistance in Haiti:  

Only fourteen studies from the data sources examined[10, 15, 29, 30, 32-36, 38, 

39, 44, 47, 51]  discussed chemotherapeutic efficacy or patient treatment outcome 

data(Table 2-2).  Six of these fourteen studies contained documentation of resistance to 

CQ or P[10, 33, 35, 36, 38, 47].  The first year of reported of anti-malarial resistance, 

where P. falciparum had documented pyrimethamine resistance was 1971[33].  In 1982, 

a report of possible resistance to CQ treatment was suggested[10] after a patient on CQ 
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monotherapy had resurgence in parasitemia on day 28 of treatment.  A follow-up in vitro 

test found 4/16 P. falciparum cultures including the P. falciparum strains from the patient 

with resurgent parasitemia, required CQ doses large enough that suggested possible 

resistant P. falciparum parasites.  This report provided the first credible in vitro evidence 

of P. falciparum resistance to CQ in Haiti[35].  In 1984, an in vivo and in vitro study, 

tested for P. falciparum parasite resistance to sulfadoxine/pyrimethamine (S/P) to 

provide baseline data on susceptibility in the event that CQ resistance developed in 

Haiti.  The results indicated parasite resistance to pyrimethamine alone, but not to 

sulfadoxine.  Despite in vitro evidence of resistance to pyrimethamine, all in vivo 

infections were susceptible to a combination of S/P[36]. In 1985, another in vivo study to 

complement the previous in vitro assay found resistance to pyrimethamine alone[38].  

More recently, a report by Londono et al, documented the detection of genetic markers 

via PCR, for CQ resistance in five of 79 patients (6%) from the Artibonite Valley [47].  

However, a study by Neuberger et al, found zero of 49 infected patients to have 

mutations suggestive of CQ resistance[52].  These studies present conflicting evidence 

about the extent of CQ drug resistance in the populations studied, with no definitive 

documentation of in vivo resistance reported.        

Discussion 

Following the widespread use of CQ/P from 1955-1968, resistance to 

pyrimethamine was reported in Haiti in 1971[33].  It was suggested that parasite 

adaptation to pyrimethamine had occurred due to selective drug pressure from the MDA 

campaign, which ended in 1968, resulting in its removal from the national treatment 

policy [33, 36]. 
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Haiti continued to rely predominantly on CQ as part of the treatment for malaria 

in Haiti up until 2010, when single dose PQ was added to the official policy for the 

treatment of uncomplicated malaria in Haiti[14, 50].  Haiti represents a unique scenario 

where PQ has not been used previously on the island due to the absence of 

Plasmodium vivax, but is being introduced to specifically block malaria transmission by 

targeting the adult stage Plasmodium falciparum parasites. It remains unclear whether 

PQ has been implemented in practice, nor have any studies examined population rates 

of G6PD deficiency in Haiti, a genetic mutation that places deficient individuals at risk of 

acute hemolytic anemia when exposed to PQ.   

Overall, we found the use of CQ has featured prominently in the management of 

malaria in Haiti for decades.  While CQ resistance in all of Africa, South East Asia, and 

much of South and Central American countries has forced these countries to change 

policies, the Haitian Ministry of Health (MSPP) has continued to rely almost entirely on 

CQ as the principal treatment for malaria.  Despite such prolonged use, our results 

found no conclusive evidence of CQ resistance rates exceeding the WHO 

recommended threshold treatment failure rate of ≥10% [54] in Haiti (Table 2-2).  

However, findings from the studies that report on treatment sensitivity are lacking due to 

small sample sizes, localized enrollment, and missing information on patient treatment 

outcomes, significantly limiting their ability to influence national treatment policies.  Ten 

of the fourteen studies that make mention of drug efficacy, relied solely on secondary 

sources of data, often only containing brief comments on treatment effectiveness, which 

further suggest an absence of designed drug sensitivity studies occurring in Haiti[6, 10, 

15, 29, 30, 32-35, 47].  The two most recent studies examining CQ resistance by 
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Londono and Neuberger gave different results about the presence of genetic markers of 

CQ resistance in Haiti [47, 52]. London found 5/79 (6%) carried genetic markers for 

resistance, but had no information on treatment failure, which is the metric used by the 

WHO to warrant a change in national treatment policy.  Neuberger found no markers for 

CQ resistant parasites, but was limited by a small sample size of 48.  It would appear 

CQ resistance mutations are emerging in Haiti, but to what extent remains unknown, 

suggesting a need for increased surveillance for parasite resistance.     

Limitations 

We were unable to examine gray literature from the MSPP as most documents 

were lost during the 2010 earthquake. Although we excluded non-English databases, 

we believe this omission to not be very significant, since we relied heavily on WHO and 

PAHO reports, which are based on both English and non-English databases and 

reports.  There were limited data pertaining to treatment failures and parasite 

resistance, in addition to an overall lack of reporting between 1985-2005 due to political 

unrest[5, 47].   

Chapter Conclusions 

As of 2012, the few documented reports of CQ resistance in Haiti did not exceed 

the WHO recommended threshold treatment failure rate of ≥10% [54].  However, due to 

limited surveillance on drug efficacy and barriers to patient follow up, further studies are 

necessary to determine if rates of CQ resistance fall below this threshold in Haiti.  

Meanwhile, Non-government organizations, foreign aid agencies, and the Haitian MSPP 

should consider implementing a comprehensive malaria control program while CQ 

remains a viable treatment option[47, 51, 52]. Other drug regimens, such as artemisinin-

based combination therapies, are part of an arsenal of available treatment options, in 
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the event of CQ resistance.  The affordable cost of CQ, and its’ low incidence of 

adverse events make it an ideal treatment option on a large scale.  It is our 

recommendation that increased surveillance and monitoring for CQ resistance be 

implemented, due to significant gaps in data on CQ treatment failure and resistance in 

Haiti.  Regarding the recent addition of PQ to the national policy, more information is 

needed on how PQ is tolerated in this population, given the absence of information on 

G6PD prevalence rates, and whether or not this policy has been put into practice in 

Haiti.  Future studies examining transmission rates in Haiti may generate valuable 

information on the impact single dose PQ has on malaria rates, potentially providing a 

template for elimination in other low transmission settings globally.       
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Table 2-1 Reports and publication discussing malaria treatment policy in Haiti. 
Publications and reference material that document treatment and policy for 
malaria management in Haiti summarized by period, site in Haiti and anti-
malarial medication 

Period Site Haiti Treatment Policy Ref 

1955 Country Wide Mass treatment of CQ/P [27] 

1955 Country Wide Mass treatment of CQ/P [28] 

1960-1966 Country Wide Mass treatment of CQ/P [30] 

1963 Country Wide CQ [15] 

1962-1965 Country Wide Mass treatment of CQ/P [29] 

1962-1965 Petit-Goave Mass treatment of CQ/P [32] 

1971 Country Wide CQ [33] 

1972-75 Miragoane Valley CQ [13] 

1976 Country Wide CQ [34] 

1976-1979 Country Wide CQ [6] 

1982 Port-au-Prince CQ [35] 

1982 Port-au-Prince CQ [36] 

1980-1983 Country Wide CQ [37] 

1972-1983 Country Wide CQ [39] 

1985 Port-au-Prince CQ [38] 

1982-1986, 1988-
1991 

Artibonite Valley CQ [43] 

1981-1983 Country Wide CQ [10] 

1985 Les Cayes and Jeremie CQ [40] 

1991 Country Wide CQ [42] 

1995 Country Wide CQ [5] 

1995 Country Wide CQ [44] 

1995 Country Wide CQ [45] 

1975-1997 Limbe River Valley CQ [17] 

1996-1999 Country Wide CQ [46] 

2006 Artibonite Valley CQ [22] 

2006 Artibonite Valley CQ [55] 

2006-2007 Country Wide CQ [47] 

2010 Country Wide CQ [50] 

2010 Country Wide CQ [48] 

2010 Hispaniola CQ [3] 

2000-2010 Country Wide CQ+PQ [14] 

2010-2011 Leogane CQ [52] 
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Figure 2-1.  Selection process for systematic review of studies examining malaria 

treatment policies in Haiti between 1955 and 2012. 

 
 
 
 
 
 

 
Figure 2-2. Timeline of Haitian malaria treatment policies 
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Table 2-2. Reports of Treatment Efficacy for Malaria in Haiti. Chloroquine (CQ), 
pyrimethamine (P), chloroquine with pyrimethamine (CQ/P),sulfadoxine with 
pyrimethamine (S/P), in vivo susceptibility (VV), in vitro susceptibility (VT), 
DNA analysis for mutations polymerase chain reaction (PCR).   

Period Sample 
Size  

Location Drug  Data Method 
 

Resistance 
reported 

Susceptible Ref 

1960-
1966 

Unknown Country 
Wide 

CQ/P Secondary Unknown No CQ [30] 

1961 Unknown Country 
Wide 

CQ Secondary Unknown 
 

No CQ [29] 

1962-
1965 

Unknown Country 
Wide 

CQ/P Secondary Unknown No CQ/P [15] 

1962-
1965 

Unknown Petitie 
Goave 

CQ & 
CQ/P 

Secondary Unknown No CQ/P [32] 

1971 Unknown Country 
Wide 

CQ Secondary VV  P & CG CQ [33] 

1976 Unknown Country 
Wide 

N/A Secondary Unknown No CQ [34] 

1980 Unknown Country 
Wide 

CQ Secondary Unknown No VV CQ [6] 

1981-
1983 

92 Country 
Wide 

CQ Secondary VT & VV  CQ CQ [10] 

1982 19 Port-au-
Prince 

CQ Secondary VT & VV  CQ No [35] 

1982 18 Port-au-
Prince 

P  & 
S/P 

Primary VT & VV P S/P [36] 

1985 22 Port-au-
Prince 

P  & 
S/P 

Primary VT & VV P S/P [38] 

1995 Unknown Country 
Wide 

N/A Primary VV No CQ [44] 

2006-
2007 

79 Artibonite 
Valley  

CQ Secondary PCR CQ No [47] 

2010-
2011 

49 Leogane CQ Primary PCR No CQ [52] 
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CHAPTER 3 
PREVALENCE OF GLUCOSE-6-PHOSPHATE DEHYDROGENASE (G6PD) 

DEFICIENCY IN THE OUEST AND SUD-EST DEPARTMENTS OF HAITI 

Chapter Summary 

Malaria remains a significant public health issue in Haiti, with chloroquine (CQ) 

used almost exclusively for the treatment of uncomplicated infections. Recently, single 

dose primaquine (PQ) was added to the Haitian national malaria treatment policy, 

despite a lack of information on the prevalence of glucose-6-phosphate dehydrogenase 

(G6PD) deficiency within the population.  G6PD deficient individuals who take PQ are at 

risk of developing drug induced hemolysis (DIH).  In this first study to examine G6PD 

deficiency rates in Haiti, 22.8% (range 14.9%-24.7%) of participants were found to be 

G6PD deficient (class I, II, or III) with 2.0% (16/800) of participants having severe 

deficiency (class I and II). Differences in deficiency were observed by gender, with 

males having a much higher prevalence of severe deficiency (4.3% vs. 0.4%) compared 

to females. Male participants were 1.6 times more likely to be classified as deficient and 

10.6 times more likely to be classified as severely deficient compared to females, as 

expected. Finally, 10.6% (85/800) of the participants were considered to be at risk for 

DIH.  Males also had much higher rates than females (19.3% vs. 4.6%) with 4.9 times 

greater likelihood (p value 0.000) of having an activity level that could lead to DIH. 

These findings provide useful information to policymakers and clinicians who are 

responsible for the implementation of PQ to control and manage malaria in Haiti.   
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Background 

As discussed in Chapter 2 , Haiti’s national treatment policy for malaria has relied 

heavily on chloroquine (CQ) as the principal treatment for many years, with limited 

evidence of widespread CQ resistance, [47, 52] despite its prolonged use [56]. In an 

effort to decrease the risk of chloroquine resistance developing and reduce malaria 

transmission, the Haitian Ministry of Health (MSPP) recently adopted the anti-malarial 

drug primaquine (PQ) to its national treatment policy.  This decision was based on a 

small PQ tolerance study by the CDC and the Carter Center in the city Ouanaminthe, 

Haiti, which lies directly on the Haiti DR boarder [4, 50, 57]. Of particular concern are 

drug induced adverse reactions in individuals that carry X-linked mutations for the 

enzyme glucose-6-phosphate dehydrogenase (G6PD) [58-60].  Globally, G6PD 

deficiency is estimated to affect approximately 400 million people, with higher rates 

observed in West Africa (Figure 3-1).         

The metabolic activities of G6PD maintain the level of nicotinamide adenine 

dinucleotide phosphate-oxidase (NADPH), which in turn sustains glutathione levels in 

red blood cells. Since red blood cells lack mitochondria, this pathway is the only source 

of NADPH, thus G6PD deficient individuals are unable to produce adequate amounts of 

glutathione to neutralize reactive oxygen species (ROS) predisposing them to non-

immune hemolytic anemia[61].  Affected individuals, many of whom are unaware of their 

G6PD status [23, 61], may suffer oxidative stress triggered by PQ leading to drug 

induced hemolysis (DIH), which can be fatal in severely deficient individuals.  A recent 

study in 2014 by Eziefula et al. examined Plasmodium falciparum gametocyte clearance 

post treatment with single dose PQ at 0.1 mg/kg, 0.4 mg/kg and 0.75 mg/kg, in G6PD 

normal individuals[62].  Findings suggest that 0.4 mg/kg has similar gametocytocidal 
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activity as 0.75 mg/kg and that further efficacy and safety trials are necessary to 

examine dosage between 0.1 mg/kg, 0.25 mg/kg, and 0.4mg/kg.  While these results 

are promising, a key issue with the study design is that it provides no information on PQ 

tolerance in G6PD deficient individuals, most likely due to ethical constraints. Given the 

risks of DIH and lack of data on G6PD deficiency prevalence in Haiti, there are serious 

concerns about administering PQ to malaria-infected patients with unknown G6PD 

status.  Risks associated with administering PQ are compounded by a weak  Healthcare 

system in Haiti, where patients are rarely seen after their initial appointment, limiting the 

ability of health care workers to monitor drug induced adverse events[4]. Thus, there is 

a great need to determine G6PD deficiency rates in Haiti before this policy can be safely 

implemented.   

This study is the first of its kind to investigate the prevalence of G6PD deficiency 

in Haiti with the goal of providing decision makers with information that will be a useful 

basis upon which to implement a PQ based treatment policy. 

Materials and Methods 

Study Location 

This study was conducted in the Ouest and Sud-Est departments of Haiti (Figure 

3-2) between July, 2012 and May, 2013. Along the northern coast of the Ouest 

department, participants were recruited from Hospital Sainte Croix in Leogane and the 

Christianville School in Gressier.  In the Sud-Est department, participants were recruited 

from the coastal city of Jacmel at the Portail Leogane Clinic and Hosana Baptist School.       

Quality Assurance 

It was decided to exclude the collection site of Chabin (n=142) from analysis due 

to a flaw in our sampling methodology. At Chabin, entire households were enrolled in 



 
 

43 
 

the study, potentially skewing results due to the hereditary nature of G6PD deficiency.  

We felt this necessary and prudent to avoid any misinterpretation of our findings.  It has 

been suggested that G6PD deficiency grants some protection against malaria infection, 

potentially causing G6PD normal individuals to be over represented in our clinical 

populations[63].  However, the protection conferred by G6PD deficiency is minimal and 

malaria is thought to be hypoendemic in Haiti, limiting the influence our sampling 

methods had on our prevalence rates.              

Study Enrollment and Sample Collection 

A total of 828 participants (337 males and 491 females) were enrolled between 

the ages of 2 and 87. Enrollment was based on sampling from both clinical and non-

clinical settings.  Patients attending Hospital Sainte Croix in Leogane, and Portail 

Leogane Clinic in Jacmel, were enrolled on a voluntary basis.  Healthy children were 

enrolled from the Christianville School in Gressier and from the Hosana Baptist School 

in Jacmel.  Participants were given opportunities to ask our enrolling physicians 

questions during informational sessions prior to consenting. After obtaining consent 

from participants or their guardian, local clinicians collected ~ 3 mL of blood by 

venipuncture, into EDTA tubes from participants. G6PD activity was measured within 3 

hours of collection.   

Determination of G6PD Activity 

A commercially available quantitative G6PD deficiency diagnostic kit (No. 345B, 

Trinity Biotech, St. Louis, MO, USA) was used to measure G6PD activity in blood 

samples.  Briefly, aliquots of blood in purple top vacuum tubes were added to cuvettes 

containing glucose-6-phosphate, buffer, magnesium salt, and maleimide. The rate of 

NADPH formation was measured by UV spectrophotometry (λ= 340 nm) after 10 
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minutes incubation at 25°C at two time points five minutes apart. Hemoglobin levels 

were determined by a digital hemoglobin meter (HemoCue Incorporated, Cypress, CA, 

USA). Dehydrated blood samples supplied by the manufacturer for normal (No. G6888, 

Trinity Biotech, St. Louis, MO, USA) and deficient (No. G5888, Trinity Biotech, St. Louis, 

MO, USA) levels of G6PD enzyme activity were used as controls.  A few samples 

(28/828 (3.4%) with detected G6PD activity levels above the manufacturer specified 

activity limit for the assay (19.5 U/ g Hgb) were not considered in this study. 

Establishing Cutoff Values in our Population  

G6PD deficiency was classified as previously described by Kim et al., 2011.  

Briefly, samples from 299 healthy participants with a G6PD activity above 4.6 U/g Hgb 

and a hemoglobin concentration equal to or above 12 g/dL were used to define the 

population mean. G6PD deficiency was classified using the WHO classifications of 

enzyme activity as a percentage of the population[41]. For this study with a population 

mean of 9.40 U/ g Hgb the classifications were as follows:  (i) Class I: very severely 

deficient, ≤ 1% residual activity, ≤ 0.094 U/g Hgb, (ii) Class II: severely deficient, >1 to 

10% residual activity, >0.094 to 0.940 U/g Hgb, (iii) Class III: mildly to moderately 

deficient, >10 to 60% residual activity, >0.940 to 5.64 U/g Hgb, (iv) Class IV: normal 

activity, >60 to 150% residual activity, >5.64 to 14.1 U/g Hgb, and (v) Class V: 

increased activity, >150% residual activity, >14.1 U/g Hgb. For further comparison of 

Class III enzyme activity levels, moderate ≤ 10 to 30 % residual activity (≤ 0.94 to 2.82 

U/g Hgb), and mild ≤ 30 to 60 % residual activity (≤ 2.82 to 5.64 U/g Hgb) were created.  

Individuals with moderate and severe G6PD activity levels (< 30% residual activity) are 

considered at risk for DIH [64]. 
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Statistical Analysis 

Histograms and tables of descriptive statistics of hemoglobin concentration (g 

Hgb/dL), G6PD activity, and G6PD deficiency classification were generated by gender, 

and study location (Table 3-1). Logistic regression (Stata® v 12, StataCorp, College 

Station, TX, USA) was performed to determine the association between gender and 

G6PD deficiency as well as the study location on the likelihood of being deficient (class 

I, II, or III), severely deficient (class I and II only), or at risk of DIH (<30% residual 

activity).  To address concerns of sampling bias, G6PD deficiency was also analyzed by 

method of study enrollment, i.e. clinical versus school-based enrollment, using logistic 

regression and adjusting for gender (Table 3-2).    

Results 

A total of 800 participants (326 males and 474 females) were included in the 

study. Overall 22.7% of participants were found to be G6PD deficient (range: 14.9% - 

24.7%), with 10.63% of participants considered at risk for DIH (range: 6.8% - 12.0%), 

and 2.0% of participants classified as having severe deficiency (range: 0.0% - 3.0%).  

According to the WHO classification system 0.13% had very severe deficiency (class I), 

2.0% had severe deficiency (class II), 20.7 had moderate and mild deficiency (class III), 

70.3% had normal activity (class IV), and 7.0% had increased activity (class V).  Class 

III deficiency was further differentiated by moderate (8.6%) and mild (12.1%) deficiency.  

Summary statistics of the age, G6PD activity (U/g Hgb), and G6PD classification appear 

in Table 3-1. The distribution of G6PD activity levels is presented in Figure 3-3. 

Differences in deficiency were observed by gender, with males having much higher 

prevalence of deficiency (27.6% vs. 19.4%), DIH (19.3% vs. 4.6%), and severe 

deficiency (4.3% vs. 0.4%) compared to females. This can be seen in the histograms by 
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gender (Figure 3-4), where a bimodal distribution of G6PD activity is observed in males, 

but not in females, which is expected given the X-linked nature of G6PD deficiency, thus 

placing males at higher risk for DIH than females. The statistical associations between 

gender, location, or enrollment type and the presence of mild, moderate, or severe 

deficiency is presented in Table 3-2. Compared to females, male respondents were 1.6 

times more likely to be classified as deficient (95% Confidence Interval OR: 1.14 - 2.21), 

4.9 times more likely to be at risk for DIH (95% Confidence Interval OR: 2.96 - 8.18) and 

10.6 times more likely to be classified as severely deficient (95% Confidence Interval 

OR: 2.40 - 46.91). The prevalence of deficiency was not significantly different by the 

enrollment location (p value = 0.21) or between clinical versus school based enrollment 

(p value = 0.161).     

Discussion 

Our results indicate that G6PD deficiency is quite prevalent in the Ouest and 

Sud-Est departments of Haiti.  We found that 22.7% (14.9%-24.7%) of the sample 

population had some form of G6PD deficiency, with 10.63 % (range 6.8%-12.0%) of our 

sample having moderate or severe G6PD deficiency.  This finding is not surprising 

given the ancestry of native Haitians, who mostly descended directly from West Africa, 

where similar G6PD deficiency rates (10-27%) have been reported [31, 65]. Males were 

much more likely to be severely deficient than females as is consistent with other G6PD 

deficiency studies, and not surprising due to the X-linked pattern of G6PD inheritance 

[66, 67]. Given that over 10% of the population are at risk of DIH (<30% residual 

activity), and the relatively low transmission of malaria in Haiti; point-of-care G6PD 

screening may be feasible and practical to prevent the risk of PQ induced adverse 

reactions in malaria patients.  Ideally, confirmation of G6PD status would precede 
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administration of PQ; however this can be difficult in resource limited settings.  

Therefore, if G6PD deficiency is unable to be measured, it may be appropriate to 

reduce the current dosage of PQ from a single dose at 0.75 mg/kg to a more 

conservative single dose of 0.25 mg/kg treatment policy for individuals with unknown 

status, as recently suggested[68].   

Limitations 

These findings on G6PD deficiency are limited by the sites of enrollment, and 

may not be representative of the general Haitian population.  Sampling individuals from 

both clinical and non-clinical sites represents a potential sampling bias; however 

statistical analyses did not indicate significant differences in the rates of G6PD 

deficiency by place or method of enrollment, as mentioned.   

Chapter Conclusions 

This study provides valuable preliminary information on the presence of G6PD 

deficiency in the Ouest and Sud-Est departments of Haiti.  We recommend testing 

should be expanded to other departments in Haiti to provide the government and other 

policy implementers with more information on G6PD deficiency prevalence rates, which 

may be used to fine tune future malaria treatment policies that include PQ.  Further 

research needs to be conducted to examine the magnitude of DIH associated with 

single dose PQ in G6PD deficient individuals before this policy can be implemented 

safely. Globally, PQ has been used for the radical cure of Plasmodium vivax malaria 

infections, providing policy makers with historic data on PQ treatment outcomes [69]. 

However, there is no prior documentation of PQ ever being used in Haiti at scale. 

Despite the uncertainty of how PQ would be tolerated in this population, Haiti presents a 

unique opportunity to study the impact and adverse effects associated with PQ 
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administration. Due to the limited potential for future reintroduction of malaria into Haiti 

and the circulation of only Plasmodium falciparum parasite species, one could 

hypothetically monitor the impact PQ has on malaria elimination in this island setting.  

However, caution would be advisable, given the relatively high rates of G6PD deficiency 

observed in this study.   
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Figure 3-1 World map distribution of G6PD deficiency. Retrieved from 
doi:10.1016/S0140-6736(08)60073-2. Reprinted from The Lancet, Vol. 371, 
MD Cappellini, G Fiorelli. Glucose-6-phosphate dehydrogenase deficiency, 
Pages 64-74, Copyright (2008), with permission from Elsevier[61] 
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Figure 3-2. Study area in the Ouest and Sud-Est departments of Haiti. The inset shows 
the study area (shaded) relative to the country of Haiti, and the capital of Port-
au-Prince, located approximately 16 miles due East of Gressier. The enlarged 
study area contains the four sites of enrollment: Christianville School in 
Gressier, Hospital Sainte Croix in Leogane, and the Hosana Baptist School 
and Portail Leogane both of which are located in the city of Jacmel. 
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Table 3-1 Summary statistics of study participants by gender and location. The 
summary statistics of the age, hemoglobin concentration, G6PD activity, and 
classification of G6PD function appear with the number of samples, averages, 
and standard deviations for males and females and from the five study 
locations.  (S) denotes participants enrolled from schools, (C) represents 
participants enrolled from clinics. 

  

Age G6PD activity G6PD classification  

Units Obs Years (U/g Hgb) I, II, or III III III I, II 

 

(n) Avg. (Sd.) Avg (Sd) Deficient Mild Moderate
†
 Severe

†
 

    < 60% 60-30% 30-10% <10% 

Gender 

   

    

Female 474 14.4 (9.6) 8.6 (3.5) 19.4 14.8 4.2 0.4 

Male 326 13.4 (9.0) 8.0 (4.3) 27.6 8.3 15.0 4.3 

Location 
       

Christianville (S) 523 12.1 (4.3) 8.4 (3.8) 24.7 12.6 9.4 2.7 

Hosana Baptist (S) 137 12.1 (10.4) 8.4 (3.8) 20.4 13.1 7.3 0.0 

Portail Leogane 

(C) 
74 29.1 (17.4) 8.5 (3.2) 14.9 8.1 6.8 0.0 

Hospital St. 

Croix(C) 
66 23.4 (1.3) 8.4 (4.3) 21.2 10.6 7.5 3.0 

Total 800 14.0 (9.4) 8.37 (3.9) 22.8 12.1 8.6 2.0 

† at risk of DIH 
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Table 3-2. The statistical relationships of G6PD deficiency between gender and 
enrollment locations. The statistical relationships between gender and 
locations are presented (compared to those not in the group) for the likelihood 
of having moderate to severe deficiency (less than 30% residual G6PD 
activity) and severe deficiency (less than 10% residual G6PD activity).  The 
odds ratios and confidence intervals for the likelihood of having moderate to 
severe deficiency, or being severely deficient have been adjusted for the 
gender of the participants.   

Predictor Mild to severe deficiency Severe deficiency 

 
Residual activity < 60% Residual activity < 10% 

 
OR p value 95% Conf. int. OR p value 95% Conf. int. 

Gender                 

Female 0.632 0.007 0.453 0.881 0.094 0.002 0.021 0.418 

Male 1.583 0.007 1.135 2.209 10.59 0.002 2.390 46.91 

Locations‡ 
        Gressier (S) 1.384 0.076 0.966 1.982 3.782 0.080 0.853 16.76 

Jacmel  (S) 0.849 0.479 0.540 1.335 omitted - - - 

Jacmel  (C) 0.567 0.093 0.292 1.100 omitted - - - 

Leogane (C) 0.907 0.756 0.491 1.677 1.607 0.536 0.357 7.228 

Enrollment Type        

School 1.400 0.161 0.875 2.240 1.326 0.713 0.294 5.975 

Clinic 0.714 0.161 0.446 1.143 0.754 0.713 0.167 3.399 

‡ adjusted for gender 
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 Figure 3-3. Histogram of G6PD activity (U/g Hgb) for the entire study 

population. The distribution of G6PD activity (U/g Hgb) appear with a normal 
distribution (orange dashed line) as well as two reference lines denoting 10% 
residual activity and 60% residual activity (red dashed lines), and a dotted 
blue line for 30% residual activity (risk of drug sensitivity). 
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 Figure 3-4. Histogram of G6PD activity (U/g Hgb) by gender. The distribution 
of G6PD activity (U/g Hgb) appears by gender with  two reference lines 
denoting 10% residual activity and 60% residual activity (red dashed lines), 
and dotted blue line for 30% residual activity (risk of drug sensitivity). 
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CHAPTER 4 
PERFOMANCE OF THE CARESTART G6PD RAPID DIAGNOSTIC TEST (RDT) IN 

GRESSIER, HAITI 

Chapter Summary 

Administering primaquine (PQ) to treat malaria patients with G6PD deficiency 

can pose a serious risk of drug-induced hemolysis (DIH). Thus, it is important to test 

patients for G6PD deficiency before administration of PQ.  However, current methods 

are labor intensive and expensive. New easy-to-use point-of-care rapid diagnostic tests 

(RDTs) are being developed as an alternative to these labor intensive 

spectrophotometric methods, but require field testing before the can be used at scale. 

To assess the specificity and sensitivity of a new rapid G6PD deficiency test, 456 

participants were screened in Gressier, Haiti, using the new AccessBio CareStart™ 

qualitative G6PD RDT compared against the lab based Trinity Biotech quantitative 

spectrophotometric assay, which has been used as a gold standard in similar studies. 

Findings suggest that the CareStart™ test was 90% sensitive for detecting individuals 

with severe deficiency and 84.8% sensitive for detecting individuals with moderate and 

severe deficiency when compared against the Trinity Biotech assay. A high negative 

predictive value of 98.2% indicates excellent performance in determining those able to 

take PQ safely. The CareStart™ G6PD test holds much value for screening malaria 

patients to determine eligibility for PQ therapy. 
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Background  

As mentioned in Chapter 3, G6PD deficiency and its’ association with PQ 

induced hemolysis, also called  primaquine sensitivity, poses a major obstacle for 

malaria control strategies that attempt to block malaria transmission by targeting 

gametocytes[59]. Affected individuals, many of whom are unaware of their G6PD 

activity, may suffer oxidative stress triggered by PQ leading to drug induced hemolysis 

(DIH), which can be fatal in severely deficient individuals[23, 61]. The ability to rapidly 

identify this deficiency has become more important in recent years, as malaria endemic 

countries around the world adopt PQ into their standard treatment regimen[18]. 

Concerns of G6PD deficient individuals developing DIH after treatment with PQ have 

also delayed the use of this antimalarial drug in many countries[70]. The determination 

of G6PD deficiency in patients is particularly relevant to the treatment of malaria in Haiti, 

due to the recent addition of single dose PQ to the national malaria treatment policy [18, 

50].   

As malaria transmission continues to occur in Haiti, with 25,423 confirmed cases 

and 161,236 suspected cases reported in 2012[1], this new policy could represent a 

major population level risk of drug induced hemolysis, given the likely similarities 

between G6PD rates in modern Haitians and their ancestral West Africans[50]. As 

described in Chapter 3, G6PD deficiency rates ranged from 14.9% to 24.7% of the 

population in a sample of 800 Haitians from the Ouest and Sud-Est Departments[71].  

The current quantitative standard for detecting G6PD activity levels is the 

spectrophotometric assay, which measures the enzymatic activity of G6PD. This test 

requires a consistent source of electricity, refrigeration for reagents and substrates, 

information on patient hemoglobin levels, a spectrophotometer to measure the change 
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of absorbance, and skilled personnel to perform the test, making it difficult to use in 

resource poor settings. To increase the ability to perform point-of-care assessment of 

G6PD activity, AccessBio has recently developed the CareStart™ G6PD qualitative 

rapid diagnostic test (RDT). The CareStart™ G6PD Deficiency Test is a qualitative test 

that uses a filter strip coated with reagents and substrates that changes color from white 

to purple in the presence of adequate G6PD concentrations. The manufacturer of the 

RDT stated that the test has at least a sensitivity of 95% for detecting Class I and II 

deficiency classified by the World Health Organization (WHO), diagnosing those most at 

risk of experiencing DIH upon treatment with PQ (available at 

http://www.accessbio.net/pr/down/Acessbio_Brochure_eng.pdf). To explore the 

feasibility of a less labor intensive diagnostic test, we examined the performance of the 

CareStart™ colorimetric test against the Trinity Biotech spectrophotometric assay, 

which has been used as a comparative standard for testing the performance of other 

G6PD qualitative tests[72, 73].   

  Methods and Materials 

Study Location, Informed Consent, and Sample Collection 

The validation of the RDT was conducted as part of a larger study (n=1007) in 

Ouest and Sud-Est departments of Haiti, which was described in Chapter 1.  A total of 

456 primary school children (267 females and 189 males) in Gressier, Haiti were tested 

using both methods during the month of May 2013.  After informed consent by parent or 

legal guardian was received, local health care providers collected approximately 3mL of 

blood by venipuncture. The collected blood samples were kept in BD Vacutainer™ 

EDTA-treated tubes until laboratory analysis of G6PD activity. Samples were screened 

with the AccessBio CareStart™ RDT and the Trinity Biotech quantitative assay at the 

http://www.accessbio.net/pr/down/Acessbio_Brochure_eng.pdf
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University of Florida field laboratory at constant temperature (25 °C) within 48 hours of 

collection.    

As described in Chapter 3, classification of G6PD activity was made using the 

World Health Organization recommendations of residual enzyme activity as a 

percentage of the mean G6PD activity[41]. Using a method similar to that previously 

described, the mean of this population was set using a subsample (n=168) of healthy, 

non-anemic participants that had G6PD activity levels greater than or equal to 4.6 U/g 

Hgb and hemoglobin concentrations greater than or equal to 12 g Hgb/dL. This gave a 

population mean of 9.5 U/g Hgb that was used to define the mild, moderate, and severe 

G6PD deficiency. They are as follows: (i) severe deficiency (Class I and II) with residual 

activity less than 10% of the mean ( less than 0.95 U/g Hgb), (ii) moderate deficiency 

(Class III) with residual activity between 10% and 30% of the mean (0.95 to 2.84 U/g 

Hgb), and (iii) mild deficiency (Class III) with residual activity between 30% and 60% of 

the mean (2.84 to 5.68 U/g Hgb). Individuals with moderate and severe G6PD activity 

levels (< 30% residual activity) are considered at risk for DIH[64]. The performance 

measures (sensitivity, specificity, negative predictive value, positive predictive value, 

and accuracy) of the AccessBio CareStart™  RDT were calculated (Stata® 12, 

StataCorp, College Station, Texas, USA), using the Trinity Biotech assay to determine 

‘true positive’ and ‘true negative’ test results.  

The CareStart Qualitative G6PD Deficiency RDT   

The CareStart™ G6PD Deficiency Test (Cat# G0223, AccessBio, Somerset, NJ, 

USA) was used according to manufacturer instructions. Briefly, two microliters (µL) of 

blood were pipetted from EDTA vacutainers and added to the sample wells using the 

pipet provided, followed by the addition of two drops of assay buffer supplied by the 
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manufacturer. All results were read within 10 minutes of administering the test 

according to manufacturer guidelines. The AccessBio CareStart™ RDT was performed 

prior to running the Trinity Biotech quantitative assay to blind the researchers from 

potential bias in interpreting the color change of the RDT.  (Figure 4-1).  

Trinity Biotech Quantitative G6PD Deficiency Assay  

The Trinity Biotech G6PD assay (kit no. 345B, Trinity Biotech, St. Louis, MO, 

USA) utilizes a spectrophotometric method to quantify G6PD enzyme activity by 

measuring the production of nicotinamide adenine dinucleotide phosphate (NADPH) in 

the presence of substrate glucose-6-phosphate (G6P) and G6PD. The enzyme activity 

was determined by measuring the change in absorbance at a wavelength (λ) of 340 nm 

after a five minute incubation period at a temperature of 25°C. Control blood samples 

with normal (No. G6888, Trinity Biotech, St. Louis, MO, USA) and deficient (No. G5888, 

Trinity Biotech, St. Louis, MO, USA) levels of G6PD enzyme activity were used as 

quality controls. The kit also requires that the activity be standardized to the amount of 

hemoglobin present, which was measured by a digital hemoglobin meter (HemoCue Hb 

201 plus, HemoCue Incorporated, Cypress, CA, USA). As per manufacturer 

recommendations, G6PD activity levels that were measured above 19.5 U/g Hgb were 

not included in this study. 

Quality Assurance 

To ensure accuracy and the high quality of the data the status of each RDTs 

results was interpreted by two separate researchers.  For any results where there was 

discordance between the researchers, sample measurements were repeated.  All 

samples were run within 48 hours of collection in the temperature controlled setting of 
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the University of Florida Haiti Lab.  All research materials were stored, shipped under 

conditions that ensured no deterioration in quality, and used appropriately. 

Statistical Analyses of RDT Performance 

The performance measures (sensitivity, specificity, negative predictive value, 

positive predictive value, and accuracy) of the AccessBio CareStart™  RDT were 

calculated (Stata12), using the Trinity Biotech assay to determine ‘true positive’ and 

‘true negative’ test results.  Sensitivity measures the tests ability to identify a condition 

correctly, while specificity measures the tests ability to exclude a condition correctly.   

Results 

The test results and the performance measures of the AccessBio RDT as 

compared to the spectrophotometric method to identify the presence of moderate to 

severe G6PD deficiency are included in the Table 4-1. Compared to the Trinity Biotech 

assay, the CareStart™ RDT was 90% sensitive and 87.4% specific for detecting 

individuals with severe deficiency (<10 % residual G6PD activity); with a predictive 

value of 99.7% for a negative RDT result. Similarly, the CareStart™ RDT was 84.8% 

sensitive and 93.7% specific for detecting individuals with moderate or severe 

deficiency (< 30% residual G6PD activity); with a predictive value of 98.2% for a 

negative RDT result. As illustrated in the Figure 4-2, the ability of the rapid test to 

correctly identify G6PD deficiency is highest when the G6PD activity is the lowest. The 

positive predictive values (13.8% and 60%) in this study are affected by the relatively 

low prevalence of severe (2.19%) and moderate or severe (10.09%) participants; 

however the negative predictive values remain robust across different G6PD activity 

levels due to the constantly high specificity. Gender did not significantly influence the 

performance of the CareStart™ test in both severe and moderately deficient individuals. 
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Ambiguous CareStart™ test results were conservatively called deficient, which would 

be the norm in a clinical setting, resulting in a decrease in specificity.  

Discussion 

The CareStart™ test was 90% sensitive in determining individuals with severe 

deficiency and 84.8% sensitive in determining individuals with moderate or severe 

deficiency. This test was also effective at detecting G6PD normal population members, 

with a negative predictive value of 98.2%. These findings indicate a highly sensitive test, 

which would prove quite valuable in mitigating risks associated with drug induced 

hemolysis in G6PD deficient individuals. Given the low costs of the CareStart™ test 

compared to other G6PD diagnostic tests, and its ability to be used for point of care 

testing with limited training required, screening malaria patients for G6PD deficiency at 

scale remains a feasible and practical strategy in Haiti. The cost per CareStart™ G6PD 

test was approximately $1.50 US compared with $2.14 US for the Trinity Biotech assay. 

Our data suggest that this rapid test is effective in identifying moderate to severe G6PD 

deficiency (less than 30% residual activity), who represent those most at risk of 

experiencing DIH resulting from PQ therapy. The high negative predictive value of 

98.2% for participants with severe and moderate G6PD activity translate into meaningful 

clinical information, where negative test results (purple color) are a strong indicator for 

normal G6PD enzyme levels. The low positive predictive values were a consequence of 

the prevalence of G6PD deficiency in this sample population and should not represent 

an impediment to the use of this RDT.  

Identified weaknesses in this study include the possibility of operator error due to 

the subjective nature of qualitative colorimetric results (similarity of dark red and purple 

colors), and a reduction in test performance in determining Class III G6PD deficiency. 
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Since G6PD enzyme concentrations in patients with mild deficiency are sufficient to 

generate a purple color change (negative result), this test is unable to accurately 

determine mild forms of G6PD deficiency, as noted in a similar study conducted in 

Cambodia[24]. Additionally, the magnitude of DIH in mild G6PD deficient individuals 

compared to severely G6PD deficient individuals, post treatment with PQ, has yet to be 

clearly quantified, and warrants further investigation before acceptable risk thresholds 

can be established.  Using alternative antimalarial drugs to treat patients with 

ambiguous test results has little impact on their clinical management and represents a 

viable strategy to further decrease the risk of DIH. The development of a quantitative or 

semi-quantitative rapid test would be helpful to avoid misinterpretation of G6PD RDT 

results.   

Limitations 

This study used the Trinity Biotech quantitative assay as a comparative assay to 

determine “true positives” and “true negatives”, and while this is the standard method to 

determine G6PD activity levels, it is still subject to error. Our small sample size of 

severely G6PD deficient samples represents an additional limitation, as a single false 

positive drastically reduced test sensitivity for Class I and II G6PD deficiency.   Because 

only blood collected from venipuncture was used in this study, we were unable to 

compare the performance of the rapid test with blood from a sterile finger prick. 

Although we believe that blood obtained by venipuncture and finger prick would have 

similar G6PD enzyme concentrations and hence, test performance, we were unable to 

evaluate the differences between the two sampling techniques.  
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Chapter Conclusions 

The results from this study suggest that the CareStart™ G6PD RDT is highly 

specific and effective at determining population members with normal levels of G6PD 

activity. The CareStart™ G6PD test is an attractive tool for point-of-care G6PD 

deficiency testing given that it is relatively inexpensive and requires significantly less 

time and training to implement than other methods. In countries that have adopted PQ 

into their malaria treatment guidelines, this test could be used before treatment of 

malaria patients, which would allow clinicians to administer PQ while substantially 

reducing the risk of adverse treatment outcomes in G6PD-deficient patients. Findings 

suggest the CareStart™ G6PD RDT represents a practical option for the identification of 

G6PD deficient individuals in Haiti and should be incorporated into current malaria 

elimination strategies that use PQ.  
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Figure 4-1.  AccessBio CareStart™ G6PD rapid test results. The test on the left is 

deficient, the test on the right with purple stains is normal. 
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Table 4-1. Performance measures and test results of the G6PD RDT compared to the 
spectrophotometric method. Test performance measures are based on the 
ability to detect severe (less than 10% residual G6PD activity) and moderate 
to severe (less than 30% residual G6PD activity) deficiency in study 
participants, when compared to the spectrophotometric method. 

Severe  G6PD deficiency Performance measures (%) 

  Trinity (+) Trinity (-) Total Sensitivity 90.0 

RDT (+) 9 56 65 Specificity 87.4 

RDT (-) 1 390 391 Accuracy 87.5 

Total 10 446 456 Positive predictive value 13.8 

Prevalence of deficiency (%) 2.19 Negative predictive value 99.7 

        Moderate and severe G6PD deficiency Performance measures (%) 

  Trinity (+) Trinity (-) Total Sensitivity 84.8 

RDT (+) 39 26 65 Specificity 93.7 

RDT (-) 7 384 391 Accuracy 92.8 

Total 46 410 456 Positive predictive value 60.0 

Prevalence of deficiency (%) 10.09 Negative predictive value 98.2 
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Figure 4-2. Performance of the CareStart™ G6PD RDT compared to the 

spectrophotometric method at G6PD activity levels from ≤0.5 to ≥ 5.6 U/g 
Hgb. The sensitivity, specificity, as well as the positive and negative predictive 
values of the CareStart™ G6PD RDT to classify severe, moderate, or mildly 
deficient individuals from the sample population is presented with respect to 
the G6PD activity level (U/g Hgb) measured by the spectrophotometric assay. 
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CHAPTER 5 
AGE-SPECIFIC MALARIA SERO-CONVERSION RATES: AN ANALYSIS OF MALARIA 

TRANSMISSION IN THE OUEST AND SUD-EST DEPARTMENTS OF HAITI 

Chapter Summary 

At low prevalence levels, passive surveillance measures become less 

appropriate for capturing malaria transmission intensity.  To improve understanding of 

malaria transmission in Haiti, participants from the Ouest and Sud-Est departments 

were screened using a highly sensitive enzyme-linked immunosorbant assay (ELISA).  

Between February and May 2013, samples were collected from four different enrollment 

sites including a rural community, two schools, and a clinic located in the Ouest and 

Sud-Est departments of Haiti. A total of 815 serum samples were screened for malaria 

antibodies using an indirect ELISA coated with vaccine candidates apical membrane 

antigen (AMA-1) and merozoite surface protein-1 (MSP-119).  The classification of 

previous exposure was established by using a threshold value that fell three standard 

deviations above the mean absorbance for suspected seronegative population 

members (OD of 0.32 and 0.26 for AMA-1 and MSP-1, respectively).  The observed 

seroprevalence values were used to fit a modified reverse catalytic model to yield 

estimates of seroconversion rates. Of the samples screened, 172 of 815 (21.1%) were 

AMA-1 positive, 179 of 759 (23.6%) were MSP-119 positive, and 247 of 815 (30.3%) 

were positive for either AMA-1 or MSP-1; indicating rates of previous infections between 

21.1% and 30.3%.  Not surprisingly, age was highly associated with the likelihood of 

previous infection (p-value <0.001).  After stratification by age, the estimated 

seroconversion rate indicated that the annual malaria transmission in the Ouest and 
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Sud-Est department is approximately 2.5% (95% CI SCR: 2.2%, 2.8%).  Our findings 

suggest that despite the absence of sustained malaria control efforts in Haiti, 

transmission has remained relatively low over multiple decades.  These findings provide 

valuable information on malaria epidemiology, which can be used to make a case for 

the elimination of malaria in Haiti  

Background 

 Over the past decade there has been a renewed interest in eliminating malaria 

from the island of Hispaniola, with a bi-national strategy recently adopted between the 

Dominican Republic and Haiti to eliminate malaria by 2020[4].  As Haiti progresses 

towards elimination, obtaining valid measurements of malaria transmission will be 

crucial to monitoring the impact of control efforts adopted to achieve this goal[74].   

 In low transmission settings, passive malaria surveillance measures become less 

sensitive at capturing transmission intensity.   To address this, serological markers have 

been used in other low transmission settings, allowing researchers to estimate 

seroconversion rates (SCR) by modelling the age specific seroprevalence [75-81].  

Recently a study by Arnold et al. examined cross-sectional and longitudinal data from 

1991-1998 using merozoite surface protein-119(MSP-1), and found the SCR to be 

roughly 2.3% in Leogane, which is located in the Ouest department of Haiti[81].  

Estimating malaria transmission by measuring long-lasting antibody responses 

generated from previous malaria infections also allows the investigation of long-term 

trends without the estimated seroconversion rates being skewed by seasonal 

transmission[79].   

  The purpose of this study was to provide information on current trends in malaria 

transmission in the Ouest and Sud-Est departments of Haiti. The data obtained will be 
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used to address gaps in malaria surveillance, while providing policy makers baseline 

information that can help make a case for future elimination prospects in Haiti.  

Methods 

Study Location & Enrollment 

 The samples analyzed in this study were collected from four enrollment sites 

located in the Ouest and Sud-Est department of Haiti in the communes of Gressier and 

Jacmel, between February and May 2013.  A map of Haiti including the enrollment 

locations, study communes, and departments is presented in Figure 5-1.  Enrollment 

was based on sampling from both clinical and non-clinical settings, as part of a larger 

study described in Chapter 1[71].  Samples were collected from four different enrollment 

sites including a rural community, two schools, and a clinic located in the Ouest and 

Sud-Est departments of Haiti. Healthy children were enrolled from the Christianville 

School in Gressier and from the Hosana Baptist School in Jacmel.  Patients and healthy 

family members attending Portail Leogane Clinic in Jacmel were enrolled on a voluntary 

basis. Individuals from Chabin were enrolled from community members seeking general 

health services at a mobile clinic. Participants at each location were given opportunities 

to ask our enrolling physicians questions during information sessions prior to consent. 

After obtaining consent from participants or their guardian, local clinicians collected 

approximately 3 mL of blood by venipuncture into serum separation tubes from 

participants, which were centrifuged immediately at 6000 RPM for 2 minutes after 

collection was complete. All serum samples were stored at -80°C in the University of 

Florida field laboratory in Gressier, until shipment to the Emerging Pathogens Institute, 

in Gainesville, FL, for analysis and storage.  Serum samples were collected from a total 

of 823 participants between the ages of 2 and 80. Malaria infected participants (5/823), 
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determined via rapid diagnostic test (RDT) were excluded from analysis, to reduce the 

influence clinical enrollment has on seroprevalence rates.  Participants missing age 

data (3/823) were also excluded, resulting in a final sample size of 815 (483 females 

and 332 males).  Of the 815 samples analyzed, all were screened for previous exposure 

using the antigen AMA-1, but only 759/815 samples were screened using the MSP-1, 

due to limited amounts of serum from some participants. The characteristics of the 

resulting study population are presented in Table 5-1. 

ELISA Protocols and Procedures 

 Serum samples were screened for antibodies against AMA-1 and MSP-119 using 

an indirect enzyme-linked immunosorbant assay (ELISA). Serum samples of subjects 

were diluted in 5% non-fat skin milk in phosphate buffered saline (NFSM-PBS).  ELISA 

plates were coated in duplicate with the respective antigen diluted in 5% NFSM-PBS to 

a final concentration of 1 µL/mL for AMA-1 and 0.5 µL/mL for MSP-1, before overnight 

incubation at 4°C.  The next day, antigen was removed and plates were washed 5 times 

with 0.05% tween-20 in PBS-K and then blocked for 1 hour with 5% NFSM-PBS to 

reduce non-selective binding. Following additional wash, diluted serum samples as well 

as positive and negative control sera were plated in duplicate and incubated for 2 hours 

at 4° C. Horseradish peroxidase conjugated rabbit anti-human IgG secondary antibody 

was diluted 1:1000 in 5% NFSM-PBS and added to the plate. After one hour, plates 

were washed 7 times and treated with 3,3', 5,5’-Tetramethylbenzidine (TMB) substrate 

solution in the dark for 20 minutes to allow sufficient color development and stopped 

with 2M sulfuric acid. 
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Determination of Seropositive and Seronegative Population Members 

After measurement of the samples in duplicate, the average absorbance at 450 

nm was used to determine the thresholds for the classification of a sample as 

seropositive or seronegative. Given the low incidence and relatively large sample size 

for each antigen (n=815 or 759), the seronegative population responses for AMA-1 and 

MSP-1 should follow a normal distribution function with sample mean  ̂ and sample 

standard deviation  ̂ . This behavior is presented in Figure 5-2, where the suspected 

seronegative populations approximated normal distributions with  ̂              and 

 ̂              for AMA-1 and MSP-1 respectively. Thresholds for positive AMA-1 and 

MSP-1 responses were classified by the addition of three, four, and five sample 

standard deviations to the sample mean, such that   99.7% of seronegative population 

members would not be classified as seropositive.  The resulting thresholds using three, 

four, and five, sample deviations for AMA-1 were 0.319, 0.362, 0.405 and 0.260, 0.30, 

0.340 for MSP-1.  Responses above three standard deviations of the mean suspected 

average were considered seropositive, given the minimal impact using more 

conservative thresholds had on the estimated prevalence. 

Estimation of Sero-Conversion Rates from Cross-Sectional Data 

 The observed cross-sectional seroprevalence was used to estimate the 

seroconversion rate using a method similar to those previously described [75, 82].  

Briefly, an age specific seroconversion model was fit to the prevalence of AMA-1, MSP-

1, and AMA-1 or MSP-1 seropositive population members using all participants (aged 2 

to 80) and separately for participants less than 20 years of age to estimate the rate of 

seroconversion (λ). Since the AMA-1 and MSP-1 responses are long-lasting and the 

estimation of reversion rates has been suggested to be unreliable with cross-sectional 
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data, a reversion rate (ρ) of zero was used for the final analysis [76], however non zero 

reversion rates were also explored.  Without seroreversion, the probability of infection 

(prevalence) at age   was modeled using the equation  ( )        (    ) .  When 

seroreversion was included in the model, the probability at age   was modeled using the 

equation  ( )    (   )      ( (   ) ) . The functions were optimized (using R) 

to give estimated seroconversion/reversion rates  ̂ and  ̂ , as well as their standard 

errors for the calculation of 95% confidence intervals for  ̂ and  ̂. 

Results 

Estimation of Seroprevalence Using AMA and MSP 

  Using the average absorbance from each serum sample and a threshold of 

three standard deviations from the sample mean to indicate the presence of AMA-1 or 

MSP-1 antibodies, 172 of 815 (21.1%) had the presence of AMA-1 antibodies, 179 of 

759 (23.6%) had the presence of MSP-1 antibodies, and 247 of 815 (30.3%) had the 

presence of either AMA-1 or MSP-1 antibodies. Using thresholds from three to five 

standard deviations gave similar estimates of seroprevalence that ranged from 16.3% to 

21.1% for AMA-1, 17.4% to 23.6% for MSP-1 and 24.0 % to 30.3 % for either AMA-1 or 

MSP-1. The seroprevalence by age group (ranging from 2 to 80 years) is presented in 

Table 5-2 and Figure 5-3.   

 As expected, the prevalence of seropositive participants increases with 

participant age. The prevalence of previous infections determine by AMA-1 response 

was not significantly different (p value > 0.05)  between age classes under 20 years of 

age.  However compared to participants younger than 20 years of age, the likelihood of 

previous infection in those over 20 years of age was 6.0 times higher (95% CI OR 4.03, 
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8.99).  For MSP-1 responses, differences in prevalence compared to the youngest age 

class were significant (p value = 0.023) beginning at the third age class (9 to 13 years of 

age), with those over 20 years of age having 3.7 times the likelihood of previous 

infection (95% CI OR 2.48, 5.53). Of participants who were tested with both AMA-1 and 

MSP-1 (n=759), 104 were classified as seropositive using both antigens (13.7%), 75 

were MSP-1 positive and AMA-1 negative (9.9%), 57 were AMA-1 positive and MSP-1 

negative (7.5%), and 523 were negative for both AMA-1 and MSP-1 (68.9%).  The 

distribution of positive ELISA responses for AMA-1 or MSP-1 antigens appears 

graphically in Figure 5-4, with regions I, II, III, and IV representing the average 

absorbance value for the response to the AMA-1 and MSP-1 antigens for samples with 

AMA-1(+)/MSP-1(+) results, AMA-1(-)/MSP-1 (+) results, AMA-1(+)/MSP-1(-) results, 

and AMA-1 (-)/MSP-1(-) results, respectively. 

Estimation of Sero-Conversion Rates for AMA and MSP 

 The prevalence and the estimated probability of previous infection as determined 

by AMA-1 and MSP-1 antigen response are presented in Figure 5-5 for the entire study 

population (2 to 80 years) and those less than 20 years of age. The estimated SCR for 

AMA-1 (top panel) from the entire study population was 0.016 (95% CI  ̂ 0.013, 0.018) 

and 0.014 (95% CI  ̂ 0.012, 0.017) when fit to data from participants 20 years or 

younger. For MSP-1 (middle panel), the estimated SCR from the entire study population 

was 0.018 (95% CI  ̂ 0.016, 0.021) and 0.019 (95% CI  ̂ 0.015, 0.022) for participants 

20 years or younger. Using AMA-1 or MSP-1 to define seropositive participants (bottom 

panel), the estimated SCR from the entire study population was 0.025 (95% CI  ̂ 0.022, 

0.028) and 0.026 (95% CI  ̂ 0.022, 0.302) for participants 20 years or younger. When a 
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non-zero seroreversion rate was used to model the seroprevalence data from all 

participants aged 2 to 80 years of age (data not shown), the following conversion and 

reversion rates were derived: 0.014 (95% CI  ̂ 0.011, 0.017) and -0.006 (95% CI  ̂ -

0.016, 0.003) for AMA-1 responses, 0.0204 (95% CI  ̂ 0.016, 0.025) and 0.008 (95% CI 

 ̂ -0.005, 0.022) for MSP-1 responses, and 0.0273 (95% CI  ̂ 0.022, 0.032) and 0.007 

(95% CI  ̂ -0.003, 0.018) for either an AMA-1 or MSP-1 response. 

Discussion  

 Findings suggest that these locations have experienced a relatively low and 

constant state of P. falciparum transmission, given the stable increase in 

seroprevalence by age observed in this study. In samples that had positive responses 

to either AMA-1 or MSP-1, the estimated SCR of 2.5% (95% CI  ̂ 2.2%, 2.8%) from this 

study is slightly higher than the <1% prevalence rate estimate by PSI in 2012 [20].  

However, when the seroconversion rates were determined individually from a positive 

AMA-1 or MSP-1 response, the estimated SCR decreased to 1.6% (95% CI  ̂ 1.3%, 

1.8%) and 1.8% (95% CI  ̂ 1.6%, 2.1%) for AMA-1 and MSP-1, respectively. The 

differences in SCR estimates could be a result in variation in individual antibody 

responses, as suggested by Figure 5-4, where some seropositive respondents have 

strong responses to only a single antigen (regions II and III). Trends were also observed 

in the antibody responses after stratification for age, which could indicate that the 

duration of AMA-1 and MSP-1 antibody titers are different, as previously suggested [83].  

In Figure 5-3, in 4 out of 5 age groups below 20 years of age the seroprevalence of 

MSP-1 was higher than the seroprevalence of AMA-1, whereas 2 of 3 of the age groups 

above 20 show higher seroprevalence of AMA-1 compared to MSP-1. However, in this 
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sample the likelihood of participants having a strong AMA-1 response ( > 0.5 AU) and a 

MSP-1 response below the threshold (Figure 5-4, region III) was not significantly 

different by age (p > 0.1) 

 The inclusion of a seroreversion rate in the model also slightly increased the 

estimated seroconversion rates. Due to the cross-sectional nature of this study and the 

long duration of antibody detection for AMA-1 and MSP-1, we felt it was appropriate to 

set the seroreversion rate to zero.  When seroreversion was included in the model, we 

found the seroreversion rates to be -0.006 (95% CI  ̂ -0.016, 0.003) and 0.008 (95% CI 

 ̂ -0.005, 0.022) for AMA-1 and MSP-1 respectively.  Since both of the confidence 

intervals for the seroreversion rates include zero and the inclusion of a seroreversion 

rate in the model had little effect on the estimates of seroconversion, we feel the a priori 

exclusion of a seroreversion rate from the final model was justified.  When comparing 

the estimated seroconversion rates from study participants under 20 years of age, the 

continuity in the age-specific seroprevalence curve could indicate that over multiple 

decades, a relatively constant state of low malaria transmission has occurred in these 

areas, even in the absence of sustained malaria control efforts.             

Limitations 

 One of the primary limitations of this study was that serum samples were 

collected using samples collected from only three sites, which limited our ability to infer 

how this sample population represents Haiti as a whole.  Findings may have been 

skewed by potentially enrolling participants from clinics (n=203), however, we felt this 

potential sampling bias was adequately addressed by excluding all malaria RDT 

positive individuals (5/815) from final analysis, nor was method of enrollment a 

significant risk factor for likelihood of previous exposure, after adjusting for age. This 
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study also only screened for previous exposure to P. falciparum, although the likelihood 

of finding other species or mixed infections remains low, given recent reports, and the 

presence of host protective factors [1, 84].  As with other ELISA protocols, setting a 

threshold for the classification of a sample as seropositive is subject to interpretation.  

To validate the method used in this study, thresholds using absorbance values of four 

and five standard deviations above the suspected seronegative population mean were 

also evaluated and fell within the calculated confidence intervals for seroprevalence and 

SCR using only three standard deviations.  Moreover, we felt it was more appropriate to 

use a normal distribution of suspected negatives from the native population than 

aggregate data from negative control serum provided by the manufacturer or from 

controls derived from other populations with no travel history to malaria endemic 

countries.   

Chapter Conclusions 

 As reported cases of malaria in the Dominican Republic have reached a 15 year 

low of 952 cases, malaria continues to be a major public health concern in Haiti, with 

over 160,000 suspected cases in 2012. Currently there are seven countries from the 

region of the Americas that have entered the “pre-elimination” phase; Argentina, Belize, 

Costa Rica, Ecuador, El Salvador, Mexico, and Paraguay, with the Dominican Republic, 

on track to achieve a 50% decrease in malaria incidence by 2015.  Noticeably absent 

from this WHO list of countries is Haiti due to “insufficiently consistent data to assess 

trends” [1].  Findings from this study further support the notion of sustained low level 

transmission in Haiti[81], while demonstrating a relatively simple technique that could be 

used to determine malaria transmission elsewhere in Haiti.  This data suggests that any 

efforts to advance malaria control locally have not had much impact over the five 
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decades, yet neither have the past political upheavals or natural disasters from recent 

decades resulted in major malaria epidemics.  Investigating the vector competency of A. 

albimanus mosquito, may better explain this phenomenon, of stable low transmission.     

 Future studies should expand seroprevalence methodologies to other 

departments so country-wide trends can be estimated.  Until Haiti can adequately 

address malaria transmission, imported cases from Haiti to the Dominican Republic will 

likely continue to occur, making malaria surveillance a key component to achieving 

sustainable elimination for the island of Hispaniola. 

 In an effort to meet the island wide goal of malaria elimination by 2020, the 

gametocidal drug primaquine (PQ), was added to the malaria national treatment policy 

for Haiti in 2010[50].  This treatment policy change places Haiti in a unique position to 

monitor and quantify the impact single dose 0.75 mg/kg PQ administration has on P. 

falciparum transmission, which could hold valuable information on PQ tolerance and 

malaria elimination strategies abroad.  Further research examining barriers to access, 

protective host characteristics, the extent of heterogeneous malaria transmission in 

other departments, and vector proficiency would enhance elimination models in Haiti.  

Elimination in Haiti appears to be feasible; however, surveillance must continue to be 

strengthened in order to respond to areas with high transmission foci and measure the 

impact of future interventions.   
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Figure 5-1. Seroprevalence study area in the Ouest and Sud-Est departments of Haiti. 

The four study enrollment sites located inside the Ouest and Sud-Est 
Departments of Haiti in the communes of Gressier and Jacmel. Participants 
were enrolled from Christianville School in Gressier and from Hosana Baptist 
School and Portail Leogane Clinic, and the rural community of Chabin in 
Jacmel.  Along with an inset of the entire country of Haiti, the enrollment sites 
(red circles) appear relative to the study commune (yellow), the national 
capital (star) and national highway systems (pink lines). 
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Table 5-1. Study population characteristics by site of enrollment. The total number of 
total samples, average age in years, percentage of male participants, and the 
number of participants who were screened using an ELISA with AMA, MSP, 
or either AMA or MSP antigens are listed by study enrollment site. (S) 
denotes participants enrolled from schools, (C) represents participants 
enrolled from clinics. 

. Demographic factors Participants given ELISA 

Site of enrollment Size Age Gender AMA MSP Combined 

 
(N) Years % Male No. tests No. tests No. tests 

Christianville (S) 510 12.2 41.4 510 461 510 

Hosana Baptist (S) 102 8.29 52 102 102 102 

Portail Leogane Clinic (C) 72 28.9 29.2 72 72 72 

Chabin community (C) 131 29.8 35.9 131 124 131 

Total 815 16.1 40.7 815 759 815 
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Figure 5-2. Distribution of ELISA responses in absorbance units (λ=450nm). The 

distribution of ELISA responses from the study participants in absorbance 
units (at 450 nm) appear for AMA-1 and MSP-1 on the left and right panels of 
Figure 5- 2, respectively. The upper panels show the histograms of the 
suspected seronegative ELISA results overlaid with a normal distribution 
function. The sample mean (thick black line) and sample standard deviation 
of these functions were used to determine minimum absorbance values 
(thresholds) for the classification of a sample as seropositive using the 
sample mean for the suspected negative population members plus three to 
five sample standard deviations (gold, orange, and red dashed lines).   
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Table 5-2. Number and prevalence of seropositive participants by age class. The 
number of total samples, positive results, and prevalence for each age class 
appear for participants with positive ELISA results toward AMA-1, MSP-1, or 
either AMA-1 or MSP-1 antigens. 

Age  AMA-1 MSP-1 Combined 

(years) n No. Pos. % Pos. n No. Pos. % Pos. n No. Pos. % Pos. 

2 to 5 61 4 6.6 61 5 8.2 61 6 9.8 

6 to 9 190 26 13.7 189 15 7.9 190 35 18.4 

9 to 13 216 33 15.3 193 42 21.8 216 58 26.9 

14 to 17 154 25 16.2 129 36 27.9 154 46 29.9 

18 to 20 63 16 25.4 60 22 36.7 63 29 46.0 

21 to 29 40 14 35.0 40 15 37.5 40 15 37.5 

30 to 49 50 26 52.0 48 23 47.9 50 30 60.0 

over 50 41 28 68.3 39 21 53.8 41 28 68.3 

Total 815 172 21.1 759 179 23.6 815 247 30.3 
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Figure 5-3. Seroprevalence  by age class for participants ranging in age from 2 to 80 for 

AMA and MSP antibodies. The prevalence of samples that had an response 
to the AMA or MSP antigens are presented by age class for those classified 
as being seropositive with  AMA (white), MSP (charcoal), or either (black 
dotted) antibodies. 
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Figure 5-4. Comparison of samples with positive AMA-1 or MSP-1 responses. The 

scatterplot of AMA-1 and MSP-1 responses (average absorbance at 450 nm) 
is shown along with the reference lines denoting  positive AMA-1 or MSP-1 
responses (dotted lines) using the threshold absorbance values for previous 
infection of 0.319 and 0.260 absorbance units, respectively. Samples were 
positive for AMA-1 and MSP-1 (region I), MSP-1 positive and AMA-1 negative 
(region II), AMA-1 positive and MSP-1 negative (region III), or negative for 
both AMA-1 and MSP-1 (region IV). For clarity, samples with an absorbance 
value above 1.8 AU are shown as having a maximum value of 1.8 AU and 
those with no positive response to either antigen (region IV) are not shown. 
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Figure 5-5 Seroprevalence estimates for the presence of AMA-1 or MSP-1 antibodies 
by age class for children and adults and for the entire study population. The 
actual seroprevalence for AMA-1 and MSP-1 antibodies (circles) appear by 
age class along with the probability of infection in each age class for AMA-1 
and MSP-1 (black lines) and the respective 95% confidence limits (dotted 

lines), derived from the model estimated seroconversion rate ( ). The top, 
middle, and lower panels show the incremental increases in seroprevalence 
for AMA-1, MSP-1, and either AMA-1 or MSP-1 with age, respectively.  The 
left panels show the model fits using data from participants less than 5 years 
to 20 years of age, while the right panels show the model fits using the entire 
data set including participants from 2 to 80 years. 
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CHAPTER 6 
GENERAL DISCUSSION AND CONCLUSIONS 

Summary of Findings 

As Haiti continues to progress towards malaria elimination, findings from this 

dissertation offer valuable information on the prevalence of G6PD deficiency, the utility 

of a possible G6PD RDT, and transmission rates based on a malaria seroprevalence 

model. It is the goal of this research to inform policy makers about the relative risks and 

benefits of PQ administration and G6PD deficiency and to provide information on 

transmission dynamics, contributing to the overall malaria elimination efforts taking 

place in Haiti. 

Despite the continued use of CQ as part of Haiti’s malaria treatment policy since 

1955, there is no evidence of widespread CQ resistance.  The few drug resistance 

studies that have been implemented in Haiti were limited by small sample sizes [47, 52]. 

. The addition of PQ to Haiti’s treatment policy should reduce transmission rates and 

slow the spread of drug resistant parasites[85].  

 This policy, while sound in theory, is not without controversy, because of 

concerns regarding PQ induced hemolysis in G6PD deficient individuals, which was 

found in 22.8% (range 14.9%-24.7%) of our sample population. According to the World 

Malaria Report 2013, there is no plan to adopt G6PD deficiency screening into current 

malaria diagnostic guidelines in Haiti, but instead, the WHO has suggested the dosage 

of PQ be lowered from 0.75mg/kg 0.25 mg/kg in Haiti’s official treatment policy[1].  The 

extent this drop in dosage influences drug efficacy is still being explored elsewhere as 

indicated by the Eziefula et al. study, which reported a single dose of 0.4 mg/kg had 

similar gametocyte clearance as a dose of 0.75 mg/kg[62].  While these results are 
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promising, a key issue with the study design is that it provides no information on PQ 

tolerance in G6PD deficient individuals.    It is important for Haitian policymakers to 

consider incorporating G6PD deficiency screening prior to PQ administration in malaria 

infected patients, given the high prevalence observed of G6PD deficiency reported in 

Chapter 3.  However, it will be necessary to strengthen the overall capacity of health 

centers in Haiti to implement G6PD screening, which in turn should increasing the ability 

of health care workers to follow and monitor patients for adverse events associated with 

PQ.  

The CareStart™ G6PD deficiency RDT represents a sensitive tool that could be 

used in tandem with malaria diagnostics tests.  At a market cost of approximately $1.50 

US per test, policy makers should consider the feasibility and cost benefit of adopting 

this RDT, into current malaria management strategies.  This may facilitate the adoption 

of PQ into practice as physicians are otherwise hesitant to administer PQ to patients 

with unknown G6PD status.    

To meet their 2020 elimination goal, policy makers and clinicians in Haiti will 

likely have to use PQ to reduce malaria transmission. Distributing bed-nets may not be 

as effective at preventing malaria transmitted by A. albimanus, which prefers feeding at 

dusk and dark outside of homes[16], nor is there an established vector control branch in 

Haiti that could be used to reduce mosquito populations.. Findings from the 

seroprevalence study confirm that malaria transmission is hypoendemic in this setting 

and that Haiti[81] may in fact be close to the “pre-elimination” phase.  Transmission has 

remained low in Haiti, despite an absence of control programs, indicating that additional 

variables may be at play in this setting, including host genetic factors[86, 87] and vector 
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competency[88].   An SCR of 2.5% (95% CI  ̂ 2.2%, 2.8%) presents similar findings to 

the Arnold et al study, which estimated that the SCR was 2.3% in the Ouest 

Department[81].  If this rate were applied to the entire country, the annual prevalence 

would be 250,000 cases (220,000-280,000), which is 90,000 cases higher than the 

160,000 suspected cases reported in 2013[1].  However, this is likely an overestimation 

of prevalence given the heterogeneous transmission rates observed in other malaria 

studies in Haiti [4, 17, 21, 22], hence the need for expanded serological studies across 

multiple departments. Taken together, the chapters of this dissertation can be used to 

inform decision makers about current treatment policies and the risks associated 

between G6PD deficiency and PQ administration, while providing valuable baseline 

data on malaria transmission in Haiti.   

Future Research  

Moving forward, malaria research in Haiti should focus on elimination strategies. 

Pharmacovigilance, which ensures proper drug quality, distribution, and use, is currently 

neglected in Haiti, especially in the context of discord between treatment policy and 

practice.  While PQ may be the official national treatment policy in writing, the extent at 

which it has been adapted in health facilities around Haiti is unknown.  There is a need 

for information regarding the tolerance of single dose PQ in G6PD deficient individuals, 

which will help determine the capacity PQ should be used in Haiti.  If research suggests 

that the risk of PQ induced hemolysis is minimal, mass drug administration may become 

a viable tactic to eliminate malaria in Haiti, which could be carried out in spite of 

weaknesses in current surveillance systems and in the absence of vector control 

programs.  Malaria drug distributions could be linked to the current lymphatic Filariasis 
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program, where at least a single dose of albendazole and diethylcarbamazine was 

administered to roughly 71% of the population in 2012[89].  Using the serological 

methods described in Chapter 5, transmission rates could be measured at a minimal 

cost elsewhere on the island, which could be used to determine the magnitude of 

current interventions.  If monitored correctly, the impact single dose PQ has on malaria 

rates in Haiti could potentially provide a template for elimination in other malaria 

endemic settings globally. However, many gaps in our knowledge need to be addressed 

before an MDA strategy could be implemented with confidence.  In the meantime, a 

major push from both internal and external stakeholders is needed, if Haiti aims to meet 

current 2020 elimination benchmarks.  
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