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The Role of Research
Julie Jacobson

Abstract

Based on multiple global and regional programs that have attempted to eliminate or 
eradicate disease, this chapter reviews what has been learned to date, identifi es gaps in 
knowledge, and highlights opportunities for learning and debate. The central and im-
portant role of research has clearly been demonstrated in historical attempts to eliminate 
or eradicate, and lack of research has been linked to program setbacks and failure. Re-
curring themes in research needs of eradication or elimination initiatives are identifi ed 
and an approach is proposed to defi ne, articulate, and meet these needs.

In addition to complete surveillance and rigorous administration, the International 
Task Force for Disease Eradication has identifi ed operational research as a key element 
for the success of an eradication or elimination program, because “the standard of suc-
cess in an eradication program is unambiguous and uncompromising” (CDC 1993b:3). 
Research needs to be both proactive and reactive; it must focus on the key areas where 
a program can fail and build on strong monitoring and evaluation—always looking with 
a critical mind toward additional work that needs to be done. Finally, it requires innova-
tive problem solving from the bottom up as well as top down.

Introduction

Humankind is developing rapidly, achieving things that could not be imagined 
in the last century. This progress has changed our planet, leaving us with a 
wealth of experience and knowledge as well as new challenges. As our world 
becomes increasingly connected, awareness of diseases and how they affect 
the human population has increased. This has led to ambitious goals of elimi-
nating select pathogens that have plagued humankind, limiting our health as a 
species and causing great suffering.

Our fi rst successful eradication effort with smallpox resulted in many new 
targets being set. The list of diseases and conditions with targets for elimina-
tion or eradication is extensive and diverse. Defi nitions of what elimination 
and eradication actually mean for different disease states are a point of confu-
sion. Regardless, many crucial lessons have been gleaned from the challenges 
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that were faced and should be applied to the research needed to improve pro-
grams, so as to increase the likelihood of success with these ventures.

Research and information needs change as programs develop and mature 
over time. The key to the speed of this development and adaptation is related 
to the research conducted in support of the program or agenda. Data is used to 
set the initial targets and strategy; new data is then used to modify the program 
as issues and barriers to success arise. Only through effective  monitoring and 
 evaluation can we identify these issues and establish appropriate research to 
overcome the problems. Prior to the initiation of a program, patterns can be 
seen in the issues that have impeded past programs, and these patterns can be 
used to establish a proactive research agenda in support of activities and strate-
gies. Other setbacks attributable to unexpected events require a more reactive 
response and innovative approaches to overcome them.

Barriers to  Success: Learning from Failures

In striving to eliminate disease, our history of failure and setbacks is rich. All 
of the elimination and eradication programs to date have yielded great suc-
cesses as well as lessons learned throughout the process; however, signifi cant 
lessons exist in the ultimate reasons for failure. Patterns quickly emerge and 
are important to use when the research needs of an elimination or eradication 
program are defi ned (Table 6.1). The primary reasons for  failure include (CDC 
1993a; Henderson 1998):

1. lack of understanding of the transmission of the targeted disease,
2. ineffective or incomplete treatments that do not eliminate transmission,
3. development of resistance to interventions,
4. insuffi cient  diagnostic tools,
5. lack of understanding of the diverse infl uences on  transmission in dif-

ferent settings.

As we attempt to do something that has never before been accomplished, it is 
only natural that we will confront unforeseen challenges. However, by proac-
tively looking for these challenges, we can anticipate setbacks and develop the 
necessary tools and strategies to overcome initial programmatic limitations. 
Essentially, in an elimination or eradication program, we must confront the 
extremes at the far ends of the bell curve, for this is where the ultimate suc-
cess of a program lies. In refl ecting on the progressive success of  guinea worm 
eradication, Don Hopkins (pers. comm.), who has  championed its eradication, 
states: “Don’t leave the hard places for last; get in there early, because they will 
take the longest” and potentially teach you the most.
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When Theory Meets Data: Changing Targets and Program Goals

Ideally, initial program targets are based on the best data available at the time 
an elimination or eradication program is established. Through program moni-
toring, the data informing these decisions will increase over time. Multiple 
examples, from almost every program, demonstrate that the data set at the 
beginning does not resemble the data at the end.

In 2000, the target was set to eliminate  lymphatic fi lariasis (LF) as a public 
health problem by 2020. Currently, large-scale, community-based drug dis-
tribution programs are underway in an expanding number of endemic coun-
tries. The community drug distribution program for LF reached 546 million 
people in 2009 and is arguably the largest public health program that has ever 
been conducted (Chu et al. 2010; Ottesen et al. 2008). The initial World Health 
Organization (WHO) strategy for the elimination of LF was based on the ex-
pectation that four to six rounds of mass drug administration at a commu-
nity level could eliminate LF from that community. The original targets set 
in 2000 were based on modeling with available data (Gambhir et al. 2010). 
The program is now at its midpoint, with ten years remaining to complete the 

Table 6.1  Unsuccessful disease eradication programs and the reasons for their failure 
(based on data from CDC 1993a; Henderson 1998).
Disease, date Reasons for failure: Research needed:
 Hookworm, 
1907

Mass treatment does not cure; it 
only decreases infection intensity 
so reinfection occurs

To understand transmission 
dynamics and drivers of infection

 Yellow fever, 
1915

Animal reservoir in nonhuman 
primates in forested areas

To understand transmission 
dynamics and drivers of infection

 Yaws, 
1955

No treatment was given 
to inapparent cases
Some patients with overt disease 
were only partially treated, 
leading to relapse and ongoing 
transmission
Premature withdrawal of 
disease-specifi c programs caused 
reemergence

To be able to diagnose all stages 
of disease important to ongoing 
transmission
To understand transmission 
dynamics and drivers of infection

 Malaria, 
1955

Development of resistance 
in vectors and parasite
Complicated and challenging 
vector ecology to control 
approaches
Administrative shortcomings 
and increasing costs of program

Monitoring of resistance in vectors 
and parasite for early detection
Into new chemotherapeutic options 
and insecticides
To understand transmission dynam-
ics and drivers of infection in dif-
ferent ecological settings to modify 
plan accordingly
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task. New modeling, based on data from sites in Asia and Africa that exhibit 
different vectors, vector densities, population density and other factors, has 
shown signifi cant variation between sites, depending on the local transmission 
dynamics. One of the greatest challenges to a global program is to prepare for 
and react to this immense local diversity (Gambhir et al. 2010). The main in-
terplay takes place between the vector and control of disease transmission; by 
addressing the vector directly (i.e.,  vector control) and/or reducing the parasite 
in the infected host, transmission can be interrupted by eliminating the pool 
of microfi laria for the vector to transmit.  Operational research is currently un-
derway to assess vectors, coverage, compliance, drug dosage and frequency, 
and end points to verify the success of elimination. All of this work needs to 
result in appropriate program changes for implementation, or the success of the 
program will be jeopardized.

One challenge to programs is that lessons from early successes can be mis-
leading or not representative, as was observed in LF elimination initiatives in 
South Korea and  Yemen. Although both countries provided early examples 
of successful elimination, and both countries had relatively limited disease in 
lower levels, only one used the WHO strategic approach in their programs. 
Due to the different epidemiology, South Korea relied on a screen-and-treat 
approach, which was feasible because of the localized disease distribution pat-
terns in the country, instead of the WHO mass drug administration approach. 
Signifi cant social and economic developments were also factors for success 
in South Korea, leading to improved housing and good vector control, which 
complemented the chemotherapeutic approach. From this example, two fac-
tors are signifi cant. First, all models must be scrutinized in context of the local 
situation; disease transmission is always multifactorial, thus the approach will 
need to vary accordingly. Second, during a program, environmental and social 
changes can impact transmission; these changes should be sought and used to 
guide research questions during the lifetime of a program.

One Size Doesn’t Fit All

A chief criticism of the early efforts in the 1950s in the  malaria eradication ini-
tiative was the rigidity of the approach and the lack of accompanying research 
and learning. The malaria program had high levels of  political commitment: 
the director of a national program reported directly to the head of the govern-
ment in a fully vertical program that had its own staff and pay scales. This 
strength was offset, however, by a signifi cant weakness: the programs did not 
generally involve any level of the community. Instead, they had detailed stan-
dardized operating procedures and worked under the assumption that all of the 
needed technology was available. Success relied solely on the strict applica-
tion of the interventions according to plan, and research or learning was not 
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incorporated into the plan. Ultimately, after signifi cant investment of human 
and fi nancial resources, this strategy failed.

The  smallpox program learned from these mistakes and took a very differ-
ent approach, working within the health system and engaging local  communi-
ties as part of the program. Instead of having standard operating procedures, 
the smallpox project set broad goals and enabled fl exibility and creativity in 
how these goals were achieved locally. Research was also included as part of 
the work, and during the program many new ideas were adopted: new tools 
were developed for  vaccine delivery; fi eld studies provided insight into epi-
demiology and transmission and were used to modify the approach; studies 
looked for animal reservoirs; and studies were conducted on the duration of 
vaccine effi cacy (Henderson 1998). Ultimately, this fl exible approach, which 
embraced research, led to the fi rst successful eradication program.

Lack of a Baseline

One of the reasons cited for the failure of  yaws elimination was the lack of 
pilot programs in critical geographic areas (Henderson 1998). This key feature 
is integral to the start and ongoing management of any elimination or eradica-
tion program. With yaws, excitement over a new tool prompted an effort to 
be initiated without a full plan or learning agenda in place. The new tool was 
injectable penicillin, which enabled yaws to be treated with a single injection 
(Henderson 1998; Narain et al. 2010). As encouraging as this was, there was 
no  baseline data to form the basis of a plan for elimination. When a test was 
developed and serological surveys were conducted, a much larger number of 
subclinical infections were demonstrated; this led to the resurgence of disease 
in communities after the overt clinical cases were treated and reestablished 
transmission. Since there was no proof of cure diagnostic, some patients were 
insuffi ciently treated, which led to disease recurrence and reestablished trans-
mission. This resurgence was exacerbated by the early withdrawal of disease-
specifi c teams, which meant that early signs of reemerging infection went 
undetected. Henderson (1998) postulates that if this baseline work had been 
conducted, the elimination program might never have been attempted with the 
tools available at the time.

Monitoring and setting targets is diffi cult, if not impossible, without a solid 
or at least semisolid foundation. Prevalence of disease was used for the base-
line to follow progress in  leprosy and was defi ned as all people receiving treat-
ment at a given moment over the total population. Leprosy is a disease that 
requires long-term treatment, and this means that as programs and treatment 
recommendations changed, the populations receiving treatment also changed. 
Consequently, prevalence was altered without actually providing a true indica-
tion of the program’s success. Take, for example, the decrease in multibacil-
lary multidrug therapy from 24 to 12 months. Although this effectively cut 
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the number of patients by half and resulted in a signifi cant decline in disease 
prevalence, it did not actually change the status of the disease. In addition, data 
on cases were collected and counted annually as of December 31. Thus data 
from patients on 6-month therapy with paucibacillary multidrug therapy or 
who received a single treatment for a single skin lesion were not included in 
the prevalence fi gures, resulting in data that did not truly refl ect the progress or 
issues associated with the program. Incidence of new cases provides a better 
and more interesting measure. However, because of the long incubation period 
of leprosy, which ranges from 2–20 years, incidence is not an accurate measure 
of elimination; thus, some sort of screening is required. Interestingly, due to 
the defi nitions being used, many sites have eliminated leprosy even though 
new cases are still detected annually, as seen in South Africa (Lockwood and 
Suneetha 2005). A program needs to screen for relapse for up to fi ve years after 
treatment, because of the slow-growing nature of the organism. This has not 
been fully addressed in global targets of the elimination program. Even today, 
debate continues and experts question whether leprosy should be targeted for 
elimination or more honestly tackled as an ongoing disease program (CDC 
1993b; Lockwood and Suneetha 2005).

Lack of  baseline data has also been cited in  LF elimination and has limited 
the program’s ability to learn. In an evaluation of the LF elimination programs 
from fi ve country islands in the Pacifi c, only one country was able to provide 
useful data. All others used a convenience sample for their baseline data col-
lection, which meant that this data could not be compared to the follow-up data 
after fi ve rounds of mass drug administration. This information would have 
been very helpful in modeling and providing indicators for modifying pro-
grams that did not successfully meet the targets (Huppatz et al. 2009). Setting 
up sentinel sites for evaluation and research, particularly in early countries, 
could be very valuable, as early investment can prove extremely useful to later 
programming.

Elimination as a Public Health Problem

The phrase “elimination as a public health problem” is unclear in most, if not 
all, contexts. It has been a rallying tool to garner additional attention and re-
sources to an area, but defi ning what a public health “problem” is and what 
indicators can be used to determine when something is no longer a “problem” 
is problematic. In addition, regardless of the programmatic target set, pub-
lic health efforts must be maintained and sensitive surveillance and response 
must be continued if the target is anything less than complete elimination or 
eradication (Molyneux et al. 2004). In these cases, setting reasonable measur-
able targets that are subject to reevaluation and discussion through a carefully 
thought-out research agenda could help decrease the ambiguity and clarify rea-
sonable end points.
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There are many examples of where this has not been done and programs 
have suffered as a result. In leprosy, the target for elimination is 1 case in a 
population of 10,000. This is a fi gure that can be easily manipulated by choos-
ing a different denominator. In 2001 the WHO, despite data to the contrary, de-
clared that leprosy had been eliminated as a public health problem by including 
in the denominator the total population of all the countries who had reported 
at least one case. What does this target truly indicate? Leprosy transmission 
still occurs, and incidence of new cases has not decreased in many settings 
despite the progress in decreased prevalence (Lockwood and Suneetha 2005). 
The importance of 1 case per 10,000 population for disease transmission or 
program planning is not clear; thus the signifi cance of reaching or not reaching 
this target seems to have little meaning programmatically, outside of declaring 
that it has been met.

Proving Zero to Defi ne  Success

Starting  a program is frequently straightforward: to eliminate a disease, you 
detect cases and intervene to block transmission. Of course, this becomes 
much more complicated, as discussed above, when you need to ensure that 
you can detect all cases and all stages of infection, and either treat completely 
or prevent further transmission. The fi nal challenge is to prove success: How 
do you prove a zero? How do you address confi dence intervals? These ques-
tions quickly become important, and early sites where successful elimination 
has been achieved will likely differ (e.g., in terms of lower transmission, dif-
ferent socioeconomic or cultural considerations) from areas that enter later in 
a program. How do these factors affect indicators and measures of success?

All elimination or eradication programs struggle with these issues. The fact 
that we cannot prove a zero means that we need to fi nd another way. This chal-
lenge needs to be addressed early in a program so that the tools are available 
to measure success. Models frequently can play a role in this stage, and new 
 diagnostic tools may be needed (CDC 1993b; Gambhir et al. 2010; Hall and 
Fauci 2009; Marais and Pai 2007). Specifi city becomes increasingly impor-
tant as false positives are a huge distraction to a program in the fi nal stages. 
Algorithms for diagnostic procedures need to be defi ned.

In the  onchocerciasis elimination initiative in the Americas, the program 
has been challenged to meet their elimination criteria, which rely on captur-
ing a suffi cient number of black fl ies (the vector) to look for transmission. In 
some areas, the required number of fl ies has not been met despite extraordinary 
efforts. Although it is obvious that a lack of vectors is a good thing, from a 
disease transmission perspective, this poses a problem in terms of ensuring that 
elimination criteria have been met.

Another example derives from the  LF initiative. To start a program, a com-
munity must demonstrate that 1% of the population is infected to initiate mass 

From “Disease Eradication in the 21st Century: Implications for Global Health,”  
edited by Stephen L. Cochi and Walter R. Dowdle. Strüngmann Forum Reports, vol. 7, 

Julia R. Lupp, series editor. Cambridge, MA: MIT Press. ISBN 9780262016735.



70 J. Jacobson 

treatment. When it comes to  stopping the program, they have to prove that less 
than 1% of people are infected. In the early protocols that were developed, this 
meant that 3,000 school-aged children needed to be sampled. This is a huge 
sample. It is programmatically very challenging, expensive, and has resulted 
in huge backups in the laboratory. In an effort to simplify this process, model-
ing based on data from well-defi ned populations is being used to identify new 
sampling protocols currently under development.

Understanding Transmission and R0

Insuffi cient knowledge of transmission, and what  is required to break  transmis-
sion, has led to disappointment in many programs (Table 6.1). To block trans-
mission and eliminate disease, an understanding of transmission is a basic pre-
requisite. For many current programs, however, understanding is insuffi cient, 
thus posing one of the greatest challenges to many ongoing initiatives today.

Leprosy is one of the oldest scourges affecting humankind, yet it is also one 
of the most poorly understood. Despite all of our technical advances, transmis-
sion of leprosy remains a mystery. Although the prevalence rates of leprosy 
have decreased—some even meet the targets of < 1 case per 10,000 popula-
tion—the incidence of cases has not decreased in many areas of the world. 
We do not understand how or why multidrug treatment has been unable to 
stop transmission. This simple fact has not been embraced by the program. 
Consequently, there has been limited debate and insuffi cient research to be able 
to modify and expand the program beyond the current approach (Broekmans 
et al. 2002; Lockwood and Suneetha 2005; Vashishtha 2009). This is a major 
limitation and poses a threat to the program’s success.

In both LF and onchocerciasis, understanding R0 is a signifi cant discus-
sion point, involving a complex combination of factors (Gambhir et al. 2010) 
related to:

• the infection level in the community prior to the start of the control 
program and mass drug administration;

• the vector effi ciency, density, and annual biting rate;
• the years of high-level coverage at the community level; and
• the rates of systematic noncompliance.

Modeling is helpful, but new data indicate that models need to be modifi ed 
for local situations and frequently use variables that are not easily measured 
in the fi eld. For  onchocerciasis, we may only be able to determine R0 after the 
successful elimination in the Americas, once data is collected on the vectors 
and indicators of infection in humans after the programs are successful and 
no recurrence has been observed. Even when the R0 may be known for the 
Americas, the usefulness of this information in Africa remains questionable, 
because of the different vectors and transmission dynamics (WHO/APOC 
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2009). Ultimately it is this elusive fi gure that we would like to know and mea-
sure to prove that the job is done. Work is continuing in both the LF and  oncho-
cerciasis programs to defi ne and refi ne the elimination criteria and measures of 
success as new data becomes available.

In  Chagas disease, new  transmission risks have been identifi ed over the 
course of the project, causing adjustment to be made in ongoing elimination ef-
forts. The transmission of Chagas comes from the bite of infected triatomines, 
primarily Triatoma infestan. These insects live in the walls of poor-quality huts, 
which are generally associated with people living in  poverty. The approach to 
the disease has relied on improved housing, as treatment has been inadequate, 
particularly for the chronic stage of the disease, and good insecticides for the 
vector do not exist. Progress has been made in  vector control, but treatment 
still lags; thus the focus of the program remains on improved housing. Due to 
transmission, the distribution of cases is almost exclusively in the rural poor 
parts of the Americas. However, the detection of cases in more urban centers 
led to the discovery of a new mechanism for transmission: one that is linked 
to blood transfusions. Advances in the control of the blood supply, spurred by 
 HIV, were used to improve screening for Chagas in endemic settings. Finally, 
as programs have had success with these approaches, the remaining transmis-
sion mode which now dominates is congenital infection. Unfortunately, little 
is being done to counteract this. The current strategy involves waiting until 
infected women are out of their childbearing years (Dias 2009; Schmunis et 
al. 1996). However, attention should be given to the early detection of infected 
infants to facilitate treatment. In addition, recent case investigations have im-
plicated oral transmission in some settings. Thus, the program will thus have to 
work to understand the implications of this on their elimination plans.

The essential lesson is that we need to follow the pattern of cases to detect 
new transmission patterns. As a program progresses, nondominant transmis-
sion mechanisms gain importance. Research into the mode of transmission and 
how to approach it early on will help a program counteract bottlenecks later.

Monitoring and Evaluation: Learning while Doing 
versus Formal  Operational Research

The  neonatal tetanus (NNT) elimination program in Egypt demonstrates the 
importance of using surveillance data to adapt programs and the essential ele-
ment of fl exibility in programming. The NNT program initiated what was felt 
to be an aggressive plan in 1988, based on the globally accepted approach 
that used annual nationwide tetanus toxoid vaccination and targeted preg-
nant women from 1988–1993. The campaigns were held in two rounds: one 
month apart in November and December each year with the participation of 
multiple partners, nongovernmental organizations (NGOs), and  advocacy ac-
tivities. Although this increased coverage immediately from 7% to 85%, and 
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subsequently brought down  NNT incidence from 3.7 per 1000 live births to 
1.6 per 1000 live births, it was still above the elimination target. In looking 
deeper into the data, a few areas (governorates) were found to be responsible 
for a disproportionate number of cases: 66% of the cases were reported in areas 
with only 32% of the population. This led to a learning-while-doing approach, 
which targeted the high-incidence areas to improve routine coverage and ex-
panded the target population of the campaign to cover all married women of 
childbearing age, regardless of pregnancy. Although this improved indicators, 
the highest risk areas still posed a problem. Thus a high-risk strategy was im-
plemented: the governorates were subdivided into their districts, all women of 
childbearing age were targeted regardless of marital status, and there was sig-
nifi cant involvement of the local communities. This was accompanied by work 
to improve  reporting and surveillance data. With these investments as well as 
improved surveillance, which should increase the reporting of cases, incidence 
of NNT was brought for the fi rst time down to 0.6 per 1000 live births, below 
the 1 per 1000 target (CDC 1996). This example illustrates the importance of 
data to drive programs.

The line distinguishing formal research versus dynamic programming from 
monitoring and learning can be blurred when a program incorporates a test-
and-adapt approach. Here, a frequent weakness is the lack of in-depth moni-
toring as well as a lack of publication of the experience, from which other 
programs could learn. Planning for this type of learning should be factored into 
the research plan, and appropriate data should be collected to assist decision 
making. In addition, information should be disseminated so that programs can 
adopt new practices if needed.

The guinea worm eradication program in  India lobbied for all program 
managers to be trained in basic operational research techniques to support the 
program. They outlined a basic framework that included considerations of the 
health system resources, service delivery, and the benefi ciary or consumer 
(Kumar 1990). Empowerment of the  program managers to be critical thinkers 
and problem solvers likely played a role in the program’s success.

Case Reports

All  monitoring plans should include some level of case investigation and re-
porting. Because reporting and intensity of investigation may increase over 
the lifetime of the project as cases decrease, the need to understand why a 
case occurs increases in a reciprocal fashion. Case investigation can be a key 
part of setting research priorities. Case reports have informed programs related 
to tuberculosis,  Haemophilus infl uenzae type b (Hib),  Chagas,  guinea worm, 
and  polio and have resulted in changes to the program or new research. Case 
reports are crucial for identifying resistance or programmatic failures (CDC 
1993b; Broekmans et al. 2002; Dias 2009; Donnelly et al. 2003; Howie et al. 
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2007; Kumar 1990; Lemon and Robertson 1991). Case reports are also where 
you identify the outliers and detect the unexpected.

The Ends of the Bell Curve: When Outliers Matter

In trying to eliminate and eradicate a disease, a large proportion of the popula-
tion and their communities will be addressed through minor modifi cations of 
the program. Unfortunately, in disease eradication, this is not enough. Success 
relies on reaching the critical proportion of the population to stop all disease 
transmission, and this involves not just the center of the bell curve but the 
outliers as well.

The current barriers within the  polio program refl ect the ends of the bell 
curve beautifully. In India,  the barrier is technical: the challenge is the failure 
of a successfully delivered intervention. The failure is the lack of immunity 
conferred from the oral vaccine in Indian children from some areas. This is 
believed to be related to the local ecology of both the gut fl ora and the en-
vironment, resulting in intense exposure to intestinal pathogens early in life 
which alter the ability to respond effectively to the oral vaccine. In  Nigeria, 
the problem is just the opposite: failure is due to a lack of understanding of the 
sociobehavioral axis of acceptance of the intervention, resulting in failure to 
deliver the  vaccine. This difference was detected by monitoring the number of 
doses of vaccine given to acute fl accid paralysis and polio cases, which were 
identifi ed through surveillance. In India, children have received many doses 
of vaccine, and the vaccine itself is not conferring immunity; in Nigeria cases 
have never been immunized, so the delivery system was broken. The key to 
overcoming both of these barriers lies in the program’s ability to detect cases, 
understand why there are setbacks, and having a dynamic approach to address 
the challenges based on the underlying cause. Local site-specifi c problem solv-
ing and monitoring should be reviewed to set new research priorities.

The Unexpected

Expecting the unexpected may be too much to ask; however, it is important to 
be receptive to the unexpected so that programs can detect changes in patterns 
and respond. There are many examples that get even more interesting as pro-
grams approach the fi nish line.

In southern Mali, a poor farmer infected with  guinea worm walked 400 km 
by foot when his fi elds were struck by drought. He contaminated a watering 
hole in an area that had never had a case of guinea worm, and this resulted in 
an outbreak among the  nomadic warring tribes in northern Mali.

The  Yanomami, who inhabit the Amazon rainforest across the border of 
Brazil and Venezuela, pose a challenge for the elimination of  onchocerciasis in 
the Americas. This group is comprised of several tribes, mostly nomadic and 
some xenophobic, that kill any non-Yanomami on sight. This poses a challenge 
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for  community-based drug distribution. Helicopters are used for drug distri-
bution, but migration patterns are not stable so fl ights have been made to a 
location only to fi nd a community gone. In such a case,  community engage-
ment can help, taking advantage of local knowledge, good surveillance, good 
communication, case reports, and creative problem solving early on to address 
hard to reach populations and approaches to gain trust. New  communication 
tools (e.g., cell phones, Twitter, Google Earth) could potentially be applied to 
address these issues. Operational research focused on using these tools in new 
initiatives would be valuable. 

Empowering the Field

No one knows the fi eld better than those who live within and are part of the 
culture. External observations  and learning can help provide perspective and 
objectivity, but some of the most amazing things can happen from the fi eld 
innovating for themselves. As an example, during the recent 2006 introduc-
tion of  Japanese encephalitis (JE) vaccine into India, the successful introduc-
tion was thought to be impossible by most international experts with good 
reason: India had not introduced a new vaccine, they had never conducted an 
injectable vaccine campaign, there was no external fi nancing available, the 
only available supply of vaccine came from China, and JE was not an inter-
national priority. JE was, however, a national and local priority. All of these 
barriers were overcome in an 8-month period of time to prevent further JE 
outbreaks triggered when a seasonal outbreak drew international attention, and 
the background work had been done to provide the supportive data for decision 
making. During this dynamic process, much innovation happened at the fi eld 
level to prepare for introduction. At the national level,  immunization safety 
and waste disposal had been discussed and debated for several years. Among 
the hotly debated issues were needle cutters to remove the sharp (needle) from 
the syringe and decrease the volume of the medical sharps waste for disposal. 
The JE campaigns targeted over 9 million children in their fi rst year. There 
was concern over what would be done about the volume of sharp medical 
waste. Safety boxes were to be provided, but in the state of West Bengal they 
asked for needle cutters, which they were told were not available by the cen-
tral level due to the ongoing debate. So, they developed their own for use in 
the campaigns by constructing a plastic container with a wire cutter attached 
(Figure 6.1). This way the needles could be disposed of as sharps, decreasing 
the sharps waste by over 90%. This innovation was very effective and had 
signifi cant   ownership at the local level.

The lesson here is twofold: What may look impossible from the global or 
national level may be possible when affected communities are motivated. In 
addition, innovations from the fi eld can identify solutions, frequently very cost 
effective, that would not have otherwise been considered at central levels.
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Elimination, Eradication, and the Treatment of the Patient

Technically, almost no elimination or eradication program depends on the 
treatment of ill or infected patients and their sequelae. The importance of a 
patient lies in their ability to transmit disease. This is evident in the focus of 
different programs that exclude some or all patient treatment as elements of the 
interventions for elimination or eradication. The following are a few examples 
that all represent different challenges in this paradox and the program’s ap-
proach:  human African trypanosomiasis (HAT), LF, and tuberculosis. 

The  Pan African Tsetse and Trypanosomiasis Eradication Campaign 
(PATTEC) approach to HAT eradication is based completely on the elimina-
tion of the vector and not the pathogen or the disease. Technically, no treatment 
needs to occur for this program to be successful. What does this mean from a 
public health perspective? Can  you call it a success if you eliminate the tsetse 
fl y while allowing all infected patients from this 100% fatal illness to die? 
The dynamic tension between treatment of the individual and the prevention 
of disease are felt most when there are limited human and fi nancial resources 
with which to work. I would postulate that both need to be addressed to meet 
the public health needs and should therefore be included in the program for 
success. To complement the PATTEC approach, a screen-and-treat program 
with donated drugs is being conducted through separate funding by WHO and 
NGOs like Medicine Sans Frontiers to assist affected countries (Ahmad 2003; 
Kabayo 2002; Rogers and Randolph 2002).

The focus of the  tuberculosis elimination initiative is treatment of smear-
positive adults (Broekmans et al. 2002; CDC 1998; Vashishtha 2009). This, 
however, leaves other forms of tuberculosis unattended programmatically and 
stands in stark contrast to a clinician’s duty to treat all disease and prevent suf-
fering and death. Most programs have addressed this issue, and treatment is 

Figure 6.1  Needle cutter that was locally produced in West Bengal, India, for the 
Japanese encephalitis immunization campaign (picture by Julie Jacobson).
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available for all patients clinically ill with tuberculosis regardless of the loca-
tion of the pathogen, although technically it would only be necessary from the 
elimination perspective to treat those patients able to transmit disease. With 
the focus on smear-positive patients, the biggest challenge to the program is 
a diagnostic gap for pediatric diagnosis, detection of latent disease, and resis-
tance. From an elimination perspective, undetected cases, latent disease, and 
resistance are the primary risks to ongoing transmission (CDC 1998; Dye and 
Williams 2008; Marais and Pai 2007). Pediatric populations present a unique 
challenge as they frequently have lower numbers of bacteria and do not give 
good sputum specimens for diagnosis, thus greatly decreasing the sensitivity 
of the test. This is similar to the challenge seen with the latent cases: latent 
disease can progress to an active state and reestablish  transmission. In low-
transmission countries, detecting and treating these cases based on  screening 
of high-risk populations (e.g., immigrants from high-incidence countries, peo-
ple held in institutions or prisons, and HIV-positive populations) constitute a 
vital component of the elimination plan (Broekmans et al. 2002; CDC 1998). 
In high-risk countries, these people remain mostly untreated. Diagnostic tests 
that can quickly detect resistance are needed to guide the appropriate selection 
of therapies and isolation of drug-resistant patients to stop the spread of resis-
tance; this process is slow and cumbersome from cultured sputum specimens. 
All of this work depends on good surveillance data with suffi cient detail to de-
tect new trends. For example, when the association with  HIV was discovered 
in the United States, a program began in 1993 to collect data on HIV with the 
newly reported  tuberculosis cases (CDC 1998). This observation uncovered a 
new prominent driver of infection that was important to address.

Debate on this topic continues in the LF and  trachoma programs, where 
surgery and other preventative tools are required but are frequently not funded 
(Perera et al. 2007). For Chagas, an approach is used that focuses on the vector, 
both through indoor residual spraying and improved housing in the lower re-
source rural areas where the disease is endemic. Interestingly, disease patterns 
did shift and this allowed urban transmission to be detected, which was subse-
quently traced back to blood transfusion. This, in turn, increased attention  to 
the problem and initiated a program to improve the safety and screening of do-
nated blood in affected countries. Effective treatment for patients in the chronic 
phase of  Chagas is controversial; thus all focus is on prevention (Broekmans et 
al. 2002; Dias 2007, 2009). Although, in this case, there is no moral dilemma, 
research into new tools is needed to address the clinical pathology, prevent 
disease progression, and eliminate the human reservoir of infection. Even if the 
treatment does not eliminate disease, the treatment of patients must be consid-
ered as part of a program to increase acceptance by the community and health 
professionals, increase uptake of preventative measures, leverage funding to 
expand programs, and to relieve suffering.
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Looking for Patterns

Different tools lead to different failures. For example, with a vaccine you 
do not have resistance; however, there are limitations in the host’s ability to 
respond to the vaccine. This cannot be screened for by culturing pathogens 
and can only be followed through ongoing sensitive surveillance.  Vaccines 
are extremely powerful tools but are frequently limited by their precision. 
Pneumococcal vaccine, for example, is limited since it covers only a subset of 
pneumococcal serotypes in the conjugated vaccine. These serotypes vary ac-
cording to geographic areas and times of life. This means that the effectiveness 
of the pneumo vaccine depends on the pathogenic serotypes in a community 
and the age of the population.

The second limitation of a vaccine is the host response. No vaccine is 100% 
effi cacious. Depending on the type of vaccine, different parts of the immune 
system are activated and multiple doses may be required to seroconvert or 
to obtain suffi cient sustainable levels of antibodies and cellular immunity. 
Examples of limited seroconversion and inadequate immune response in polio 
have led to the development of monovalent vaccines to improve strain-specifi c 
immunity. The initial polio vaccine that was used as the basis for eradication 
is an oral vaccine, which contains the three types of polio. The trade-off for 
having all three types in one vaccine is having lower levels of antibodies for 
each and needing more doses to get an adequate immune response to all three 
types. This fact combined with a much deeper understanding of  transmission 
patterns—recognizing which strains were coming from where—allows a more 
focused vaccine to be used to stop transmission. At the beginning of the pro-
gram, knowing if an acute fl accid paralysis patient was polio positive or nega-
tive suffi ced; as the program progressed, however, the need for more detailed 
and accurate data, including the type of polio and where the infection origi-
nated, was required.

Measles provides another example. The  measles vaccine is a single dose 
with high seroconversion (greater than 90%). However, a second opportunity 
is necessary to have high enough immunity at the population level to stop 
transmission and outbreaks. For drugs, failure comes with increasing resis-
tance due to selective pressure on the pathogen allowing resistant organisms 
to fl ourish, and in some cases replace, the original circulating pathogen. This 
can be monitored through treatment failures and culturing of the pathogen if 
possible (for viruses and bacteria) to determine how common these strains are 
and by what mechanism the resistance has developed. Early  malaria eradi-
cation and tuberculosis elimination programs have confronted issues of drug 
resistance that have required new approaches and strategies to be developed 
(CDC 1993b; Hall and Fauci 2009). With both vaccine and drug approaches, 
monitoring the program impact is necessary to detect hypo-responsiveness and 
allows issues to be addressed as they arise. Part of the operational research 

From “Disease Eradication in the 21st Century: Implications for Global Health,”  
edited by Stephen L. Cochi and Walter R. Dowdle. Strüngmann Forum Reports, vol. 7, 

Julia R. Lupp, series editor. Cambridge, MA: MIT Press. ISBN 9780262016735.



78 J. Jacobson 

agenda should look for such possibilities as well as what response would be 
required and implications for new tools that may need to be developed.

Observing programs to detect patterns can reveal synergies and new oppor-
tunities. This has led to the  integration of seven of the programs for  neglected 
tropical diseases that are now approached through an integrated platform, with 
community-based mass drug administration as the focal point of the programs. 
In addition, this has allowed the strengths of the platforms built for a specifi c 
disease, such as  LF or  schistosomiasis, to be utilized for seven diseases, thus 
expanding the scope and impact of the projects. This has been an important el-
ement in enhancing efforts for schistosomiasis,  trachoma, and  LF elimination. 
However, questions remain: Have we exploited common strategies enough? 
What could LF learn from the malaria experience or  onchocerciasis share with 
efforts to eliminate  HAT?

What is considered a minor part in one strategy may signifi cantly impact 
another. For example, the deployment of long-lasting bed nets for malaria may 
have a large impact on the transmission of LF in co-endemic areas. How can 
we build on these opportunities? The SAFE strategy for trachoma elimina-
tion is an acronym for surgery, antibiotics, face washing, and environmental 
improvement. The last two points rely on provision of water and sanitation 
where it does not exist. When looking at the other neglected diseases, schisto-
somiasis and soil-transmitted helminthes could greatly benefi t from water and 
sanitation. Could the case be made for further support by building a stronger 
evidence base to support these activities with additional funds as part of the 
plan for successful elimination and sustainability of impact? Programs will 
continue to struggle for funding, and this kind of integrated thinking could help 
us accomplish more with less by working together.

New Era of Embracing Research as Part of the Program

Currently, the best example of truly embracing research is the  MalERA project, 
which is being developed in support of the renewed efforts to achieve  malaria 
eradication. This call for eradication was made knowing that the necessary 
tools were not yet available to fi nish the task, but with hope that they will be 
in the near future and that they will be able to be introduced into programs 
to achieve the goal. From the beginning of the effort, this has set a tone of 
receptivity to new approaches and the desire to know. Hence there is regular 
debate and discussion on the creation of the plan for eradication, which in-
cludes a full research agenda. The MalERA project is a new community-based 
initiative that supports the development of a Malaria Eradication Research 
Agenda (MalERA) (Hall and Fauci 2009). The project encourages participa-
tion from the broader malaria community as well as creative, critical, and in-
novative thinking and is addressing the full spectrum of tools, strategies, and 
implementation. Thus far seven themes have been identifi ed and are currently 
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being explored through scientifi c and technical workshops, dialog with lead 
research agencies, and solicited input through the internet including: drugs, 
vaccines,  vector control, modeling,  monitoring/ evaluation/ surveillance, inte-
gration strategies, and health systems/operations. The key considerations and 
research approaches are summarized in the case study below. This project is to 
be praised not only for its inclusive process but also for the publication of the 
research agenda in several formats for comment and debate.

For successful malaria eradication, the essential goal of the strategy is to 
stop transmission and break the parasite life cycle. The challenges are many 
and focus around the complex life cycle of the pathogen and the diversity of 
settings in which malaria is transmitted as well as the adaptability of the para-
site and the vector, interactions with the human host and the control program. 
The current strategy for control is combined drug therapy to treat patients and 
combat resistance, vector control with indoor residual spraying and insecti-
cide-treated bed nets to prevent transmission, and strategies to identify and 
treat cases early. Social, economic, and behavioral factors all infl uence the 
human interaction with the parasite life cycle. Challenges in this area relate to 
compliance with prevention efforts and treatment as well as willingness to buy 
only combination therapy to decrease the emergence of resistance. In areas 
where interventions are currently successful and disease levels fall, two types 
of new challenges arise: (a) programmatic and political, keeping attention on 
sustaining the efforts and the investment for control, and (b) technical, detec-
tion and accurate diagnosis of cases as prevalence decreases. This demonstrates 
the importance of approaching problems and issues from both a programmatic 
perspective as well as a biomedical perspective. To stop transmission, the strat-
egy will need to expand from treatment of sick patients to include detection 
and treatment of asymptomatic cases that can sustain transmission. This will 
require new and different diagnostics with the ability to have appropriate sen-
sitivity and specifi city with lower population prevalence and parasite density.

To move the malaria research and development effort forward, the  National 
Institute of Allergy and Infectious Diseases (NIAID) is playing a central role 
and has committed to the pursuit of the following goals (NIAID and NIH 
2008a):

1. Increase fundamental understanding of the complex interactions among 
malaria parasites, the mosquito vectors responsible for their transmis-
sion, and the human host.

2. Strengthen the ability to identify, develop, validate, and evaluate new 
tools and strategies for treatment, prevention, and control of malaria.

3. Enhance both national and international research and the research 
training infrastructure to meet malaria research needs, particularly for 
community-based and community-supported clinical trials in malaria 
endemic countries.
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4. Advance research to develop tools to support and sustain global efforts 
to control, eliminate, and eventually eradicate malaria.

In the research agenda, work is ongoing to identify weak spots in the life cycle 
or ecology of transmission. The life cycle of the parasite has key biological 
bottlenecks that are the focus of interventions: the initial point of infection, 
when there are few parasites and uptake of the sexual stage of the parasite by 
the mosquito. Research is now focused on taking advantage of these weak 
points. Plasmodium falciparum has dominated the thinking in malaria globally 
due to severity of disease and resistance. If malaria eradication is to be suc-
cessful, all malaria parasites will need to be addressed. Each parasite presents 
a different challenge and will require a different research investment (Hall and 
Fauci 2009; NIAID and NIH 2008a, b).

The discussion and plan to address these issues is ongoing. Table 6.2 shows 
some of the research needs identifi ed. Only time will tell how effective these 
efforts are and how this research will support and guide the program. However, 
they provide a new paradigm for embracing research as a part of an eradication 
program.

From the work done on malaria we can devise some generalizations and 
refl ections for other diseases:

• Focus on the weak points in transmission that could be the focal points 
for interventions.

• Social and behavioral issues at the individual, community and global 
level need to be studied and interventions found.

• Inclusive proactive process, from the beginning of the project, can es-
tablish a culture that is receptive to change.

• Innate epidemiology will shift as the program progresses, and assump-
tions will need to be retested as transmission dynamics change.

• Tool requirements will vary at different stages of a program and thus 
need to be thought about early to be ready in time.

Yin and Yang

Elimination and eradication efforts are an optimist’s sport. If you are not an 
optimist, the reasons  why any program can or will  fail can be overwhelming. 
However, unbridled or ignorant optimism constitutes an important reason why 
programs fail. Keys to success are critical thinking, innovative problem solv-
ing, persistence, and high levels of energy. To encourage critical thinking and 
problem solving, a program should invite the critics to the table and the pes-
simists into the debate. They can help point out weaknesses in the program and 
potential barriers to success that can help to guide the research agenda.
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Developing the Research Plan

Research is an essential component to an elimination or eradication program. 
In developing  a research strategy in support of a program, it is important to 
learn from our history as demonstrated above. One approach is to look at the 
criteria that determined that the pathogen was able to be eliminated (Table 6.3) 
(Molyneux et al. 2004) and determine how to monitor these characteristics, 
where the weak spots are in the plan and what backup strategies would need 
to be developed.

Look at all areas of potential failure: the tool, the delivery system, the strat-
egy, and detection and response to the unexpected. This framework can be 
used to design the crucial elements of the research plan (Figure 6.2). The re-
search agenda should consider how it responds to new data from monitoring 
and evaluation programs as well as how new data generated through research 
is used to guide programming. Early deliberation should defi ne what success 
would look like and how it would be measured. Criteria to start programs are 
frequently easier and more straightforward than criteria to stop an intervention. 
Thus, early attention should be paid to  stopping criteria and the additional tools 
that may be required. The plan should allow for innovation from the fi eld and 
early  communication, discussion, and dissemination of results.

Risks of failure
of the system

Risks of failure
of the strategy

Strategic plan

Risks of failure
of the tool

Detecting the 
unexpected

–The
Research
Agenda

Feedback
from M&E and
case reports

Input and
innovation
from the

field

Figure 6.2 Framework for establishing research priorities in elimination or eradica-
tion programs. M&E: monitoring and evaluation.

From “Disease Eradication in the 21st Century: Implications for Global Health,”  
edited by Stephen L. Cochi and Walter R. Dowdle. Strüngmann Forum Reports, vol. 7, 

Julia R. Lupp, series editor. Cambridge, MA: MIT Press. ISBN 9780262016735.



82  
Ta

bl
e 

6.
2 

 Ep
id

em
io

lo
gi

c 
st

at
es

 a
nd

 e
xa

m
pl

es
 o

f p
rio

rit
y 

re
se

ar
ch

 re
qu

ire
m

en
ts

.
St

at
us

:
Ep

id
em

io
lo

gi
c 

fe
at

ur
es

:
Pr

io
rit

y 
re

se
ar

ch
 re

qu
ire

m
en

ts
:

C
ur

re
nt

 si
tu

at
io

n
1.

3 
M

 d
ea

th
s/

yr
 (m

os
tly

 c
hi

ld
re

n)

30
0–

50
0 

M
 c

lin
ic

al
 c

as
es

/y
r

C
hi

ld
re

n 
an

d 
yo

un
g 

pr
eg

na
nt

 w
om

en
 a

re
 p

rim
ar

y 
at

-r
is

k 
po

pu
la

tio
ns

4–
5 

sp
ec

ie
s i

nf
ec

tin
g 

hu
m

an
s, 

in
cl

ud
in

g 
Pl

as
m

od
iu

m
 

fa
lc

ip
ar

um
, P

. v
iv

ax
, a

nd
 P

. k
no

w
le

si
So

m
e 

ar
ea

s w
ith

 v
er

y 
hi

gh
 e

nt
om

ol
og

ic
al

 in
oc

ul
at

io
n 

ra
te

s 
(E

IR
s)

W
id

es
pr

ea
d 

dr
ug

 re
si

st
an

ce

Ex
pa

nd
 re

se
ar

ch
 o

n 
no

n-
fa

lc
ip

ar
um

 m
al

ar
ia

Ex
pa

nd
 re

se
ar

ch
 o

n 
co

m
bi

na
tio

n 
dr

ug
 th

er
ap

y

Ex
pa

nd
 re

se
ar

ch
 a

nd
 d

ev
el

op
m

en
t f

or
 m

al
ar

ia
 v

ac
ci

ne
s

Ex
pa

nd
 re

se
ar

ch
 o

n 
ve

ct
or

 b
io

lo
gy

 a
nd

 e
co

lo
gy

 o
n 

no
n-

ga
m

bi
ae

 A
no

ph
el

in
e 

m
os

qu
ito

es

1.
 C

on
tro

l*
O

ng
oi

ng
 su

rv
ei

lla
nc

e 
do

cu
m

en
ts

:

D
ec

re
as

e 
in

ci
de

nc
e 

an
d 

pr
ev

al
en

ce
 o

f d
is

ea
se

 in
 a

re
as

 
w

he
re

 c
on

tro
l h

as
 b

ee
n 

im
pl

em
en

te
d

A
ss

ur
e 

an
d 

ex
pa

nd
 p

ip
el

in
e 

of
 a

va
ila

bl
e 

in
te

rv
en

tio
ns

 
(d

ru
gs

, v
ac

ci
ne

s, 
in

se
ct

ic
id

es
/re

pe
lle

nt
s, 

di
ag

no
st

ic
s)

A
ss

es
s d

eg
re

e 
of

 p
ar

as
ite

 p
op

ul
at

io
n 

di
ve

rs
ity

 to
 d

is
co

ve
r, 

id
en

tif
y,

 v
al

id
at

e,
 e

va
lu

at
e,

 a
nd

 o
pt

im
iz

e 
in

te
rv

en
tio

na
l 

to
ol

s a
nd

 st
ra

te
gi

es

D
ev

el
op

 m
at

he
m

at
ic

al
 m

od
el

s b
as

ed
 o

n 
em

er
gi

ng
 fi 

el
d 

da
ta

 to
 h

el
p 

gu
id

e 
pr

od
uc

t d
ev

el
op

m
en

t a
nd

 o
pt

im
iz

e 
co

m
bi

na
tio

ns
 o

f i
nt

er
ve

nt
io

ns
2.

 E
lim

in
at

io
n 

of
 

di
se

as
e*

O
ng

oi
ng

 su
rv

ei
lla

nc
e 

do
cu

m
en

ts
:

N
o 

de
at

hs
 d

ire
ct

ly
 a

ttr
ib

ut
ed

 to
 m

al
ar

ia

In
ci

de
nc

e 
an

d 
pr

ev
al

en
ce

 o
f u

nc
om

pl
ic

at
ed

 m
al

ar
ia

 is
 fa

ll-
in

g 
an

d/
or

 lo
w

EI
R

s c
an

 st
ill

 su
st

ai
n 

in
fe

ct
io

n

A
ss

es
s c

ha
ng

in
g 

ep
id

em
io

lo
gy

 o
f m

al
ar

ia
, i

nc
lu

di
ng

 sh
ift

s 
in

 b
ur

de
n 

of
 d

is
ea

se
 a

nd
 so

ur
ce

 o
f g

am
et

oc
yt

es
A

da
pt

 to
ol

s a
nd

 in
te

rv
en

tio
ns

 to
 si

tu
at

io
n 

of
 d

ec
re

as
in

g 
in

ci
de

nc
e 

an
d 

pr
ev

al
en

ce

From “Disease Eradication in the 21st Century: Implications for Global Health,”  
edited by Stephen L. Cochi and Walter R. Dowdle. Strüngmann Forum Reports, vol. 7, 

Julia R. Lupp, series editor. Cambridge, MA: MIT Press. ISBN 9780262016735.



 83
Ta

bl
e 

6.
2 

(c
on

tin
ue

d)
St

at
us

Ep
id

em
io

lo
gi

c 
fe

at
ur

es
:

Pr
io

rit
y 

re
se

ar
ch

 re
qu

ire
m

en
ts

:
3.

 E
lim

in
at

io
n 

of
 

in
fe

ct
io

n*
O

ng
oi

ng
 su

rv
ei

lla
nc

e 
do

cu
m

en
ts

:

N
o 

de
at

hs
 d

ire
ct

ly
 a

ttr
ib

ut
ed

 to
 m

al
ar

ia

Lo
w

 a
nd

 fa
lli

ng
 p

re
va

le
nc

e 
of

 p
ar

as
ite

m
ia

Lo
w

 in
ci

de
nc

e,
 m

ai
nl

y 
du

e 
to

 sh
or

t e
pi

de
m

ic
s t

ha
t a

re
 

ra
pi

dl
y 

id
en

tifi
 e

d,
 tr

ea
te

d,
 a

nd
 c

on
ta

in
ed

Lo
w

 E
IR

s, 
w

he
th

er
 d

ue
 to

 lo
w

 ra
te

s o
f i

nf
ec

tio
n 

in
 m

os
-

qu
ito

es
, d

ec
re

as
ed

 v
ec

to
ria

l c
ap

ac
ity

 o
r r

ed
uc

ed
 b

iti
ng

 
be

ha
vi

or

D
ru

g 
an

d 
in

se
ct

ic
id

e 
re

si
st

an
ce

 is
 id

en
tifi

 e
d 

pr
os

pe
ct

iv
el

y 
an

d 
m

an
ag

ed

A
ss

es
s c

ha
ng

in
g 

ep
id

em
io

lo
gy

 o
f m

al
ar

ia
, i

nc
lu

di
ng

 sh
ift

s 
in

 b
ur

de
n 

of
 d

is
ea

se
 a

nd
 so

ur
ce

 o
f g

am
et

oc
yt

es

A
da

pt
 to

ol
s a

nd
 in

te
rv

en
tio

ns
 to

 si
tu

at
io

n 
of

 lo
w

 in
ci

de
nc

e 
an

d 
pr

ev
al

en
ce

 (e
.g

., 
im

pr
ov

ed
 d

ia
gn

os
tic

s f
or

 su
rv

ei
lla

nc
e 

in
 m

os
qu

ito
 p

op
ul

at
io

ns
)

Ev
al

ua
te

 u
til

ity
 o

f t
ra

ns
m

is
si

on
 re

du
ct

io
n 

st
ra

te
gi

es
 (e

.g
., 

tra
ns

m
is

si
on

-b
lo

ck
in

g 
va

cc
in

es
, t

ra
ns

ge
ni

c 
m

os
qu

ito
es

)

4.
 E

ra
di

ca
tio

n*
N

o 
m

al
ar

ia
 d

ea
th

s

Pr
ev

al
en

ce
 =

 0

In
ci

de
nc

e 
= 

0

EI
R

 =
 0

D
ev

el
op

 v
al

id
at

ed
, r

ap
id

, h
ig

hl
y 

se
ns

iti
ve

 d
ia

gn
os

tic
s f

or
 

de
te

ct
io

n 
of

 h
um

an
 a

nd
 m

os
qu

ito
 in

fe
ct

io
ns

 d
ur

in
g 

su
rv

ei
l-

la
nc

e 
pe

rio
d

*A
cc

or
di

ng
 to

 In
te

rn
at

io
na

l T
as

k 
Fo

rc
e 

on
 D

is
ea

se
 E

ra
di

ca
tio

n 
in

 o
rd

er
 o

f p
ro

gr
es

si
on

 (e
ar

lie
r t

o 
la

te
r)

.

From “Disease Eradication in the 21st Century: Implications for Global Health,”  
edited by Stephen L. Cochi and Walter R. Dowdle. Strüngmann Forum Reports, vol. 7, 

Julia R. Lupp, series editor. Cambridge, MA: MIT Press. ISBN 9780262016735.



84  
Ta

bl
e 

6.
3 

 C
rit

er
ia

 fo
r t

ar
ge

tin
g 

a 
di

se
as

e 
fo

r e
ra

di
ca

tio
n 

an
d 

th
e 

su
bs

eq
ue

nt
 re

se
ar

ch
 a

nd
 p

ro
gr

am
 n

ee
ds

.

B
io

lo
gi

ca
l a

nd
  te

ch
ni

ca
l f

ea
si

bi
lit

y:
R

es
ea

rc
h 

qu
es

tio
ns

 a
nd

 p
ro

gr
am

 c
on

si
de

ra
tio

ns
:

N
at

ur
al

 h
is

to
ry

 o
f b

io
lo

gi
ca

l a
ge

nt
U

nd
er

st
an

d 
tra

ns
m

is
si

on
 in

cl
ud

in
g 

la
te

nt
 a

nd
 su

bc
lin

ic
al

 in
fe

ct
io

n,
 d

ur
at

io
n 

of
 p

at
ho

ge
n 

in
 th

e 
en

vi
ro

nm
en

t
N

on
-h

um
an

 re
se

rv
oi

rs
D

efi
 n

e 
re

se
rv

oi
rs

 b
ot

h 
hu

m
an

 a
nd

 n
on

hu
m

an
, r

is
ks

 o
f e

xp
os

ur
e,

 a
nd

 tr
an

sm
is

si
on

 fr
om

 th
e 

re
se

rv
oi

r 
Ef

fe
ct

iv
e 

in
te

rv
en

tio
n 

to
ol

Fo
llo

w
 e

ffi 
ca

cy
, c

ur
e,

 a
nd

 re
la

ps
e 

ra
te

D
et

ec
t r

es
is

ta
nc

e 
ea

rly
Ef

fe
ct

iv
e 

de
liv

er
y 

st
ra

te
gy

D
iff

er
en

tia
te

 re
si

st
an

ce
 fr

om
 p

oo
r d

el
iv

er
y

D
efi

 n
e 

ap
pr

op
ria

te
 p

ro
gr

am
m

at
ic

 m
on

ito
rs

 th
at

 a
re

 re
le

va
nt

 to
 m

od
ify

 th
e 

pr
og

ra
m

Si
m

pl
e 

an
d 

pr
ac

tic
al

 d
ia

gn
os

tic
C

an
 y

ou
 d

et
ec

t l
at

en
t o

r s
ub

cl
in

ic
al

 c
as

es
?

W
ill

 y
ou

 b
e 

ab
le

 to
 d

et
ec

t r
ec

ur
re

nc
e 

ve
rs

us
 re

in
fe

ct
io

n?
H

ow
 w

ill
 se

ns
iti

vi
ty

 v
s. 

sp
ec

ifi 
ci

ty
 n

ee
ds

 o
f t

he
 d

ia
gn

os
tic

 to
ol

 a
da

pt
 a

s p
re

va
le

nc
e 

ch
an

ge
s?

W
ha

t a
dd

iti
on

al
 te

st
s o

r a
lg

or
ith

m
s w

ill
 b

e 
ne

ed
ed

?
Se

ns
iti

ve
 su

rv
ei

lla
nc

e
C

an
 y

ou
 d

et
ec

t c
as

es
 e

ar
ly

?
W

he
re

 w
ill

 c
as

es
 p

re
se

nt
?

W
ho

 w
ill

 n
ee

d 
to

 b
e 

se
ns

iti
ze

d 
to

 id
en

tif
y 

ca
se

s?
C

ou
ld

 c
as

es
 b

e 
co

nf
us

ed
 w

ith
 so

m
et

hi
ng

 e
ls

e?
 If

 so
, w

ha
t?

W
ho

 a
re

 p
ro

vi
de

rs
 in

 th
e 

co
m

m
un

ity
 (p

ub
lic

, p
riv

at
e,

 tr
ad

iti
on

al
) t

ha
t w

ill
 n

ee
d 

to
 b

e 
in

cl
ud

ed
 in

 
su

rv
ei

lla
nc

e 
an

d 
tre

at
m

en
t p

ro
to

co
ls

?
H

ow
 w

ill
 y

ou
 e

nc
ou

ra
ge

  re
po

rti
ng

?
Fi

el
d-

pr
ov

en
 st

ra
te

gi
es

H
ow

 w
ill

 st
ra

te
gi

es
 n

ee
d 

to
 b

e 
m

od
ifi 

ed
 in

 d
iff

er
en

t s
et

tin
gs

?
 H

ow
 w

ill
 y

ou
 d

et
ec

t f
ai

lu
re

 o
f t

he
 sy

st
em

?

From “Disease Eradication in the 21st Century: Implications for Global Health,”  
edited by Stephen L. Cochi and Walter R. Dowdle. Strüngmann Forum Reports, vol. 7, 

Julia R. Lupp, series editor. Cambridge, MA: MIT Press. ISBN 9780262016735.



 85
Ta

bl
e 

6.
3 

(c
on

tin
ue

d)

C
os

ts
 a

nd
 b

en
efi

 ts
:

R
es

ea
rc

h 
qu

es
tio

ns
 a

nd
 p

ro
gr

am
 c

on
si

de
ra

tio
ns

:
C

as
es

 a
ve

rte
d 

pe
r y

ea
r

H
ow

 w
ill

 y
ou

 m
ea

su
re

 a
nd

 h
ow

 o
fte

n?

H
ow

 w
ill

 th
is

 d
at

a 
be

 u
se

d?

H
ow

 w
ill

 it
 b

e 
pr

es
en

te
d 

an
d 

in
 w

ha
t f

or
m

at
 to

 in
fl u

en
ce

 d
ec

is
io

n 
m

ak
in

g 
at

 w
ha

t l
ev

el
?

H
ow

 w
ill

 y
ou

 fu
nd

 c
ol

le
ct

io
n 

of
 th

is
 d

at
a?

C
oi

nc
id

en
t b

en
efi

 ts
In

ta
ng

ib
le

 b
en

efi
 ts

Es
tim

at
ed

 a
nn

ua
l d

ire
ct

 
gl

ob
al

 sa
vi

ng
s

Es
tim

at
ed

 to
ta

l e
xt

er
na

l fi
 n

an
ci

ng
So

ci
et

al
 a

nd
 p

ol
iti

ca
l c

on
si

de
ra

tio
ns

:
R

es
ea

rc
h 

qu
es

tio
ns

 a
nd

 p
ro

gr
am

 c
on

si
de

ra
tio

ns
:

Po
lit

ic
al

  c
om

m
itm

en
t (

en
de

m
ic

 
an

d/
or

 in
du

st
ria

liz
ed

)
W

ha
t i

s t
he

 m
ea

su
re

 a
nd

 h
ow

 w
ill

 y
ou

 fo
llo

w
? 

W
ha

t a
ct

io
n 

w
ill

 b
e 

ta
ke

n 
if 

in
di

ca
to

rs
 sh

ift
?

 So
ci

al
 su

pp
or

t (
en

de
m

ic
 a

nd
/o

r 
in

du
st

ria
liz

ed
)

D
is

ea
se

 b
ur

de
n 

in
 p

ol
iti

ca
lly

 u
n-

st
ab

le
 a

re
as

H
ow

 w
ill

 y
ou

 a
dd

re
ss

 d
el

iv
er

y 
in

 u
ns

ta
bl

e 
se

tti
ng

s?
 

Id
en

tif
y 

th
e 

di
ffe

re
nt

 p
ar

tn
er

s w
or

ki
ng

 in
 th

is
 se

tti
ng

.
C

or
e 

 pa
rtn

er
sh

ip
s a

nd
 a

dv
oc

at
es

H
ow

 w
ill

 th
is

 b
e 

or
ga

ni
ze

d 
an

d 
m

on
ito

re
d 

fo
r e

ffe
ct

iv
en

es
s?

 
D

efi
 n

e 
ro

le
s?

Te
ch

ni
ca

l c
on

se
ns

us
H

ow
 w

ill
 n

ew
 d

at
a 

be
 d

is
cu

ss
ed

 a
nd

 d
el

ib
er

at
ed

? 
H

ow
 w

ill
 p

ro
gr

am
/s

tra
te

gy
 u

pd
at

es
 b

e 
in

co
rp

or
at

ed
?

D
on

or
 b

as
e 

(n
um

be
r o

f d
on

or
s 

1M
 o

r m
or

e)
H

ow
 w

ill
 n

ew
  d

on
or

s b
e 

br
ou

gh
t o

n 
bo

ar
d?

 
H

ow
 w

ill
 h

is
to

ric
 d

on
or

s b
e 

ke
pt

 in
ve

st
ed

? 
H

ow
 w

ill
 n

ew
 fu

nd
in

g 
ne

ed
s b

e 
m

et
 w

he
n 

ne
w

 c
ha

lle
ng

es
 a

ris
e?

 
H

ow
 w

ill
 re

se
ar

ch
 a

nd
  a

dv
oc

ac
y 

be
 fu

nd
ed

?

From “Disease Eradication in the 21st Century: Implications for Global Health,”  
edited by Stephen L. Cochi and Walter R. Dowdle. Strüngmann Forum Reports, vol. 7, 

Julia R. Lupp, series editor. Cambridge, MA: MIT Press. ISBN 9780262016735.



86 J. Jacobson 

Funding Programs and Research

In all assessments of all programs, the issue of  funding will be brought up as 
one of the reasons for setbacks and failure. Elimination programs are greatly 
aided by support through selected institutions and foundations. The  Nippon 
Foundation, for example, made a generous donation and supported the world-
wide costs of  leprosy elimination between 1994 and 1999, which treated more 
that 13 million people (Lockwood and Suneetha 2005).  Rotary International 
and their network continue to provide signifi cant support to the polio efforts. 
 Lions Club has provided important funding for the  Onchocerciasis Elimination 
Program in the Americas (OEPA).  Drug donation programs for  LF and oncho-
cerciasis have been the cornerstone for elimination efforts. Ensuring funding 
suffi cient to achieve the fi nal goal is always a challenge. Providing supportive 
data on cost-effectiveness or cost-benefi t can help programs generate program 
funds; however, research needs are not usually addressed through such analy-
ses. Establishing the case for how research can support a program and result in 
cost or time savings in the long run would help in defi ning the value and get-
ting the funds to support research. Flexibility in funding also helps a program 
be responsive to challenges as they arrive and is essential for elimination or 
eradication.

Conclusion: Guiding Principles for Research

 Criteria that establish whether  a disease is able to be eliminated or 
eradicated can also guide the  research agenda.

 Know that program targets and strategies will change over the life-
time of a program and be prepared to provide the data necessary to 
inform the decision-making process and enable mechanisms for mod-
ifying the strategy.

 Include adaptive programming with appropriate monitoring and eval-
uation as part of the research agenda.

 Think through the stages of the program and the tools that will be 
required to anticipate needs so they don’t become barriers.

 Pay attention to the ends of the Bell curve. Outliers matter in elimina-
tion and eradication programs. Case reports and investigations should 
feed into research needs.

 The research agenda should be proactive, interactive, and incorporate 
innovation from the outside as well as from the bottom up, with a 
critical eye focused on the success of the program.

 Suffi cient and fl exible funding is required to address program barriers 
and the research agenda to support decision making.

From “Disease Eradication in the 21st Century: Implications for Global Health,”  
edited by Stephen L. Cochi and Walter R. Dowdle. Strüngmann Forum Reports, vol. 7, 

Julia R. Lupp, series editor. Cambridge, MA: MIT Press. ISBN 9780262016735.




