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surveys have generally targeted wider age ranges, although 
children aged <2  years have rarely been sampled in the past, 
and sometimes activities have been focused on children [4]. 
Mathematical modeling of onchocerciasis transmission indi-
cates that the most appropriate target age group depends on age-
specific exposure patterns in different contexts: surveillance of 
children aged 0–9 years is recommended in areas where expo-
sure increases rapidly from birth, while surveillance of children 
aged 5–14 years is recommended where exposure increases at a 
slower rate [24].

Figure 2 shows the representation of males and females by 
age in surveys that collect blood samples conducted in the 
WHO African region, illustrating the underrepresentation of 
school-age children in all nationally representative surveys in 
the region. This is because they principally test for HIV, malaria 
and anemia, for which school-age children are not a sentinel 
population. When testing for HIV, DHS and AIS surveys gener-
ally sample women of reproductive age (15–49 years) and males 

aged 15–59 years. For anemia, women of reproductive age and 
children aged 6–59 months are sampled, while for malaria only 
children aged 6–59 months are included. For STH and schisto-
somiasis, the highest burden of infection is among school-age 
children; as a result, survey coverage of this age group would 
have to be expanded if surveys such as the DHS were to become 
viable platforms for post-elimination surveillance. Sentinel 
populations for post-elimination surveillance of other NTDs 
must be confirmed to ensure that survey sample collection in-
cludes appropriate age groups.

Biomarkers
At present, surveillance for NTDs is dependent on a dis-
parate range of biomarkers, most not well suited for post-
elimination surveillance. For example, in areas endemic for 
Wuchereria bancrofti filariasis, WHO recommends the Alere 
Filariasis Test Strip (FTS), which measures circulating filarial 
antigen in human blood. However, the FTS is cross-reactive 

Figure 1.  Frequency of DHS by country in the WHO Africa region. Dots indicate years in which a DHS was conducted. The size of each dot reflects the number of years 
out of the previous 10 in which a DHS took place. The number of surveys conducted in 2008–2018 is shown in brackets. Countries with more than 3 surveys in 2008–2018 
(ie, surveys at least roughly every 3 years) are highlighted in bold. African countries are colored according to the number of DHS surveys conducted in 2008–2018. Survey 
frequency is compared with status of LF control in each country, as defined by surveillance and MDA status using data from the Expanded Special Project for Elimination of 
Neglected Tropical Diseases. Abbreviations: CAR, Central African Republic; DHS, demographic and health survey; DRC, Democratic Republic of Congo; LF, lymphatic filariasis; 
MDA, mass drug administration; STP, Sao Tome and Principe; WHO, World Health Organization.
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with Loa loa antigens [27], which limits its utility for post-
elimination surveillance in (previously) coendemic set-
tings. STH and schistosomiasis are routinely detected using 
microscopy-based diagnostic tools that count the number of 
parasite eggs excreted in urine or stool. However, the low sen-
sitivity of these methods when infection intensities are very 
low means they are considered inadequate for elimination 
surveillance [28].

Diagnostics, however, are likely to keep improving as 
programs progress, and TPPs that specify the minimum and 
ideal characteristics for diagnostics for post-elimination sur-
veillance are already published for schistosomiasis [29], STH, 
and trachoma and are in development for lymphatic filari-
asis [25, 29]. According to published TPPs, acceptable post-
elimination surveillance diagnostics for schistosomiasis, STH, 

and trachoma would be based on detection of antibodies in 
finger-stick blood samples that could be used with minimal or 
no infrastructure [25].

Considering a scenario where future diagnostics measure 
blood or sera-based biomarkers for all NTDs included within 
the surveillance platform, it should be noted that dried blood 
spots (DBS) were collected by 101 surveys (55.0%) and whole 
blood by just 18 (10.8%) of identified blood surveys (Figure 
3). The relatively high coverage of DBS is encouraging, as this 
would facilitate the application of seroepidemiological methods 
that have been previously applied to NTDs including trachoma, 
lymphatic filariasis, schistosomiasis, and onchocerciasis in re-
search settings [26, 30–33]. The development and validation 
of multiplex serological assays further increase the operational 
feasibility of serological techniques in surveillance by enabling 

Figure 2.  Representation of males and females by age in surveys that collected blood samples conducted in the African region.
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measurement of a broad range of responses with high repeata-
bility from limited blood samples [34].

WAYS FORWARD AND CONCLUSIONS

Crucially, ongoing post-elimination NTD surveillance must be 
at a low cost to maintain government and donor commitment 
to diseases that will no longer be regarded as public health is-
sues. NTD surveillance integrated within existing systems will 
maintain low costs of monitoring and strengthen current in-
frastructure, using existing passive or active surveillance sys-
tems, or a combination of the 2. Lessons can be learned from 
other disease areas. Countries that have successfully eliminated 
malaria, for example, have typically relied on a combination of 
both passive and active case detection, with staff dedicated to 
surveillance and integrated response mechanisms [11], coupled 
with integration within DHS platforms.

Inclusion in DHS or future alternative representative sur-
veys will require adjustments to both the DHS and the NTD 

programs. In order to better understand these adjustments and 
provide a clearer characterization of optimal post-elimination 
surveillance, we offer some considerations for future work. First, 
an increase in the number of epidemiological studies at fine spa-
tial scale conducted within countries that previously had NTDs 
as a public health problem and in areas very close to elimina-
tion thresholds is needed. These studies would provide greater 
insight into the extent and importance of spatial heterogeneity 
at low prevalence settings. Second, increasing the number of 
samples collected from individuals outside the usual age groups 
(eg, during impact assessment surveys) would help to ensure 
that age infection profiles are better defined and that appro-
priate sentinel populations identified. Third, to test mathemat-
ical transmission models of recrudescence and to understand 
the population-level seroreversion rate needed for serological 
surveillance approaches, longitudinal or repeat cross-sectional 
studies conducted several years apart are needed.

Existing large-scale survey platforms offer enormous 
potential for integrated surveillance, and so it is perhaps 

Figure 3.  Number of large-scale surveys ever conducted by country for the WHO Africa region. Left side shows the number of all surveys that collected blood samples by 
sample type. Right side shows all demographic and health surveys ever conducted, whether they collected blood samples and sample type, where relevant. Where multiple 
samples were taken, surveys using WBS were categorized as WBS, those using a mixture of DBS and RDT were categorized as DBS, and those using RDT and other types of 
tests were categorized as RDT. Abbreviations: CAR, Central African Republic; DBS, dry blood spot; DRC, Democratic Republic of Congo; NS, not stated; RDT, rapid diagnostic 
test; STP, Sao Tome and Principe; WBS, whole blood sample. 
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unsurprising that they are already overloaded with questions. 
Given the increasing potential of integrated serosurveillance, 
it is likely that in time blood spots will likewise become over-
loaded with requests. To provide sufficient justification for 
inclusion of NTDs, it will be essential that we improve our 
operational research evidence base, including target product 
profiles for new diagnostics, to take full advantage of these 
possibilities.
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