




LMOH structures, as well as in collaboration with the Federal

Ministry of Health (FMOH), which has normative oversight of

state and local activities.

The 1992 baseline onchocerciasis mapping established that 12

of the 30 LGAs required ivermectin MDA [23,24,25]. Ivermectin

treatment was launched in 1992 and full geographic coverage

achieved in all rural villages in the 12 LGAs in 1993, when about

600,000 treatments were delivered [23,24]. An integrated MDA

program was launched in 1997 with the objective of ‘piggy-

backing’ schistosomiasis control (with praziquantel MDA) and LF

elimination (with ivermectin/albendazole combination MDA)

onto the river blindness ‘platform.’ [26] Prior to adding

albendazole to the onchocerciasis MDA program, entomological

and epidemiological studies were conducted in 1998–1999. These

studies confirmed that the seven years of ivermectin monotherapy

for onchocerciasis had not halted LF transmission in the

onchocerciasis endemic LGAs [27,28].

LF Mapping
LF mapping activities were conducted in a series of surveys from

1998–2000 using various assays for the LF circulating antigen

[29]. In 1998 all villages in two LGAs (Pankshin and Akwanga)

selected to pilot the LF program were mapped using either the first

generation serum-based immunochromatographic tests [ICT card

test– AmRad North South Wales, Australia] or the Og4C3 ELISA

[TropBio, Australia]. In short, 149 villages were evaluated by

testing 4,451 male villagers $15 years of age, 22% of whom tested

positive for LF antigen, and 12.9% of whom had filarial hydrocele

on physical examination. Only 10% of village samples were LF

antigen negative. These results were reported in detail [26,30]. It

should be noted that Pankshin and Akwanga were onchocerciasis

endemic LGAs that were being treated with ivermectin when the

LF surveys took place.

In 1999–2000 mapping was launched throughout the two state

area using the WHO Operational Guidelines for Mapping of

Bancroftian Filariasis in Africa [31], in which districts (in this case

LGAs) were defined as implementation units [17]. The objective of

the survey was to determine the need for LF MDA (i.e., the presence

of LF transmission) with an approach biased towards finding LF

infection. In each of the 30 LGAs, villages were selected by asking

local health authorities if they knew of villages where there had been

frequent reports of clinical LF (hydrocele and/or lower extremity

lymphedema/elephantiasis) that might suggest filariasis was en-

demic. The names of those villages were written on slips of paper

and 1–4 slips for each LGA were drawn from a hat. In each sample

village, after obtaining consent from village leaders and individual

participants, LF antigen tests were preformed in 50–100 permanent

residents, all $15 years of age, with the sample equally divided

between males and females. Blood samples (100 ul measured by a

calibrated capillary tube) were obtained by finger puncture, then

transferred to the pad on the whole blood ICT test kit card (initially

produced by AmRad ICT, New South Wales, Australia; now

produced as ‘NOWH’ ICT Filariasis kits, Inverness Medical

Professional Diagnostics 2 Research Way Princeton, NJ 08540)

[32]. The test was then run per manufacturer’s instructions, with

reading timed precisely and positives being read when two pink lines

appeared on the card’s reagent impregnated filter paper, negatives

when one pink line appeared, and indeterminate for any other

finding. The LF village antigen prevalence was calculated by

dividing the number of positives by the total number of persons

examined. Each LGA’s prevalence was calculated as the mean of its

sample villages’ survey means. All LGAs were found to have an

antigen prevalence of .1%, which is the threshold for launching an

LGA wide MDA program (see Results).

Mass Drug Administration
In onchocerciasis co-endemic LGAs, local volunteers trained for

ivermectin distribution were present at the beginning of the LF

program. These volunteers had been trained under the guidelines

and financial support of the African Programme for Onchocer-

ciasis Control (APOC), and were known by that program as

community directed distributors (CDDs) [33,34], We retained that

designation (e.g., CDD) for the LF program to emphasize the fact

that this was an integrated delivery platform for both onchocer-

ciasis and LF . CDDs were trained or retrained annually to

distribute the ivermectin and albendazole tablets with a focus on

the need to provide health education about LF and (where

appropriate) onchocerciasis; to not confuse the ivermectin tablets

(white, small, round, unscored) with the albendazole tablets (white,

larger, oblong, scored); and to identify, report and, if necessary, to

refer persons with adverse events (AEs) occurring within 48 hours

of treatment. Ivermectin treatment was the same as that used in

onchocerciasis (150 ug/kg) and was dosed by height. A single

albendazole tablet (400 mg) was given together with the

ivermectin. Children ,90 cm height were not treated. Persons

appearing very weak or chronically ill were not treated, and

women were not treated if they reported being pregnant or

nursing a newborn under one week of age [8]. Persons with AEs

(usually headache, fever, and/or abdominal pain within 48 hours

of MDA) were treated with oral antihistamines and/or analgesics

by local health workers, who reported these results to the LMOH

supervisors. CDDs and health workers were instructed on how to

identify and refer persons with severe or unusual events occurring

post MDA to local facilities staffed by nurses or doctors.

CDDs in most instances went house to house within their areas

of responsibility to distribute the medicines; the treatment was

directly observed, and the process at the village level was usually

completed within 1–2 weeks, but state-wide activities began in

March and were not completed until December. In urban areas,

treatments were done at a central location such as a clinic,

hospital, school, church or mosque. LMOH staff members on

motorbikes provided by the program supervised treatment

activities, and villages were also independently visited in spot

checks by SMOH and/or Carter Center personnel.

A central part of the treatment process was the community

register, which was kept by each CDD. Each page in the register

was dedicated to a single household in the CDD’s area of

responsibility, and listed all residents by age and gender, starting

with the head of the family. Each household page had sufficient

space to record 7 rounds of treatment. Individual treatment was

directly observed and then immediately recorded in the register. If

an individual eligible for treatment was not present at the time of

the household visit, the CDD would return later to find and treat

that person.

Using the community register, each CDD would work with his/

her LMOH supervisor to prepare a summary report form after the

MDA was completed. At the time of the register review all unused

tablets were collected by the LMOH supervisor. In turn, working

with their SMOH supervisors, LMOH staff summarized their

LGA treatment figures monthly. These summaries were compiled

at the SMOH into a state monthly treatment report. Copies of

LGA and state monthly reports were kept at LGA, State and The

Carter Center offices. State level reports were shared with

responsible officials at the FMOH monthly.

Health Education
Health education (HE) was conducted by CDDs and LMOH

staff during mobilization activities just prior to MDA, and again

during MDA. HE aimed to provide information and understanding
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grouping SVs based on their MDA treatment round year. In 2009,

the last year of monitoring data reported in this study, all villages

were being evaluated just prior to 2009 MDA, so that mf

prevalence represented a sampling 10 months or more after at

least six years of MDA.

‘Baseline’ mf and ICT data calculations for SVs warrant a special

comment. In the first years of SV monitoring, the Jos laboratory

experienced technical problems with Giemsa stain precipitation. As

a result, many slides were ruined and pretreatment mf prevalence

could not be established for the five SVs in Phases 1–3. In 2002 the

stain problem was solved and we were able to obtain pretreatment

mf rates for the five SVs in Phase 4 (Akwete, Azara, Babale, Dokan

Tofa, and Piapung). Since mf rates $1% were considered indicative

of ongoing transmission, and because rates $1% were still found in

2002 in Phase 1–3 SVs, we choose to use the post treatment mf data

obtained in year 4 of treatment or earlier as the ‘baseline’ mf

calculation for those SVs. The exception was Gwamlar, whose first

mf data point (also $1%) could not be obtained until its sixth year of

treatment (2005) due to insecurity in Kanam LGA. Accordingly, it is

important to distinguish the term ‘mf pretreatment’ (e.g., prior to

MDA) from ‘mf baseline.’ Mf baseline is when the first SV mf values

were obtained, and such baseline data could encompass early MDA

years. We consider mf baseline as the best term to use considering

that all SVs in Phases 1 and 2 were already under ivermectin

monotherapy for onchocerciasis, so ‘pretreatment’ would be a

misnomer.

Data for the baseline antigen for five villages (Gbuwhen,

Gwamlar, Lankan, Maiganga, and Seri) were from the 1999–2000

mapping surveys where only 50–100 adults were sampled.

Subsequently larger convenience samples were tested in the

nocturnal surveys, including children as young as 2 years of age. In

LF endemic areas, adults as a rule have higher antigen prevalence

than children, so a spurious drop in prevalence between the

mapping baseline and the follow up community samples was

expected. In five villages (Akwete, Azara, Babale, Dokan Tofa,

Piapung) we combined values from the community wide pre-

treatment surveys conducted in 2002 or 2003 with the smaller

adult samples obtained in the 1999–2000 mapping surveys.

‘Baseline’ antigen results were compared with results obtained

after year 4 of MDA. However, unlike the mf analysis, antigen

data obtained between year 1 and 4 of treatment are not included

in antigen baseline calculations.

Entomology
Entomological surveys were conducted every two months in

each SV when security conditions allowed. Compounds where the

residents agreed to participate were numbered and the even

numbered compounds were serially sampled, substituting the odd

numbered compounds on occasions when residents in even

numbered compounds were not home or could not participate.

Collections in odd numbered compounds were also added when

numbers of mosquitoes were few during the dry season. Indoor

resting mosquitoes were collected in the morning using the

pyrethrum knockdown (PK) technique as previously described
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and placed in Petri dishes having moist tissue. Dissections were

performed on the day of collection, in the village. Each mosquito

was identified as Anopheles gambiae sl, An. funestus, other Anopheles sp,

Culex sp or ‘other’, and separated into head, thorax and abdomen

on a glass slide under a binocular dissecting microscope. Each of

these was teased open in a drop of normal saline. The slide

preparation was then passed to 1006under a regular microscope

where a trained microscopist noted the presence or absence of

larval stages (L1–3). Similar to the blood slides, larval stages were

recorded qualitatively for any larval stage (positive/negative), and

the presence or absence of L3 (positive/negative); numbers of
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SVs had interval reported treatment coverages and 2003 surveyed

coverage of $85% (Table 1). Ten months after the sixth round of

MDA, the change from baseline mf (Table 2) and antigen (Table 3)

levels was statistically significant for both SVs (p,0.01). However,

Piapung did not reach the ,1% mf threshold, with a 2009 mf

prevalence of 2.1% compared to Dokan Tofa (mf prevalence

0.4%). Age specific mf and antigen prevalence for these two SVs at

baseline and 10 months after the Year 6 MDA treatment round

are shown in Figure 7. Both villages show remarkable changes in

both parameters in most age groups. In Piapung, which began

with antigen levels representing the upper tercile (.25%), these

changes are less dramatic. Both villages, however, showed a

concerning number of 6–10 year old children with positive antigen

tests, which could suggest ongoing transmission in both villages

(Antigen positive children 5 years and under was not demonstrated

at either baseline or follow-up). In entomological evaluations, an

L3 (infective) mosquito was captured in Dokan Tofa in 2009.

Overall assessment of transmission based on SV

studies. Table 5 is a summary table showing baseline and

final (2009) measurements of mf, antigen, and mosquito infection

and infectivity rates in the SVs. Average mf in the ten SVs

decreased by 83%, from 4.9% to 0.8%, while the decrease of

antigenemia was less marked at 67% (from 21.6% to 7.2%).

Summary entomological data showed that the overall mosquito

infection rate decreased by 86% (from 3.1% to 0.4%) and

mosquito infectivity rate decreased by 76% (from 1.3% to 0.3%).

All findings were highly statistically significant (p,0.01), as were

many, but not all, individual SV decreases between baseline and

2009.

The final column in Table 5 summarizes these findings into our

conclusions as to whether transmission was interrupted based on 1)

mf prevalence being ,1% and/or 2) absence of L3 in mosquito

dissections. We did not make judgments based on community-

wide LF antigen results since most experts restrict assessments of

antigen to younger age groups [7,18,39,40]. If only the WHO SV

standard of mf,1% were considered, then transmission interrup-

tion would have been judged to have occurred in 8 SVs, with the

failures being Gwamlar (2009 mf prevalence of 4.9%) and Piapung

(2009 mf = 2.1%). Using our entomological criterion (evidence of

circulating L3 in vector mosquitoes), 4 of the 10 SVs (Gwamlar

again, Dokan Tofa, Lankan, and Seri) had evidence of

transmission. Taken together, therefore, we concluded that LF

transmission had been interrupted in only 5 SVs. In this regard,

considering initial force of transmission and its relationship to

breaking transmission, it is useful to note that the successful SVs

(with interrupted transmission) had baseline values that represent-

ed an average of 1.9% mf, 0.7% mosquito infection and 0.25%

mosquito infectivity, compared to 7.1%, 7.9% and 3.3%

respectively for baseline in SVs with ongoing transmission in 2009.

Six of the SVs had initial antigen levels that were .25% (the

upper tercile cutoff in the mapping results. Four of the SVs were

below this cutoff, with baseline antigen levels ranging from 6.4%

to 23.5%. Of the six SVs with endemicity representing the upper

tercile, four showed evidence of ongoing transmission in 2009. In

Figure 5. Mean sentinel village antigen prevalence by MDA treatment year (n=9,394). Filarial antigenemia as determined by ICT testing.
SV results across all four MDA phases have been adjusted to MDA treatment year for comparability. Data for the baseline antigen for five villages
(Gbuwhen, Gwamlar, Lankan, Maiganga, and Seri) were from 1999–2000 mapping surveys. Baseline for the remaining villages (Akwete, Anzara,
Babale, Dokan Tofa, Piapung) combined values from the community wide nocturnal pre-treatment surveys conducted in 2003 with pre-treatment
data from the 1999–2000 mapping surveys. Chi square for trend not significant (p = 0.06 for all MDA years and p = 0.271 for baseline through MDA
year 6). Bars show 95% confidence intervals.
doi:10.1371/journal.pntd.0001346.g005
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contrast, only one of the four lower endemicity SVs in 2009 failed

to interrupt transmission (due to a single infectious mosquito

captured in Dokan Tofa). However, it should be noted that the

other 3 SV (Akwete, Azara, and Babale), would have passed WHO

SV transmission interruption criterion at baseline, before MDA

was even launched (despite these SVs having baseline MDA





focused on children (called ‘transmission assessment surveys’—

TAS) must be conducted to enable a full determination of

transmission status and a ‘stop treatment’ decision for the

implementation unit [7,13,18]. In Plateau and Nasarawa states,

the costs and logistical challenges of monitoring 30 SVs (one in

each LGA) were beyond the program’s capacity [11]. Thus, we

monitored only 10 SVs, but as a result we are unable to make

individual LGA decisions based on SV data. The 83% decrease in

mf compared to baseline is consistent with other reports [42].

Encouraged by these findings, and by the fact that 80% of SVs

achieved the ,1% goal, we elected to conduct a major ‘TAS-like’

population-based cluster survey to determine antigen prevalence

for each LGA to decide where MDA could be stopped, and where





‘non onchocerciasis’ LGAs of Phases 3 and 4. The LF program

had to rapidly scale up new community distribution networks to

expand the MDA population under treatment by over 300%. By

the end of 2003, recruitment and training of CDDs increased by 3

fold compared to 2000, from 2,424 to 6,899. In attempts to

improve coverage and minimize workload further, the program

continued to increase CDD numbers annually, by training over

10,000 in 2009. Increased CDD numbers was associated with

improved village coverage, with the percentage of villages

achieving $85% coverage increasing from 50% in 2006 to 73%

in 2009.

As the LF program in Plateau and Nasarawa seeks to finance

and undertake additional assessments to determine when and

where MDA can be halted, considerations about the future of the

onchocerciasis control program will arise. Consider the two

options for MDA program adjustment within the 12 LF

onchocerciasis co-endemic LGAs if it is decided that LF

transmission has been broken: Option 1) Stop albendazole but

carry on with ivermectin MDA for onchocerciasis, while

conducting post treatment surveillance for LF recrudescence

(recrudescence would be less likely to occur in the presence of

ongoing ivermectin monotherapy compared to non onchocerciasis

endemic LGAs where both ivermectin and albendazole would be

stopped). Option 2) Determine the status of onchocerciasis

transmission, with the thought of stopping treatment for

onchocerciasis as well if indicated. Recent studies in parts of Mali

and Senegal have shown that onchocerciasis transmission has been

interrupted by 15 or more years of ivermectin treatment, and

MDA can be safely withdrawn [51]. If community wide MDA

treatments for LF and onchocerciasis can be stopped simulta-

neously in qualifying LGAs of Plateau and Nasarawa, then

surveillance teams can make the best of scarce resources by

undertaking ‘integrated’ post-treatment surveillance monitoring

for both conditions. In the interest of controlling soil transmitted

helminths (STH) and schistosomiasis, either scenario above would

potentially still require MDA with albendazole and/or praziquan-

tel in school aged children [52,53].

Managing these MDA transitions in Plateau and Nasarawa

states will be the final challenge. The complexity of modifying

programs will depend on the mosaic of epidemiological findings

likely to become more obvious in the near future as more

assessments are undertaken. Some LGAs (mostly likely those with

higher endemicity or poorer coverage) will require ‘mop up’ and

enhanced interventions and operations. Other LGAs might move

to post treatment surveillance activities. Individualized and

tailored programmatic processes must be resolved eventually by

the LGA level leadership and resources, where the health system

structures on ground need the greatest support.
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