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EXECUTIVE SUMMARY

Background

The President’s Malaria Initiative (PMI) supported entomological surveillance in six sentinel sites
namely Ebonyi , Oyo, Nasarawa, Akwa Ibom, Bauchi and Sokoto States from February -
December 2016. AIRS Nigeria captured PMI entomological indicators in all sentinel sites and
information collected from these sites are meant to support the National Malaria Elimination
Program (NMEP) in making data-driven decisions for programming vector control activities. All
teams across the six sentinel sites of Nigeria used PSC and Human - baited CDC light trap
collections indoor and outdoor to sample mosquitoes and determine key entomological
indicators. To measure insecticide resistance, all teams conducted WHO tube tests, CDC bottle
bioassays, and insecticide resistance intensity assays. Molecular characterization included
identification of An. gambiae M and S sibling species, kdr and metabolic resistance mechanisms.

Methods

Entomological surveillance activities were carried out using human- baited CDC light trap
methods (placed indoors and outdoors) used in four houses for three nights per sentinel site to
measure mosquito biting time. All teams also systematically sampled 32 houses per sentinel site
per month using the PSC method to sample indoor-resting mosquitoes. Parity rates were
determined by dissecting the ovaries from randomly selected female unfed An. gambiae s.l.
specimens collected using human- baited CDC light traps. The use of Prokopac aspirator for
indoor collections was also assessed. Molecular identification of Anopheles mosquitoes collected
from the six vector surveillance sites were conducted using the Polymerase Chain Reaction
(PCR). Plasmodium infection rate in the mosquito population was estimated through Enzyme-
Linked Immunosorbent Assay (ELISA) tests for Plasmodium falciparum.

Insecticide susceptibility tests were carried out using the standard WHO protocol and CDC
bottle bioassay to determine phenotypic resistance of An. gambiae s.|. to the four classes of
WHOPES - approved IRS insecticides which include alphacypermethrin,  deltamethrin,
permethrin and lambda-cyhalothrin (all pyrethroids), bendiocarb and propoxur (carbamates),
pirimiphos-methyl (organophosphate) and DDT (organochlorine). Resistance intensity was
determined through intensity assays carried out following the Center for Disease Control and
Prevention (CDC) protocol with three to four days old adult Anopheles mosquitoes using four
different concentrations of deltamethrin and permethrin (x1, x2, x5 and x10). Resistance
mechanism analysis was conducted to identify underlying resistance mechanism(s) and to




estimate the frequency of the knock down resistance (kdr) gene in the mosquito across all
sentinel sites. Synergist test was conducted to investigate the plausible role of metabolic
enzymes in insecticide detoxification in the resistant mosquito population from all sentinel sites.
Synergist assay was done using piperonyl butoxide (PBO) an inhibitor of mixed function oxidase
on Anopheles gambiae from each site. The presence of kdr mutation using allele-specific PCR
diagnostic tests designed for the West African kdr mutation was used. The proportion of the
molecular M and S form of Anopheles gambiae from samples collected at all sentinel sites were
also determined using established protocols.

Results

Vector seasonality

Overall, significantly higher numbers of An. gambiae s.|. were collected indoors than outdoors
across all sentinel sites. The primary vector across all six sentinel sites was An. gambiae s.|. The
presence of An. funestus was also observed in two sentinel sites of Nassarawa and Ebonyi states.
Other secondary vectors collected were An. pharoensis and An. coustani. Although overall,
consistently higher numbers of indoor resting mosquitoes were observed in Sokoto and Ebonyi
States as compared to the other sentinel sites, indoor biting peaks were observed to be highest
in Sokoto.

Of the six sentinel sites the highest indoor collections from PSC were recorded in Sokoto in the
Sahel/Sudan savannah and Ebonyi in the rainforest . Peak collections were recorded in the
months of August (783) and September (497) with a mean IRD ranging from 0.1-24.5. In
Ebonyi state located in the rainforest, peak collections from PSC were recorded in the months
of March (612) and July (419) with mean IRD ranging from a peak of 19.1 in the month of
March to 2.0 in the month of December. Nasarwa Eggon in the Guinea savannah recorded
consistently higher numbers in March, April and July with mean IRD ranging from 1.3-12.8.

Insecticide resistance

Both WHO tube tests and CDC bottle bioassay methods were used to determine the
susceptibility level of the vector population across the different ecological zones. Findings
indicated that local mosquitoes (An. gambiae s.l) were found to show resistance to DDT
(organochlorine) across all six sentinel sites. An. gambiae s.I. was found also to be resistant to
the pyrethroids lamdacyhalothrin, deltamethrin, and permethrin across most sites with the
exception of alphacypermethrin and lambdacyhalothrin to which local mosquitoes showed
susceptibility in Bauchi. In the carbamate class susceptibility to bendiocarb and propoxur was
observed across all. Pirimiphos-methyl (organophosphate) showed susceptibility in all 4 local
government areas of Bauchi state .

Resistance intensity assays




Resistance intensity assays showed variations in intensity across the six sentinel sites.

Molecular results

PCR analysis indicated a steadily increasing predominance of Anopheles gambiae s.s. with
changing ecozone across areas of increasing rainfall from 48.2 percent in the arid/semi-arid
Sahel increasing to 89 .3% in the Mangrove forest on the sea coast . Anopheles arabiensis was
the other member of the complex identified by PCR across all the ecozones but absent at
Ebonyi sentinel site. PCR analyses to determine the proportion of the Molecular M (Anopheles
coluzzii) and S-form (Anopheles gambiae s.s.) at each site indicated that the molecular M and S
form of Anopheles gambiae occurred in sympatry across all sentinel sites except Sokoto in the
Sudan/Sahel savannah with the S form being predominant ranging from 70.73 -100 percent
while the M form ranged between 2.65 -21.95 percent.

ELISA analysis for sporozoite infection indicated that infection rate was highest in Bauchi
(5.74%) followed by Sokoto(5.40) and Akwa Ibo(5.3) Nassarawa (4.3) and Ebonyi ( 4.2). In
Nasarawa sentinel site (4.3%) of the samples were positive for Plasmodium infection. An.
arabiensis from three sentinel sites of Ebonyi, Nassarawa and Bauchi were infected with P.
falciparum. None of the other sites recorded An. arabiensis infection.

Conclusions

A total of 66.02% of mosquitoes that were PCR positive were An. gambiae s.s. while An.
arabiensis represented 16.22% across the six sentinel sites indicating a slight decrease in An.
gambiae s.s. and a slight increase in the proportion of An. arabiensis and a possible extension of
range from the arid areas of Nigeria. PCR analyses was conducted to determine the proportion
of the molecular M and S-form at each site indicated that the molecular M and S form of
Anopheles gambiae occurred in sympatry across all sites with the S form in predominance. The
proportions representing 19.90% (M) and 75.31 % (S) across all sites. Insecticide resistance data
shows very high pyrethroid resistance across most sentinel sites and susceptibility to the
carbamates and organophosphates (pirimiphos-methyl) insecticides.

Xi
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1. INTRODUCTION

In September 2014, Abt Associates was awarded a new contract to implement indoor residual
spraying (IRS) under IQC IRS 2 Task Order Six (TO6) in up to 17 African countries. The Nigeria
program is included to continue entomological activities started under the TO4 contract. In
2016, The PMI AIRS project re aligned its sentinel sites from the 2015 PMI-supported
entomological surveillance in six sentinel sites namely Enugu, Lagos, Nasarawa, Plateau, Rivers
and Sokoto States to sentinel sites in PMI-supported states of Akwa Ibom, Ebonyi, Bauchi,
Nassarawa, Sokoto and Oyo. AIRS Nigeria captured PMI entomological indicators in all sentinel
sites and information collected from these sites are meant to support the National Malaria
Elimination Program (NMEP) in making data-driven decisions for programming vector control
activities. This report provides information on the entomological monitoring activities completed
between February -December 2016 .

The Africa Indoor Residual Spraying (AIRS) Nigeria program, funded by the President’s Malaria
Initiative (PMI) supported entomological surveillance in six sentinel sites across a geographic
transection of all five ecological zones. The sites, in South West, South East, South, North West,
and two in North Central geopolitical zones, were selected from 18 sites proposed by the
National Malaria Elimination Program. The objectives for work in the sentinel sites were to:

e Identify malaria vectors in the sites, (using both morphological identification keys and
molecular assays).

e Determine Sporozoite rates

e Establish vector density and seasonality,

e Monitor vector feeding period and time in the sentinel sites,
e Determine vector susceptibility and mechanism of resistance

e Determine intensity of resistance among local malaria vectors.

The PMI-AIRS project gathers key entomological indices relevant to the National Malaria
Elimination program by :

e Identifying the malaria vector population

e Guiding optimal time and place to implement Vector Control

e Detecting behavior changes that would limit the efficacy of Vector Control
e Monitoring the entomological impact of Vector Control

e Detecting development of insecticide resistance and modes of action




1.1 INDOOR RESIDUAL SPRAYING

In an effort to scale up Indoor Residual Spraying (IRS) in Nigeria, the Federal Ministry of Health
conceptualized the Public Private Partnership (PPP) as a strategy in December 2016. The FGN
provided funds for its piloting in six selected states (one per geo-political zone of the country).
These states are Nassaawa in North Central, Bauchi in North East, Jigawa in North West, Lagos
in the South west, Rivers in South South and Anambra in South East. The baseline data showed
the presence of Anopheles and other nuisance mosquitoes in the communities. The preliminary
results showed that a total of 19,837 households were visited and covered, 30,759 structures
covered, 70,218 rooms were sprayed and 130,061 persons were protected with IRS against
malaria and possibly other mosquito borne diseases such as Lymphatic filariasis. The PPP
strategy could be a possible method for sustainable IRS implementation in Nigeria if well
planned and implemented.




2. MONITORING VECTOR BEHAVIOR
AND DENSITY

2.1 OVERVIEW

Nigeria's National Malaria Elimination Program (NMEP) of the Federal Ministry of Health in
collaboration with PMI - AIRS Nigeria, established malaria vector surveillance sentinel sites in six
states (Figure 1 and Table 1). The sentinel sites are linked to universities/research institutions
located in the same states. Some of the institutions were selected based on their proximity to
the Drug Therapeutic and Efficacy Trial sentinel sites that the NMEP established in the early
1990s. They were also selected because they have the human capacity, facilities, and basic
equipment for entomological work.

Each sentinel site had a team made up of a Principal Investigator and eight technicians, who
carried out the surveillance work, including the determination of indoor resting densities (IRDs)
with Pyrethrum Spray Catches (PSC), mosquito biting time and location (indoor/outdoor) using
CDC light traps, and mosquito identification and preservation in Eppendorf tubes. Protocols for
the mosquito collections are as approved in the 2016 work plan and described below.

Figure 1: Sentinel Sites Supported By PMI 2016 for Monitoring Mosquito Density and Behavior
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Table 1:Sentinel Sites Supported by PMI in 2016 and their affiliate institutions

S/N States Collaborating Institutions Ento-Surveillance Sites Ecozones
(LGA)
1 Akwa Ibom University of Uyo Ibekwe Akpannya Mangrove/Forest
2 Bauchi Abgbakar Tafawa Balewa Gwantar Sahel Savannah
University
3 Ebonyi Ebonyi State University |Umuaghara Rain Forest
4 Nasarawa Na§arawa States Lambaga Guinea Savannah
University Arikpa/Alagye
5 Oyo University of Ibadan Olorisaoko Forest Savannah
6 Sokoto Usr.nanL'J Dandodiyo Rabah Sudan/Sahel Savannah
University




3. COLLECTION METHODS

Bi- monthly collections were carried out in the various sentinel sites using PSCs and CDC Light
trap methods. Prokopac aspirators were used in collecting adult indoor resting mosquitoes for
resistance intensity assays. Anopheline larvae were collected using ladles. An assessment of the
use of Prokopac aspirators in indoor resting collections .

3.1 CDC LIGHT TRAP COLLECTION

CDC light trap methods (baited traps, one placed indoors and one outdoors) were used in four
houses for three nights each month per sentinel site to measure mosquito biting time and
location following the methods of Yohannes and Boelee (2012).

3.2 PYRETHRUM SPRAY CATCHES

The teams systematically sampled 32 houses per sentinel site per month using the PSC method
as described by the WHO (1975) to sample indoor-resting mosquitoes. All samples collected
from the field were sent to the centrally located insectary at Nasarawa State University Keffi for
further processing and analysis.

3.3 IDENTIFICATION OF MALARIA VECTORS

The Anopheles mosquitoes collected using human - baited CDC light traps and PSC were first
identified to the species level morphologically (Gillies and De Meillon 1968; Gillet 1972; Gillies
and Coetzee 1987; Kent, 2006). All Anopheles specimens that were not dissected were labeled
and stored individually in Eppendorf tubes over silica gel for further processing. All samples
collected from the field were sent to the centrally located insectary at Nasarawa State University
Keffi.

34 DETERMINATION OF PARITY

Ovaries from randomly selected female unfed An. gambiae s.l. specimens captured by human
baited CDC light traps were dissected to determine their physiological age and parity rate as




described by Gillies and Wilkes (1963) and WHO (2003). Parity was determined only in places
where the technical expertise was confirmed (Nasarawa and Enugu sentinel sites). Parity was
established by observing the degree of coiling of ovarian tracheoles (Detinova 1962, Detinova
and Gillies 1964). The parity rate was obtained by determining the number of parous females
and dividing by the total number of mosquitoes examined (WHO 2013).




3.5 PCR IDENTIFICATION OF MEMBERS OF THE ANOPHELES
GAMBIAE COMPLEX

Overall a total of 2,418 Anopheles mosquito samples from six States: Sokoto, Nassarawa, Bauchi,
Akwa Ibom, Ebonyi and Oyo collected from February to August 2016 were analysed using the
Polymerase Chain Reaction (PCR) and ELISA for the detection of Plasmodium infection in
mosquitoes .This mosquito samples comprised of 1768 specimens of the Anopheles gambiae
complex. In addition, a total of 500 Anopheles coustani from Nassarawa sentinel site collected in
2015 and 2016 were analysed using ELISA for the detection of Plasmodium infection in mosquitoes
. Of the An. coustani collected in 2016 a total of 241 An. coustani were collected from the month
of March to August 2016 were analysed in addition to An. coustani collected in the year 2015
comprising of a total of 262 An. coustani. (90 An. coustani collected in the month of August
2015) and (172 An. coustani collected in the month of October 2015). All An. coustani were
collected using outdoor CDC light-traps.

Anopheles gambiae s.|. mosquitoes collected from the six vector surveillance sites were analyzed
for species identification using the Polymerase Chain Reaction (PCR). The samples were
collected using pyrethrum spray collection and CDC light trap collection indoors or outdoors.
This was a subset of all An. gambiae s.l. mosquitoes caught and represented approximately 10%
of samples caught across the sentinel sites both indoors and outdoors. All members of the
Anopheles gambiae complex were analyzed using a standard method. Extracted DNA was
amplified using the Anopheles gambiae species-specific multiplex PCR (Scott et al.,1993).

3.5.1 PLASMODIUM SPOROZOITES ASSAY

To estimate Plasmodium infection rate in the mosquito population, Enzyme-Linked
Immunosorbent Assay (ELISA) tests for Plasmodium falciparum, Plasmodium ovale and
Plasmodium malariae were carried out on a proportion of mosquitoes collected from the field.
Head and thorax of each female Anopheles mosquito was crushed in Phosphate Buffered Saline
(PBS) and tested for the circumsporozoite antigen using an ELISA assay (Burkot et al., 1984).




4. RESULTS

41 ANOPHELINE SPECIES COLLECTED BY THE DIFFERENT COLLECTION
METHODS

During the study period between February to December 2016, the study teams using baited
CDC light traps and PSC sampling methods collected a total of 17,535 Anopheles mosquitoes
from six sentinel sites. Detailed data are included in Annex A. The species composition of
collected mosquitoes follows:

e 15882 An. gambiae s.l.

e 88 An. funestus

e 861 An. coustani/ziemanni
e 43 An. nili

e 187 An. pharoensis

e 364 An. moucheti

A total of 15,882 (90.6 percent) were An. gambiae s.l. and 88(0.5 percent) were An. funestus. The
difference between the two major vectors, An. gambiae s.l. and An. funestus, was statistically
significant (p<0.0001). Other species caught were An. coustani 861(4.9 percent), An. nili 43 (0.2
percent), An. pharoensis 187(1.1 percent) and An. moucheti 364 (2.1 percent) and other species
(0.6 percent). An. gambiae s.[. was common in all the six sites, while An. coustani was collected
in Ebonyi, Nasarawa and Bauchi states, An. moucheti was collected from Ebonyi and Akwa Ibom
site only. An. pharoensis was only collected from Nasarawa and Sokoto and Ebonyi (Annex A-1).

4.2 PYRETHRUM SPRAY CATCH

Between February to December 2016, The study teams using PSC sampling methods collected
a total of 8,219 Anopheles mosquitoes. The highest Indoor Resting Density (IRD) of 24.5 was
observed in the month of August in Sokoto. A high indoor IRD of 19.1 was also observed in
Ebonyi state in the month of March. Lastly, the IRD ranged from 0.1-1.9 in Akwa Ibom where it
was the lowest among all the sentinel sites.




Figure 2. Indoor Resting Density for all sentinel site, February to
December, 2016
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4.3 HUMAN - BAITED CDC LIGHT TRAP COLLECTIONS

Overall results indicated that higher proportions of An. gambiae s.l. were collected indoors
than outdoors using CDC light trap method and the difference was statistically significant (
= 69144 , df =1; p<0.0001) Table 5.

In Ebonyi 85.1 percent Anopheles gambiae s.|. were collected indoors while 14.9 percent An.
gambiae s.l. were collected outdoors. Significantly higher number of mosquitoes were collected
indoors than outdoors (y* = 40.500, df =1; p<0.0001)

In Oyo State, 50.7% were collected indoors while 49.3% were collected outdoors, and no
significant difference were observed between indoor and outdoor collections ( p= 0.88).

In Akwa Ibom State, An. gambaie s.l. mosquitoes collected 67.1 percent indoors while 32.9
percent were collected outdoors .The difference between indoor and outdoor were significantly
different (p=0.0061).

In Nassarawa state, An. gambaie s.l. were collected from two LGA of Doma and Nasarawa
Eggon. Overall significantly higher numbers of An. gambaie s.l were collected indoors 63.4
percent than outdoors 36.6 percent (p=0.0073).

In Sokoto higher numbers of An. gambiae s.l. were collected indoors 63.7% than 36.3 %
outdoors using the human baited CDC light traps. Difference between mosquitoes collected
indoors and outdoors is statistically significant(x* =0.00062).

In Bauchi state higher numbers of An. gambiae s.l. were collected indoors 70.4 % than outdoors

29.6 % using the human baited CDC light traps. The difference between mosquitoes collected
indoors and outdoors is statistically significant(x* =0.00062 )(refer to Table 2).
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Table 2: Mosquito species caught using Human-baited CDC Light Trap from the various
sentinel sites

. . An. An. . An.
Mosquito Species gambiae s.l. | funestus An. nil coustani
In 85.1% 70.0% 66.7%
Ebonyi | Out 14.9% 30% 33.3%
P-
Value | P<0.0001S | P<0.0001S 0.00067S
In 70.4% 60 % 80 % 519 %
Bauchi | Out 29.6% 40 % 20 % 481 %
P- P<0.0001
Value | P<0.0001 S 0.045 S S* 0.70 NS
In 63.4% 75% 46.9%
Nasarawa | Cut 36.6% 25% 53.1%
P-
Value
In 50.7%
Oyo Out 49.3%
P-
Value 0.88NS
In 67.1% 50 % 100%
Akwa Out 32.9% 50 % 0.0%
Tbom P- P<0.0001
Value 0.00062S INS S
In 63.7% 409 %
Sokoto | Out 36.3% 59.1 %
P-
Value 0.0061S 0.068NS**

NB: *S= Significant; **NS= Not significant
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4.4 BITING TIME AND LOCATION ACROSS SIX SENTINEL SITES

Overall results indicated that higher proportions of An. gambiae s... were biting indoors than
outdoors using CDC light trap method.

In Ebonyi peak indoors biting activity was recorded at 1-2 am while peak outdoors biting was
recorded at 4-5 am.

In Oyo State, both indoors and outdoors biting activity were close but peak indoor biting time
was 12-1pm while peak outdoor biting time was 4-5 am (Figure 3) .

In Bauchi state the peak biting time indoors was 2-3 a.m while peak outdoor biting was 11-12
a.mand 2-3 am.
In Akwa Ibom State peak indoors biting was 1-2 a.m while outdoor biting 2-3 a.m (Figure 5).

In Sokoto peak indoors biting time was 1-2 a.m while outdoors was 4-5 a.m (Figure 6).
In Nassarawa state, An. gambaie s.I. biting times from the two LGAs of Doma and Nasarawa
Eggon were slightly different. In Doma peak indoor time was 2-3 a.m while outdoors was 11-12

a.m while in Nassarawa eggon peak indoor time was 11-12a.m and outdoors was12 -1 a.m.
(Figures 7 and 8).
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Figure 3: Average biting rate for all sentinel site, February to December, 2016
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4.5 PCR IDENTIFICATION OF MEMBERS OF THE ANOPHELES
GAMBIAE COMPLEX

PCR indicated the proportion of An. gambiae s.s. varied with eco zone from wet to dry areas but the
same was not observed with An. arabiensis Figure 4 . The S form of An. gambiae was observed

across ecozones and occurred in sympatry with the M form of An. gambiae in all zones except

Sokoto in the Sudan/ Sahel savannah Figure 5. ELISA indicated higher infection rates in
An.gambiae 4.50 -5.74 than An. arabiensis 3.49-4.80 and occurred in sympatry at all ecozones
except in the mangrove forest Figure 4. Significantlyhigher human bloodmeals was observed in
An.gambiae 49.56 -62.57 percent than An. arabiensis and varied

according to the ecozones (Figure 6).

No. +ve An. gambiae s.s. An. arabiensis
PCR for
Total No. An. No.CS No. +ve | No.
Ecozone Processed | gambiae | P | CSP | SPR | PCR for | CSP | CSP | SPR
for PCR S.S. teste | +ve (%) | An.arabie | teste | +ve (%)
(%) d nsis d
Sudan/Sahel o o
(Sokoto) 433 328(76%) | 328 12 3.66 |9121%) |91 1 1.1
Guinea
savannah 830 563(68%) 563 22 3.9 |182(22%) | 182 3 1.65
(Nassarawa)
Mangrove 335 281(84%) | 281 14 | 4.98 6(2%) 6 - -
Rainforest 505(72%) | 505 | 12 | 238 | 96(14%) | 96 | 1 | 1.04
Ebonyi 704 ° ' ° '
Forest 371 248(67%) | 248 | 11 | 444 | 46(12%) | 46 | - | -
Savannah
Sudan
(savannah) 239 120(50%) | 120 5 416 | 48(20%) | 48 1 2.08
Bauchi

Table 3: Total number of mosquitoes processed for PCR and ELISA from 6 ecozones of

Nigeria
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Figure 5: Proportion of An. gambiae s.s. and An. arabiensis infected with Plasmodium
falciparum (February — December, 2016)
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Figure 6: Proportion of An. coustaini infected with Plasmodium falciparium (February -
December, 2016)




Proportion of M and S forms of An. gambiae from six ecozones of Nigeria
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Figure 8: Proportion of An. gambiae s.s. and An. arabiensis positive for human blood from
different ecozones (February - August, 2016)




Table 4:Intensity of Malaria transmission (Entomological Inoculation Rates ) across the six ecozones of Nigeria (EIR for each

month and yearly EIR) for An.gambiae s.s

. . . N E kot
Akwa Ibom Bauchi (Sahel Ebonyi Doma (Guinea assarwa. ggon Oyo (Forest Sokoto
Month (Mangrove/Forest) Savannah) (Rainforest) Savannah) (Guniea Savannah) (Sudan/Sahel
9 Savannah) Savannah)
i)l i)l §e)l §e)l i)l i)l i)l
Z Z Z Z Z Z Z
S~ S~ S~ S~ S~ S~ S~
wo | B wol = wol| = wol| = wol| = wol| = wol| =
) ) n n ) [ [ c
3 5 5 3 5 5 35 5 35 5 3 5 5 3 5 5 3 5 o
5 & £ o | E o | E o | E o | E o | E ca | E
S| 2| S| @ S| @ S| @ S22 @ S| @ Soo| 2
= £ 0o i1} = £ 5 i1} = |\ o | o = £ o o = |05 i1} = £ 5 i1} = |5 o
Feb-16 0 00| 00 | 02 | 0.0 | 0.0 1 0.0 | 0.0 1 04 | 109 | 18 | 0.7 | 19.5 0 0.0 | 0.0 01 | 0.0 | 0.0
Mar-

16 02 | 0.0 0.0 02 | 0.1 20 19 | 0.1 4.0 09 | 0.2 5.5 1.7 | 0.3 10.4 2 0.5 14.3 05 | 0.1 3.0

Apr-16 | 002 | 00| 0.1 | 01 |00 |00 | 14 (01| 3.2 | 24 | 03 | 9.0 21 | 03| 7.9 15 | 0.0 | 0.0 01 | 0.0 | 0.0
May-

16 131 | 0.1 4.2 0.2 | 0.0 0.6 22 | 0.2 6.3 12 | 0.1 26 11 | 0.1 23 15 | 0.0 0.0 01 | 0.0 0.0
Jun-16 | 017 | OO | 00 [ 04 | 00| 00| 29 | 0O | 0.0 | 38 | 0.0 | 0.0 13 | 0.0 | 0.0 26 | 0.2 | 5.5 06 | 0.1 | 3.0
Jul-16 | 093 | 01| 35 | 05| 00|00 | 39 |02 59 |26 | 00| 0.0 4 0.0 | 0.0 05 | 0.0 | 0.0 21 | 0.1 | 45

Aug-

16 8 0.8 22.6 03 | 0.0 0.0 31 | 0.0 0.0 18 | 0.2 4.9 1 0.1 2.7 0.5 | 0.0 0.0 41 | 0.3 76
Sep-16 | 514 | 0.0 | 0.0 | 02 | 00 |00 | 16 | 0.2 | 54 | 13 | 0.2 | 5.8 06 | 0.1 | 2.7 05 | 00| 1.0 18 | 0.2 | 7.2
Oct-16 | 102 | 0O | 0.0 | 02 |00 |00 15 |02 | 6.8 | 15| 0.2 | 6.3 07 | 0.1 | 2.9 03 | 0.0 | 0.8 1.2 | 0.0 | 0.0

Nov-

16 123 | 0.1 3.1 0.1 | 0.0 0.0 06 | 0.0 0.0 0.8 | 0.1 20 26 | 0.2 6.5 0.6 | 0.0 0.0 0.7 | 0.0 0.0

Dec-16 | 0.25 | 0.0 | 0.0 0 00|00 | 07 | 00| 0.0 | 0.7 | 0.0 | 0.0 17 | 0.0 | 0.0 0.7 | 0.0 | 0.0 14 | 0.0 | 0.0
Total | 275 | 1.1 | 334 | 24 | 01 | 2.6 | 208 |10 | 315 | 18 | 1.6 | 469 | 186 | 1.8 | 55.0 | 10.7 | 0.7 | 21.6 | 12.7 | 0.8 | 25.3
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Table 5:Intensity of Malaria transmission (Entomological Inoculation Rates ) across the six ecozones of Nigeria (EIR
for each month and yearly EIR) for An. Arabiensis

. . . N kot
Akwa Ibom Bauchi (Sahel Ebonyi Doma (Guinea assarwa. Oyo (Forest Sokoto
Month . Eggon (Guniea (Sudan/Sahel
(Mangrove/Forest) Savannah) (Rainforest) Savannah) Savannah)
Savannah) Savannah)
i)l §e)l i)l i)l i)l i)l §e)l
Z Z Z Z Z Z Z
FRE - - I R I - IR
35| 8 35| s 35| © 35| © 35| © 35| s 35| o
£ 22 @ S @ fL2| @ £ 2 Sk 2 Eeo2l 2 SR =
= S o] o =S o] o = S ol = £ o5 o = S ol = £ o5 {7, =S5 W@
Feb-16 | 0.0 0.0 00/ 02|00|00| 10 (00| 00| 10 | 03 90| 18 |00 | 00| 00 | 00O |0.0| 01 | 0.0 | 0.0
Mar-16 | 0.2 0.0 00/ 02|00|00| 19 [03]|90| 09 |03 90| 17 | 00| 00| 20 | 00| 00| 05 | 0.0 | 0.0
Apr-16 | 0.0 0.0 00/ 01|00|00| 14 00| 00| 24 | 0.0 00| 21 |00| 00| 15 | 00| 00| 01 | 0.0 0.0
May-16 | 1.3 0.0 00/ 02|00|00| 22 |00|00| 12 | 0.0 00|11 00| 00| 15 | 00| 00| 01 | 00| 0.0
Jun-16 | 0.2 0.0 00/ 04 |00|00| 29 00| 00| 38 |0.0 00| 13 |00| 00| 26 | 00| 00| 06 | 0.0 | 0.0
Jul-16 | 0.9 0.0 00|/ 05|00|00| 39 (00|00 26 |00 00| 40 00| 00| 05 |00 | 00| 21 | 0.0 | 0.0
Aug-16 | 8.0 0.0 00/ 03|00|00(| 31 |00|00| 18 | 0.0 00| 10 00| 00| 05 |00 | 00| 41 | 0.0 | 0.0
Sep-16 | 5.1 0.0 00/ 02|00|00| 16 00| 00| 13 | 0.0 00| 06 00| 00| O5 |00 | 00| 18 | 0.1 ] 3.0
Oct-16 | 10.2 | 0.0 00/ 02|00|00| 15 00| 00| 15 | 0.0 00/ 07 |00 00| 03 |00|00| 1.2 | 00| 0.0
Nov-16 | 1.2 0.0 00/ 01|00|00| 06 |00 0.0 08 | 0.0 00| 26 | 00| 00| 06 |00 | 0.0| 07 | 0.0 | 0.0
Dec-16 | 0.3 0.0 00/ 00|00|00| 07 00| 00| 07 | 0.0 00| 17 |00| 00| 07 |00| 00| 14 | 0.0 | 0.0
Total | 275 | 0.0 00| 24|/00| 0020803 |9.0(180| 06| 18.0|186| 00| 00| 107 |00 | 0.0 127 | 0.1 | 3.0
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Table 6:Percentage malaria cases and (Ento ) malaria transmission intensity (EIR) indices across the six ecozones of
Nigeria(Source HMIS 2017)
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Sokoto

Akwa Ibom Bauchi (Sahel Ebonyi ' Doma Nassarawa Eggon Oyo (Sudan/Sahel
(Mangrove/Forest) Savannah) (Rainforest) (Guinea Savannah) | (Guinea Savannah) (Forest Savannah) Savannah)
E=] E=] E=] E=] E=] E=] E=]
Months 5 5 5 5 5 5 5
3% Sy g% Sy ‘3% Sy g% Sy g% Sy ‘3% Sy g% Sy
S 65 8¢ S| EE fg S| 55 ¢ S| £§5 &g S £5 28 S 5 8| S| FE ¢
Feb-16 | 00 | 0.0 | 780 | 02| 00 | 534 | 10| 00 | 787 | 10| 0.0 | 586 | 18| 0.0 | 565 [00| 0.0 | 591 [01| 0.0 | 707
Mar-16 | 02 | 0.0 | 904 |02 | 00 | 543 |19| 00 | 832 |09| 00 | 651 |17| 00 | 578 [20| 0.0 | 614 | 05| 0.0 | 649
Apr-16 | 0.0 | 0.0 | 906 |01| 0.0 | 553 |14 | 00 | 841 |24 | 00 | 681 |21]| 00 | 608 |15| 00 | 618 [01| 0.0 | 705
May-16 | 1.3 | 0.0 | 912 |02| 00 | 687 [22| 0.0 | 847 |12| 20 | 767 |11]| 23 | 628 |15]| 00 | 658 |01 | 0.0 | 739
Jun-16 | 02 | 0.0 | 924 (04| 00 | 697 (29| 00 | 860 |38 | 26 | 773 |13 | 2.7 | 694 |26| 0.0 | 661 |06| 0.0 | 812
Jul-16 | 09 | 00 | 934 |05| 00 | 733 |39| 3.2 | 875 |26| 49 | 814 |[40| 2.7 | 696 [05| 00 | 670 |21 | 00 | 827
Aug-16 | 80 | 0.1 | 944 |03 | 00 | 744 |31| 40 | 877 |18| 55 | 816 |10 | 29 | 721 |05| 00 | 678 |41 | 3.0 | 830
Sep-16 | 51 | 3.1 | 947 [ 02| 00 | 750 | 16| 54 | 905 | 13| 58 | 999 [ 06| 65 | 743 | 05| 0.8 | 693 | 18| 3.0 | 859
Oct-16 | 102 | 35 | 954 |02 | 0.0 | 773 | 15| 59 | 906 |15 | 6.3 - 07| 79 | 747 |03 | 10 | 693 |12 | 45 | 897
Nov-16 | 1.2 | 4.2 | 956 |01 | 06 | 798 | 06| 63 | 909 |08 | 9.0 - |26| 104 | 771 |06 55 | 711 [07 | 7.2 | 919
Dec-16 | 03 | 22,6 | 1136 |00 | 2.0 | 80.2 |07| 6.8 | 914 |07 ] 109 - 17] 195 | 772 |07 ] 143 | 755 | 14| 76 -
Total | 25 | 33.4 | 936 |02 | 26 | 692 |19| 315 | 868 | 16| 469 | 761 |17 | 55.0 | 684 |10 | 21.6 | 667 | 12| 253 | 794
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EIR (Infective Bites Per Year) and Percentage confirmed malaria cases in each
ecozone of Nigeria
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Figure 9: EIR (Infective Bites Per Year) and Percentage confirmed malaria cases in each
ecozone of Nigeria

! Note *The National Malaria Elimination Programme made available the percentage Malaria cases data for
2016 for this purposes of comparing with the AIRS Ento data for malaria risk stratification purpose for
the six ecozones of Nigeria .
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4.6 INSECTICIDE SUSCEPTIBILITY AND MECHANISM OF
RESISTANCE

Both the WHO tube and CDC bottle bioassays test was aimed to determine the susceptibility
level of the vector population across the different ecological zones. Insecticide susceptibility
results indicated that DDT (organochlorine) was strongly resistant across all six sentinel sites.
An. gambiae s.l. was found to show resistance to the pyrethroids in most of the sites. The
vector is susceptible to carbamates in most of the sites. The low mortality observed for
pirimiphos-methyl tests using the CDC bottle assays in some of the sentinel sites (Ebonyi,
Nasarawa and Sokoto) could be due to the stability of insecticides used for the assays. All the
teams will conduct the tests using formulated product of pirimiphos-methyl in the next work

plan period.




Table 7: Test Results (Percent Mortality After 24 Hours) against An. gambiae s.l. using WHO Tube test and

CDC Bottle Bioassay Methods at 30 Minutes Diagnostic Time (45 Minutes for DDT) for Akwa Ibom Sentinel Site

WHO Tube Bioassay

CDC Bottle Bioassay

Ikot Ekpene Itu Mpat Enin Oron Ikot Ekpene Itu Mpat Enin Oron
Class of . .
Insecticides Insecticides © © o o ® ® o o
28 gg g% 28 gg g% gB gg g% gB gg g% gB gg g% 28 gg g% 28 gg g% 28 gg g%
£% £8 o5 £s 88| o5 ek E8 e5 T E& 85| wE zd o5/ vE sl e5 zE 8l 85/ TE ozl &k
A g R R g R R g R R g2 R R g2 R R g2 R 2 g2 R 2 83
. Lambdacyhal 10 10 100 10 10 100 10 10 100 10 10 100 10 99% | 10 10 100 10 o 10 99%
Pyrethroid | 1 rin 0l o | %s| oo l%ws|olo|ws|olo|ws|ol|®] s |o|o|ws|ol|X|P]o]|P®]| s
. . 10 96% | 10 96% | 10 97% | 10 96% | 10 98% | 10 99% 13 72.6% 10 98%
Pyrethroid Permethrin 0 96 0 96 0 97 0 96 0 98 S 0 99 S 5 98 R 0 98 S
Pyrethroid Deltamethrin 10 10 100 10 10 100 10 10 100 10 10 100 10 10 100 10 10 100 10 10 100% 10 10 100
yrethro eltame ol o|%s|o|o|%s|o|o|%s|o|lo|%s|o|o|%s|o|o|%s|o]o S 0| o0 %s
. Alphacyperm 10 10 100 10 10 100 10 10 100 10 10 100 10 97% | 10 10 100 10 10 100% 10 99%
Pyrethroid . 97 99
ethrin 0 0 % S 0 0 % S 0 0 % S 0 0 % S 0 0 0 % S 0 0 S 0 S
Carbamate Bendiocarb 10 10 100 10 10 100 10 10 100 10 10 100 10 10 100 10 10 100 10 10 100% 10 10 100
0 0 % S 0 0 % S 0 0 % S 0 0 % S 0 0 % S 0 0 % S 0 0 S 0 0 % S
Carbamate Propoxur 10 10 100 10 10 100 10 10 100 10 10 100 10 10 100 10 10 100 10 10 100% 10 10 100
P 0 0 % S 0 0 % S 0 0 % S 0 0 % S 0 0 % S 0 0 % S 0 0 S 0 0 % S
Organo- Pirimiphos- 10 10 100 10 10 100 10 10 100 10 10 100 10 10 100 10 10 100 10 10 | 95.2% 10 10 100
phosphate methyl? 0 0 % S 0 0 % S 0 0 % S 0 0 % S 0 0 % S 0 0 % S 5 0 0 0 % S
Organo- 10 10 100 10 97% | 10 10 100 10 96% | 10 82% | 10 34% 10 o 10 44%
chlorine DDT 0 0 % S 0 7 0 0 % S 0 % 0 82 R 0 34 R 0 >0 | 0% R 0 44 R
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Table 8: Test Results (Percent Mortality After 24 Hours) against An. gambiae s.l. using WHO Tube tests and
CDC Bottle Bioassay Methods at 30 Minutes Diagnostic Time (45 Minutes for DDT) for Bauchi Sentinel Site

WHO Tube Bioassay CDC Bottle Bioassay
Bauchi Dass Misau Shira Bauchi Dass Misau Shira
Class of . .
Insecticides Insecticides
. . [ . . [ . . [ . . [ . . [ . [ . . [ . . [
ZOB §'g g% z°g§g g% §8§g g% §Bzog g% ZOB Zo'g g% §B Zog g% §B Zog g% §Bzog g%
5% &8 85 TE 8 85 £E e8| o5 £E|ed o5 £ & o5 £E gl 85 TE o£d g5 gz g
erl 8 s> 2F|R8 s = 2F|8 S RT|R g2 R 2 g2 R 2 g R 2 3= ”F|R =
o o
0, (o) 0, 0, 0, 0, 0, 0,
Pyrethroid | Lambdacyhalothrin | 100 | 93 3% 1100 [ 93 | 2?% | 100 | 96 | 2°% | 100 | 94 | 2** | 100 | o8 9?’ 100 | 97 | % | 100 | 98 9?’ 100 | 97 | 2%
0, 0, 0, o) O, 0, O, O,
Pyrethroid | Permethrin 100 | 84 8‘;{4’ 100 | 86 8?’ 100 | 87 87R" 100 | 85 Sff 100 | 94 | 2 100 96 | %®” | 100 | 99 91" 100 | 98 95;"
0, 0, 0, o) (o) (o) (o) 0,
Pyrethroid | Deltamethrin 100 | 94 | % 100 | 92 91{4’ 100 [ 93 | 3% 1100 [ 92| ®?% | 100 | 96 | 2°® | 100 | 96 | 2% | 100 | 96 | 2°% | 100 | 97 | 7%
0, 0, 0, 0, 0, 0, O, O,
Pyrethroid | Alphacypermethrin | 100 | 88 85;& 100 | 85 SE;A) 100 | 89 89RA) 100 | 87 8|72A) 100 | 97 7% 100 | 97 7% 100 | 98 926 100 | 99 926
0, 0, 0, 0, 0, 0, 0,
Carbamate | Bendiocarb 100 | 99 924’ 100 | 99 924’ 100 | 97 | 7% | 100 | 98 ;85 100 | 100 102 %1100 | 99 9954’ 100 | 100 102 %1 100 | 99 9954’
(o]
0O, 0O, 0, 0, 0, 0, 0, 0,
Carbamate | Propoxur 100 | 98 9?’ 100 | 98 9?’ 100 | 99 924’ 100 | 98 9854’ 100 | 99 9954’ 100 | 98 9854’ 100 | 100 102 %1 100 | 99 9954’
- Trimi - o) 0, 0, 0, [¢) [¢) 0, 0,
Organo Pirimiphos 100 | 100 | 199% | 100 | 99 | 2% | 100 | 97 | 7% | 100 | 98 | %% | 100 | 100 | 1%°% | 100 | 100 | 1%°% | 100 | 99 | #°% | 100 | 98 | %%
phosphate methyl? S S S S S S S
- (o) 0, 0, [ [¢)
?l:f(’;?:e DDT 100 | 93 | 2% | 100 | 89 85;" 100 | 90 | 2°% | 100 | 93 | 2% | 100 | 100 102 %1100 | - - |100]| - - 100 - | -
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Class of

L. Insecticides
Insecticides

WHO Tube Bioassay

CDC Bottle Bioassay

Ezza North

Ikwo

Ohaozara

Ohaukwu

Ezza North

Ikwo

Ohaozara

Ohaukwu

Table 9: Test Results (Percent Mortality After 24 Hours) against An. gambiae s.l. , WHO Tube tests and

CDC Bottle Bioassay Methods at 30 Minutes Diagnostic Time (45 Minutes for DDT) for Ebonyi Sentinel Site
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28 g'o %% gggv %% ngg'o %% 28 g'c %%\ ng gv %% ng g'o %% 28 g'o %% 28 g'c %%
53 58 85 zhz8 o5 zpzéd| o5 g g8 o5 zE =& o5z zd o5z zd w5z ozl es
erEl e 8= °F|R 3= °F|R g2 R 2 g2 R 2 g R R g R R g2 R R 83
. Lambdacyhal 10 77% | 10 10 10 10 93% | 10 87% | 10 75% | 10 81%
Pyrethroid othrin 0 77 R 0 0 0 0 93 0 87 R 0 75 R 0 81 R
. . 10 5% 10 10 10 40% | 10 53% | 10 38% | 10 55% | 10 62%
Pyrethroid Permethrin 0 5 R 0 0 0 R 0 53 R 0 38 R 0 55 R 0 62 R
. . 10 10 100 10 10 10 10 74% | 10 80% | 10 91% | 10 46%
Pyrethroid Deltamethrin 0 0 %S 0 0 0 - 0 74 R 0 80 R 0 91 0 46 R
. Alphacyperm 10 10 100 10 10 10 10 92% | 10 54% | 10 88% | 10 93%
Pyrethroid | hrin 00| %s| o 0 0 T o | %2 o | R |0 |®| r |0
Carbamate Bendiocarb 10 10 100 10 10 10 ) 10 10 100 10 10 100 10 10 100 10 10 100
0 0 % S 0 0 0 0 0 % S 0 0 % S 0 0 % S 0 0 % S
Carbamate Propoxur 10 10 100 10 10 10 100 10 10 100 10 10 100 10 10 100 10 10 100
P 0 0 % S 0 0 0 % S 0 0 % S 0 0 % S 0 0 % S 0 0 % S
Organo- Pirimiphos- 10 90 90% | 10 10 10 ) 10 68 68% | 10 66 66% | 10 56 56% | 10 63 63%
phosphate methyl? 0 0 0 0 0 R 0 R 0 R 0 R
Organo- 10 30% | 10 10 10 10 45% | 10 77% | 10 58% | 10 82%
chlorine DDT o |30 R 0 0 0 i o | ¥ r o | 7] & o | %] R o | 8| R




Table 10: Test Results (Percent Mortality After 24 Hours) against An. gambiae s.l. using WHO Tube tests and
CDC Bottle Bioassay Methods at 30 Minutes Diagnostic Time (45 Minutes for DDT) for Nasarawa Sentinel Site

WHO Tube Bioassay

CDC Bottle Bioassay

Doma Karu Nasarawa Nassarawa Doma Karu Nasarawa Nassarawa
Class of . . Eggon Eggon
Insecticides Insecticides v ) ) ) v v v o
23 23 £5 23 23 252323 £523 sy £5 2%y £5 2%y £5 2%y £5 232y £9
TE T8 £5 TE T& o5 TE T& 35 £f T8 o5 T a8l o5 T T8 o5/ TE T& g5 gE T8 ¢k
A g2 R R g2 R R g2 R 2 g R R g2 R R g R R g2 R R 83
Pvrethroid Lambdacyhalo | 10 30 30% | 10 | 10 | 100 | 10 6 46% | 10 | 10 | 100 | 10 | 10 | 100 | 10 99 99% | 10 | 10 | 100 | 10 | 10 | 100
y thrin 0 R 0 0 % S 0 R 0 0 % S 0 0 | %S 0 S 0 0 % S 0 0 % S
. . 10 86% | 10 78% | 10 78% | 10 85% | 10 61% | 10 87% | 10 93% | 10 97.1
Pyrethroid | Permethrin 0 86 R 0 78 R 0 78 R 0 85 R 0 61 R 0 87 R 0 93 ) 99 %S
. . 10 48% | 10 73% | 10 91% | 10 94% | 10 98% | 10 | 10 | 100 | 10 | 10 | 100 | 10 | 10 | 100
Pyrethroid | Deltamethrin 0 48 R 0 73 R 0 91 0 94 0 98 S 0 0 % < 0 0 % < 0 0 %S
.. | Alphacyperme | 10 81% | 10 80% | 10 97% | 10 93% | 10 | 10 | 99% | 10 | 10 | 100 | 10 | 10 | 100 | 10 | 10 | 100
Pyrethroid | 4 rin o || R |0 ¥ R |0|Y o | % 1o s lolo|%s|o]lo|%s| o]0/ %s
Carbamate | Bendiocarb 10 | 10 | 100 | 10 | 10 | 100 | 10 | 10 | 100 | 10 | 10 | 100 | 10 | 10 | 100 | 10 | 10 | 100 | 10 | 10 | 100 | 10 | 10 | 100
0 0 % S 0 0 % S 0 0 % S 0 0 % S 0 0 | %S 3 3 % S 0 0 % S 0 0 % S
Carbamate | Propoxur 10 99 99% | 10 | 10 | 100 | 10 | 10 | 100 | 10 99 99% | 10 | 10 | 100 | 10 | 10 | 100 | 10 | 10 | 100 | 10 | 10 | 100
P 0 S 0 0 % S 0 0 % S 0 S 0 0 | %S 0 0 % S 0 0 % S 0 0 % S
Organo- | Pirimiphos- 10 | 10 | 100 | 10 | 10 | 100 | 10 | 10 | 100 | 10 99 99% | 10 79 29% | 10 78 77% | 10 a1 41% | 10 24 24%
phosphate | methyl” 0 0 % S 0 0 % S 0 0 % S 0 S 1 R 1 R 0 R 0 R
Organo- 10 16% | 10 51% | 10 60% | 10 62% | 10 48% | 10 62% | 10 62% | 10 49%
chlorine DDT 0 16 R 0 >1 R 0 60 R 0 62 R 0 48 R 0 62 R 0 62 R 0 49 R
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Table 11: Test Results (Percent Mortality After 24 Hours) against An. gambiae s.l. WHO Tube and
CDC Bottle Bioassay Methods at 30 Minutes Diagnostic Time (45 Minutes for DDT) for Oyo Sentinel Site

WHO Tube Bioassay CDC Bottle Bioassay
Class of Afijio Akinyele Egbeda Oluyole Afijio Akinyele Egbeda Oluyole
Insecticides Insecticides
. . [l . . <] . . <] . . <] . . [l . . [l . . [l . . <]
S5/ Sg £2 23 2| £2 23Sy £2 23 S £5 2329 £5 23 Sy 52 23 2 £5 23 sy £2
[ [ gz F [ 3= F [ 3= F [ 3=~ [ g =z F [ S =z F [ gz F [ g =
. Lambdacyhal 10 96% | 10 0% 10 59% | 10 85% | 10 10 100 10 10 100 10 10 100 10 10 100
Pyrethroid | it o | % o | Ol R Jo 2] R 1o |®] "R |lo|lo|%s|olo|ss|olo|uss|ololwus
. . 10 50% | 10 78% | 10 67% | 10 99% | 10 9%6% | 10 72% 10 85% | 10 63%
Pyrethroid Permethrin 0 50 R 0 78 R 0 67 R 0 99 S 0 96 0 72 R 0 85 R 0 63 R
. . 10 81% | 10 53% | 10 69% | 10 97% | 10 10 100 10 10 100 10 99% | 10 10 100
Pyrethroid Deltamethrin 0 81 R 0 53 R 0 69 R 0 97 0 0 % < 0 0 % < 0 99 S 0 0 %S
. Alphacyperm 10 99% | 10 58% | 10 95% | 10 10 100 10 10 100 10 10 100 10 91% | 10 10 100
Pyrethroid | hrin 0 | P s o |2 R |0|® 0l o0 | %s|o|lo|%s|o|o|%s|ol|>* 0| 0| %s
Carbamate Bendiocarb 10 10 100 10 10 100 10 93 93% | 10 10 100 10 10 100 10 10 100 10 10 100 10 10 100
0 0 % S 0 0 % S 0 0 0 % S 0 0 % S 0 0 % S 0 0 % S 0 0 % S
Carbamate Propoxur 10 91 91% | 10 10 100 10 99 99% | 10 99 99% | 10 10 100 10 10 100 10 10 100 10 10 100
P 0 0 0 % S 0 S 0 S 0 0 % S 0 0 % S 0 0 % S 0 0 % S
Organo- Pirimiphos- 10 10 100 10 10 100 10 10 100 10 10 100 10 99 99% | 10 9% 96% | 10 61 61% | 10 10 100
phosphate methyl? 0 0 % S 0 0 % S 0 0 % S 0 0 % S 0 S 0 0 R 0 0 % S
Organo- 10 94% | 10 10% | 10 57% | 10 4% 10 74% | 10 0% 10 44% | 10 0%
chlorine DDT 0 94 0 10 R 0 >7 R 0 4 R 0 74 R 0 0 R 0 a4 R 0 0 R
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Class of Insecticides WHO Tube Bioassay CDC Bottle Bioassay

Table 12: Test Results (Percent Mortality After 24 Hours) against An. gambiae s.l. WHO Tube tests and
CDC Bottle Bioassay Methods at 30 Minutes Diagnostic Time (45 Minutes for DDT) for Sokoto Sentinel Site
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Insecticides

Bodingo Rabah Tambawal Wamakko Bodingo Rabah Tambawal Wamakko
28 g'c %% 28 g'c %% 28 g'c %%\ ng gv %%\ ng gv %% ngg'o %%\ ng gv %%\ ng gv %%
sil 28 o5/ za| & cv5 vzl vg zE sl sy zE el cs5 gzl sz & g5z ozl g
A g2 R R g2 R R g R R g R 2 g2 RT|R g R 2 g R 2 3=
. Lambdacyhalo | 10 70% | 10 66% | 10 71% | 10 76% | 10 70% | 10 10 10
Pyrethroid thrin 0 70 R 0 66 R 0 71 R 0 76 R 0 70 R 0 0 0
76
. . 10 55% | 10 55% | 10 69% | 10 | 10 | 100 10 55% | 10 | 7 o 10 52% | 10 99%
Pyrethroid Permethrin 0 55 R 0 55 R 0 69 R 0 0 %S 0 55 R 0 6 é 0 52 R 0 99 S
77
. . 10 72% | 10 88% | 10 87% | 10 62% | 10 72% | 10 | 7 o 10 80% | 10 39%
Pyrethroid Deltamethrin 0 72 R 0 88 R 0 87 R 0 62 R 0 72 R 0 7 s 0 80 R 0 39 R
93
. Alphacyperme | 10 98% | 10 80% | 10 82% | 10 | 10 | 100 10 98% | 10 | 9 o 10 99% | 10 | 10 | 100
Pyrethroid | 41 rin o | Bl s o8 R |0|® R |o]o|%s|o|B] s |o|3[” 0P s |o]o]%s
Carbamate Bendiocarb 10 | 10 | 100 | 10 83 83% | 10 | 10 | 100 | 10 | 10 | 100 | 10 | 10 | 100 10 ) 10 ) ) 10 ) )
0 0 % S 0 R 0 0 % S 0 0 % S 0 0 % S 0 0 0
Carbamate Propoxur 10 | 10 | 100 | 10 | 10 | 100 | 10 | 10 | 100 | 10 | 10 | 100 | 10 | 10 | 100 10 ) 10 ) ) 10 ) )
P 0 0 % S 0 0 % S 0 0 % S 0 0 % S 0 0 % S 0 0 0
Organo- Pirimiphos- 10 60 60% | 10 93 93% | 10 | 10 | 100 | 10 64 64% | 10 60 60% | 10 | 9 90/5 10 | 10 | 100 | 10 60 60%
phosphate methyl? 0 R 0 0 0 % S 0 R 0 R 0 5 > 0 0 % S 0 R
40
Organo- 10 84% | 10 65% | 10 7% 10 81% | 10 84% | 10 | 4 o 10 20% | 10 54%
chlorine DDT 0 84 R 0 65 R 0 / R 0 81 R 0 84 R 0 0 s 0 20 R 0 >4 R
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47 INSECTICIDE RESISTANCE INTENSITY ASSAY RESULTS FROM
THE SIX SENTINEL SITES.

Pyrethroid (Deltamethrin) Resistance Intensity at Nasarawa
Sentinel Sites
H1x W2x m5x m10x
100%

2
T 80%
£
]
= 60%
()
8 40%
5
g 20%
[}
[a T

0%

® N > <
Oo(0 54 ,Z;\'a§ (7,bx$
& <

LGA

Figure 10: Pyrethroid (Deltamethrin) Resistance Intensity at Nasarawa Sentinel Sites
Pyrethroid (Permethrin) Resistance Intensity at Nasarawa
Sentinel Site
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Figure 11: Pyrethroid (Permethrin) Resistance Intensity at Nasarawa Sentinel Site
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Pyrethroid (Permethrin) Resistance Intensity at Oyo Sentinel Sites

Hix MW2x m5x mW10x

e
I\ >

(4
g@ S >

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0

Percentage Mortality

X

?&.\-\\o Q}QJ
LGA
Figure 12: Pyrethroid (Permethrin) Resistance Intensity at Oyo Sentinel Sites
Pyrethroid (Deltamethrin) Resistance Intensity at Ebonyi Sentinel
Sites
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Figure 13: Pyrethroid (Deltamethrin) Resistance Intensity at Ebonyi Sentinel Sites
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Figure 14: Pyrethroid (Permethrin) Resistance Intensity at Ebonyi Sentinel Sites
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Pyrethroid (Deltamethrin) Resistance Intensity at Bauchi Sentinel
Sites
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Figure 15: Pyrethroid (Deltamethrin) Resistance Intensity at Bauchi Sentinel Sites
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Pyrethroid (Permethrin) Resistance Intensity at Bauchi Sentinel
Sites
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Figure 16: Pyrethroid (Permethrin) Resistance Intensity at Bauchi Sentinel Sites

Pyrethroid (Deltamethrin) Resistance Intensity at Sokoto Sentinel
Sites
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Figure 17: Pyrethroid (Deltamethrin) Resistance Intensity at Sokoto Sentinel Sites
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4.8 KNOCK DOWN RESISTANCE ANALYSIS FOR THE SIX
ECOZONES OF NIGERIA
The West and East African knock down resistance mutation was analysed in mosquitoes
exposed to insecticides. Additional 40 mosquitoes randomly selected from the routine

collection at each site were also tested. * Mosquito samples not exposed: selected from
routine population survey.
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Table 13:Frequency of the knock down resistance mutation at the Sokoto site

Insecticide Kdr genotype in resistant Kdr genotype in
mosquito susceptible mosquito
No. Kdr-w Kdr-e | No. Kdr-w Kdr-
Resistant RR Rr . susceptible RR Rr €
WHO Deltamerhin 100 65 24 10 0 25 0 14 11 0
Assay DDT 100 72 11 0 0 25 0 12 13 0
Permetrin
Not exposed ( 0 32 8 - - - - 0
n=40)*
CDC Deltamerhin
bottle DDT
Assay Permetrin

Table 14:Frequency of the knock down resistance mutation at the Ebonyi site

Insecticide Kdr genotype in resistant Kdr genotype in
mosquito susceptible mosquito
No. Kdr-w Kdr-e | No. Kdr-w Kdr-
Resistant RR Rr . susceptible RR Rr r €
WHO Deltamerhin 100 78 22 0 25 0 8 17 0
Assay DDT 51 42 8 0 25 0 5 20 0
Permetrin
Not exposed ( 0 4 36 - - - - 0
n=40)
CDC Deltamerhin
bottle DDT
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Assay

Permetrin

Table 15: Frequency of the knock down resistance mutation at the Nassarawa site

Insecticide Kdr genotype in resistant Kdr genotype in
mosquito susceptible mosquito
No. Kdr-w Kdr-e | No. Kdr-w Kdr-
Resistant RR Rr . susceptible RR Rr r e
WHO Deltamerhin 56 50 16 0 0 0 0 0 0 0
Assay DDT 116 98 18 0 0 0 0 0 0 0
Permetrin
Not exposed ( 0 30 12 0 - - - - 0
n=40)*
CDC Deltamerhin 4 4 0 0 0 0 0 0 0 0
bottle DDT 74 62 12 0 0 0 0 0 0 0
Assay Permetrin - - - . = = . = = .
Table 16:Frequency of the knock down resistance mutation at the Bauchi site
Insecticide Kdr genotype in resistant Kdr genotype in
mosquito susceptible mosquito
No. Kdr-w Kdr-e A No. Kdr-w Kdr-
Resistant RR Rr . susceptible RR Rr e
WHO Deltamerhin 80 56 22 2 0 50 0 24 26 0
Assay DDT 36 30 6 0 0 25 0 10 15 0
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Permetrin

Not exposed ( 0 16 24 0 - - i, -
n=40)*
CDC Deltamerhin 0 0 0 0 0 0
bottle DDT 0 0 0 0 0 0
Assay Permetrin - - - - - - - - -

Table 17:Frequency of the knock down resistance mutation at the Akwa-Ibom site

Insecticide Kdr genotype in resistant Kdr genotype in
mosquito susceptible mosquito
No. Kdr-w Kdr-e | No. Kdr-w Kdr-
Resistant RR Rr . susceptible RR Rr r e
WHO Deltamerhin 0 0 0 0 0 0 0 0 0 0
Assay DDT 78 48 30 0 0 25 0 11 14 0
Permetrin 22 14 7 1 0 25 0 8 17 0
Not exposed ( 0 25 15 0 - - - - 0
n=40)*
CDC Deltamerhin 0 0 0 0 0 0
bottle DDT 0 0 0 0 0 0
Assay Permetrin : : : = > > = > > >
Table 18:Frequency of the knock down resistance mutation at the Oyo site
Insecticide Kdr genotype in resistant Kdr genotype in
mosquito susceptible mosquito
No. Kdr-w Kdr-e | No. Kdr-w Kdr-
Resistant RR Rr Rr susceptible RR Rr r €
WHO Deltamerhin 100 75 18 0 0 25 3 9 13 0
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Assay DDT 100 0 25 14
Permetrin - - - = =
Not exposed ( 25 11 - -
n=40)*

CDC Deltamerhin - - 0 0 0

bottle DDT - - 0 0 0

Assay Permetrin - - - - -

RR: Homozygous Resistant
Rr: Heterozygous

rr: Homozygous susceptible
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5. DISCUSSION, LESSONS LEARNED,
AND CHALLENGES

PCR indicated the proportion of An. gambiae varied with eco zone from wet to dry areas but the
same was not observed with An. arabiensis. Anopheles gambiae was found in all six ecological
zones, and An. arabiensis were found across five out of the six. This finding agrees with Onate
and Conn (2001) who compared to the distributions determined from samples of indoor-
resting females reported over 20 years ago by Coluzzi et al. (1979). An. arabiensis was now
prevalent in several localities in the Guinea savanna, an area where it was virtually absent over
20 years ago. The data suggest that An. arabiensis has extended its range from arid areas of the
Sahel down to the Guinea savannah .

The S form of An. gambiae was observed across ecozones and occurred in sympatry with the M
form of An.gambiae in all zones except Sokoto in the Sudan/ Sahel savannah .

Although the distribution of the molecular M and S forms is still being determined for much of
West Africa and for Nigeria in particular, this study shows that the molecular S form is
predominant and has as a wider distribution across Nigeria . PCR results indicate that the 'S’
form was predominant and corroborates findings from Awolola et al. ( 2005; 2007).

ELISA indicated higher infection rates in An. gambiae 2.38 -4.98 and in An. arabiensis 1.04-
2.08. Both occurred in sympatry at all ecozones except in the mangrove forest (Figure 12).
Significantly higher human bloodmeals was observed in An. gambiae 49.56 -64 percent than An.
arabiensis 18.96-34.78 and varied according to the ecozones.

This study incriminated An.coustani possibly for the first time in Nigeria as a malaria vector
biting both indoors and outdoors .Though it is noteworthy that significantly higher numbers of
An.coustani were collected outdoors. Recent studies have indicated that An. coustani is playing a
major role in outdoor transmission (Mwangangi et al. 2013). Fornadel et al. (2011) had earlier
observed an increased anthropophily in An. coustani..Effective malaria control programs should

therefore include tools that target both indoor and outdoor transmission.

The highest percentage of confirmed malaria cases and sporozoite in malaria vectors was
recorded in Akwa Ibom in the mangrove in addition to significantly higher numbers of infective
bites per person per year. Entomological Inoculation Rates(EIR) across all ecozones ranged from
2.6 infective bites per person per year for An. gambaie s.s and 0.1 An.arbiensis to 55 infective
bites per person per year in An. gambiae s.s and 1.6 in An. arabiensis the in the Guinea
Savannah . A summary of
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entomological inoculation rates (EIR) reported in 86 studies from Nigeria suggests that EIR

for A. gambiae s.l. ranges from 18 to 145 infective bites per person per year .(RBM, 2008) and
findings from this work indicates this trend . Beier et al. (1999) determined that there were no
sites with less than 50% prevalence when the EIR exceeded 15 infective bites per year. Earlier
studies have shown that annual entomological inoculation rates (EIRs) must be reduced to less
than one to substantially reduce the prevalence of malaria infection (Shaukat et al. 2010).
Pyrethroid and DDT resistance was recorded across all ecozones. No significant difference was
observed between DDT and pyrethroids indicationg the possibility of cross resistance between
DDT and pyrethroids across the ecozones .

6. CHALLENGES

1. Having to wait up to December for a comprehensive report of results from the
surveillance which must be sent for molecular analysis,,.

2. Some sites could not complete the resistance tests in the 4 LGAs due mainly to the fact
that most of the sites are new to the project as well as non availability of enough
mosquitoes.
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/. RECOMMENDATIONS

Entomological surveillance should be scaled up by establishing malaria vector sentinel sites
in all PMI - supported states in Nigeria.

Entomological impact assessment of LLIN distribution in PMI supported states should be
carried out to link epidemiological data with entomological data.

More efforts should be made to assist the NMEP to develop IRM plan for Nigeria

The PMI-funded insectary in Keffi could serve as a training center of sentinel site technicians
across the country in basic surveillance techniques.

Pirimiphos-methyl was found to show low mortality in some of the sentinel sites . This could
be due to stability of insecticide used for the tests. It is important to use premeasured
dosages prepared using actellic cs formulation be used in further tests as recommended by
Bill Brogdon.

Pyrethroid resistance does not seem to be high in intensity in most states -- This is an
indication that resistance will probably not cause operational failure, LLINs are likely to still
be efficacious to use.

Sokoto has particularly poor indicators, may be worth additional study (bed net coverage
and usage?) to see why this is a problem.

Problems with species PCR not working in some sites: recommend checking with sites on
following sample storage protocols properly, checking a subset of morphological IDs to
make sure they are not misidentifying other species as An. gambiae.
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ANNEX

ANNEX Al: Total Number of anophelines Caught in all Sentinel Sites, February - December, 2016

Mosquito Nasarawa Sokoto Ebonyi Akwa Ibom Oyo Bauchi
Species In Out | PSC In | Out| PSC | In | Out | PSC In | Out |PSC | In | Out | PSC | In | Out | PSC Total | Total | Total | Overal
(In) | (Out) | (PSC)

An. gambiae
s.l. 1834 | 1245 | 2112 | 1073 | 611 | 2152 | 606 | 106 | 2408 | 1175 | 576 | 210 | 75| 73 | 793 | 379 | 159 | 295 | 5142 | 2770 | 7970 | 15882
An. funestus 13 4 0 9 13 0 7 3 32 1 1 0 3 2 0 33 23 32 88
An. coustani 347 | 399 0 2 1 14 1 0 0 14 | 13 | 70 | 364 | 413 84 861
An. nili 3 1 0 0 0 17 8 2 12 11 3 29 43
An. pharoensis 21 12 0 81 51 15 2 2 3 104 65 18 187
An.
malculipalpis 1 5 0 10 16 0 8 22 10 40
An. moucheti 6 257 | 85 | 12 1 0 259 87 18 364
An. obscurus 0 1 0 0 1 0 1
An.
pretoriensis 0 1 0 0 0 2 0 1
An. rufipes 1 3 0 0 3 1 0
An. squamosus 3 20 0 3 5 3 4 25 32
An. ziemanni 0 0 1 0 0 1 1
An. longipalpis 2 0 24 2 0 24 26
Total 2219 | 1666 | 2112 | 1163 | 675 | 2167 | 628 | 115 | 2513 | 1434 | 663 | 222 | 77 | 74 | 817 | 406 | 196 | 388 | 5927 | 3389 | 8219 | 17535
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ANNEX A2:

. gambiae gambiae . human ., | pyrethroid
Ecological . . molecular sporozoite pyrethroid .
State indoor biting . cps _a: blood . resistance | other notes
Zone . : identification rate . resistance | . .
density behavior index intensity
mainly gambiae s.s. gambiae — | gambiae | (72.6-
Akwa Mangrov | 0-2per indoors, (84%) 4.98% - 62.6% 100% Yet to be
Ibom e/Forest house * peaking at arabiensis arabiensis — | arabiensis | mortality in | done
midnight (2%) 1.04 % 0 % WHO test)
mainly gambiae s.s. gambiae — | gambiae o
) Sahel 0-3 per indoors, (50%) 4.16% -49.56% (84 190/? x1 .
Bauchi . S L .. | mortality in | resistance
Savannah | house peaking at arabiensis arabiensis — | arabiensis WHO test) | onl
midnight (20%) 2.08 % 34.78 % y
mainly gambiae s.s. gambiae — | gambiae o
| Rain 0-19.1 per | indoors, (72%) 2.38% “55129 | O7100% | xlx2and
Ebonyi . . S L .. | mortality in | x5
Forest house (high) | peaking at arabiensis arabiensis — | arabiensis WHO test) | resistance
midnight (14%) 1.04 % 2432 %
mainly gambiae s.s. gambiae — | gambiae o
Guinea 1.2-13 per indoors, (68%) 3.9% - 34.20% (48 190/? x1 .
Nasarawa . . S L . .| mortality in | resistance
Savannah | house (high) | peaking at arabiensis arabiensis — | arabiensis WHO test) | onl
midnight (22%) 1.65 % 18.96 % y
mainly gambiae s.s. gambiae — | gambiae | moderate o1 %2 and
Ovo Forest 0-10 per indoors, (67%) 4.44% -51.64% | (50-100% x5’
y Savannah | house (high) | peaking at arabiensis arabiensis — | arabiensis | mortality in resistance
midnight (22%) 0 % 23.52% WHO test)
pirimiphos
mainly gambiae s.s. gambiae — | gambiae | moderate ol methyl
Sudan/Sah | 0-23 per indoors, (76%) 3.66% - 64% (55-100% . resistance
Sokoto : . S L L .. .| resistance
el Savanna | house (high) | peaking at arabiensis arabiensis — | arabiensis | mortality in onl reported —
midnight (21%) 1.1% -25% WHO test) y needs
confirmation
*CDC light traps collected higher numbers than PSC in Akwa Ibom with proxy IRD estimates ranging from 0.1 to 13.5.
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