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Abstract

Objectives

At the request, and with the National Malaria Control Program of Angola (NMCPA), a comprehensive program was
planned, and implemented, in villages around Balombo town (Benguela Province) with two objectives: to compare,
in natural conditions, the efficacy of four methods of vector control; and to check for any parasitological rebound
effect several years after vector control.

Patients and Methods

Four vector control methods were implemented: long-lasting deltamethrin treated nets (LLIN), PermaNet®2.0 (P2)
alone; P2 combined with deltamethrin insecticide-treated plastic sheeting (ITPS) model ZeroFly®; ITPS model
ZeroVector® alone, and two rounds of lambdacyhalothrin indoor residual spraying (IRS) followed by ITPS
installation. Each method was implemented in one village. Several analyses of short-term entomological,
parasitological, and immunological impact had already been published. The long-term, eleven years, parasitological
evaluation was performed in these four villages, and was based upon regular cross-sectional surveys on random
samples of volunteer’s asymptomatic children <15-year-old. Thick blood films were made in the field, and examined
by optical microscope in the medical department of the Angolese Sonamet® Company in Lobito which implemented,
and supported, its Malaria Control Program (MCP) in Benguela Province. The Balombo program was a part of this
MCP. Three parasitological indicators were analyzed: Plasmodium parasite prevalence, parasite load and gametocyte
index.

Results

From the year 2007 to the year 2018, 136 parasitological cross-sectional surveys were performed. 12,525 thick blood
films (TBF) were prepared. Plasmodium were observed in 2,392 TBF, i.e., a parasite prevalence of 19.1%, and
gametocytes in 247 blood films, i.e., a gametocyte rate of 1.97%. Parasite prevalence (PP) for the two years before
vector control (years 2007-2008) (PP=39.4%; n=4,302) and the nine years after (years 2009-2018) (PP=8.5%;
n=8,223) showed a significant 78.4% decrease. This decrease was similar with all four methods: -77.8% with treated
nets alone; -76.9% with the combination nets + ITPS ZeroFly®; -80.8% with ITPS ZeroVector® alone; and -76.8%
with indoor spraying followed by ITPS installation. After vector control there was observed an evolution of the
parasite prevalence in three successive steps: first an important drop of 61% the first year following vector control
and another 64% the following year. Then, over several years, occurred a plateau, which remained at a low parasite
prevalence level (< 5%) until the 2015 national malaria outbreak, which induced an increase of the parasite
prevalence. But, even during this time, the parasite prevalence (PP=17.8%; n=991) was still significantly lower than
before vector control. The impact of the national malaria outbreak was also clearly observed on the parasite load
which increased significantly. The gametocyte index, and the parasite load, had the same “three steps” evolution as
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parasite prevalence after vector control. The several years of low plasmodial infections were a crucial
epidemiological indication. No rebound effect of parasite prevalence was noticed ten years after vector control.

Conclusion

The four methods of vector control similarly reduced Plasmodium prevalence, gametocyte index, and parasite load.
Ten years after vector control, the parasite prevalence was still lower than before vector control despite the national
malaria outbreak and no rebound was noticed. During the malaria outbreak it was observed a significant increase of
the parasite load which could be matter of concern. Actual community participation, observed during ITPS
installation inside their homes, was a crucial point for the sustainability, and therefore efficacy, of this vector control
method. Therefore, ITPS alone, or in combination with treated-nets, could be recommended, as an additional
complementary, tool in the arsenal of the National Malaria Control Program of Angola, and other countries.

Keywords: angola; vector control at village-scale level with four methods; long-lasting insecticide-treated nets;
insecticide-treated plastic sheeting; inside residual spraying; eleven-year cross sectional parasitological surveys on
asymptomatic patients <15-year-old; no parasite prevalence rebound effect
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Introduction

According to a WHO World Malaria Report, malaria is still a major public
health concern in Angola (37 million of inhabitants) with 8 251 449
estimated malaria cases and 16,169 estimated deaths in 2023 [1] « The
accuracy of malaria prevalence estimates in Angola has traditionally been
somewhat compromised by incomplete reporting, inability to test due to
stockouts of the necessary materials, and other logistic challenges, such as
transportation of materials to remote areas and efficient distribution. » [2-5].
The situation is worsening with drugs resistant P. falciparum [6-8] and the
National Malaria Control Program of Angola (NMCPA) developed a
comprehensive program, including intermittent preventive treatment for
pregnant women 9 and the use of ACTs as first line treatment of
uncomplicated malaria. [10-12]. A special accent was given to vector
control, but due to the failure of inside residual spraying [13], the program
has focused on large-scale distributions of insecticide-treated nets.
(ITN/LLIN) [14, 15] Recent studies showed that one year after distributions
the ITN coverage dropped from 98% to 63% [16] “indicating that new
ITNs/LLINs must be continuously supplied to replace those that have lost
efficacy and are torn, in order to maintain high levels of coverage. » 2 But,
in Angola, as elsewhere, there is a problem of non-use, or misuse, or re-use
of nets. [17-19]. Surveys in village around Balombo reported that it two or-
three years, most of distributed LLINs were withdrawn, 20 and,
simultaneously, parasite prevalence increased. One of the key points for the
success of a malaria vector control is its sustainability, which depends,
among other things, on actual community participation [21], the tools
selected, the insecticide resistance, and the availability resources in the short,
middle and long term. A “malaria disaster” was feared with the spread of
pyrethroid resistance [22-24], which could contribute to reduced efficacy of
insecticide-treated nets 25, as could other factors. [26] It was proposed to
combine pyrethroid treated long-lasting nets with indoor residual spraying
[27,28] with other classes of insecticide, or to combine two different
insecticides on the same nets, [29] or to add on (or in) the nets a synergist

such as piperonyl butoxide [30-35], or juvenile hormone analog such as
pyriproxyfen, 36-40 or chlorfenopyr 41-46 and this could increase the price
of the net. According to these difficulties in LLINs, in term of
implementation, efficacy and sustainability, it clearly appeared a need for
new tools, and the recently developed insecticide-treated plastic sheeting
(ITPS) seemed to be an interesting option for malaria control. 47-49 Treated
with pyrethroid they were of great efficacy in refugee camps 47, or combined
with LLIN 50 or treated with carbamates and then combined with LLIN 51,
52 or treated with organophosphate. [53] Therefore, combining treated nets
and ITPS (or IRS) seemed to be an interesting approach. [54, 55]
Considering their reported efficacy, and acceptability, 56 ITPS appeared
worthy of epidemiological evaluation in villages around Balombo town as
the acceptability of ITPS had already been observed in the close town of
Huambo. [57]. The project was a part of the current Malaria Control Program
of the Sonamet® Angolese Company, it was requested by the National
Malaria Control Program of Angola, which gave clearance and support; the
public health department of the Benguela province was actually involved in
field surveys. The project had two objectives: to comprehensively compare
the feasibility, and efficacy, of four methods of vector control, each one in
one village, in completely natural conditions, without disturbing other
measures implemented in the region by National or Non-Governmental
Organizations [58-59]. The second objective was to check for any long-term
negative parasitological impact, called “rebound effect”, meaning a sharp
increase of plasmodial infections which could occurred several years after
vector control, supposed to have decrease immunity.

II. Methods

The ecological and social situations of Balombo area (Benguela Province,
Angola) (12° S; 14° E) and the villages studied were already presented [58,
59]. The villages for the Balombo trial were selected by the National Malaria
Control Program of Angola, they far each other to avoid any “contamination”
of
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mosquitoes going from one to another one village and influencing catches samples.

Map of the area. From Brosseau et al [58]
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The demographic situation, tools for vector control and the flow diagram of vector control implementation are presented in Table 1.

Village Number of inhabitants | Number of houses | Number of sleeping units*
Cahata 517 154 442
Capango 177 60 89
Barragem 620 134 168
Candiero 654 191 380
Total 1,968 539 1,079

Table 1: Demographic information on the four villages involved, at the beginning of the project in February 2007. (* a sleeping unit was defined as
any item used for sleeping, including permanent beds, temporary mats, cardboard, loincloths, and other items unfolded at night to sleep.)

Each one of the four villages of this study received one vector control method -
only, with complete coverage of each house which were already numbered

and geo-localized following classical protocol for planning, implementing -
and monitoring vector control operations 60. This approach was used to
identify house with “at least” one member having a positive thick blood films
at each survey and localize eventual “hot spot 61

Four tools were used for vector control:

1

Insecticide-treated plastic sheeting (ITPS), model “ZeroVector’
® (ZV) treated at 170 mg a.i. 8/m2 and presented in rolls.
Insecticide-treated plastic sheeting, model “ZeroFly®” (ZF),
treated at 360 mg a.i. 6/m2; with a size of 19.11 m2, the total
amount of insecticide was 6.88 gr a.i. &/ ZeroFly®.

Sachets of lambdacyhalothrin () “Icon® WP”, 6.25 gr a.i.
Msachet for indoor residual spraying, (IRS) targeting 25 mg
a.i./m2 of sprayed surface, two rounds, followed by installation

Long-lasting  insecticide-treated nets  (LLIN), model
“PermaNet® 2.0”, treated at 55 mg a.i. deltamethrin (5)/m2; with
a surface area of 13 m2, the total amount of insecticide was 0.715
gr a.i. deltamethrin/LLIN.

of ITPS.

Full coverage in LLIN, ITPS, and the first round of IRS were achieved in

December 2008. (Table 2)

Village February 2007 February 2008 December 2008 June2009 January 2010
Cahata P 2.0 LLIN P2.0 LLIN P2.0 LLIN XX XX
310 LLIN given 195 LLIN 25 LLIN given
given
Capango C C 93 P2.0 LLIN given XX XX
+93 P2.0 ITPS ZF
(1,209 m?)
Barrage C C 5,554 m® ITPS ZV XX XX
m
Candiero C C MRS round1 MRS round2 SITPS
191 houses treated 176 houses treated
Surface treated: 9,500 m? Surface treated: Surface treated:
8,750 m? 4,914 m?

Table 2: Vector control operations in the four villages of the trial. C= control village, without any vector control operation implemented; xx = no
intervention; LLIN = long-lasting insecticide treated net PermaNet 2.0; ITPS= insecticide-treated plastic sheeting; ZF = ITPS model ZeroFly®;
ZV=ITPS model ZeroVector®; IRS= inside residual spraying; m2= covered surface; d=deltamethrin; A=lambdacyhalothrin).
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In Cahata it was given 530 LLINs P.2.0 for 154 houses and 442 sleeping
units assuming a complete coverage. In Capango it was given 93 LLINs P2.0
for 60 houses and 89 sleeping units assuming also a complete coverage. The
parasitological follow-up was scheduled to occur for 11 years; the first
parasitological survey was done in February 2007 and the last in February
2018. Long-term parasitological study was based on regularly done cross-
sectional surveys (CSS) for each survey58, to get parasite prevalence on
randomly selected volunteer’s asymptomatic children<l5-year-old in the
four villages. Thick blood films (TBF) were done, and colored in the field,
then examined with optical microscope in the medical department of the
Angolese Sonamet® Company in Lobito, with double-check of 10% of TBF
in the parasitological laboratory of OCEAC in Yaoundé. Plasmodium
species were determined, and counted, compared to 200 white blood cells
(WBC) then estimated for 1 ml of blood (assuming 8,000 WBC/ml of blood).
Three classical indicators were analyzed: Plasmodium prevalence, parasite
load and gametocyte index. For statistical analyses all Plasmodium
infections were combined as P. malariae, P. ovale, and P. vivax, were
scarcely diagnosed, and often associated with P. falciparum. Results were
given to the village health worker, in each village, for action according to the
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National Malaria Control Program of Angola (NMCPA). Percentages were
compared using the classical Chi square, while parasitaemia distributions
were analyzed using the Mann-Whitney nonparametric test, and GraphPad
software.

III1. Results

From year 2007 to year 2018, 136 parasitological cross-sectional surveys
(CSS) were done; 12,525 thick blood films (TBF) were prepared.
Plasmodium were microscopically observed in 2,392 blood films, i.e., a
parasite prevalence of 19.1%, and gametocytes in 247 blood films, i.e., a
gametocyte rate of 1.97%, i.e. around 10 times less than parasite prevalence.

III-1. Plasmodial infections in Cahata village (with LLIN)
I1I-1-1. Plasmodium prevalence

35 surveys (CSS) were done; 3,665 thick blood films were prepared.
Plasmodium were observed in 880 blood films (parasite prevalence=24.0%)
and gametocytes in 100 blood films (gametocyte index=2.73%). (Table 3)

Cahata | TBF+ n

Y 2007 408 739
Y 2008 242 675
Y 2009 108 534
Y 2010 45 580
Y 2011 6 125
Y 2012 413
Y 2013 4 256
Y 2014 3 70
Y 2015 22 158
Y 2016 11 36
Y 2018 26 79

Total 880 3,665

PP G+ GI
55.2% 35 4.7%
35.9% 36 5.3%
20.2% 11 2.1%
7.8% 6 1.0%
4.8% 6 4.8%

1.2% 1 0.2%
1.6% 0 0.0%
4.3% 0 0.0%
13.9% 0 0.0%
30.6% 3 8.3%
32.9% 2 2.5%
24.0% | 100 2.7%

Table 3: Yearly evolution of parasite prevalence in asymptomatic children < 15-year-old in Cahata village (TBF= thick blood films, n= number of
TBF examined; PP= parasite prevalence; G+= thick blood films with gametocytes; GI= gametocyte index).

For parasite prevalence a significant decrease of 35% occurred after the first distribution of nets (from 55.2%; n=739 to 35.9%; n=675), then -44% after the
full coverage in nets (PP=20.2%; n=534 in year 2009) (Annex 1). The decrease still occurred the following years (Table 3) with a plateau at a low level

(<5%) until the outbreak of 2015. (Figure 1).
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Figure 1: Yearl evolution of parasite prevalence in asymptomatic children <15-year-old in each village.
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Between the two first years, 2007-2008 (called “before” vector control) with -
a parasite prevalence of 46% (n=1,414) and the following nine years (2009-
2018), called “after” vector control, the decrease of 78% was striking
(PP=10.2%; n=2,251). For the three years of the malaria outbreak (2015-
2018) the parasite prevalence (PP=21.6%; n=273) was significantly two -
times lower than at the beginning of the trial.

I1I-1-2. Plasmodium load

The parasite load (Figure 2):
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significantly decreased after the first distribution of treated nets
(P-value<0.0001 between 2007 and 2008), increased after the
second distribution of nets (P value= 0.0036 between 2008 and
2009);
significantly decreased after distribution of nets for full coverage
(P-value= 0.0216 between 2009 and 2010);
remained very low during four years, until 2015 when it
significantly increased at the time of the national malaria
outbreak (P value= 0.0035) and remained relatively high despite
measures implemented by the National Malaria Control Program
and other organizations.

Yearly evolution of parasite load in asymptomatic children < 15- year old

in Cahata
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Figure 2: Yearly evolution of parasite load in asymptomatic <15-year-old children in Cahata. (the statistically significant P values are in italics; ---

= median value)
The four years of low parasite load is noteworthy.

I11-1-3. Gametocyte index

The gametocyte index (GI), significantly decreased after full distribution of nets, and remained at a low level over four years (Figure 3).

[T R T -

- R

m Cahata
W Capango

m Barragem

Year Year Year Year Year Year Year Year Year Year Year mean
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2018

Figure 3: Yearly evolution of gametocyte index in asymptomatic children <15-year-old in each village.

In February 2018, i.e., 11 years after the first distribution of nets, the  twofold decrease as for parasite prevalence. Even during the malaria
gametocyte index was about two times less than in February 2007, before ~ outbreak period, the gametocyte index (1.83%; n=273) was significantly

any intervention (respectively 2.5%; n=79 and 4.7%; n=738), the same
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lower than before vector control, (5.02%; n=1,414) (y2= 5.41; p-value=
0.020; OR=0.35 [0.12-0.92]).

III-2. Plasmodial infections in Capango village (with nets and ITPS «
Zero Fly® »)
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III-2-1. Plasmodium prevalence

33 surveys were done; 2,388 thick blood films were prepared; Plasmodium
were observed in 370 blood films (parasite prevalence=15.5%) and
gametocytes in 45 blood films (gametocyte index =1.88%). (Table 4)

Capango | TBF+ n PP G+ GI
Y 2007 119 274 | 433% | 19 | 6.9%
Y 2008 110 376 | 293% | 10 | 2.7%
Y 2009 55 466 | 11.8% | 7 1.5%
Y 2010 21 466 4.5% 7 1.5%
Y 2011 5 128 3.9% 0 0.0%
Y 2012 6 251 2.4% 0 0.0%
Y 2013 3 143 2.1% 0 0.0%
Y 2014 0 57 0.0% 0 0.0%
Y 2015 1 108 0.9% 0 0.0%
Y 2016 14 36 38.9% | 1 2.8%
Y 2018 36 83 434% | 1 1.2%

Total 370 2,388 | 155% | 45 | 1.9%

Table 4: Yearly evolution of parasite prevalence in asymptomatic children < 15-year-old in Capango village (TBF= thick blood films, n= number
of TBF examined; PP= parasite prevalence; G+= thick blood films with gametocytes; GI= gametocyte index).

The yearly evolution of parasite prevalence (Figure 1) showed:

- asignificant natural decrease (by 33%) from year 2007 to 2008;
for these two years without intervention the overall parasite
prevalence was 35.2% (n=650);

- then a striking drop of 60% in 2009, the first year after
implementation of vector control;

- adecrease maintained the following years: -62% in 2010, then -
13% in 2011;

- aplateau at a low level (<5%) until 2015, i.e., seven years after
vector control implementation;

- asharp increase in 2016, and the years after, showing an obvious
impact of the national malaria outbreak.

But even during this period, the parasite prevalence (PP=22.5%; n=227)
was significantly lower than before vector control (PP=35.2%; n=650)
(x2=12.6; OR=0.53 [0.37-0.76]) (Annex 2).

Ten years after vector control, no “rebound effect” of the parasite
prevalence was observed.

II1-2-2. Plasmodium load

Yearly evolution of parasite load in asymptomatic < 15-year old in Capango
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A significant reduction occurred in 2009, the first year after implementation
of the combination of LLINs and ITPS ZeroFly®; then a curious increase in
2010, followed by a striking reduction over four years with a low level of
parasite load until 2015.

The impact of the national malaria outbreak was striking in 2016 and 2018,
with a significant increase in 2018 (higher than in 2007: P-value =0.0005;
and in 2008: P-value <0.0001), but the parasite load in 2016 was similar to
2007 (P-value= 0.9465).

I11-2-3. Gametocyte index

The impact on gametocyte index of the combination of LLIN and ZeroFly®
installed inside every house was striking (Figure 3), with five years without
detecting any gametocytes in thick blood films. In 2018, the gametocyte
index decreased while both parasite prevalence and parasite load increased.

It is worth considering the evolution of the gametocyte index (GI) during
three successive periods:

Page 7 of 16
- before vector control: GI=4.46% (n=650);
- after vector control but before malaria outbreak (GI= 0.93%
(n=1,511);
- during malaria outbreak: GI= 0.88% (n=227), i.e., 80% less than
before vector control.

This clearly shows the long-term impact of this vector control method on
gametocyte index in this village.

III-3. Plasmodial infections in Barragem village (insecticide-treated
plasting sheeting, Zero Vector® only)

I1I-3-1. Plasmodium prevalence

35 surveys were done, 3,042 thick blood films (TBF) were prepared,
Plasmodium were observed in 584 TBF, i.e., a parasite prevalence of 19.2%,
while gametocyte were observed in 38 TBF, i.e., a gametocyte index of
1.25% (Table 5).

Barragem | TBF+ n PP G+ GI
Y 2007 215 428 50.5% 6 1.4%
Y 2008 213 622 342% | 16 | 2.6%
Y 2009 75 536 14.0% | 11 | 2.0%
Y 2010 30 585 5.1% 4 0.7%
Y 2011 7 136 5.1% 0 0%
Y 2012 265 2.6% 0 0%
Y 2013 172 1.2% 0 0%
Y 2014 0 69 0% 0 0%
Y 2015 10 125 8.0% 1 0.8%
Y 2016 8 43 18.6% 0 0%
Y 2018 17 61 27.9% 0 0%

Total 584 3,047 19.2%| 3§ 1.2%

Table 5: Yearly evolution of parasite prevalence in asymptomatic children < 15-year-old in Barragem village (TBF= thick blood films, n=
number of TBF examined; PP= parasite prevalence; G+= thick blood films with gametocytes; GI= gametocyte index).

The evolution of parasite prevalence (Figure 1) had the same general trend
as in other villages, with:

- anatural and significant drop of 32% the first two years; for this
period (“control”) the overall parasite prevalence was 40.8%
(n=1,050);

- asignificant drop of 59% between 2008 and 2009, i.e. the first
year after implementation of vector control, and another
significant drop of 63% the second year (2010) (Annex 3);

- a noteworthy five years with a very low level of parasite
prevalence of <5%;

- an increase in 2015, then 2016, and 2018 linked to the national
malaria outbreak; during these three years the parasite
prevalence was 15.3% (n=229), i.e., 62% lower (significantly)
than before vector control. For the period after vector control the
parasite prevalence was 7.8% (n=1,992), also significantly lower
than before intervention (-81%).

In Barragem also, 10 years after vector control based on the installation of
only ITPS on the walls of villagers' houses no “rebound” of the parasite
prevalence was observed despite the malaria outbreak.

I11-3-2. Plasmodium load
The parasite load (Figure 5):

- significantly naturally decreased the first two years, from 2007
to 2008 (P-value< 0.0001);

- was similar in 2008 (before vector control) and 2009 (after
vector control) (P-value= 0.2778);

- was similar between 2009 and 2010 (P-value= 0.1775); and in
2010 and 2011 (P-value= 0.52);

- was significantly lower in 2012 than in 2011 (P-value =0.041);

- significantly increased in 2015 compared to 2007 (P-value=
0.0282);

- then remained at a similar level between 2015 and 2016, (P-
value= 0.7418); and between 2016 and 2018, (P-value= 0.3088);

- in 2012, i.e., four years after the installation of wall lining in the
houses of Barragem, the parasite load was significantly lower
than in 2008, before installation (P-value= 0.0036);

- parasite load remained very low even in 2013 and 2014, i.e., six
years after vector control and it significantly increased with the
malaria outbreak.
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Evolution of parasite load in asymptomatic children < 15 year-old in Barragem
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Figure 5: Yearly evolution of parasite load in asymptomatic <15-year-old children in Barragem. (the statistically significant P values are in italics).

I1-3-3. Gametocyte index

For the two years before vector control the overall gametocyte index (GI)
was 2.1% (n=1,050). It remained at this level of approximately 2% the first
year after implementation of vector control, then, and for the eight following
years; it remained at a very low level, (Figure 3) with only one gametocyte
carrier detected among the 871 thick blood films made between 2011 and
2018.

111-4. Plasmodial infections in Candiero village (two rounds of IRS then

ITPS)

111-4-1. Plasmodium prevalence

33 surveys were done, 3,430 thick blood films were prepared, Plasmodium
were observed in 558, i.e., parasite prevalence= 16.3%, and gametocytes in
64 blood films, i.e., gametocyte index= 1.86% (Table 6).

Candiero | TBF + n PI G+ GI
Y 2007 180 439 41,0% | 13 | 3,0%
Y 2008 208 749 27,8% | 34 | 4,5%
Y 2009 94 656 14,3% 8 1,2%
Y 2010 29 629 4,6% 3 0,5%
Y 2011 5 131 3,8% 0 0,0%
Y 2012 7 305 2,3% 0 0,0%
Y 2013 2 181 1,1% 0 0,0%
Y 2014 2 78 2,6% 0 0,0%
Y 2015 2 133 1,5% 0 0,0%
Y 2016 10 48 20,8% 1 2,1%
Y 2018 19 81 23,5% 5 6,2%

Total 558 3,430 | 16,3% | 64 | 1,9%

Table 6: Yearly evolution of parasite prevalence in asymptomatic children < 15-year-old in Candiero village (TBF= thick blood films, n= number
of TBF examined; PP= parasite prevalence; G+= thick blood films with gametocytes; GI= gametocyte index).

The yearly evolution of parasite prevalence (Figure 1) showed:

- anatural, but significant decrease of 32% during the two years
before vector control (Annex 6), and for these two years
“control” the parasite prevalence was 32.7% (n=1,188);

- a sharp significant decrease of 48% in 2009, the year with
implementation of the two rounds of indoor residual spraying (in
January then in June);

- a significant 68% decrease in 2010, with installation of
insecticide-treated plastic sheeting in January;

- a stabilization of parasite prevalence the following two years
(PP=23.5% in year 2018);

- during the three years of malaria outbreak the parasite
prevalence was 11.8% (Annex 4)

- In Candiero also, even with the national outbreak of malaria,
Plasmodium prevalence did not present any “rebound” many
years after vector control implementation.

III 4-2. Plasmodium load
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The parasite load was similar during the two “control” years (while the
parasite prevalence significantly decreased). The following years, the
reducing parasite load with complete vector control implementation was
statistically significant (Figure 6).

The impact of the national malaria outbreak on the parasite load was clear
in 2015, 2016, and 2018, with a significant increase, compared to period
before vector control:

Page 9 of 16
- between 2007 and 2016: P-value= 0.025;
- between 2007 and 2018: P-value< 0.0001;
- between 2008 and 2016: P-value= 0.0185;
- between 2008 and 2018: P-value< 0.0001.
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Figure 6: Yearly evolution of parasite load in asymptomatic <15-year-old children in Candiero. (the statistically significant P values are in
italics).

It is important to note how information could be different when considering
either parasite prevalence or parasite load. The first two years, prevalence
decreased but parasite load was the same. During the outbreak period,
parasite prevalence was lower than before vector control, while parasite load
statistically increased:

- year 2007 versus year 2018: p-value =0.0010 (significant difference)
- year 2008 versus year 2018: p-value < 0.0001 (significant difference)

I11-4-3. Gametocyte index

The gametocyte index dropped significantly (by 80.7%) before, and after
vector control, from 3.95% (n=1,188) to 0.76% (n= 2,242) (y2= 43.4;
OR=0.18 [0.11-0.32]) and it remained undetectable (with the size of the
sample) for five years (Figure 3) before the important increase in 2018 due
to the national malaria outbreak. The key point is this very low level of
human infectivity for vectors for several years.

III-5. Synthesis

In term of parasite prevalence, the four methods of vector control induced
(Table 7):

- asimilar trend in the long-term evolution of parasite prevalence
(Figure 1);

- a significant drop by 78.5% for the nine following years after
vector control, (PP= 8.5%; n= 8,223);

- a similar overall decrease: -77.8% with LLINs; -76.9% with the
combination of LLIN and ITPS; -80.8% with ITPS alone; -
76.8% with the sequence IRS then ITPS

- asharp, and significant, decrease the first and second year after
implementation of vector control;

- asix-year “plateau” at a very low level (<5%);

- an increase, from year 2015, due to the national malaria outbreak
(Figure 7). But even during this period the parasite prevalence
(PP=17.8%; n=991) was lower than before vector control (PP=
39.4%; n=4,302)

Village Before Between Outbreak
TBF+ n PP TBF+ n PI TBF+ n PP
Cahata 650 1,414 46.0% 171 1,978 8.6% 59 273 21.6%
Capango 229 650 35.2% 90 1,511 6.0% 51 227 22.5%
Barragem 428 1,050 40.8% 121 1,763 6.9% 35 229 15.3%
Candiero 388 1,188 32.7% 139 1,980 7.0% 31 262 11.8%
Total 1,695 4,302 39.4% 521 7,232 7.2% 176 991 17.8%

Table 7: Evolution of parasite prevalence, by village, and period of the trial: Before= years 2007-2008; Between = years 2009-2014; Outbreak=
years 2015-2018.
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The longer lasting impact seemed having been obtained by the combination
of LLIN and ZF, and the combination of IRS then ITPS.

Another key result, which must be highlighted, is the fact that, in the natural
condition of the project, regardless of events and methods of vector control,
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no significant rebound effect on the parasite prevalence was noted several
years after vector control implementation except the increase due to the
national malaria outbreak.

Evolution of parasite prevalence
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Figure 7: Overall evolution of parasite prevalence in asymptomatic children <15-year-old before, and after, vector control in the four villages
studied.
In term of gametocyte index: unlike plasmodic index the evolution of gametocyte was different depending on the vector control method implemented. (Table

8)
Period Before After Diff Outbreak
Village G+ n GI G+ n GI G+ n GI
Cahata 71 1,414 5.12% 29 2,251 1.29% -74.3% 5 273 1.83%
Capango 29 650 4.46% 16 1,738 0.92% -79.4% 227 0.88%
Barragem 22 1,050 2.09% 16 1,992 0.80% -61.7% 1 229 0.44%
Candiero 47 1,188 3.95% 17 2,242 0.76% -80.7% 6 262 2.29%
Total 169 4,302 3.93% 78 8,223 0.95 -75.4% 14 991 1.42%

Table 8: Evolution of gametocyte index, by village, and period of the trial. Before= years 2007-2008; Between = years 2009-2014; Outbreak= years
2015-2018.

It was observed peak in Cahata not observed in other villages (Figure 3), but a low level spanning several years was clear. (Figure 8).
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Figure 8: Overall evolution of the overall gametocyte index in asymptomatic children <15-year-old before (years 2007-2008) and after vector
control in the four villages studied.

Comparing the situation “before” and “after” vector control, the gametocyte
index decreased by 74.3% in Cahata; 79.4% in Capango; 61.7% in
Barragem; and 80.7% in Candiero, for a significant average reduction of
75.4% (¥2=129; OR=0.23 [0.18-0.31]). The level of reduction of plasmodial
infection (before versus after vector control), on a long-term basis, was

similar for parasite prevalence (-78%), and gametocyte index (-76%). In term
of parasite load the several years with low parasite load, obtained similarly
by each vector control method, is an important epidemiological output of the
trial. But the influence of the malaria outbreak on the parasite load, which
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increased significantly, was clearly observed in the four villages. This
confirmed the need for the sustainability of vector control implementation.

IV. Discussion

As was well underlined recently, “progress in the fight against malaria has
stalled in recent years, highlighting the importance of new interventions and
tailored approaches. A critical factor that must be considered across contexts
and interventions is human behavior” 21 with “factors such as acceptance of
insecticide-treated nets (ITNs) and indoor residual spraying (IRS), ability
and willingness to consistently use and appropriately care for ITNs and
refraining from post-spray wall modifications can all impact the success of
core vector control interventions.” Sustainability, one of the keys to the
success of malaria vector control, starts with the acceptability of the
measures by population. This point was well studied in the area of Huambo,
a town close to Balombo, and elsewhere, to gauge the acceptability of ITPS.
[49, 56- 57] It was recently reported that “Integrated Vector Management
(IVM) suggests making use of the full range of vector control tools
available” and “the research needed to improve the quality and delivery of
mosquito vector control should focus on (among other) the development of
effective and eco-friendly tools to reduce the burden or locally eliminate
malaria and other mosquito-borne diseases.” [62] The current mass
distribution of LLINSs is not sufficient and may not be sustainable. We also
need to look to the future, beyond LLINSs, for tools.” [63] Insecticide-treated
plastic sheeting (ITPS) could be considered among “future prospects for
control of malaria and other vector-borne diseases.” [49] The problems of
indoor residual spraying in Angola, 13, and the withdrawal of nets observed
in villages around Balombo, where more than 50% of nets were torn and
discarded within three years, 20 showed the need for new tools, among which
could be insecticide-treated plastic This induced the
comprehensive, long-term, village-scale control program
implemented around Balombo town to compare the efficacy of ITPS versus
classical LLIN or IRS, alone or in combination. [59] After implementation
of vector control the densities of main vectors per CDC Light Trap, installed
inside houses, dropped by 72%, infectivity dropped from 4.53%, (n= 375),
to 2.73% (n=183), a noteworthy, if not significant, 43% reduction and the
inoculation rates decreased similarly by 84%. The four methods had same
entomological efficacy. [59] After implementation of vector control the
parasite prevalence dropped by 78%, the gametocyte dropped by 76% and
the parasite load decreased significantly; an interesting epidemiological
output as parasite load is related to malaria morbidity. [64-66] With the four
methods it was observed an evolution of parasitological indicators in three

sheeting.
malaria

steps: first a striking decrease, then a six-year “plateau”, and an important
increase due to the national malaria outbreak. During this outbreak, the
parasite prevalence was still lower than before vector control but the parasite
loads increased. There was also noted a long period without detectable
gametocyte (with the technology used). Even if it is known that “a sub-
microscopic gametocyte reservoir can sustain malaria transmission” [68] the
“low-level gametocytemia corresponds to reduced likelihood of mosquito
infection.” [68] The combination of LLIN and ITPS greatly increased the
amount of insecticide in the house 59 but did not seem to have produced a
particular parasitological advantage compared to LLIN or ITPS alone. This
has to be taken into consideration as it was reported that the significant
increase in insecticide-based malaria vector control in the past decade has
resulted in increasing resistance among malaria vectors because of the
selection pressure placed on resistance genes and this could lead to great
operational problems. The management of insecticide resistance is of great
concern [69], 22-24 Two main types of mechanism have been identified to
be involved in insecticide resistance: target-site resistance, due to mutations
in the target proteins of insecticides, and metabolic resistance, due to
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increased detoxification of insecticides. 23 One well known target site
resistance is the knockdown resistance (kdr) caused by mutations in the
voltage-gated sodium channel gene, which compromises its binding to
pyrethroid insecticides. [70] A survey done in 2001 in four sites in the semi-
arid coastal provinces of Luanda and Benguela and two sites in Huambo
province to determine the Anopheles species present, their sporozoite rates
and the frequency of a kdr allele conferring resistance to pyrethroid
insecticides reported that « Of 218 An. gambiae (195 M-form and 23 S-form)
genotyped for the West African kdr-resistance allele, all were homozygous
susceptible ». [71] A study conducted in 2022 at two sentinel sites in the
province of Benguela [72] reported « Kdr mutations were surveyed in An.
gambiae s.l. The kdr-West L1014F kdr mutation was discovered in both
resistant and susceptible An. coluzzii mosquitoes, while the kdr-East L1014S
mutation was detected in An. gambiae s.s. for the first time in Benguela
Province. No kdr mutations were found in An. arabiensis. An. gambiae s.s.
predominantly exhibited the mutant allele L1014F with an allele frequency
of 0.90. In total, across both sentinel sites, the overall frequency of 1014F
mutation was 0.65, while the 1014S mutation was found to be 0.01. Our
study’s novel discovery of the West African kdr-resistance allele 1014F in
An. coluzzii and An. gambiae s.s. confirms the presence of pyrethroid
resistance in these populations. Interestingly, the first detection to our
knowledge of the East African kdr-resistance allele 1014S in An. gambiae
s.s. highlights the emergence of this mutation in Benguela Province, showing
the importance of continuous monitoring of the setting of insecticide
resistances in Anopheles gambiae s.s. populations. This finding suggests an
emerging challenge in insecticide resistance, previously unrecorded in this
region. The detection of mutations involved in pyrethroid resistance was
limited to L1014F and L1014S in An. gambiae s.I. Other potential
mechanisms of insecticide resistance, such as metabolic resistance, were not
yet explored in Angola. » It is feared that IR could negatively impact the
efficacy of pyrethroid treated ITN 25. But the conclusion could be different
according to the method of evaluation, laboratory, experimental huts [75-77]
or field trial. [78] Conclusions could also be different according to the
indicators selected: entomological, immunological, parasitological,
epidemiological (see document joined “beware the indicator”). For example,
a trial in the village of Kafiné in Cote d’Ivoire, where An. gambiae has a high
kdr based resistance to pyrethroids (80%), showed that permethrin treated
nets conferred personal protection while no entomological impact was
noticed with the method implemented. [79, 80] « In the Department of
Korhogo, (Northern Cote d’Ivoire) a longitudinal study was conducted to
evaluate the entomologic and epidemiologic impact of nets treated with
lambda-cyhalothrin in a region with intense transmission due to An. gambiae
highly resistant to pyrethroids with a kdr allelic frequency of around 90%.
[81] After installation of ITN it was observed a reduction of the inoculation
rate two times more than what naturally reduction which occurred in villages
without nets (relative reduction of 52.8%); and the rate of asymptomatic
infections was higher in the untreated group than the treated one: 68.5%
versus 56.6%, (P < 0.001). The parasite density was also significantly higher
in the untreated groupy. In the ITN villages, the incidence of clinical malaria
attacks per child per year was significantly lower than in the control villages:
0.8 versus 1.8 (P < 0.001). It was concluded that the protective efficacy of
treated nets was 56% (95% CI, 25-75%), comparable to the impact of treated
nets on susceptible An. gambiae. Therefore, a WHO coordinated great
survey was recently implemented (2012-2016) to investigate whether
insecticide resistance was associated with loss of effectiveness of long-
lasting insecticidal nets and increased malaria disease burden. A
prospective, observational cohort study was done in Benin, Cameroon, India,
Kenya, and Sudan. Pyrethroid long-lasting insecticidal nets were the
principal form of malaria vector control in all study areas; in Sudan this
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approach was supplemented by indoor residual spraying. Cohorts of children
from randomly selected households in each cluster were recruited and
followed up to measure incidence of clinical malaria and prevalence of
infection. Long-lasting insecticidal net users had lower infection prevalence
(adjusted odds ratio [OR] 0-63, 95% CI 0-51-0-78) and disease incidence
(adjusted rate ratio [RR] 0-62, 0-41-0-94) than did non-users across a range
of resistance levels. We found no evidence of an association between
insecticide resistance and infection prevalence (adjusted OR 0-86, 0-70—
1-06) or incidence (adjusted RR 0-89, 0-72-1-10) « However, in some
locations malaria incidence remained high despite high use of nets,
emphasising the need for new tools and approaches for malaria prevention if
targets for the reduction of the global malaria burden are to be achieved, and
to forestall a potential rebound of malaria due to higher resistance in the
future » [82] ITPS may be one of the new tools which could contribute to
solving the key issue of sustainability, with the added benefit of long-term
efficacy that was clearly demonstrated in natural field conditions in this
Balombo study. Actually, one of the key observations was that ITPS alone
was as efficient as nets, or the combination nets plus ITPS, or IRS. ITPS had
also the great advantage of being well accepted by villagers who installed
ITPS in their own houses unlike inside spraying done by outsiders. The result
of the Balombo program was in the line of the position of Messenger and
Rowland [83] who considered that “while long-lasting insecticidal nets
(LLINs) and indoor residual spraying (IRS) are the cornerstones of malaria
vector control throughout sub-Saharan Africa, there is an urgent need for the
development of novel insecticide delivery mechanisms to sustain and
consolidate gains in disease reduction and to transition towards malaria
elimination and eradication. Insecticide-treated durable wall lining (ITWL)
may represent a new paradigm for malaria control as a potential
complementary or alternate longer-lasting intervention to IRS. ITWL can be
attached to inner house walls, remain efficacious over multiple years and
overcome some of the operational constraints of first-line control strategies,
specifically nightly behavioral compliance required of LLINs and recurrent
costs and user fatigue associated with IRS campaigns.” The aim of our study
was not to evaluate the efficacy of one method of vector control according
to the insecticide resistance of the local An. gambiae population considering
the level, and mechanisms, of resistance, a key point studied several times
elsewhere. Our objective was to compare the efficacy of four methods in
close villages where it can reasonably be assumed that the insecticide
resistance, if any, should be the same. On the other hand, some studies done
in Angola showed the actual presence of kdr based pyrethroid resistant An.
gambiae population but, even in such situation, LLINs could still be efficient
as it was already demonstrated. On the other hand, in Balombo area, the main
vector was Anopheles funestus which has to be the subject of further
researches.

V. Conclusion

After 11 years of field studies, 136 parasitological cross-sectional surveys,
12,525 thick blood films done on asymptomatic children <15-year-old, and
microscopically observed, it could be considered that: 1) the four methods of
vector control produced similar results in reducing significantly parasite
prevalence, parasite load and gametocyte index. 2) After a striking decrease
the first year’s post vector control, there was a five to six-year plateau, at a
very low level, in the three parasitological indicators. 3) during the malaria
outbreak, parasite prevalence increased but was still significantly lower than
before vector control, 4) No parasite prevalence rebound was ever noticed,
in these field natural conditions, several years after vector control. 5) Malaria
outbreak induced an increase of the parasite load, underlining the needs for
continuous vector control operations. ITPS may represent an interesting
substitute, or complement, to classical LLIN and IRS, especially when, and
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where, these classical methods cannot be implemented. For example, ITPS
can be combined with nets, or house spraying, treated with different
insecticides to address the burning issue of insecticide resistance
management. The actual community participation in the ITPS installation in
their house must be underlined. Therefore, ITPS could be one of the most
interesting new available tools to facilitate the targeted elimination of
malaria.
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