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ABSTRACT 
 
Several hundred millions of malaria cases were averted these last decades thanks to the large 
scale implementation of vector control, mainly Long Lasting Insecticide Treated Nets (“LLINs”) and 
Indoor Residual Spraying (“IRS”). 
Due to several operational issues IRS were stopped in Angola and the National Malaria Control 
Program (NMCP) is based upon large scale distribution of Long Lasting Insecticide Treated Nets 
(LLIN) through different channels. 
On the other hand the recently developped Insecticide Treated Plastic Sheeting (ITPS) could 
represent an interesting alternative to IRS in term of longer lasting activity, community acceptability 
and participation, entomological and epidemiological efficacy observed in various experimental and 
natural conditions. Actually the acceptability of ITPS was studied in Huambo, a town close to 
Balombo but not yet its epidemiological efficacy in this area. 
The aim of the present study was to compare the efficacy of the 2 methods of vector control: Indoor 
Residual Spraying and Insecticide Treated Plastic Sheeting with 2 parasitological indicators of 
plasmodial infection: parasite index (“PI”) and parasite load (“PL”) in 2 villages close to Balombo: 
Candiero, which received 2 rounds of λIRS then δITPS; and Chisséquélé , which received δITPS 
only and just once; considering 4 age groups recommended in Essential Malariology: 0-2 years old; 
3-5 years old; 6-9 years old and 10-15 years old. 
During the 5 five consecutive years of the study, 46 cross sectional parasitological surveys were 
regularly done (23 in each village), 4792 thick blood films (“TBF”) were prepared and their 
microscopical examination revealed the presence of plasmodial infections in 925 i.e. an overall 
Plasmodial Index of 19.3%. 
Plasmodium were noticed in 475 of the 2513 TBF (PI=18.9%) made in Candiero and 450 of the 
2279 TBF done in Chisséquélé (PI=19.7%) (χ2= 0.55: P= 0.46; OR= 0.95 [0.82-1.09]). 
Before vector control (VC) Parasite Index (“PI”) of babies (≤ 2 years old) were significantly lower 
than PI of the three other older age groups. The impact of VC on plasmodial index was different 
according to age groups. After VC the overall parasite index significantly dropped by #70% in 
Candiero (IRS village) and # 60% in Chisséquélé (ITPS village), the decrease was significant in 
each age group but it was less in babies than in the 3 older groups. This could lead to a “negative” 
conclusion of the efficacy of VC if targeting only plasmodial prevalence in babies. 
On the other hand Parasite Load (“PL”) significantly dropped the first year after VC in babies in the 
2 villages and not in all older age group leading to a positive conclusion of the efficacy of VC when 
targeting babies; the drop of PL after VC was noticed in some age groups (but not all) in Candiero 
but not in Chisséquélé.  
These analyzes underlined the key issues of the choice of indicator and the targeted age groups 
because conclusion of the efficacy of one or the other method of vector control could be opposite. 
Another key point is that, considering the classical age groups (0-5 or 2-9 or ≤15 years old) 
Insecticide treated plastic sheeting appeared as efficient as Indoor Residual Spraying with the 
double advantage of lasting longer and involving actual community participation. 
ITPS could therefore be recommended in place of IRS which have well known great operational 
and social issues.  
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1. INTRODUCTION 
 
After the discovery of its insecticidal properties, 
DDT [1] (dichloro-diphenyl-trichloro-ethane) used 
in indoor residual spraying (IRS), was considered 
as the magic bullet against malaria vectors and 
the main tool for an expected global « Malaria 
Eradication Program” (“MEP”) [2]. 
 
But, due to several issues, such as operational 
constraints, acceptability [3,4], costs/ 
effectiveness, insecticide resistance [5] the 
Malaria Eradication Program 1955-1969 was 
stopped for malaria “case management” but the 
spreading of drug, and insecticide, resistance  
are of great concern [6,7] and the Strategy has to 
be changed with the Amsterdam Conference 
1992. 
 
Actually a new interest was devoted to vector 
control with the availability, and demonstrated 
efficacy, of Insecticide Treated Nets (ITNs) [8] 
which became industrialized Long Lasting 
Insecticide Treated Nets (LLIN). 
 
Thanks to their scaling-up several millions of 
malaria cases were averted this last decade [9] 
while IRS maintained its usefulness with some 
efficacy in certain circumstances. 
 
For exemple DDT IRS were of great efficacy to 
prevent malaria [10], to stop malaria outbreak in 
Malagasy [11,12] or to contain malaria in 
Southern Africa [13] [14,15], in Malawi [16]; in 
Equatorial Guinea [17,18] were successively 
used deltamethrin then carbamates, bendiocard 
and Fludora™ fusion, a formulated combination 
of clothianidin (a neonicotinoid) and deltamethrin 
(a pyrethroid) [19-22]. 
 

Due to DDT resistance other OC were used such 
as Dieldrin [5] but resistance was soon observed 
[23] or pyrethroids such as deltamethrin of 
alphacypermethrin [18] or lambdacyhalothrin [16] 
or OP such as pirimiphos methyl [24-27] or 
chlorfenapyr [28], or neonicotinoids such as 
clothianidin [29]. 
  
One of the issue of IRS is the short term efficacy 
of insecticide sprayed (3-6 months) and the need 
of longer lasting efficacy [30]. 
 

Due to “difficulties in organizing first indoor spray 
program against malaria in Angola” [31] IRS 
were stopped in the country and the National 
Malaria Control Program planned large scale 
distribution of long lasting insecticide treated nets 

(LLIN) but it appeared that, in some field 
conditions, their efficacy was reduced by their 
misuse or they are not maintained, quickly have 
large holes and are removed [32,33]. 

 
To overcome these issues, while targeting a 
complete protection of houses and inhabitants, a 
tool called Insecticide Treated Plastic Sheeting 
(ITPS) was recently developped [34], treated with 
pyrethroid such as deltamethrin [35] or 
permethrin [36,37] or non pyrethroid [38] such as 
pirimiphos methyl [39] or abamectin or 
fenpyroxinate [40]. 

 
Their acceptability was already studied in Angola 
[41] and several other countries of Africa and 
S.E. Asia [42] in Papua-New Guinea [43] [44] in 
South Africa [45] and its efficacy to reduce 
malaria burden was well demonstrated in 
refugee’s camps in Sierra-Leone [46]. 

 
It thus appeared worth comparing the efficacy of 
ITPS and IRS in 2 villages close to Balombo 
town in the framework of a village scale long 
term malaria vector control program with 
comprehensive evaluation [47]. 

 
It was already demonstrated that malaria vectors 
bite more frequently adults than babies [48] and 
recommended that the parasite rate must be 
determined for some age groups, infants- babies 
(0-11 months), toddlers (12-23 months), small 
children (2-4 years), juveniles (5-9 years), 
adolescents (10-14 years) and adults (≥15 
years). Actually in some endemic conditions the 
overall babies and toddler’s mortality could be 
high with the loss of materno transmitted 
antibodies and the not yet fully developped 
immune system [49] while teenagers and adults 
could get a special immunity called 
« premunition » [50]. 

 
Indeed some previous demographic studies also 
showed how risky is the period <2 years [51] and 
it was considered that < 5 years old children are 
« at risk » and must be protected in priority. 

 
Therefore it was decided to analyze the evolution 
of plasmodial infection (parasite prevalence and 
parasite load) with the implementation of house 
spraying or installation of ITPS during the village 
scale vector control in Balombo area with a 
special attention to the situation in different age 
groups [52,53,54] to determine, what, in these 
local conditions, should be the prior steps of 
vector control of the National Malaria control 
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Program (NMCP) for the best and fastest impact 
on the burden of malaria. 
 

2. MATERIALS AND METHODS  
 

A long term village scale malaria vector control 
(VC) program was implemented in 8 villages 
around Balombo (Benguela Province, Angola) 
(12°21’ S; 14°46’ E; savanna area, altitude 
1200m) to compare 4 methods of vector control 
inside human houses: Long lasting deltamethrin 
treated nets (δ LLIN) alone in 2 villages; 
association δ LLIN + δ treated ITPS (model 
« Zero Fly ») in 2 villages; δ treated ITPS (called 
« wall lining ») alone in 2 villages ; and 2 rounds 
of lambdacyhalothrin IRS (λIRS) followed by 
installation of δ treated ITPS in 2 villages. Details 
of these VC operations were described 
elsewhere [47]. 
 
The current parasitological analysis dealt with 2 
villages, Candiero and Chisséquélé. 

  
In Chisséquélé (181 houses; 418 inhabitants at 
the beginning of the trial): in December 2008: 
5541 m

2
 of δITPS wall lining (concentration 170 

mg a.i. deltamethrin /m
2
) were pinned on the wall 

of every sleeping room or place temporary used 
for sleeping (on mattress etc.) to protect every 
sleeper. 

 
In Candiero (190 houses; 654 inhabitants at the 
beginning of the trial): 2 rounds of λIRS at the 
target dosage of 25mg a i/m

2
 were done: in 

December 2008 then in June 2009, then δITPS 
wall lining were installed in every houses by 
inhabitants themselves showing their 
involvement and acceptability compared to the 
well-known reluctance to receive people from 
elsewhere to enter their houses for indoor 
spraying. 
 
Classical Parasitological cross sectional surveys 
(« CSS ») were regularly done in a randomly 
samples of population identified from the 
number, initially wrote on the door of every 
houses (checked with GPS), and the random 
number were obtained with Excel software. Thick 
blood films (TBF) were done in the field and 
microscopically examined (“Light Microscopy” 
“LM”) in the Medical Department of the private 
Angolese Sonamet© Company which supported 
the studies in the framework of their «Malaria 
Control Program» (MCP). 10% of the films were 
double checked in the parasitology department of 
the Pan African OCEAC Organization in 
Yaoundé (Cameroon). 

For these analyses according to age groups we 
followed the protocol developped [14] to monitor 
the impact of IRS in Southern Africa and 
considered 4 age groups: 

 
- 0-2 years old ; 
- 3-5 years old ; 
- 6-9 years old ; 
- 10-15 years old. 

 
With such a 4 age groups it is easy to further 
calculate, if needed, the plasmodial situation of 
the «at the risk group» (0-5 years old; or the 
group used for « malaria endemicity evaluation » 
(2-9 years old); or ≤ 15 years old as used                    
for vector control evaluation in Equatorial 
Guinea. 

 
We considered 2 parasitological indicators: 
Plasmodial index “PI” (gathering all Plasmodium 
species, P. falciparum being largely prevalent 
over very few P.  malariae infections [54])                   
and parasite load (“PL”) counting the number                 
of erythrocytes with parasite versus 200                  
white cells (WC) and reporting for microliter of 
blood considering 8000 WC/ml). This protocol 
was carried out for each one of the 4 age groups, 
for each village, for each year and therefore the 2 
years before and the 3 years after vector control 
to evaluate the impact of these operations. 

 
Percentages were compared with the classical 
Chi

2
 test (CDC EpiInfo software) and 

parasitaemia were analyzed with the non-
parametric Mann-Whitney test with Graph Pad 
software. 
 

3. RESULTS 

 
3.1 Plasmodial Infections: Plasmodial 

Index and its Evolution 
 

3.1.1 Overall Plasmodial Index and its 
evolution  

 

Between August 2007 and December 2011, 46 
CSS were done, 23 CSS by villages, 9 before 
vector control operations (VCOp) and 14 after. 
During the 5 five consecutive years of the study 
4792 thick blood films were done and their 
microscopical examination revealed the 
presence of plasmodial infections in 925 i.e. an 
overall Plasmodial Index of 19.3% (Table 1). All 
infections, except 1 mixed P. falciparum+ P. 
malariae and 2 P. malariae alone, were due to P. 
falciparum therefore analyses dealt with all 
Plasmodium infections gathered. 
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The evolution of plasmodial infections noticed 
during each CSS showed a general trend similar 
in the 2 villages (Fig. 1.) in a quite logarithm 
evolution. 
 
3.1.2 Yearly evolution of overall plasmodial 

prevalence 
 

Data of blood films made, and noticed positive, 
each year in each village, are gathered in Table 
1 where it appeared similar level of Plasmodium 
index: 18;9% (n= 2513) for Candiero and 19.7% 
(n= 2279) for Chisséquélé (χ2= 0.55; P value= 
0.46; OR= 0.95 [0.82-1.09]) giving an overall                
PI of 19.3% (n= 4792) for the 2 villages  
gathered. 

 
It is worth underlining the evolution of the                       
PI each year in each village (Fig. 2a)                  
showing similar trends (Fig. 2b) with a clear             
drop after VC implementation (from #30% to 
#5%) then a plateau during 2 years at a <5% 
level. 
 
Actually each year plasmodial index were similar 
between the 2 villages (Table 2). 

 
3.1.3 Evolution of overall plasmodial 

prevalence before/after vector control 
operations 

 
From Table 1 it is possible to sort out positive 
blood films noticed before vector control 
implementation (years 2007-2008) and after 
(years 2009-2010 and 2011) in each village 
(Table 3). 

 
With vector control the Plasmodium index 
significantly dropped (by 71.5%) in Candiero (χ

2
= 

205; OR= 0.21 [0.17-0.29]), by 63% in 
Chisséquélé (χ

2
= 131, OR= 0.29 [0.24-0.36]) and 

when gathering data of the 2 villages the overall 
PI dropped by 67.5%, from #31% to # 10%, (χ

2
= 

333; OR=0.25 [0.21-0.29]) showing the clear 
impact of vector control of the reduction of 
plasmodial infections in children ≤15 years old 
(Fig. 3). 

 
Therefore with the plasmodial index (PI) as 
indicator ITPS appeared as efficient as IRS in 
reducing the Plasmodial infections prevalence in 
the ≤15 years old children surveyed in these 
villages. 
 

3.2 Evolution of Plasmodial Index 
According to Age Group and Vector 
Control 

 
3.2.1 Evolution of plasmodial index in 

Candiero 
 
Data dealing with the number of thick films 
prepared and noticed positive in each group are 
reported Table 4. 
 
475 of the 2513 thick blood films were noticed 
positive i.e. an overall prevalence of 18.9% for 
the 5 years and the general prevalence was 
similar for the 4 age-groups considered (Table 
5a): 16.8% (= 548) in 0-2 years old; 17.6% (n= 
771) in 3-5 years old; 20.9% (n= 665) in 6-9 
years old and 20.4% (n= 529) in 10-15 years old 
(annex 1). 

 
It is interesting to examine the evolution of PI 
each year for each age group (Table 5b). 
 
It is worth underlining the similar trends in the 
evolution of PI whatever the age groups (Fig. 
4a). 
 
Before VC implementation (years 2007-2008) the 
PI of ≤ 2 years old babies (23.6%; n=288) was 
significantly lower than the PI of the 3 other age 
groups gathered (34.1%; n=810) (X

2
= 10.80; P 

value= 0.0010; OR=0.59 [0.44-0.81]). 
 

The first year following VC the PI dropped by 
almost 50% compared to the previous year 
(respectively #28% in y2008 and # 14% in 
y2009) and this drop was observed in each age 
group (Fig. 4b) even if less important in babies (< 
2 years) than in older age group. This is 
important to keep in mind as an evaluation based 
only on the 0-2 years old could concluded at a 
relatively low efficacy of vector control while 
considering other age groups could lead to a 
more positive conclusion. 
 
The low level of PI (# 5%) was maintained the 
following 2 years (Fig. 4c). 
 
From the Table 4 it is possible to sort out the 
change in plasmodial prevalence in each age 
group before (years 2007-2008) vs after (years 
2009-2010-2011) vector control implementation 
(Table 6). 
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It thus appeared an overall reduction of 71.4%: 
from 31.6% (n=1098) before VC to 9.05% (n= 
1415) after VC.  
 
The reduction was statistically significant for 
each age group: 0-2 years: χ

2
= 19.2; 0R= 0.34 

[0.20-0.56]; 3-5 y: χ
2
 = 65.3; OR= 0.21 [0.14-

0.35]; 6-9 y: χ
2
= 67.8; OR= 0.18 [0.12-0.28] and 

10-15 y: χ
2
= 62.4; OR= 0.17 [0.11-0.27] the least 

reduction was observed in babies (≤ 2 years old). 

 
For the “at risk” group (0-5 years): 

 
-  the year after VC Plasmodium prevalence 

significantly dropped by #41% (from 25.3% 
(n=407) to 15.0% (n=346) (χ2= 12.1; OR= 
0.52 [0.36-0.76]). 

- After VC the reduction reached 67.5%, 
from 27.7% (n=585) to 9% (n=734) with an 
overall PI of 17.3% (n=1319) (χ2= 79.6; 
OR=0.26 [0.19-0.35]). 

 
3.2.2 Evolution of plasmodial index PI in 

Chisséquélé 

 
Data gathering the number of thick films 
prepared (n) and observed positive (TBF+) in 
each group are reported Table 7. 
 

450 of the 2279 thick blood films were noticed 
positive i.e. a prevalence of 19.7% for the 5 
years (Table 8a) and the plasmodial index were 
different for the 4 age-groups considered; it was 
significantly lower for the 0- 2 years old (15.8%; 
n= 633) than in 3-5 years old (21.1%; n= 773), in 
6-9 years old; (21.0%; n= 520) and in 10-15 
years old (22.1%; n= 353) while it was similar 
between the 3 older age group (annex 2). 
 

It is interesting to examine the evolution of PI 
each year in each age group (Table 8b). 

 
It is worth underlining the trends of these PI with 
age groups (Fig 5a) where it could be noticed 
some variations different from Candiero (Fig. 4a). 

 
Before VC implementation (years 2007-2008) the 
PI of ≤ 2 years old babies (23.4%; n=308) was 
significantly lower than the PI of the 3 other age 
groups gathered (33.7%; n=695) (χ2= 10.66; P 
value= 0.0010; OR=0.60 [0.44-0.82]). 
 

The 2 years before the implementation of vector 
control the evolution of Plasmodium prevalence 
differed according to age group (Fig. 5a): slightly 
decreasing in 0-2 years old; sharply decreasing 
in 3-5 years old; similar in 6-9 years old and 

slightly increasing in 10-15 years old, without any 
biological explanation. 
 
After VC the trends in the reduction of PI are 
similar in the 4 age groups (Fig 5a.). 
 
The first year following VC the drop of PI was 
different according to each group (Fig. 5b) being 
lower in babies (≤2 years old) than in other age 
groups, this was also observed in Candiero (Fig. 
4b) and could lead to the same conclusion of a 
low impact of vector control operation if the 
indicator is only based on Plasmodium 
prevalence in babies. 
 

It can also be noticed that IRS in Candiero 
induced an average reduction of 48% while in 
Chisséquélé installation of ITPS induced a 
slightly less reduction of 36%. 
 
After the initial important drop of PI induced by 
VC implementation it was observed a plateau 
with a PI of about 5% in 2010 and 2011 (Fig. 5c). 
 

From the Table 6 it is possible to sort out the 
change in plasmodial prevalence in each age 
group before (years 2007-2008) vs after (years 
2009-2010-2011) vector control implementation 
(Table 9). 

 
It thus appeared a similar reduction of PI in each 
age group (#60-65%) and an overall reduction of 
Plasmodium prevalence, from 30.5% (n=1003) to 
11.3% (n=1276) i.e. 63%, reduction after ITPS 
implementation. 

 
The reduction was statistically significant for 
each age group: 0-2 years: χ2= 25.9; 0R= 0.31 
[0.19-0.49]; 3-5 y: χ2 = 68.1; OR= 0.25 [0.17-
0.36]; 6-9 y: χ2= 30.8; OR= 0.29 [0.18-0.45] and 
10-15 y: χ2= 20.8; OR= 0.30 [0.18-0.52] and for 
the total of the 4 age groups considered χ2= 
130.9; OR=0.29 [0.23-0.36]). 
 
For the “at risk” age-group (≤ 5 years old): 

 
- The year after installation of ITPS the 

Plasmodium Index dropped  significantly 
by 30%,from 25.3% (n=400) in y 2008 to 
17.7% (n=368) (X

2
= 6.51; P value= 0.0107; 

OR= 0.64 [0.45-0.90]). The drop was #40% 
with IRS in Candiero. 

- After VC the PI decreased signicantly by 
64%, from 29.2% (n= 616) to 10.5% (n= 
790) (X

2
= 79.7; OR= 0.28 [0.21-0.38]), a 

reduction similar to the one noticed with 
IRS in Candiero. 
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It thus appeared that vector control had 
comparable impact on plasmodial prevalence in 
each age groups even if almost always slightly 
better in Candiero than in Chisséquélé with a 
reduction of # 60% after installation of δITPS in 
this village and # 70% after the 2 rounds of           
λIRS followed by installation of δITPS in 
Candiero. 

 
3.3 Evolution of Plasmodial Parasitaemia 

(“PL”) According to Age Group and 
Vector Control  

 
3.3.1 In Candiero 

 
3.3.1.1 In children 0-2 years old 

 
In children 0-2 years old (Fig. 6a) analyzes of the 
parasite load of the 92 positive thick blood films 
showed that the parasitaemia were similar in 
years 2007 and 2008 without vector control (P 
value= 0.79) then significantly dropped in 2009 
(P value= 0.0086) and remained at its low value 
in 2010 (P value = 0.56). 
  
The parasitaemia of children 0-2 years 
significantly decreased after vector control (P 
value= 0.0075). 

 
3.3.1.2 In children 3-5 years old 
 

In children 3-5 years old (Fig. 6b):               
analyses of the parasite load of the 136 positive 
thick blood films showed that the parasitaemia 
were similar in years 2007 and 2008 (P value= 
0.45) before any intervention but significantly 
dropped in 2009 after IRS implementation (P 
value= 0.0077) then remained similar (P value= 
0.0557). 
 
For children 3-5 years old the                               
parasite load significantly dropped (P                 
value= 0.0045) after IRS vector control 
implementation. 

 
3.3.1.3 In children 6-9 years old 
 
In children 6-9 years old (Fig. 6c) the analyses of 
the 139 positive thick blood films showed 
completely different situation as parasite load 
were similar in years 2007 and 2008 before 
vector control (P value= 0.0534) but also in years 
2008 and 2009 (P= 0.9899) and 2009-2010 (P 
value= 0.5415). Therefore parasitaemia were 
similar before and after vector control (P value= 
0.6475). 

3.3.1.4 In children 10-15 years old 
 

In children 10-15 years old (Fig. 6d) the situation 
appeared different when analysing the parasite 
load of the 108 positive thick films with a 
significant lower parasitaemia in 2008 than in 
2007 (P value = 0.0258) while parasitaemia were 
similar in 2008 and 2009 (P value= 0.118); 2009 
and 2010 (P value= 0.774) but a significant 
difference occurred when comparing before and 
after vector control (P value= 0.0033). 
 

Therefore it appeared that the evolution were 
similar in children ≤2 years old and 3-5 years old 
but difference occurred with older age groups; 
nevertheless for 3 age group the parasitaemia 
were always significantly lower after than before 
implementation of vector control. 
 

3.3.2 In Chisséquélé 
 

3.3.2.1 In children 0-2 years old 
 

The parasitaemia were similar between years 
2007 and 2008 (without vector control) (P value= 
0.44; NS) and significantly different between 
years 2008 and 2009 (= year after installation of 
ITPS) (P value= 0.0002) and between the period 
before/after vector control (P value < 0.0001) 
(Fig. 7a). 
 

3.3.2.2 In children 3-5 years old 
 

The parasitaemia were similar between years 
2007 and 2008 (P value= 0.77; NS) but also 
between years 2008 and 2009 (P value= 0.298; 
NS), years 2009 and 2010 (P value= 0.221; NS) 
and the period before/after vector control (P 
value= 0.47; NS) (Fig. 7b). 
 
3.3.2.3 In children 6-9 years old 
 
The parasitaemia were similar between years 
2007 and 2008 (P value= 0.67; NS), years 2008 
and 2009 (P value= 0.46; NS), 2009 and 2010 (P 
value= 0.47; NS) and the period before/after 
vector control (P value= 0.29; NS) (Fig. 7c). 
 

3.3.2.4 In children 10-15 years old 
 

The parasitaemia were similar between years 
2007 and 2008 (P value= 0.33; NS), years 2008 
and 2009 (P value = 0.16; NS), 2009 and 2010 
(P value= 0.26) and the period before/after 
vector control (P value= 0.17; NS) (Fig. 7d). 
 

Remark: it is worth noticing that in Chisséquélé, 
after the installation of ITPS, the plasmodial 
prevalence actually decreased in each age group 
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but the parasitaemia decreased only in the 
younger age group 0-2 years old while remaining 
at the same level in the 3 other age groups 
considered. 

 
4. DISCUSSION 
 
The question spraying or insecticide treated nets 
was raised [55,56] each method having its 
advantages and issues but both showed their 
actual efficacy in strikingly reducing malaria 
morbidity [9]. 
 
After the failure of the Global Malaria Eradication 
Programme, vector control was almost 
abandoned (if not forgotten) for case 
management but drug resistance appeared of 
great concern. The emergence of insecticide 
treated nets as a new method of vector control 
and the clear demonstration of their efficacy in 
reducing malaria morbidity and overall infant 
mortality [57] constituted an important steps for 
vector and malaria control; especially when 
industrialized treatment increased their long 
lasting activity and nets insecticide treated nets 
(“ITNs”) become “long lasting insecticide                
treated nets (“LLIN”) which are now the                     
main tool in malaria prevention and control       
even in some conditions of insecticide resistance 
[58]. 

 
But the actual use of nets, even largely 
distributed free of charges, is matter of concern 
[59] as recently noticed in Nigeria “the 
distribution of free ITNs has resulted in universal 
household ownership, but the use of the nets is 
still very poor” as “of the 102 ITNs that were 
properly deployed, only 27.5% were occupied the 
night before the survey”. 

 
On the other hand the misuse of nets was often 
reported [60-63], even if it was discussed, 
considering that misuse is mainly done with 
worn-out nets no more useful for mosquito 
protection as recently underlined “we should 
remember that long-lasting insecticide-treated 
nets typically wear out after 2–3 years. 
Therefore, we hypothesize that at least some of 
the anecdotal reports of nets being used for such 
things as fishing and weddings may actually be 
worn-out nets no longer in use for protection 
against mosquitoes, and thus their use for such 
purposes would not really constitute misuse of an 
effective ITN” [64]. As recently reported from 
Kenya “after those nets are torn, most people 
use them for other purposes” [65]. 

Non-used, misused, repurposing, not maintained, 
relatively short actual efficacy (2-3 years), 
acceptability (social, cultural issues), moreover 
insecticide resistance, constituted some worried 
limitations of LLIN even if they are still the main 
method of vector control. 
 

It is important to find another, complementary 
method of vector control, at community level, and 
the recently developped long lasting insecticide 
treated plastic sheeting could represent such 
new tools [66] as their acceptability and efficacy 
were clearly demonstrated and this was the 
objective of the Balombo program developped in 
8 villages around Balombo (Angola) [47] while 
the acceptability of ITPS was already reported 
from Huambo, a close town [41] and elsewhere 
in Africa and SE Asia [42]. 
 

One of the key point in evaluating the 
parasitological efficacy of a vector                      
control program is the choice of relevant 
indicators [67]. 

 
The parasite index (PI) is an interesting, easy to 
get, useful indicator, with one well done survey 
(“cross sectional survey” “CSS”) it is possible to 
obtain relevant information on the actual 
presence of the Plasmodium at a given time 
(“point prevalence”), which species and the level 
of endemicity [52, 68] in one area [54,69]. But 
several issues could be raised: when to do the 
survey, dry vs rainy season [70], techniques of 
detection of the parasite: classical Light 
Microscopy (LM) which depends greatly on the 
skills of microscopists [71]; Rapid Detection Test 
(RDT) [72] or new molecular methods [73-81] 
which allows a better detection of low 
parasitaemia in symptomless carriers, even 
lower than 2 par./µl of blood while the limit of 
RDT which is about 50 to 100 par./µl and 20 to 
100 with LM according to the amount of blood 
examined (thick vs thin film). 
 
Nevertheless, even with its limitations, classical 
parasitological surveys with LM, well 
standardized and regularly done with 
representative sample could be a relevant 
indicators to evaluate the “period prevalence” in 
an given amount of time, or the incidence rate 
and the efficacy of vector control operations for 
eradication 2[] or elimination of malaria [82,83] as 
recently used in Equatorial Guinea malaria 
control program [17]. 
 

Analyses of PI in the 4 age groups considered, in 
each village, before and after vector control, 
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gave interesting information. In Candiero the PI 
of babies before VC were significantly lower than 
in the 3 older age groups; the first year after 
implementation of VC the PI decreased by 26% 
in babies while the drop was # 50% in other age 
groups which could lead to a relative negative 
conclusion on the impact of VC if considering 
only the plasmodial prevalence in babies.  
 
But the 2

nd
 and 3

rd
 years after VC the IP were                      

similar in the 4 age groups and the trends in 
evolution of PI were also similar, the VC induced 
an overall reduction of # 70% of plasmodic index. 

  
In Chisséquélé, before VC the PI were also 
significantly lower in babies than in older age 
groups; the first year after VC the plasmodial 
prevalence decreased by 23% in babies and by # 
40% in older age groups, an overall reduction 
lower than in Candiero. Such as in Candiero, 
considering only the age group ≤2 years old in 
Chisséquélé could lead to a relative negative 
conclusion on the impact of VC. The 2

nd
 and 3

rd
 

years after VC the plasmodial prevalence were 
almost similar and # 10%. Nevertheless the 
installation of ITPS induced a reduction of # 60% 
of plasmodic index. 

 
On the other hand parasite load (PL) is an 
important parameter [84] giving information of the 
risk of malaria morbidity [85] through the “clinical 
threshold” or “pyrogenic threshold” [86]. But it 
was reported that this threshold could be variable 
with age [87] and underlying the question of how 
to evaluate malaria morbidity in endemic areas 
[88, 89] with frequent overdiagnosis [90]. 
Considering the relation, whatever it could be, 
between parasitaemia and clinical illness it 
clearly appeared that reducing parasite load 
could reduce malaria morbidity and PL is 
undoubtfully a relevant indicator but it implies the 
choice of the age group for a right evaluation of 
the vector control operation. For exemple in the 
analyse of parasitaemia data from Candiero (with 
IRS) and Chisséquélé (with ITPS): the PL were 
similar in both villages in each age group before 
implementation of VC, but differences appeared 
after VC according to age group studied. 
  
In Candiero the first year after VC the parasite 
load significantly decreased in babies, but                
not in the older 3 age groups; while for the 3 

years after VC the PL significantly decreased in 
babies, 3-5 and 10-15 years old but not in 6-9 
years old without any biological obvious reason 
(considering the drop in plasmodic index). 
 
In Chisséquélé the PL significantly                
dropped for babies the first year after VC and for 
the period before/after VC while no significant 
differences were observed in PL of older age 
groups. 
 

It is important to underline the risk of opposite 
conclusion according to the parasitological 
indicator and the age groups: considering babies 
it appeared that the reduction induced by VC on 
the parasite index was lower than on the 3 older 
age groups thus leading to a “negative” 
conclusion. But considering the parasite load it 
appeared that the impact of VC was always 
better in babies than older age group, this was 
quite clear in Chisséquélé. 
 

Therefore great care must be given in the                  
choice of indicator and the targeted population, in 
this study it can be considered that both method 
of vector control, inside residual spraying or 
insecticide treated plastic sheeting were          
actually efficient in reducing parasitaemia when 
checking children of 0-2 years old, or 0-5 (the          
“at risk” group”) of 0-15 years considered 
elsewhere. 
 

5. CONCLUSION 
 

Deltamethrin Insecticide Treated Plastic Sheeting 
(“δITPS”) were as efficient as lambdacyhalothrin 
Indoor Residual Spraying (“λIRS”) in term of 
reducing both Plasmodium Index (“PI”) and 
Parasite Load (“PL”) in children but the 
conclusion could be different according to the 
age group studied underlining the great care in 
preparing the protocol and the choice of 
indicators. 
 

ITPS appeared also as an interesting new                  
tool for vector control for malaria control due                
to its long lasting efficacy and great          
acceptability of population and ITPS could be 
treated with different insecticide to deal with the 
burning issue of pyrethroid resistance [6] 
hampering the efficacy of classical pyrethroid 
treated nets. 
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Fig. 1. Evolution of plasmodial prevalence noticed in each one of the 46 CSS carried on during 
5 years in the 2 villages. 

 

 
 

Fig. 2a. Evolution of yearly plasmodial prevalence in village treated with ITPS (Chisséquélé) 
and with indoor residual spraying (Candiero). 

 

 
 

Fig. 2b. Trends in evolution of PI each year in each village. 
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Fig. 3. Evolution of overall plasmodial infections before and after implementation of vector 
control in each village. 

 

 
 

Fig. 4a. Evolution of PI in each age groups during the 5 years of the project in Candiero. 
 

 
 

Fig. 4b. Drop of Plasmodium prevalence in each age group the first year after vector control 
implementation (Tt= total) in Candiero. 
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Fig. 4c. Evolution of Plasmodium prevalence each year in each age group in Candiero. 
 

 
 

Fig. 5a. Evolution of PI in each age groups during the 5 years of the project in Chisséquélé. 
 

 
 

Fig. 5b. Drop of Plasmodium prevalence in each age group the first year after vector control 
implementation in Chisséquélé. 
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Fig. 5c. Evolution of Plasmodium prevalence each year in each age group in Chisséquélé. 
 

 
 

Fig. 6a. Evolution of parasite load in children ≤2 years old according to years and vector 
control (line in red= median; P value in red= significantly different). 
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Fig. 6b. Evolution of parasite load in children 3-5 years old in Candiero before and after house 
spraying. 

 

 
 

Fig. 6c. Evolution of parasite load in children 6-9 years old in Candiero before and after house 
spraying. 
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Fig. 6d. Evolution of parasite load in children 10-15 years old in Candiero before and after 
house spraying. 

 

 
 

Fig. 7a. Evolution of the parasite load in children ≤ 2 years old in Chisséquélé according to the 
years and vector control implementation. 
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Fig. 7b. Evolution of the parasite load in children 3-5 years old in Chisséquélé according to the 
years and vector control implementation. 

 

 
 

Fig. 7c. Evolution of the parasite load in children 6-9 years old in Chisséquélé according to the 
years and vector control implementation. 
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Fig. 7d. Evolution of the parasite load in children 10-15 years old in Chisséquélé according to 
the years and vector control implementation. 
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Tables 
 

village Year  2007 Year  2008 Year  2009 Year  2010 Year  2011  tt  
 

 n BF+ n BF n BF+ n BF+ n BF+ n BF+ % 
 

Cand 350 139 748 208 655   94 629 29 131 5 2513 475 18.9 
% 

Chiss 357 121 646 185 601 110 562 29 113 5 2279 450 19.7 
% 

tt 707 260 1394 393 1256 204 1191 58 244 10 4792 925 19.3 
% 

%  36.8%  28.2%  16.2%  4.9%  4.1%    
 

Table 1. Thick blood films (n) and Plasmodium positive (BF+) noticed every year in every village, Candiero (Cand.) and Chisséquélé (Chiss.). 
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Years PI Candiero PI Chisséq χ
2
 P value OR 

 

Y 2007 39.7% 33.9% 2.575 0.108 1.28 
[0.95-1.74] 

Y 2008 27.8% 28.6% 0.118 0.731 0.96 
[0.76-1.21] 

 

Y 2009 14.4% 18.3% 3.598 0.0578 0.75 
[0.56-1.01] 

 

Y 2010 4.6% 5.2% 0.193 0.659 0.88 
[0.52-1.50] 

 

Y 2011 3.8% 4.4% 0.057 0.811 0.86 
[0.24-3.03] 

 

Table 2. Comparison between the PI of the 2 villages noticed every year. 
 
 

villages  Candiero   Chisséquélé   total  
 

 n TBF+ % n TBF+ % n TBF+ % 
 

before 1098 347 31.6% 1003 306 30.5% 2101 653 31.1% 
 

after 1415 128 9.0% 1276 144 11.3% 2691 272 10.1% 
 

total 2513 475 18.9% 2279 450 19.7% 4792 925 19.3% 
 

Table 3. Plasmodial infections microscopically detected in thick blood films (TBF) done in 
Candiero and in Chisséquélé before and after implementation of vector control. 
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Years Age group n TBF+ % 

Y 2007 0-2 y 95 28 29.5% 

 3-5 y 83 31 37.3% 

 6-9 y 103 47 45.6% 

 10-15 y 69 33 47.8% 

 0-2 y 193 40 20.7% 

Y 2008 3-5 y 214 63 29.4% 

 6-9 y 203 60 29.6% 

 10-15 y 138 45 32.6% 

 0-2y 130 20 15.4% 

Y 2009 3-5 y 216 32 14.8% 

 6-9 y 151 23 15.2% 

 10-15y 158 19 12.0% 

 0-2 y 110 4 3.6% 

Y 2010 3-5 y 218 8 3.7% 

 6-9 y 156 8 5.1% 

 10-15y 145 9 6.2% 

 0-2y 20 0 0% 

Y 2011 3-5 y 40 2 5% 

 6-9 y 52 1 1.9% 

 10-15 y 19 2 10.5% 

 0-2 y 548 92 16.8% 

total 3-5 y 771 136 17.6% 

 6-9 y 665 139 20.9% 

 10-15 y 529 108 20.4% 

 

Table 4. Plasmodium prevalence each year in each age group in Candiero. 
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age n BF+ PI (%) 

≤2 y 548 92 16.8% 

3-5 y 771 136 17.6% 

6-9 y 665 139 20.9% 

10-15 y 529 108 20.4% 

total 2513 475 18.9% 

Table 5a. Overall Plasmodium index in each age group of Candiero village. 
 
 
 

Candiero Y 2007 Y 2008 Y 2009 Y 2010 Y 2011 

0-2 y 29,5 20,7 15,4 3,6 0 

3-5 y 37,3 29,4 14,8 3,7 5.0 

6-9 y 45,6 29,6 15,2 5,1 1,9 

10-15 y 47,8 32,6 12 6,1 10,5 

average 39,7 27,8 14,4 4,6 3,8 

Table 5b. Yearly Evolution of the PI according to age groups in Candiero village. 
 
 
 

Age 

groups 

 Before   After  Difference 

 n TBF+ % n TBF+ %  

0-2 y 288 68 23.61 260 24 9.23 -60.9% 

3-5 y 297 94 31.65 474 42 8.86 -72% 

6-10 y 306 107 34.97 359 32 8.91 -74.5% 

11-15 y 207 78 37.68 322 30 9.32 -75.3% 

Table 6. Evolution of Plasmodium prevalence (BTF+) in each age group after vector control in 
Candiero. 
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Years Age group n TBF+ % 

Y 2007 0-2 y 114 31 27.2% 

 3-5 y 102 48 47.1% 

 6-9 y 96 31 32.3% 

 10-15 y 45 11 24.4% 

 0-2 y 194 41 21.1% 

Y 2008 3-5 y 206 60 29.1% 

 6-9 y 144 45 31.3% 

 10-15 y 102 39 38.2% 

 0-2y 166 27 16.3% 

Y 2009 3-5 y 202 38 18.8% 

 6-9 y 141 22 15.6% 

 10-15y 92 23 25.0% 

 0-2 y 145 1 0.69% 

Y 2010 3-5 y 208 15 7.2% 

 6-9 y 108 8 7.4% 

 10-15y 101 5 4.95% 

 0-2y 14 0 0% 

Y 2011 3-5 y 55 2 3.64% 

 6-9 y 31 3 9.7% 

 10-15 y 13 0 0% 

 0-2 y 633 100 15.8% 

total 3-5 y 773 163 21.1% 

 6-9 y 520 109 21.0% 

 10-15 y 353 78 22.1% 

Table 7. Plasmodium prevalence each year in each age group in Chisséquélé. 
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age n BF+ PI (%) 

≤2 y 633 100 15.8% 

3-5 y 773 163 21.1% 

6-9 y 520 109 21.0% 

10-15 y 353 78 22.1% 

total 2279 450 19.7% 

Table 8a. Overall Plasmodium index in each age group of Chisséquélé village. 
. 
 

Chisséq. Y 2007 Y 2008 Y 2009 Y 2010 Y 2011 

0-2 y 27,2 21,1 16,3 0,7 0 

3-5 y 47,1 29,1 18,8 7,2 3,6 

6-9 y 32,3 31,3 15,6 7,4 9,7 

10-15 y 24,4 38,2 25 5 0 

average 33,9 28,6 18,3 5,2 4,4 

Table 8b. Yearly Evolution of the PI according to age groups in Candiero village. 
 

 

Age 

groups 

 Before   After  Diff. 

 n TBF+ % n TBF+ %  

0-2 y 308 72 23.4 325 28 8.6 -63.1% 

3-5 y 308 108 35.1 465 55 11.8 -66.3% 

6-10 y 240 76 31.7 280 33 11.8 -60.0% 

11-15 y 147 50 34.0 206 28 13.6 -60% 

Table 9. Evolution of Plasmodium prevalence in each age group after vector control based on 
ITPS in Chisséquélé (diff.= difference). 
 
 
 

 
  



 
 
 
 

Carnevale et al.; Int. J. Trop. Dis. Health, vol. 44, no. 1, pp. 1-30, 2023; Article no.IJTDH.94258 
 

 

 
24 

 

CONSENT 
 
Authors agree upon the document. 

 
ETHICAL APPROVAL 
 
Studies done at the request and with the National Malaria Control Program and the Public Health 
Provincial Department. 

 
ACKNOWLEDGEMENTS 
 
We would like to thank the managers of the Angolan company Sonamet and its medical department; 
as well as the international company SubSea7 for their permanent support for this work and their 
implication in malaria control in the region. 
 
We thank Dr Titelman who procured the material for vector control: nets and plastic sheeting. 
 
Our thanks also to the national and provincial authorities for their authorization and participation in 
these studies as well as to the population of the villages who were actually involved in vector control 
operations. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing interests exist. 

  



 
 
 
 

Carnevale et al.; Int. J. Trop. Dis. Health, vol. 44, no. 1, pp. 1-30, 2023; Article no.IJTDH.94258 
 

 

 
25 

 

REFERENCES 

  
1. Muller P. Uber Zusammenhange zwischen 

Konstitution und insecticider Wirkung. 
Helvetica Chimica Acta. 1946;29:1560-
1580. 

2. Pampana E.  A textbook of malaria 
eradication. London, Oxford University 
Press. 1969:360. 

3. Roberts K, Gueye C, Baltzell K, Ntuku H, 
McCreesh P, Maglior A, Whittemore B, 
Uusiku P, Mumbengegwi D, Kleinschmidt I, 
et al: Community acceptance of reactive 
focal mass drug administration and 
reactive focal vector control using indoor 
residual spraying, a mixed-methods study 
in Zambezi region, Namibia. Malar J. 
2021;20:162. 

4. Wanzira H, Naiga S, Mulebeke R, Bukenya 
F, Nabukenya M, Omoding O, Echodu D, 
Yeka A: Community facilitators and 
barriers to a successful implementation of 
mass drug administration and indoor 
residual spraying for malaria prevention in 
Uganda: A qualitative study. Malar J 
2018:17:474. 

5. Hamon J, Choumara R, Adam J, Bailly H, 
Ricossé J: Le Paludisme dans la zone 
pilote de Bobo Dioulasso Haute-Volta. 
Cahiers de l'ORSTOM 1959;1:125. 

6. Hemingway J, Ranson H: Insecticide 
resistance in insect vectors of human 
disease. Annu Rev Entomol. 2000;45:371-
391. 

7. Ranson H, N’guessan R, Lines J, Moiroux 
N, Nkuni Z, Corbel V: Pyrethroid resistance 
in African anopheline mosquitoes: What 
are the implications for malaria control? 
Trends Parasitol.  2011;27:91–98. 

8. Lengeler C: Insecticide treated bed nets 
and curtains for preventing malaria. 
Cochrane Database Systematic Review. 
2000;2:CD000363. 

9. Bhatt S, Weiss D, Cameron E, Bisanzio D, 
Mappin B, Dalrymple U, Battle K, Moyes C, 
Henry A, Eckhoff P, et al: The effect of 
malaria control on Plasmodium falciparum 
in Africa between 2000 and 2015. Nature. 
2015;526:207-211. 

10. Pluess B, Tanser F, Lengeler C, Sharp B: 
Indoor residual spraying for preventing 
malaria. Review Cochrane Database Syst 
Rev. 2010;4. 

11. Brutus L, Le Goff G, Rasoloniaina LG, 
Rajaonarivelo V, Raveloson A, Cot M: 
Lutte contre le paludisme dans le Moyen-
Ouest de Madagascar : Comparaison de 

l'efficacité de la lambda-cyhalothrine et du 
DDT en aspersions intra-domiciliaires. I. 
Etude entomologique. Parasite. 2001;8: 
297-308. 

12. Cot M, Brutus L, Le Goff G, Rajaonarivelo 
V, Raveloson A: Lutte contre le paludisme 
dans le Moyen-Ouest de Madagascar: 
comparaison de l'efficacité de la lambda-
cyhalothrine et du DDT en aspersions 
intra-domiciliaires. II. Etude parasitologique 
et clinique. Parasite. 2001;8:309-316. 

13. Sharp B, le Sueur D: Malaria in South 
Africa – the past, the present and selected 
implications for the future. South African 
Medical Journal. 1996;86:83–89. 

14. Mabaso L, Sharp B, Lengeler C: Historical 
review of malarial control in southern 
African with emphasis on the use of indoor 
residual house-spraying. Trop Med Inter 
Helth. 2004;9:846. 

15. Khosa E, Kuonza L, Kruger PEM. Towards 
the elimination of malaria in South Africa: A 
review of surveillance data in Mutale 
Municipality, Limpopo Province, 2005 to 
2010. Malar J. 2013;12. 

16. Skarbinski J, Mwandama D, Wolkon A, 
Luka M, Jafali J, Smith A, Mzilahowa T, 
Gimnig J, Campbell C, Chiphwanya J, et 
al. Impact of indoor residual spraying with 
lambda-cyhalothrin on malaria parasitemia 
and anemia prevalence among children 
less than five years of age in an area of 
intense, year-round transmission in 
Malawi. Am J Trop Med Hyg. 2012;86:997-
1004. 

17. Sharp B, Ridl F, Govender D, Kuklinski J, 
Kleinschmidt I: Malaria vector control by 
indoor residual insecticide spraying on the 
tropical island of Bioko, Equatorial Guinea. 
Malar J. 2007; 6:52. 

18. Rehman A, Mann A, Schwabe C, Reddy 
M, Roncon GI, Slotman M, Yellott L, 
Matias A, Caccone A, Nseng Nchama G, 
Kleinschmidt I: Five years of malaria 
control in the continental region Equatorial 
Guinea. Malar J. 2013;12: 154. 

19. Fuseini G, Phiri W, von Fricken M, Smith J, 
Garcia G. Evaluation of the residual 
effectiveness of Fludora™ fusion WP-SB, 
a combination of clothianidin and 
deltamethrin, for the control of pyrethroid-
resistant malaria vectors on Bioko Island, 
Equatorial Guinea. Acta Trop. 2019; 
196:42-47. 

20. Agossa F, Padonou G, Fassinou A, Odjo 
E, Akuoko O, Salako A, Koukpo Z, 
Nwangwu U, Akinro B, Sezonlin M, 



 
 
 
 

Carnevale et al.; Int. J. Trop. Dis. Health, vol. 44, no. 1, pp. 1-30, 2023; Article no.IJTDH.94258 
 

 

 
26 

 

Akogbeto M. Small-scale field evaluation of 
the efficacy and residual effect of 
Fludora(©) Fusion (mixture of clothianidin 
and deltamethrin) against susceptible and 
resistant Anopheles gambiae populations 
from Benin, West Africa. Malar J. 
2018;17:484. 

21. Fongnikin A, Houeto N, Agbevo A, Odjo A, 
Syme T, N'Guessan R, Ngufor C: Efficacy 
of Fludora Fusion (a mixture of 
deltamethrin and clothianidin) for indoor 
residual spraying against pyrethroid-
resistant malaria vectors: Laboratory and 
experimental hut evaluation. Parasit 
Vectors. 2020;13:466. 

22. Ngufor C, Fongnikin A, Rowland M, 
N'Guessan R: Indoor residual spraying 
with a mixture of clothianidin (a 
neonicotinoid insecticide) and  
deltamethrin provides improved control 
and long residual activity against 
pyrethroid resistant Anopheles gambiae sl 
in Southern Benin. PLoS One. 2017;12: 
e0189575. 

23. Hamon J, Choumara R, Eyraud M, Konate 
T. Apparition dans la zone-pilote de lutte 
antipaludique de Bobo-Dioulasso (Haute-
Volta, AOF) d'une souche d'Anopheles 
gambiae Giles (Diptera: Culicidae) 
résistante à la dieldrine. Bull soc path exot. 
1957; 50:822-830. 

24. Fuseini G, Ismail H, von Fricken M, 
Weppelmann T, Smith J, Logan R, 
Oladepo F, Walker K, Phiri W, Paine M, 
García G. Improving the performance of 
spray operators through monitoring and 
evaluation of insecticide concentrations of 
pirimiphos-methyl during indoor residual 
spraying for malaria control on Bioko 
Island. Malar J. 2020;19:35. 

25. Hast M, Stevenson J, Muleba M, 
Chaponda M, Kabuya J, Mulenga M, 
Shields T, Moss W, Norris D. The impact 
of three years of targeted indoor residual 
spraying with pirimiphos-methyl on 
household vector abundance in a high 
malaria transmission area of Northern 
Zambia. Am J Trop Med Hyg. 
2020;104:683-694. 

26. Rowland M, Boko P, Odjo A, Asidi A, 
Akogbeto M, N’Guessan R: A new long-
lasting indoor residual formulation of the 
organophosphate insecticide pirimiphos 
methyl for prolonged control of pyrethroid-
resistant mosquitoes: An experimental hut 
trial in Benin. PLoS One. 2013; 8:e69516. 

27. Abong’o B, Gimnig J, Torr S, Longman B, 
Omoke D, Muchoki M, et al. Impact of 
indoor residual spraying with pirimiphos-
methyl (Actellic 300CS) on entomological 
indicators of transmission and malaria 
case burden in Migori County, western 
Kenya. Sci Rep. 2020;10:4518. 

28. Ngufor C, N'Guessan R, Boko P, Odjo A, 
Vigninou E, Asidi A, Akogbeto M, Rowland 
M: Combining indoor residual spraying 
with chlorfenapyr and long-lasting 
insecticidal bed nets for improved control 
of pyrethroid-resistant Anopheles gambiae: 
An experimental hut trial in Benin. Malar J. 
2011;10:343. 

29. Marti-Soler H, Máquina M, Opiyo M, Alafo 
C, Sherrard-Smith E, Malheia A, Cuamba 
N, Sacoor C, Rabinovich R, Aide P, et al: 
Effect of wall type, delayed mortality and 
mosquito age on the residual efficacy of a 
clothianidin-based indoor residual spray 
formulation (SumiShield 50WG) in 
southern Mozambique. PLoS One. 
2021;16:e0248604. 

30. Oxborough R. Trends in US President's 
Malaria Initiative-funded indoor residual 
spray coverage and insecticide choice in 
sub-Saharan Africa (2008-2015): Urgent 
need for affordable, long-lasting 
insecticides. Malar J. 2016;15:146. 

31. Somandjinga M, Lluberas M, Jobin W. 
Difficulties in organizing first indoor spray 
programme against malaria in Angola 
under the President's Malaria Initiative. 
Bull Wld Hlth Org. 2009;87:871-874. 

32. Carnevale P, Toto JC, Foumane V, 
Carnevale S, Gay F. Co-Evolution of the 
presence of long lasting insecticide treated 
nets and Plasmodium falciparum welch, 
1897 Prevalence in Cahata Village 
(Benguela Province, Angola) during a 
village scale long-term of malaria vector 
control program. Asian J Res Inf Dis. 
2021;7:21-32. 

33. Carnevale P, Toto J, Foumane V, Manguin 
S. Influence of partial and full coverage on 
long lasting deltamethrin treated nets 
(“Δllin”) on Plasmodium falciparum 
parasitaemia in 2 villages around Balombo 
Town (Benguela Province, Angola). 
OAJBS. 2021;4(6). ID.000340. 

34. Burns M. Evaluating insecticide-treated 
polyethylene sheeting for malaria control in 
complex emergencies: An intersectoral 
approach. Humanitarian Exchange. 
2005;3:14-16. 



 
 
 
 

Carnevale et al.; Int. J. Trop. Dis. Health, vol. 44, no. 1, pp. 1-30, 2023; Article no.IJTDH.94258 
 

 

 
27 

 

35. Kweka E, Lee M, Mwang'onde B, Tenu F, 
Munga S, Kimaro E, Himeidan Y: Bio-
efficacy of deltamethrin based durable wall 
lining against wild populations of 
Anopheles gambiae s.l. in Northern 
Tanzania. BMC Res Notes. 2017;10:92. 

36. Chandre F, Dabire R, Hougard J, 
Djogbenou L, Irish S, Rowland M, 
N'guessan R: Field efficacy of pyrethroid 
treated plastic sheeting (durable lining) in 
combination with long lasting insecticidal 
nets against malaria vectors. Parasit 
Vectors. 2010;3:65. 

37. Diabate A, Chandre F, Rowland M, 
N'guessan R, Duchon S, Dabire K, 
Hougard J: The indoor use of plastic 
sheeting pre-impregnated with insecticide 
for control of malaria vectors. Trop Med Int 
Hlth. 2006;11:597-603. 

38. Mtove G, Mugasa J, Messenger L, Malima 
R, Mangesho P, Magogo F, Plucinsk iM, 
Hashimu R, Matowo J, Shepard D, et al. 
The effectiveness of non-pyrethroid 
insecticide-treated durable wall lining to 
control malaria in rural Tanzania: Study 
protocol for a two-armed cluster 
randomized trial. BMC Pub Hlth. 
2016;16:633.. 

39. Ngufor C, Chouaïbou M, Tchicaya E, 
Loukou B, Kesse N, N'guessan R, Johnson 
P, Koudou B, Rowland M: Combining 
organophosphate-treated wall linings and 
long-lasting insecticidal nets fails to 
provide additional control over long-lasting 
insecticidal nets alone against multiple 
insecticide-resistant Anopheles gambiae in 
Côte d'Ivoire: An experimental hut trial. 
Malar J. 2014;13:396. 

40. Malima R, Emidi B, Messenger L, 
Oxborough R, Batengana B, Sudi W, 
Weston S, Mtove G, Mugasa J, Mosha F, 
et al. Experimental hut evaluation of a 
novel long-lasting non-pyrethroid durable 
wall lining for control of pyrethroid-resistant 
Anopheles gambiae and Anopheles 
funestus in Tanzania. Malar J. 2017;16: 
82. 

41. Messenger L, Miller N, Adeogun A, 
Awolola T, Rowland M: The development 
of insecticide-treated durable wall lining for 
malaria control: Insights from rural and 
urban populations in Angola and Nigeria. 
Malar J. 2012;18:332. 

42. Messenger L, Matias A, Manana A, Stiles-
Ocran J, Knowles S, Boakye D, Coulibaly 
M, Larsen M, Traore A, Diallo B, et al. 
Multicentre studies of insecticide-treated 

durable wall lining in Africa and South-East 
Asia: Entomological efficacy and 
household acceptability during one year of 
field use. Malar J. 2012;11:358. 

43. Kuadima J, Timinao L, Naidi L, Tandrapah 
A, Hetzel M, Czeher C, Pulford J: Long-
term acceptability, durability and bio-
efficacy of ZeroVector(©) durable lining for 
vector control in Papua New Guinea. Malar 
J. 2017;16:93. 

44. Pulford J, Tandrapah A, Atkinson J, Kaupa 
B, Russell T, Hetzel M: Feasibility and 
acceptability of insecticide-treated plastic 
sheeting (ITPS) for vector control in Papua 
New Guinea. Malar J. 2012;11:342. 

45. Kruger T, Sibanda M, Focke W, Bornma 
nM, de Jager C: Acceptability and 
effectiveness of a monofilament, 
polyethylene insecticide-treated wall lining 
for malaria control after six months in 
dwellings in Vhembe District, Limpopo 
Province, South Africa. Malar J. 
2015;14:485. 

46. Burns M, Rowland M, N'guessan R, 
Carneiro I, Beeche A, Ruiz S, Kamara S, 
Takken W, Carnevale P, Allan R: 
Insecticide-treated plastic sheeting for 
emergency malaria prevention and shelter 
among displaced populations: An 
observational cohort study in a refugee 
setting in Sierra Leone. Am J Trop Med 
Hyg. 2012;87:242-250. 

47. Carnevale P, Foumane Ngane V, Toto J, 
Dos Santos M, Fortes F, Manguin S. The 
Balombo (Benguela Province, Angola) 
Project: A village scale malaria vector 
control programme with a long term 
comprehensive evaluation. 6th PAMCA 
annual conference and exhibition 
strengthening surveillance systems for 
vector-borne disease elimination in Africa 
Yaoundé 23-25 septembre. 2019:20-23. 

48. Carnevale P, Frézil J-L, Bosseno M-F, Le 
Pont F, Lancien J. Etude de l'agressivité 
d'Anopheles gambiae A en fonction de 
l'âge et du sexe des sujets humains. Bull 
Wld Hlth Org. 1978;56:147-154. 

49. Sulzer A, Moyroud J, Turner A, Bosseno 
M, Ovazza L, Carnevale P. Les anticorps 
antiplasmodiaux materno-transmis et leur 
évolution chez le nourrisson en                     
zone d'endémie palustre stable 
(République populaire du Congo). Cahiers 
ORSTOM série Ent Méd Parasitol. 
1986,;24:159-173. 

50. Sergent E, Sergent E: [Experimental 
research on latent infection and 



 
 
 
 

Carnevale et al.; Int. J. Trop. Dis. Health, vol. 44, no. 1, pp. 1-30, 2023; Article no.IJTDH.94258 
 

 

 
28 

 

premunition in malaria]. Arch Inst Pasteur 
Alger. 1950;28:1-70. 

51. Duboz P. Mortalité et morbidité infantile et 
juvénile en République populaire du 
Congo. Cah ORSTOM, série Sci Hum. 
1984;20:157-169. 

52. Bruce-Chwatt LJ. Essential malariology. W 
Heineman Med Books Ltd London. 
1986:452. 

53. Mabaso Musawenkosi LH, Sharp B, 
Lengeler C: Historical review of malarial 
control in southern African with emphasis 
on the use of indoor residual house-
spraying. Trop Med Int Hlth. 2004; 9:846-
856. 

54. Carnevale P, Dos Santos M, Moniz Soyto 
A, Besnard P, Foumane V, Fortes F, Trari 
B, Manguin S: Parasitological surveys on 
malaria in Rural Balombo (Angola) in 
2007-2008. Base line data for a malaria 
vector control project. Int J Trop Dis. 
2018;31:1-12. 

55. Curtis CF, Mnzava AEP, Misra S, Rowland 
M: Malaria control: bednets or spraying ? 
Summary of the presentations and the 
discussion. Trans R Soc Trop Med Hyg. 
1999;93:460. 

56. Curtis CF, Mnzava AEP: Comparison of 
house spraying and insecticide-treated 
nets for malaria control. Bull Wld Hlth Org. 
2000;78:1389-1400. 

57. Lengeler C, Cattani J, De Savigny D: Net 
gain. A new method for preventing malaria 
deaths.: IDRC Otawa/WHO Geneva. 
1996;189. 

58. Kleinschmidt I, Bradley J, Knox T, et al. 
Implications of insecticide resistance for 
malaria vector control with long-lasting 
insecticidal nets: A WHO-coordinated, 
prospective, international, observational 
cohort study. Lancet Infect Dis. 
2018;18:640-649. 

59. Ordinioha B.The use and misuse of mass 
distributed free insecticide-treated bed nets 
in a semi-urban community in Rivers State, 
Nigeria. Ann Afr Med. 2012;11:163-168. 

60. Doda Z, Tarekegn S, Loha E, Taye G, 
Lindtjørn B: A qualitative study of use of 
long-lasting insecticidal nets (LLINs) for 
intended and unintended purposes in 
Adami Tullu, East Shewa Zone, Ethiopia. 
Malar J. 2018;17:69. 

61. Minakawa N, Dida G, Sonye G, Futami K, 
Kaneko S: Unforeseen misuses of bed 
nets in fishing villages along Lake Victoria. 
Malar J. 2008;7. 

62. Larsen D, Welsh R, Mulenga A, Reid R: 
Widespread mosquito net fishing in the 
Barotse floodplain: Evidence from 
qualitative interviews. PLoS One. 
2018;13:e0195808. 

63. Bush E, Short R, Milner-Gulland E, Lennox 
K, Samoilys M, Hill N: Mosquito Net Use in 
an Artisanal East African Fishery. 
Conservation Letter.  2017;10:451 

64. Eisele T, Thwing J, Keating J. Claims 
about the Misuse of Insecticide-Treated 
Mosquito Nets: Are These Evidence-
Based? PLoS Med. 2011;8:e1001019. 

65. Santos E, Coalson J, Munga S, Agawo M, 
Jacobs E, Klimentidis Y, Mary H, Hayden 
M, Ernst K. "After those nets are torn, most 
people use them for other purposes": An 
examination of alternative bed net use in 
western Kenya. Malar J. 2020;19:272. 

66. Messenger L, Rowland M. Insecticide-
treated durable wall lining (ITWL): Future 
prospects for control of malaria and other 
vector-borne diseases. Malar J. 
2017;16:213. 

67. WHO/AFRO: Systèmes d'information pour 
l'évaluation des programmes de lutte 
antipaludique. Guide pratique. 
AFRO/CTD/MAL/943. 1994;73. 

68. WHO: WHO malaria terminology. Global 
Malaria Programme; 2016. 

69. Foumane V, Besnard P, Le Mire J, 
Foucher JF, Soyto A, Fortes F, Carnevale 
P: Enquêtes paludométriques en 2006 et 
2007 dans la province de Benguela, 
Angola. Sc  Med Afrique. 2009;1: 60-65. 

70. Mayengue P, Batsimba D, Niama R, Ottia 
R, Malonga-Massanga A, Fila-Fila G, 
Ahombo G, Simon Charles Kobawila S, 
Parra H. Variation of prevalence of 
malaria, parasite density and the 
multiplicity of Plasmodium falciparum 
infection throughout the year at three 
different health centers in Brazzaville, 
Republic of Congo. BMC Infect Dis. 
2020;20:190. 

71. Moura S, Fançony C, Mirante, et al. Impact 
of a training course on the quality of 
malaria diagnosis by microscopy in 
Angola. Malar J. 2014;13:437. 

72. Fançony C, Sebastião Y, Pires J, Gamboa 
D, Nery S. Performance of microscopy and 
RDTs in the context of a malaria 
prevalence survey in Angola: A 
comparison using PCR as the gold 
standard. Malar J. 2013;12:284. 

73. Barker R, Suebsaeng L, Rooney W, 
Alecrim G, Dourado H, Wirth D: Specific 



 
 
 
 

Carnevale et al.; Int. J. Trop. Dis. Health, vol. 44, no. 1, pp. 1-30, 2023; Article no.IJTDH.94258 
 

 

 
29 

 

DNA probe for the diagnosis of 
Plasmodium falciparum malaria. Science. 
1986;231:1434-1436. 

74. Cunningham C, Hennelly C, Lin J, Ubalee 
R, Boyce R, Mulogo E, Hathaway N, Thwai 
K, Phanzu F, Kalonji A, et al. A novel 
CRISPR-based malaria diagnostic capable 
of Plasmodium detection, species 
differentiation, and drug-resistance 
genotyping. EBioMedicine 2021; 
68:103415. 

75. Canier L, Khim N, Kim S, Sluydts V, Heng 
S, Dourng D, Eam R, Chy S, Khean C, 
Loch K, et al. An innovative tool for moving 
malaria PCR detection of parasite 
reservoir into the field. Malar J. 
2013;12:405. 

76. Lee R, Puig H, Nguyen P, Angenent-Mari 
N, Donghia N, McGee J. Ultrasensitive 
CRISPR-based diagnostic for field-
applicable detection of Plasmodium 
species in symptomatic and asymptomatic 
malaria. Proc Natl Acad Sci. U. S. A. 
2020;117:25722–25731. 

77. Snounou G, Viriyakosol S, Zhu X, Jarra W, 
Pinheiro L, do Rosario V, Thaithong S, 
Brown K. High sensitivity of detection of 
human malaria parasites by the use of 
nested polymerase chain reaction. Mol 
Biochem Parasitol. 1993;61:315-320. 

78. Singh B, Cox-Singh J, Miller AO, Abdullah 
MS, Snounou G, Rahman HA. Detection of 
malaria in Malaysia by nested polymerase 
chain reaction amplification of dried blood 
spots on filter papers. Trans R Soc Trop 
Med Hyg. 1996;90:519-521. 

79. Singh B, Bobogare A, Cox-Singh J, 
Snounou G, Abdullah M, Rahman H. A 
genus- and species-specific nested 
polymerase chain reaction malaria 
detection assay for epidemiologic studies. 
Am J Trop Med Hyg. 1999;60:687-692. 

80. Steenkeste N, Incardona S, Chy S, Duval 
L, Ekala M, Lim P, Hewitt S, Sochantha T, 
Socheat D, Rogier C, et al. Towards high-
throughput molecular detection of 
Plasmodium: New approaches and 
molecular markers. Malaria J. 2009;8:86. 

81. Lalremruata A, McCall M, Mombo-Ngoma 
G, Agnandji S, Adegnika A, Lell B: 

Recombinase polymerase amplification 
and lateral flow assay for ultrasensitive 
detection of low-density Plasmodium 
falciparum infection from controlled human 
malaria infection studies and naturally 
acquired infections. J Clin Microbiol. 
2020;58:e01879-01819. 

82. WHO: Eliminating malaria. WHO / HTM / 
GMP / 20163. 2016;26. 

83. WHO: A framework for malaria elimination. 
WHO ed; 2017. 

84. Iwuafor A, Egwuatu C, Nnachi A, Ita I, 
Ogban G, Akujobi C, Egwuatu T. Malaria 
Parasitaemia and the use of insecticide-
treated nets (INTs) for malaria control 
amongst under-5 year old children in 
Calabar, Nigeria. BMC Infect Dis. 
2016;16:151. 

85. Boisier P, Jambou R, Raharimalala L, 
Roux J. Relationship between parasite 
density and fever risk in a community 
exposed to a low level of malaria 
transmission in Madagascar highlands. Am 
J Trop Med Hyg. 2002;67:137-140. 

86. WHO: Terminology of Malaria and of 
Malaria Eradication. Report of a Drafting 
Committee. Wld Hlth Org. 1963;127. 

87. Rogier C, Commenges D, Trape J. 
Evidence of an age dependent pyrogenic 
threshold of Plasmodium falciparum 
parasitaemia in highly endemic 
populations. Am J Trop Med Hyg. 1996; 
54:613–619. 

88. Rogier C, Fusai T, Pradines B, Trape JF. 
Comment évaluer la morbidité attribuable 
au paludisme en zone d'endémie ? Rev 
Epidém et Santé Publique. 2005;53:299-
309. 

89. Baudon D, Gazin P, Rea D, Carnevale              
P. A study of malaria morbidity in a rural 
area of Burkina Faso (West Africa).            
Trans R Soc Trop Med Hyg. 1985;79:283–
284. 

90. Manguin S, Foumane V, Besnard P, Fortes 
F, Carnevale P. Malaria overdiagnosis and 
subsequent overconsumption of 
antimalarial drugs in Angola: 
Consequences and effects on human 
health. Acta Trop. 2017;171:58-63. 

  



 
 
 
 

Carnevale et al.; Int. J. Trop. Dis. Health, vol. 44, no. 1, pp. 1-30, 2023; Article no.IJTDH.94258 
 

 

 
30 

 

ANNEX 1 

 
Age-groups X

2
 P value OR 

0-2 vs 3-5 0.16 0.687 0.94 [0.70-1.26] 

0-2 vs 6-9 3.29 0.069 0.76 [0.57-1.02] 

0-2 vs 10-15 2.34 0.126 0.78 [0.58-1.07] 

3-5 vs 6-9 2.45 0.117 0.81 [0.62-1.05] 

3-5 vs 10-15 1.58 0.208 0.83 [0.63-1.10] 

6-9 vs 10-15 0.042 0.837 1.03 [0.78-1.37] 

Comparison of Plasmodium prevalence according to age-groups in Candiero. 

ANNEX 2 

 
Age-groups X

2
 P value OR 

0-2 vs 3-5 6.40 0.011 0.70 [0.53-0.92] 

0-2 vs 6-9 5.13 0.023 0.71 [0.52-0.96] 

0-2 vs 10-15 6.10 0.014 0.66 [0.47-0.92] 

3-5 vs 6-9 0.0029 0.96 1.00 [0.77-1.32] 

3-5 vs 10-15 0.15 0.70 0.94 [0.69-1.28] 

6-9 vs 10-15 0.16 0.69 0.93 [0.67-1.29] 

Comparison of Plasmodium prevalence according to age-groups in Chisséquélé. 
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