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Abstract 

To guide implementation of vector control interventions in Europe, a stronger evidence base of their 

efficacy and effectiveness is needed. Currently, epidemiological endpoints are used to demonstrate the 
public health value of a vector control intervention. This systematic literature review aimed to help 

assess whether entomological endpoints (such as mosquito abundance, infection rates, inoculation 
rates, parity rate as proxy for longevity, or others) can be used on their own as evidence of efficacy of 

vector control interventions against vector-borne diseases. We searched electronic bibliographic 

databases (The Cochrane Library, CAB Abstracts, MEDLINE and Web of Science) for intervention trials 
where vector control interventions were evaluated and extracted epidemiological and entomological 

effect size estimates. The selection process resulted in 31 studies (extracted from 35 publications) for 
which both types of endpoints were available. The final database included studies on malaria (n=16), 

dengue (n=9), leishmaniasis (n=5) and tick-borne diseases (n=1). Epidemiological and entomological 
effect sizes often pointed in the same direction (i.e. both favouring intervention or favouring control). 

However, based on the statistical inference (whether the effect size estimate is significantly different 

from no-effect) of the results, we observed some disagreement between endpoints, though we rarely 
saw complete disagreement in effect estimates. This review illustrates the complex relation between 

entomological and epidemiological endpoints. Based on this review, it is concluded that evaluating 
interventions on entomological endpoints only is insufficient to understand their potential 

epidemiological impact. To better asses the value of entomological endpoints for the assessment of 

efficacy of vector control intervention, there is a need for studies to be powered for both epidemiological 

and entomological endpoints. 
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Summary 

To guide implementation of vector control interventions in Europe, a stronger evidence base of their 

efficacy and effectiveness is needed. Currently, epidemiological endpoints are used to demonstrate the 
public and veterinary health value of a vector control intervention. To obtain potentially significant effect 

of interventions on epidemiological endpoints in Europe, high sample sizes would be needed for most 
studies on vector-borne diseases due to the low transmission rate. Even when cases of local transmission 

are more frequent, such as for West Nile virus infection and some veterinary vector-borne diseases 

(bluetongue, Schmallenberg or canine leishmaniasis), outbreaks are often of an epidemic nature, 
making trials with epidemiological endpoints hard to plan and execute. As the arthropod vector drives 

the transmission, it is expected that entomological endpoints can be used to appraise the impact of 
vector control interventions on control vector-borne diseases. Yet, different factors may influence the 

effect measure of a vector control intervention so that the relationship between the entomological and 

epidemiological endpoints might be obscured. 

This systematic literature review assessed whether effects on entomological endpoints (such as the 

change in mosquito abundance, infection rates, inoculation rates, parity rate as proxy for longevity, or 
others) can be used on their own as evidence of efficacy or effectiveness of vector control interventions 

to control disease. We searched electronic bibliographic databases (The Cochrane Library, CAB 
Abstracts, MEDLINE and Web of Science) for intervention trials where vector control interventions were 

evaluated and extracted the effect size estimates of the epidemiological and entomological endpoints. 

In total, 1345 publications were retrieved resulting in 1119 publications after removal of duplicates. Of 
these, 103 papers were selected for full text screening. Some studies did not report both types of 

endpoints in the same publication, but reported their data in separate publications subsequently called 
“sister articles”. Hence, before the full text screening, we searched for “sister articles” to ensure that 

both types of endpoints could be extracted. The selection process resulted in 31 studies (extracted from 

35 publications) for which both types of endpoints were available. The final database of included studies 
comprised four disease categories: malaria (n=16), dengue (n=9), leishmaniasis (n=5) and tick-borne 

diseases (n=1). Twenty one of the 31 studies were published after 2010 and the included studies 

assessed a range of interventions or combination of interventions in various epidemiological settings. 

Various entomological endpoints were used, including density-related endpoints such as adult female 

mosquito density, adult host-seeking density, adult indoor resting density and larval density, sporozoite 
and parity rate and entomological inoculation rate (EIR). In malaria trials a large variety of entomological 

endpoints were used compared to leishmaniasis or dengue trials. The latter two focused more often on 

adult and larval density estimates, respectively. 

The results show that for entomological endpoint, we often observe large confidence intervals. Further, 
the analysis indicated that entomological effect estimates often pointed in the same direction as 

epidemiological effect estimates. Yet, based on statistical inference (whether an effect estimate is 

significantly different from no effect, or not and whether it favours control or intervention) we observed 
some disagreements within studies between results based on either type of endpoints. Yet, only in rare 

instances did we find complete disagreement between entomological and epidemiological results. Based 
on this review, evaluating interventions with only entomological endpoints seems to be insufficient to 

understand their potential epidemiological impact. 

A limitation of this review is that it compared intervention effects on entomological and epidemiological 
endpoints from studies that were not specifically designed to evaluate whether entomological endpoints 

can be used as a proxy for epidemiological endpoints when assessing efficacy of vector control 
interventions. Further, the included studies covered different diseases, in a variety of settings, evaluating 

various interventions and using different endpoints resulting in a heterogenous data set. Hence, this 
review only gives a first appraisal of possible correlation between entomological and epidemiological 

endpoints. To better asses the value of entomological endpoints for the assessment of efficacy of vector 

control interventions against disease, there is a need for studies to be powered for both epidemiological 

and entomological endpoints. 
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1. Introduction 

1.1. Background and Terms of Reference as provided by the requestor 

This contract was awarded by EFSA to: VectorNet (VectorNext consortium) 

Contractor: VectorNet (VectorNext consortium) 

Contract number and title: VECTORNET SPECIFIC CONTRACT No 01/EFSA implementing framework 

contract NO ECDC/2019/020 

1.2. Interpretation of the Terms of Reference 

In the fight against vector-borne diseases, vector control is one of the first lines of defence. Because of 
this, there have been many studies conducted on both the development of new vector control measures 

and on the effectiveness of existing measures. According to WHO “Phase III studies should be designed 
around epidemiological endpoints to demonstrate the public health value of the intervention. 
Entomological outcomes cannot be used on their own for this purpose, although they can be combined 
with epidemiological outcomes to evaluate a claimed entomological effect” (World Health Organization, 
2017). For vector-borne diseases in Europe, however, in order for epidemiological endpoints to provide 

significant results, this would require very large and expensive studies for most vector-borne diseases, 

because of the low number of locally transmitted reported cases in humans.  

To guide implementation of vector control interventions in Europe, a stronger evidence base of their 

efficacy and effectiveness is needed. As the arthropod vector drives the transmission, it is expected that 
entomological endpoints can be used to appraise the effect of vector control interventions on the 

infections in the population because of a causal link between entomological endpoints and 
epidemiological ones. Yet, different factors, such as the immune status of the human population or a 

non-linear relationship between the entomological and epidemiological endpoints (Smith and McKenzie, 

2004; Smith et al., 2010) may influence the degree to which effect estimates on entomological endpoints 
can be used to infer effect estimates on disease. Further, as trials are designed to power effects on 

primary endpoints, which are often epidemiological, it is expected that entomological endpoints are not 
incorporated in the power calculations. Due to this, the sample size may not provide adequate statistical 

power to assess the efficacy of vector control intervention on entomological endpoints. For example, in 

many mosquito-borne diseases, mosquito infection rates are low, even during high transmission 
seasons, and to obtain statistically significant changes in mosquito infection rates due to the intervention 

may require very large sample sizes. From the perspective of vector control intervention in Europe, we 
ask the following question: can entomological endpoints (i.e. mosquito abundance, infection rates, 

inoculation rates, parity rate as proxy for longevity, or others) be used on their own as evidence of 

efficacy of vector control interventions against disease? To answer this research question, we conducted 

a systematic literature review. 

2. Data and Methodologies 

2.1. Data 

2.1.1. Inclusion criteria 

Population 

We included studies on vector control intervention trials against human and veterinary vector-borne 

diseases, measuring both entomological and epidemiological endpoints. This did not mean both types 
of endpoints had to be reported in the same publication. Due to the scarcity of cluster randomised 

controlled trials (cRCT) or other studies of sufficiently high quality in which both entomological and 

epidemiological endpoints were measured, studies were not limited to specific settings, regions, age 

classes or populations. 
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Intervention 

Only interventions targeting vectors, for which efficacy or effectiveness was investigated at population 

level, were considered. Interventions directly targeting the pathogen (e.g. vaccination) or evaluated at 

the level of isolated individual humans or animals (e.g. topical repellents as personal protection) were 
not included. Studies in which personal intervention measures were implemented on a large scale (e.g. 

repellent-impregnated clothing, topical repellents on a cohort) were included. 

Interventions of vector control included in this review were (not limited to): long-lasting insecticidal nets 

(LLIN), indoor residual spraying (IRS), insecticide-treated nets (ITNs), repellent-impregnated clothing, 

reservoir culling, house improvements, traps, biological control, environmental management, dipping, 

thermal fogging, ultra-low volume spraying, space spraying and pesticides (See Annex A for details). 

Comparator 

Existing measures, placebo measures or no-vector control measures were regarded as acceptable 
control groups. Placebo measures (e.g. non-insecticide treated bed nets) can have some effect on the 

entomological and epidemiological endpoints. Studies with this type of placebo often incorporate an 
alternative control group without vector control measures; these were also included. Some studies used 

ITN or LLIN as vector control measure to evaluate the synergy of these measures with other 

interventions; these studies were also included. 

Study design 

Acceptable study designs included: cluster randomised controlled trial, randomised cross-over study, 

step-wedge design, controlled before-and-after study, controlled time series or controlled interrupted 
time series, case-control, cohort or cross-sectional study. Initially studies, which only report 

entomological or epidemiological endpoints, were included because different entomological or 

epidemiological endpoints can be reported in the same publication or in separate publications. If 

eventually only one of the two types of endpoints was found, the study was excluded. 

We focused on the following intervention trials: Phase III efficacy studies and Phase IV effectiveness 

studies. Phase I and II studies, as defined by (Wilson et al., 2015), were excluded. 

In addition, the following study designs were excluded: non-randomised controlled trials or non-

randomised controlled time series; studies without a control group or using a historical control group; 
studies under artificial conditions (e.g. lab conditions); studies on individual control measures; case 

studies; studies on individual-level protection; non-vector-borne disease; studies on disease treatment; 
studies of interventions without a direct effect on a vector; awareness studies; questionnaire-based 

studies; feasibility studies. 

 

2.1.2. Search strategy 

Search terms 

The search strategy included terms of three categories: vector control interventions, disease/pathogens 

and study design. Despite the probable insufficient indexation of the study design in most databases, 
we decided to keep this category of search terms. This allowed us to retrieve a considerable amount of 

studies whilst keeping it manageable. Study design search terms were used in tandem with study design 

filters if present in databases. 

In epidemiological trials, epidemiological endpoints commonly refer to incidence or prevalence of a given 

disease or symptoms of said disease. In this review, we focused not only on epidemiological endpoints, 
but also on entomological endpoints. Entomological endpoints refer to entomological outcome variables 

concerning the arthropod vectors and refer for example to vector density or vector infection. 
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It is possible that some studies that have both epidemiological endpoints and entomological endpoints 

reported their finding in separate articles (i.e. in an epidemiological journal and an entomological 

journal, respectively). It was of utmost importance to find these linked articles. While screening the 
complete texts of the journals only reporting epidemiological endpoints, we looked for the “sister article” 

reporting the entomological data or vice versa. 

We chose not to include vector species names in our search strategies, because studies did not need to 

mention the vector species to be included. For example, if a study was performed that measured both 

entomological and epidemiological endpoints, and the authors decided to publish both endpoints 
separately, we would still include the study. For this we would want to retrieve at least one of the two 

publications in order to find the associated second paper at a later stage. The reason we initially only 
focused on epidemiological search terms (diseases/pathogens) and not entomological search terms 

(vector species) was that, in epidemiological publications, study methodology is often better indexed. 
Besides this, if a study includes both epidemiological and entomological data, the diseases or pathogen 

is more often mentioned in the title and abstract than the vector species is. 

Databases searched 

The following electronic bibliographic databases were searched: 

• The Cochrane Library 

• CAB Abstracts 

• MEDLINE 

• Web of Science 

2.2. Methodologies 

Study acquisition 

After searches were performed in respective databases, all retrieved publications were pooled in an 
EndNoteTM (Clarivate) library. Duplicates were removed using the EndNote tool. After this, the results 

were manually screened for duplicates. 

Selection process 

Study selection was performed in parallel by two independent reviewers. Discrepancies were resolved 

by consensus. If a consensus was not reached, a third independent researcher decided. Selection was 
performed using an online tool (Covidence systematic review software, Veritas Health Innovation, 

Melbourne, Australia; available at www.covidence.org). 

After the screening of abstract and title, the remaining studies were screened for the presence of both 
epidemiological and entomological endpoints. If one of the two types of endpoints was not present in a 

given publication, the full text was screened in search of an associated publication containing the other 
type of endpoints. Besides this, the trial registration code was used to search for mentioned endpoints. 

Publications not containing both endpoint types and not having associated publications containing said 

endpoint types, were excluded. After this, the full text was screened using the inclusion criteria. 

Assessment of risk of bias 

For the assessment of the risk of bias, we based our domains of bias on the Cochrane “Risk of Bias” 
tool (Higgins et al., 2011). We expanded on this with a domain to take into account the statistical 

adjustments for clustered randomised trials and a domain to evaluate entomological sampling quality. 
Furthermore, we divided the domains “blinding of outcome assessment” into an epidemiological and 

entomological domain. The same was done for “incomplete outcome data” and “selective reporting”. 

 

 

http://www.covidence.org/
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Data extraction and analysis 

Data was extracted according to the fields shown in Annex B. If a study reported more than three 

entomological or epidemiological endpoints, the primary endpoints were extracted, followed by the 

secondary ones in order of reporting. 

In order to evaluate entomological endpoints, we generated forest plots to visually compare effect sizes 
as measured by entomological endpoints with those of epidemiological endpoints. Because of the 

substantial variation in endpoints present in the studies and the fact that some studies report multiple 

entomological and/or epidemiological endpoints, we chose one entomological and one epidemiological 
endpoint within every disease (with the exception of malaria for which we generated two plots) for 

which we would generate a forest plot. For each disease, the endpoints for which the most 
epidemiological-entomological pairs could be formed were chosen to be included in the forest plots. 

This was done to compare as much studies as possible, despite only including one entomological and 
one epidemiological endpoint per intervention arm in comparison with control. Scatterplot versions of 

data represented in forest plots are provided for an alternative visual representation. 

Studies could only be included in the plots if endpoints were expressed in ratios (e.g. odds ratios (ORs), 
relative risk or risk ratios (RRs) or relative risk reduction (RRRs)) or if raw data was provided. RRRs 

were transformed to RRs by taking the compliment (formula: RR = 1  ̶  RRR). OR were transformed to 
RR using the formula proposed by Zhang and Yu (Zhang and Yu, 1998). The RR was calculated for 

studies for which the raw data were available but no RR was reported. These estimates were calculated 

from the data provided in the publications without adjustment (e.g. for confounding factors), and 

confidence intervals may not reflect true uncertainty. 

 

3. Results 

3.1. Database searches and text screening 

In total, 1345 publications were retrieved. Removing duplicates in EndNote resulted in 1129 publications. 
These publications were then uploaded into Covidence (www.covidece.org), the software used to 

perform the selection process, quality assessment and data extraction. Covidence found another 10 
duplicates, leaving 1119 publications. Of the resulting 1119 publications, some reported different data 

from the same study. These “sister articles” were linked in Covidence because they represent a single 

study. Thus, the resulting 1119 publications made up 1112 studies for screening on title and abstract. 
After screening of title and abstract, 97 studies (100 publications) were left. These proceeded to the full 

text screening. Before the full text screening, we searched additional “sister articles” of studies reporting 
only epidemiological or entomological endpoints to ensure that both types of endpoints could be 

extracted. The selection process resulted in 31 studies, reported in 35 publications, for which both types 

of endpoints were available (Figure 1, Table 1). 

 

http://www.covidece.org/
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Figure 1:  Overview of the selection and screening process of the publications. 

Table 1:  Overview of the selected publications after full text screening with indication of the 

disease, intervention and type of endpoint reported in the publication. 

Disease Publication* Intervention(s)

** 

Epi EP 

Yes/No 

Ento EP 

Yes/No 

Reference 

Dengue Kroeger A, et al. Bmj-. 
2006;332(7552):1247-50A. 

IT curtains; 
larviciding + 
water container 
covers 

Yes Yes (Kroeger et al., 2006) 

Lenhart A, et al. Trop Med 
Int Health. 2008;13(1):56-
67. 

LLIN Yes Yes (Lenhart et al., 2008) 

Degener CM, et al. J Med 
Entomol. 2014;51(2):408-
20. 

Mass trapping Yes Yes (Degener et al., 2014) 

Degener CM, et al. Mem 
Inst Oswaldo Cruz. 
2015;110(4):517-27. 

Mass trapping Yes Yes (Degener et al., 2015)  

Kittayapong P, et al. PLoS 
Negl Trop Dis. 
2017;11(1):e0005197. 

IT school 
uniforms 

Yes Yes (Kittayapong et al., 
2017) 

Andersson N, et al. Bmj. 
2015;351:h3267. 

Community 
mobilisation 

Yes Yes (Andersson et al., 
2015) 

Toledo ME, et al. PLoS Negl 
Trop Dis. 2017;11(11). 

IT curtains; IRS Yes Yes (Toledo et al., 2017) 

Lenhart A, et al. PLoS Negl 
Trop Dis. 
2020;14(4):e0008097. 

IT curtains Yes Yes (Lenhart et al., 2020) 



The value of entomological endpoints  
 

 

 
www.efsa.europa.eu/publications 10  

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by 
the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender procedure. 
The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and 
the conclusions reached in the present document, without prejudice to the rights of the author(s). 

 

Newton-Sánchez OA, et al. 
Int J Public Health. 
2020;65(3):249-55. 

Community 
mobilisation 

Yes Yes (Newton-Sánchez et 
al., 2020) 

Leishma
niasis 

Kroeger A, et al. Bmj. 
2002;325(7368):810-3. 

IT curtains Yes Yes (Kroeger et al., 2002) 

Picado A, et al. PLoS Negl 
Trop Dis. 2010;4(1):e587. 

LLIN No Yes (Picado et al., 2010a) 

Picado A, et al. Bmj. 
2010;341:c6760. 

Yes No (Picado et al., 2010b) 

Gunay F, et al. J Vector 
Ecol. 2014;39(2):395-405. 

LLIN Yes Yes (Gunay et al., 2014) 

Faraj C, et al. Am J Trop 
Med Hyg. 2016;94(3):679-
85. 

LLIN; IRS Yes Yes (Faraj et al., 2016) 

Courtenay O, et al. PLoS 
Negl Trop Dis. 
2019;13(10):e0007767. 

Synthetic sex-
aggregation 
pheromone + 
insecticide; 
Impregnated dog 
collar 

Yes Yes (Courtenay et al., 
2019) 

Malaria Beach RF, et al. Am J Trop 
Med Hyg. 1993;49(3):290-
300. 

ITN; IT curtains Yes Yes (Beach et al., 1993) 

Mbogo CNM, et al. Med. 
Vet. Entomol. 
1996;10(3):251-9. 

ITN No Yes (Mbogo et al., 1996) 

Nevill CG, et al. Trop. Med & 
Int. Health. 1996;1(2):139-
46. 

 
Yes No (Nevill et al., 1996) 

Curtis CF, et al Trop. Med & 
Int. Health. 1998;3(8):619-
31. 

ITN; IRS Yes Yes (Curtis et al., 1998) 

Kroeger A, et al. Trans R 

Soc Trop Med Hyg. 
1999;93(6):565-70. 

ITN Yes Yes (Kroeger et al., 1999) 

Rowland M, et al. Lancet. 
2001;357(9271):1837-41. 

Sponging cattle 
with deltamethrin 

Yes Yes (Rowland et al., 2001) 

West PA, et al. PLoS Med. 
2014;11(4). 

ITN + IRS Yes Yes (West et al., 2014) 

Majambere S, et al. Am. J. 
Trop. Med. Hyg. 
2010;82(2):176-84. 

Larviciding Yes Yes (Majambere et al., 
2010) 

Corbel V, et al. Lancet 
Infect. Dis. 2012;12(8):617-
26. 

Universal LLIN; 
targeted LLIN + 
IRS; IT plastic 
sheeting 

Yes Yes (Corbel et al., 2012) 

Smithuis FM, et al. Malar J. 
2013;12:363. 

ITN Yes No (Smithuis et al., 2013a) 

Smithuis FM, et al. Malar J. 
2013;12:364. 

No Yes (Smithuis et al., 2013b) 

Pinder M, et al. Lancet. 
2015;385(9976):1436-46. 

LLIN + IRS Yes Yes (Pinder et al., 2015) 

Bousema T, et al. Plos 
Medicine. 2016;13(4). 

Larvicide + LLIN 
+ IRS 

Yes Yes (Bousema et al., 2016) 

Homan T, et al. Lancet. 
2016;388(10050):1193-201. 

Mass trapping Yes Yes (Homan et al., 2016) 

Protopopoff N, et al. Lancet. 
2018;391(10130):1577-88. 

LLIN-PBO nets; 
IRS 

Yes Yes (Protopopoff et al., 
2018) 



The value of entomological endpoints  
 

 

 
www.efsa.europa.eu/publications 11  

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by 
the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender procedure. 
The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and 
the conclusions reached in the present document, without prejudice to the rights of the author(s). 

 

Tiono AB, et al. Lancet. 
2018;392(10147):569-80. 

LLIN Yes Yes (Tiono et al., 2018) 

Kenea O, et al. Malar J. 
2019;18. 

LLIN + IRS; 
LLIN; IRS 

No Yes (Kenea et al., 2019) 

Loha E, et al. Malar J. 
2019;18(1):141. 

Yes No (Loha et al., 2019) 

Syafruddin D, et al. Am. J. 
Trop. Med Hyg. 
2020;103(1):344-58. 

Spatial repellent Yes Yes (Syafruddin et al., 
2020) 

Tick-
borne 
diseases
*** 

Hinckley AF, et al. J Infect 
Dis. 2016;214(2):182-8. 

Barrier treatment Yes Yes (Hinckley et al., 2016) 

Note. *Publications of the same study were linked in Covidence before the data extraction. **LLIN: Long-lasting 
Insecticidal Nets; IT: Insecticide Treated; IRS: Indoor Residual Spraying; PBO: Piperonyl butoxide; Epi EP: 
epidemiological endpoint present; Ento EP: entomological endpoint present. *** No specific tick-borne disease is 

reported in the reference, only the incidence of tick-borne diseases in general in humans. 

3.2. Characteristics of the included studies 

The final database of included studies was comprised of four disease categories: malaria (n=16), dengue 

(n=9), leishmaniasis (n=5) and tick-borne diseases (n=1) (Table 1). Twenty one of the 31 studies were 
published after 2010. The publications before the year 2000 were all on malaria (Figure 2). The included 

studies assessed a range of interventions or combination of interventions (Figure 3). Here, we provide 

a short summary of the intervention categories used to represent the interventions. 

Long lasting insecticidal nets (LLIN). LLIN are bed nets which have been factory treated to include 
insecticidal compounds. LLIN are made of material into which insecticide is incorporated or bound 

around the fibres of the net, making the nets stay insecticidal for a longer period (up to three years). 

Examples of these are the Olyset Net® (Sumitomo Chemicals) and PermaNet® (Vestergaard Frandsen). 
In settings with high insecticide resistance, LLIN are often treated with an additional synergist targeting 

identified resistance mechanisms. LLIN can differ in the way they are distributed. When LLIN are 
distributed to a target population (e.g. pregnant women) this is called targeted LLIN or TLLIN. When 

LLIN are distributed to everyone this is called universal LLIN or ULLIN. 

Insecticide-treated nets (ITN). ITN are bed nets dipped in a mixture of water and insecticide 
(pyrethroids). Due to the superficial impregnation achieved by this process, ITN lose their insecticidal 

properties at a faster rate than LLIN (often only lasted for 6 months). 

Indoor residual spraying (IRS). IRS is the process in which insecticide is sprayed on inside walls of 

houses and animal sheds. Vectors resting indoors will come in contact with the insecticide on the wall 

and will be killed. 

Insecticide-treated material (other than nets). Curtains, most often impregnated in the same 

way as ITN or LLIN, are a way to improve the protection of living quarters against vectors. It does so 
by forming a barrier around windows and doors. Also, insecticide impregnated school uniforms or 

insecticide-treated screens on stables belong to this category. 

Mass trapping. All interventions in which adult vectors are captured on a large scale using traps fall 

under mass trapping. This can be done using a variety of traps provided with various lures such as light, 

kairomones or pheromones. Common example of trapping units are BG Sentinel® traps. 

Community interventions. Community-centred interventions or community mobilisations include a 

range of interventions that are organised by specialised organisations, but are implemented by the 
members of the local communities. The process of community mobilisation often starts by approaching 

community leaders to ask permission and engage them in discussions of baseline evidence. With the 

permission of community leaders, facilitators are appointed to form acting groups of community 
members. These groups will then discuss which interventions and activities will be implemented inside 
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their respective community. The aim of this intervention is to raise awareness among the local 

population and build sustainable vector control capacity. 

Animal protection. The protection of animals aims to reduce vector populations by reducing the 
contact with potential hosts in a given area. Besides the protection of animals, the intervention may 

reduce the presence of zoonotic diseases in the protected animal population, reducing the risk of 
transmission to humans. In the case of livestock, the protection from vectors has the possibility to 

increase yield. Examples of animal protection are insecticide impregnated dog collars or sponging of 

insecticide on livestock. 

Larvicide. In mosquito control the application of larvicide to surface water in a given area aims to 

reduce the number of larvae in larval habitats. An example of a larvicide is Bacillus thuringiensis 
subspecies israelensis (Bti). 

Spatial repellent. The aim of spatial repellents is to keep vectors from biting humans or livestock. An 

example is the use of metofluthrin-treated coils which can be burned to release their active substance. 

Table 2 gives the list of entomological and epidemiological endpoints and their definition used in the 

included studies. Figures 4 and 5 provide an overview of the frequency of the endpoints found in the 

included studies. 

Table 2:  Overview of entomological and epidemiological endpoints in the included studies. For the 

four diseases, dengue, malaria, leishmaniasis and tick- borne diseases 

Type  Outcome 
variables 

Explanation Diseases 

Entomological Breteau index Used in dengue studies, this index measures the 

number of water containers containing Aedes 
larvae or pupae per 100 houses inspected. 

Dengue 

Biting rate Average number of vector bites received by a 

host in a unit time, specified according to host 
and mosquito species (for mosquitoes often 

measured by human landing collection). 

Dengue, 

leishmaniasis, 
malaria 

Blood-fed 
females 

The proportion of captured female vectors that 
are engorged with blood. 

Malaria 

Container 

index 

Percentage of water-holding containers infested 

with Aedes mosquito larvae or pupae. 

Dengue 

Entomological 

inoculation 

rate (EIR) 

Number of infective vector bites received per 

person in a given unit of time, in a human 

population. 

Malaria 

House index Percentage of houses infested with Aedes 
mosquito larvae and/or pupae. 

Dengue 

Larval density A measure of mosquito larval abundance in 
specific habitats. This can be calculated by taking 

the average number of mosquito larva found 
when scooping a given volume of water from a 

given habitat. 

Dengue 

Parity rate The female mosquitoes that have taken a blood 
meal and have laid their eggs at least once are 

parous. The parity rate reflects the proportion of 

parous females from the total number of females. 

Malaria 

Pupa index Number of Aedes pupae found in water 

containers per 100 houses inspected. 

Dengue 

Pupae-per-
person index 

The total number of pupae found divided by the 
total population of the inspected households. 

Dengue 
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Sporozoite rate Number of examined mosquitoes infected with 
sporozoites divided by the total number of 

mosquitoes examined. 

Malaria 

Ticks found 
crawling 

The number of ticks that are found crawling on 
the body of the host. 

Tick-borne 
disease 

Vector density Number of vectors (adults) caught during a given 
time, specifying the method of collection. This 

includes indoor and outdoor resting density. 

Dengue, 
leishmaniasis, 

malaria 

Epidemiological Anaemia A condition wherein a person’s red blood cells 
drop below a given threshold. 

Malaria 

Haemoglobin 

concentration 

The concentration of haemoglobin in sampled 

individuals. 

Malaria 

Incidence Number of newly diagnosed cases during a 

defined period in a specified population. 

Dengue, 

leishmaniasis, 

malaria, tick-
borne 

diseases 

Mortality A measure of the number of deaths in a particular 
population. 

Malaria 

Parasitaemia 
as measure of 

parasite load 

Measure of the number of parasites present in 
the host. Expressed as number of parasites per 

given volume of blood. Sometimes expressed as a 

rate of individuals above a given threshold. 

Malaria 

Prevalence Proportion of a specified population with a given 

infection at one time. 

Malaria 

Seroconversion Development of specific antibodies as a result of 
infection. The seroconversion rate is the 

proportion of seroconverted individuals among 
sampled individuals. 

Dengue, 
malaria 

Splenomegaly Number of individuals with enlarged spleens out 

of the number of examined individuals. 

Malaria 

 

 

 

Figure 2:  The number of publications included in the review per year of publication. Bars are 
colour-coded to represent the disease of interest for every publication included: malaria = blue; 

dengue = red; leishmaniasis = green; tick-borne diseases = purple (this study referred to tick-

borne diseases in general without specifying which diseases). 
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Figure 3:  The number of interventions in included studies. Bars are colour-coded to represent the 

disease of interest for every publication included: malaria = blue; dengue = red; leishmaniasis 

= green; tick-borne diseases = purple. Number in brackets are the sum of interventions per 
disease. Abbreviations: LLIN = long-lasting insecticidal nets; ITC = insecticide treated curtains; 

ITN = insecticide-treated nets; IRS = indoor residual spraying. 

 

Figure 4:  Bar graph showing the frequency of the different entomological endpoints found in the 
included studies. Bars are colour-coded to represent the different diseases included: malaria = 

blue; dengue = red; leishmaniasis = green; tick-borne diseases = purple. 
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Figure 5:  Bar graph with the frequency of the different epidemiological endpoints found in the 

included studies. Bars are colour-coded to represent the different diseases included: malaria = 

blue; dengue = red; leishmaniasis = green; tick-borne diseases = purple. 

3.3. Quality of studies 

Allocation 

Allocation of controls or intervention groups were, in general, well performed and well reported. In some 
studies, allocation was only described as “random”, without further explanation. The random sequence 

generation bias of these studies was scored as unclear. Only two studies did not allocate clusters 

randomly to intervention or control arms and were therefore scored as at high risk of bias (Beach et al., 

1993; Gunay et al., 2014) (Figures 6 and 7). 

The risk of bias due to concealment of allocation or the lack thereof was more often high compared to 

the bias due to random allocation. This was mostly due to the participation of local inhabitants in the 

intervention, e.g. community mobilisation trials. 

Blinding 

Due to the nature of most interventions, blinding of participants and personnel is not always possible. 

Only three studies were blinded for participants, personnel and assessors, using either 
placebo/untreated interventions in the control group (Hinckley et al., 2016; Syafruddin et al., 2020) or 

compared a combination of interventions to a standard intervention (Protopopoff et al., 2018) (Figures 

6 and 7). 

Blinding of assessment was slightly more common than blinding of participants and personnel. 

Assessment was often done in a laboratory where assessors are more easily blinded to the study arms. 

Despite this, blinding of outcome assessors was rarely explicitly mentioned. Risk of bias assessment was 

therefore often unsure. 

Incomplete outcome data and selective reporting 

Though exclusion of participants and attrition are often found in the studies, these events are in most 

cases well reported. In many cases, however, these were not of substantial amounts. Only one study 
(Degener et al., 2014) had both high risk of incomplete epidemiological and entomological outcome 
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data with epidemiological participation dropping below an average of 50% coverage and performing 

less than 95% of planned entomological samplings. 

There was only one study which had a high risk of selection bias on entomological endpoints (Syafruddin 

et al., 2020). This was due to not specifying the entomological endpoints to be measured in the trial 
registration. Publications on trials with an a priori trial registration and which specified what endpoints 

were to be measured had a low probability of reporting bias. 

Standardised sampling method 

We added the standardised sampling method domain to account for the variety of sampling methods in 
entomological surveillance, with classic methods such as human landing catches (HLC), which rely on 

the capabilities of the human landing catcher. Other methods, such as the use of mechanical or electrical 
catching tools such as sticky traps, CDC light traps or BG sentinel® traps, induce less operational bias 

due to the fact that no human operator is directly involved in the catching. Slightly more than half of all 

studies were at low risk of bias regarding the entomological sampling method. 

Analysis accounting for clusters 

Most publications accounted for possible effects of clustering. 

 

 

Figure 6:  Overall overview of the quality assessment of the included studies. Abbreviations: EPI 

= epidemiological endpoints; ENTO = entomological endpoints. 
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Figure 7:  Overview of the quality assessment per included study. Abbreviations: EPI = 

epidemiological endpoints; ENTO = entomological endpoints. 

3.4. Evaluation of epidemiological and entomological endpoints of the 
selected studies 

Nine studies assessed both entomological and epidemiological endpoints of a variety of dengue 

interventions. These interventions included mass trapping, the use of LLIN, impregnated clothing and 

curtains, and community engagement campaigns. In total, 11 sets of entomological and epidemiological 
endpoints (corresponding to 11 interventions) could be compared. Of the 11 sets of endpoints, five 

showed both significant entomological and epidemiological effects. Two of these showed contradictory 
effects, both showed a significant effect on larval indexes favouring control (i.e. an increased house 

index in the intervention group) and an effect on clinical dengue case incidence favouring intervention 

(Lenhart et al., 2008; Toledo et al., 2017). In the remaining four studies, entomological and 
epidemiological endpoints concurred (Table 3), indicating an effect favouring the intervention (Lenhart 

et al., 2008; Andersson et al., 2015; Lenhart et al., 2020; Newton-Sánchez et al., 2020). 

The entomological endpoints in the dengue intervention studies included adult Aedes densities, larval 

indices such as house, Breteau, container, or pupa index. In only three of the nine studies on dengue, 
adult vector density was measured. The remaining six studies used larval indices for the calculation of 
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entomological effects. We found that in some of these studies, epidemiological and entomological 

endpoints were not in agreement. For example, the fact that larval indices were measured while 

interventions targeted adults could have contributed to the discrepancies observed between 
entomological and epidemiological effects. Further, the high seasonal variation, focal nature and 

outbreak-prone nature of the disease resulted in some studies in higher epidemiological outcomes in 
the intervention compared to the (non-intervention) control areas (Lenhart et al., 2008; Toledo et al., 

2017), thus favouring control. The study where both the entomological and epidemiological endpoints 

showed an impact was the study of Andersson et al. (Andersson et al., 2015) evaluating the impact on 
community mobilisation on dengue. This study was exceptionally large with 18 838 enrolled households 

over two countries (Mexico and Nicaragua). The intervention consisted of a pesticide-free community 
mobilisation and measured house index, container index, and Breteau index as entomological endpoints. 

Epidemiological endpoints were serological confirmed recent dengue infection incidence and self-

reported dengue incidence. 

Five studies on leishmaniasis were included in the final selection resulting in seven interventions for 

which entomological and epidemiological endpoints were available. For five of these interventions, 
corresponding studies found both significant epidemiological and entomological effects. All studies but 

one (reported in two publications; (Picado et al., 2010a; Picado et al., 2010b)) had, at least for one 
intervention, significant epidemiological and entomological effects (Kroeger et al., 2002; Gunay et al., 

2014; Faraj et al., 2016; Courtenay et al., 2019). In one case (Picado et al., 2010a), vector density was 

measured using light traps. The results showed a significant decrease in density of Phlebotomus 
argentipes and an insignificant increase in density of Phlebotomus papatasi. The different effect on the 

entomological endpoints can be an indication of the different effects of interventions (Table 3) on 
different leishmaniasis vectors. Entomological endpoints were in all cases directly related to vector 

density (indoor sandfly abundance, overall sandfly abundance, P. argentipes density and P. papatasi 
density). Epidemiological endpoints were seroconversion incidence, parasite detection, parasite load 

and leishmaniasis incidence. 

In total, 16 studies were included evaluating interventions to control malaria. Only four studies on 
malaria had both significant epidemiological and entomological effect sizes. One of these (Homan et al., 

2016) showed a mixed effect, with only one significant positive entomological effect (i.e. significant 
decrease in Anopheles funestus density) and two significant epidemiological effects, a positive (on 

parasite prevalence) and negative effect (i.e. significant increase in prevalence of all reported illness in 

previous two weeks). The remaining three studies showed significant effects favouring intervention in 
both effect categories (i.e. entomological and epidemiological) (Beach et al., 1993; Mbogo et al., 1996; 

Rowland et al., 2001; Tiono et al., 2018). 

The entomological endpoints used in malaria trials were: larva-positive breeding sites, blood-fed ratio, 

vector density, entomological inoculation rate (EIR), sporozoite rate, parity rate and bites per person 

per night. Epidemiological endpoints were clinical malaria incidence, Plasmodium incidence, Plasmodium 
prevalence, parasitaemia (>=2,500/mm³) and anaemia prevalence. Effects on density related endpoints 

such as adult female mosquito density, adult host-seeking density, adult indoor resting density and 
larval density generally seemed to be more often significant compared to other effects on indices such 

as sporozoite and parity rate. 

Additionally, there was one leishmaniasis study that, beside leishmaniasis related endpoints, also 

measured Anopheles density and malaria incidence, which were both significantly reduced by the 

intervention (Picado et al., 2010a). 

Only one study on tick-borne diseases in humans was retrieved (Hinckley et al., 2016). The 

epidemiological outcome of this study was the self-reported incidence of all tick-borne diseases, mostly 
expecting Lyme disease. The entomological endpoint was the difference in the number of crawling ticks. 

This study yielded no significant results. 
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Table 3:  Overview of the significance levels of the entomological and epidemiological endpoints per intervention. The effect of each endpoint 

was recoded into three categories: (1) a significant impact of the intervention with a decrease of the endpoint (green); (2) no significant effect on the 

endpoint (blue); and (3) a significant increase of the endpoint indicator i.e. higher values were measured in the intervention zone (orange). Endpoints for 
which no significance levels were available are indicated in yellow. Significance was for all studies defined as p-value <0.05. Details can be found in Annex 

B. 

Disease/
pathogen Study ID Intervention 

Entomological endpoint Epidemiological endpoint 

1 2 3 1 2 3 

dengue Kroeger 2006 ITC + larvicide Breteau index house index pupae per person seroconversion 
  

 
ITC + water jar covers Breteau index house index pupae per person seroconversion 

  

Lenhart 2008 LLIN Breteau index house index container index seroconversion 
  

Degener 2014 mass trapping female aeg. density 
  

seroconversion 
  

Andersson 2015 community mobilisation house index container index Breteau index seroconversion dengue incidence  

Degener 2015 mass trapping aeg. density 
  

seroconversion 
  

Kittayapong 2017 IT school uniforms mosquito density 
  

seroconversion 
  

 Toledo 2017 ITC pupa index house index 
 

dengue incidence 
  

 
IRS pupa index house index 

 
dengue incidence 

  

Lenhart 2020 ITC adult female Aedes 
index 

Breteau index pupae per person seroconversion 
  

Newton-Sánchez 2020 community mobilisation Breteau index 
  

dengue incidence 
  

leishmani
asis 

Kroeger 2002 ITC indoor sandfly 
abundance 

  
leishmania incidence 

  

Picado 2010 LLIN P. argentipes density P. papatasi density An. density seroconversion leishmania incidence malaria incidence 

Gunay 2014 LLIN sandfly density 
  

leishmaniasis incidence 
  

Faraj 2016 LLIN + standard of care 
environmental measures 

sandfly density 
  

leishmaniasis incidence 
  

 
IRS sandfly density 

  
leishmaniasis incidence 

  

Courtenay 2019 mass trapping indoor female Lu. 
longipalpus density 

  
seroconversion parasite detection parasite load 

 
IT dog collar indoor female Lu. 

longipalpus density 

  
seroconversion parasite detection parasite load 

malaria Beach 1993 ITN bites per night sporozoite rate EIR Pf incidence Pf parasitaemia 
 

 
 

ITC bites per night sporozoite rate EIR Pf incidence Pf parasitaemia 
 

 Mbogo 1996 ITN blood-fed indoor An. density EIR 1 – 59 months 
mortality 

1 – 4 years mortality Pf incidence 

 Curtis 1998 ITN bites per unprotected 
person per night 

EIR bites per night malaria incidence 
  

 
 

IRS bites per unprotected 
person per night 

EIR bites per night malaria incidence 
  

 Kroeger 1999 ITN (50% coverage) Bites per night 
  

malaria incidence 
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Disease/
pathogen Study ID Intervention 

Entomological endpoint Epidemiological endpoint 

1 2 3 1 2 3 

 
 

ITN (31 – 16% coverage) bites per night 
  

malaria incidence 
  

 
 

ITN (<16% coverage) bites per night 
  

malaria incidence 
  

 Rowland 2001 IT Animal An. stephensi density An. culicifacies density An. subpictus density Pf incidence Pv incidence 
 

 Majambere 2010 larvicide larva density EIR sporozoite rates malaria incidence malaria incidence 
 

 Corbel 2012 LLIN bites per night EIR 
 

Pf incidence 
  

 
 

LLIN+ IRS bites per night EIR 
 

Pf incidence 
  

 
 

LLIN + IT plastic sheeting bites per night EIR 
 

Pf incidence 
  

 Smithuis 2013 ITN bites per night bites per night 
 

Pf prevalence Pv prevalence splenomegaly 
prevalence 

 West 2014 ITN + IRS An. gambiae per 
house per night 

sporozoite rate EIR Pf prevalence anaemia prevalence haemoglobin 

 Pinder 2015 LLIN + IRS An. gambiae density EIR 
 

malaria incidence malaria incidence malaria incidence 

 Bousema 2016 larvicide female An. density 
hotspot 

female An. density 
evaluation zone 

larva density parasite prevalence 
evaluation zone 

parasite prevalence 
inside hotspot 

 

 Homan 2016 mass trapping An. density An. funestus density An. gambiae density malaria prevalence parasite prevalence all illness prevalence 

 Protopopoff 2018 LLIN An. density sporozoite rate EIR malaria prevalence anaemia prevalence 
 

 
 

IRS An. density sporozoite rate EIR malaria prevalence anaemia prevalence 
 

 Tiono 2018 LLIN parity rate sporozoites rate EIR malaria incidence anaemia prevalence 
 

 Loha 2019 LLIN + IRS indoor host-seeking 
density 

indoor resting density outdoor resting 
density 

malaria incidence anaemia prevalence 
 

 
 

LLIN indoor host-seeking 
density 

indoor resting density outdoor resting 
density 

malaria incidence anaemia prevalence 
 

 
 

IRS indoor host-seeking 
density 

indoor resting density outdoor resting 
density 

malaria incidence anaemia prevalence 
 

 Syafruddin 2020 spatial repellent host-seeking density parity rate nulliparous rate first malaria incidence malaria incidence 
 

tick-
borne 
diseases 

Hinckley 2016 IT ground barrier ticks found crawling ticks found crawling 
 

self-reported illness in 
humans 

self-reported illness in 
humans 

 

Note. IRS: indoor residual spraying; IT: insecticide-treated; ITC: insecticide-treated curtains; ITN: insecticide-treated nets; LLIN: long-lasting insecticidal nets; aeg: Aedes 

aegypti; An.: Anopheles; EIR: entomological inoculation rate; Pv: Plasmodium vivax; Pf: Plasmodium falciparum; Lu.: Lutzomyia; P.: Phlebotomus.
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In the included studies on dengue, house index was most often included as an entomological endpoint. 

The most frequently used epidemiological endpoint was dengue incidence. Only two studies reported 

effect sizes expressed as ratios for house index and dengue incidence (Andersson et al., 2015; Toledo 
et al., 2017), resulting in three interventions (Figure 8). Two studies provided data frow which we 

calculated the RR (Kroeger et al., 2006; Lenhart et al., 2020). In the two studies reporting effect as 
ratios, there was no significant effect as measured by entomological or epidemiological endpoints. 

However, the point estimates largely concur between endpoint types (Figure 11A). The endpoints 

concurred in Kroeger et al. (2006), but did not in Lenhart et al. (2020). 

All included leishmaniasis studies reported sandfly abundance as an entomological endpoint and 

leishmaniasis incidence as an epidemiological endpoint. Two studies did not report effect sizes as ratios 
(Kroeger et al., 2002; Gunay et al., 2014) (Figure 9). Among the studies that reported effect sizes as 

ratios, all but one study (Picado et al., 2010a; Picado et al., 2010b) showed both entomological and 
entomological effect in the same direction (Figure 11B). The calculated RR from Gunay et al. (2014) 

showed that the entomological endpoint slightly favoured control (i.e. exhibiting an increased risk in the 

intervention group). Due to an incidence of zero, de the datapoint of Kroeger et al. (2002) is not 

represented in the scatterplot. 

Because most included studies were on malaria, we were able to generate forest plots for two 
entomological endpoints, namely vector density (Figure 10A) and entomological inoculation rate (EIR) 

(Figure 10B). In both cases, we compared the respective entomological endpoint with malaria incidence 

or prevalence. We included additional studies which did not report malaria incidence but instead 

reported malaria prevalence. 

In Figure 10B and 11C, we can see that effect on vector density generally concurs with effect on malaria 
incidence, but vector density shows a slightly larger effect size. In Loha et al. (2019) and Pinder et al. 

(2015) we can see that the epidemiological endpoint shows little to no effect, where the entomological 
endpoint shows a positive effect. Figure 11D shows less indication of a positive corelation between EIR 

and malaria incidence or prevalence then we observed between vector density and malaria incidence or 

prevalence. EIR (Figure 10B) showed larger confidence intervals than vector density. These large 
confidence intervals could be an indication of underpowered study designs in regard to this 

entomological endpoint. 

Because we only retrieved one study on tick-borne diseases we were not able to generate a forest 

plot for these. 
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Figure 8:  Forest plot comparing the effect of given intervention on house index (entomological 
endpoint) with the effect on dengue incidence (epidemiological endpoint). Study ID and 

intervention is given. A value below one indicates the endpoint favours intervention, a value 
higher than one favours control. Blue squares represent effect size point estimates and 

horizontal error bars represent the 95% confidence interval. Type of effect size is given to the 
right. Abbreviations: IRS = indoor residual spraying; ITC = insecticide treated curtains; RR = 

rate ratio. * RR calculated by reviewers 

 

Figure 9:  Forest plot comparing the effect of an intervention on vector density (entomological 

endpoint) with the effect on leishmaniasis incidence (epidemiological endpoint). Study ID and 
intervention is given. A value below one indicates the endpoint favours intervention, a value 

higher than one favours control. Blue squares represent the effect size point estimate and 
(horizontal) error bars represent the 95% confidence interval. Type of effect size is given to the 

right. Abbreviations: IRS = indoor residual spraying; LLIN = long lasting insecticidal nets; RR = 

rate ratio. * RR calculated by reviewers 
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Figure 10:  Forest plot comparing (A) the effect of an intervention on vector density with 

the effect on malaria incidence or prevalence; and (B) the effect of an intervention on 

entomological inoculation rate (entomological endpoint) with the effect on malaria incidence or 
prevalence (epidemiological endpoint). Study ID and intervention is given. Blue squares 

represent the effect size point estimate and (horizontal) error bars represent the 95% 

confidence interval. A value below one indicates the endpoint favours intervention, a value 
higher than one favours control. Type of effect size is given to the right. Abbreviations: IRS = 

indoor residual spraying; IT = insecticide treated; ITN = insecticide treated nets; LLIN = long 
lasting insecticidal nets; TLLIN = LLIN targeted to pregnant women; ULLIN = universal 

coverage of LLIN; PBO = piperonylbutoxide synergist; RR = rate ratio. * RR calculated by 

reviewer; ** RR converted from odds ratio 
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Figure 11:  Scatterplot showing the effect (as RR) of the entomological endpoints (X-axis) 
and the epidemiological endpoints (Y-axis) and their respective confidence intervals of selected 

studies displaying the same data as in Figures 8 – 10. (A) Dengue with house index 
(entomological endpoint) versus dengue incidence (epidemiological endpoint); (B) leishmaniasis 

with vector density (entomological endpoint) versus leishmaniasis incidence (epidemiological 
endpoint); (C) malaria with vector density versus malaria incidence or prevalence; and (D) 

malaria with entomological inoculation rate (entomological endpoint) versus incidence or 

prevalence (epidemiological endpoint). 

To further evaluate the importance of the entomological endpoints, we focused on the malaria 

intervention studies, which provided various endpoints and studies. Within each intervention, the 
agreement within each of the possible pairs of an individual entomological and epidemiological endpoint 

was assessed (e.g. if two epidemiological endpoints and three entomological endpoints are measured, 

effect size can be compared within six pairs) based on three categories (the same used as in Table 3) 
i.e. (1) “Favouring intervention” meaning a significant impact of the intervention with a decrease of the 

endpoint; (2) “No effect” no statistically significant effect on the endpoint; and (3) “favouring control” 
meaning a statistically significant increase of the endpoint indicator i.e. higher values were measured in 

the intervention arm. A summary was made over all studies (Figure 12). 

For the endpoint “adult density”, 25 of the 49 comparisons with epidemiological endpoints were in 

agreement, refering to an effect of the intervention (both endpoints score “Favouring intervention”, 

n=14) or no effect of the intervention (both endpoints score “No effect”, n=11). In 15 of the 49 
comparisons, the adult density overestimated the effect of the intervention in the sense that the 
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entomological endpoint pointed towards an impact of the intervention, whereas the epidemiological 

endpoint did not show statistically significant results. 

 
In 11 of the 21 comparisons made with the EIR, this entomological endpoint showed an insignificant 

impact of the intervention while the epidemiological endpoint showed a statistically significant one. This 
probably reflects the difficulty in measuring the EIR correctly and making statistical inferences (Smith 

et al., 2010; Tusting et al., 2014). The endpoint “parity rate” was in good agreement with the 

epidemiological endpoints, but only six comparisons could be made, limiting the interpretation of this 
endpoint. 

 

 

Figure 12:  Comparison between four entomological endpoints and corresponding 

epidemiological endpoints, summarised over all malaria trials. “Favours intervention” meaning 

a significant impact of the intervention with a decrease of the endpoint; “No effect” indicating 
no significant effect on the endpoint; and “Favours control” meaning a significant increase of 

the endpoint indicator i.e. higher values were measure in the intervention zone. The number of 
comparisons per endpoint: adult density, n=49; EIR, n=21; parity rate, n=6; sporozoite rate, 

n=15. 

4. Discussion and conclusions 

In this systematic literature review, 31 studies were included for which both epidemiological and 

entomological endpoints were available. The studies included four disease categories, namely malaria 
(n=16), dengue (n=9), leishmaniasis (n=5) and tick-borne diseases (n=1). Various types of 

entomological endpoints were used, including vector density-related endpoints such as adult female 

mosquito density, host-seeking density, indoor resting density and larval density, sporozoite and parity 
rate and entomological inoculation rate. In malaria trials, more endpoints were used compared to 

leishmania or dengue trials, including measures of vector infection (sporozoite rate), vector longevity 
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(parity rate), vector density (Anopheles density) and vector host contact (biting rate). Leishmania and 

dengue trials focused more often on adult and larval density estimates, respectively. 

Nine studies on dengue were retrieved. In only a few, entomological and epidemiological endpoints 
demonstrated a significant effect of interventions. The low proportion of studies with significant effect 

sizes is possibly due to the epidemic nature of dengue and fluctuations in vector abundance. This means 
that sample sizes need to be larger to provide sufficient power for significant results. Because only four 

studies, comprising five interventions (three studies with one intervention and one with two 

interventions) could be included in the forest plot, this also limits the interpretation. Despite this, we 
see that in four of the five interventions, point estimates of entomological and epidemiological endpoint 

concur. The one discrepancy we observed between entomological and epidemiological endpoints might 
be due to the use of larval indices as entomological outcomes in the assessment of interventions 

focusing on adult vectors. 

Of the diseases included in this review, studies on vector control interventions against leishmaniasis 

had the highest proportion of significant results, with four of the five included studies having at least 

for one intervention both significant entomological and epidemiological effect size estimates. It is 
interesting to note that change in vector density was the only entomological effect measure used. The 

large number of significant effect estimates and the fact that almost all corresponded, gives an indication 
that effect on vector density might be a reliable measure of vector control efficacy on this disease. 

Besides this, one study (Picado et al., 2010a; Picado et al., 2010b) showed that the choice of vector 

species can be of importance. It measured a significant decrease in P. argentipes and no significant 
effect on P. papatasi density. This discrepancy between the two species can be due to a number of 

reasons, including different levels of anthropophagy, time of biting and vector movement. Irrespective 
of the reason for this difference, this study illustrates the variable effects vector control interventions 

can have on different vector species. Such variable effects were also observed in the (malaria) study of 
Homan et al. (Homan et al., 2016), who found a different effect of the intervention on Anopheles 
gambiae compared to An. funestus. 

In the studies on malaria, vector density was used frequently and effects on this endpoint were slightly 
more often significant compared to effects on other endpoints. A possible explanation for this can be 

the relative ease with which these endpoints can be reliably measured compared to for example EIR or 
sporozoite rate, the latter being more labour intensive requiring dissection of the collected mosquitoes. 

Consequently, this can result in smaller sample sizes and larger confidence intervals making these 

endpoints less likely to provide significant results. Despite this, point estimates of effect size often 
pointed in the same direction as epidemiological endpoints (i.e. both favouring intervention or both 

favouring control). The use of vector density as an entomological endpoint proxy for epidemiological 
effect, however, needs to be approached with caution. In some instances, we saw that this endpoint 

estimated a stronger effect of vector control interventions than epidemiological endpoints.  

Overall, for effect estimates on entomological endpoints, we often observed large confidence intervals. 
The forest plots and scatterplot indicate that entomological effect estimates often pointed in the same 

direction as epidemiological effect estimates. This observation shows that, in order for entomological 
endpoints to provide more valuable input in the assessment of vector control efficacy, there is a need 

for more extensive entomological sampling in studies on the efficacy of vector control interventions.  

Based on the statistical inference (whether an outcome is significant or not and whether it favours 

control or intervention) of the results, we observed some disagreement between endpoints. For 

instance, vector density often favoured intervention in studies where epidemiological endpoints did not. 
Yet, only in rare instances the entomological and epidemiological endpoint indicated different directions 

of effect (e.g. one favouring intervention and one favouring control). 

Despite the fact that point estimates of the endpoints where often pointing in the same direction, this 

review illustrated the complex relation between entomological and epidemiological endpoints. Based on 

this review, evaluating interventions on only entomological endpoints seems to be insufficient to 
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understand their potential epidemiological impact. Vector-borne disease transmission is often very focal 

and variable in time, making a robust design of vector control intervention studies challenging. Yet, the 

trial design and the choices made were not always as well described for entomological endpoints as for 

the epidemiological endpoints. 

A limitation of this review is that the included studies were not specifically designed to evaluate the 
question whether entomological endpoints can be used on their own as evidence of efficacy of vector 

control interventions against vector-borne diseases. Further, the included studies covered different 

diseases, in a variety of settings, evaluating various interventions and using different endpoints resulting 
in a heterogenous data set. Hence, this review only gives a first appraisal of possible correlation between 

entomological and epidemiological endpoints. 

 

5. Recommendations 

Entomological endpoints are important in understanding the impact of an intervention on a vector-borne 
disease. A better description and detailed reporting of these entomological endpoints would improve 

the overall interpretation and understanding of intervention trials. Yet, for entomological surveys, the 
design and the choices made are not always well described. Factors such as the blinding of outcome 

assessors and the expertise of field personnel are rarely mentioned, although these can have substantial 

effects on outcome measures. Based on this review the following recommendations can be made: 

• As trials are designed to power primary endpoints, which are most often epidemiological, the 

entomological data might not have enough statistical power to assess the efficacy of vector 

control intervention on entomological endpoints. It would be of value to consider entomological 

endpoints as well in the power calculations to at least improve the estimates of these endpoints.  

• The reporting of entomological endpoints could be improved by better describing the actual 

study design in terms of the entomological aspects. The use of automated trapping methods 
should be encouraged to minimise human or operational bias and make entomological results 

more comparable between studies. 

• To evaluate the question whether entomological endpoints can be used on their own as 

evidence of efficacy of vector control interventions against vector-borne diseases, specific 
studies should be designed to address this question. This could be trials such as the ones 

reviewed in this study but powered for both entomological and epidemiological endpoints. 
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Abbreviations 

aeg Aedes aegypti 

An. Anopheles 

cRCT Cluster randomised controlled trial 

EIR Entomological inoculation rate 

ENTO Entomological  

EPI Epidemiological 

IRS Indoor residual spraying 

IT Insecticide treated 

ITC Insecticide treated curtains 

ITN Insecticide treated nets 

LLIN Long-lasting insecticidal nets 

Lu. Lutzomyia 

OR Odds ratio 

P. Phlebotomus 

PBO Piperonylbutoxide 

Pf Plasmodium falciparum 

Pv Plasmodium vivax 

RR Risk ratio 

RRR relative risk reduction 

TLLIN targeted long lasting insecticidal nets 

ULLIN Universal long lasting insecticidal nets 

  

Annex A – Search terms 

PUBMED 

No. Query Results 

1 "Pest Control"[Mesh] OR "Pest Control/methods"[MAJR] OR "Pesticides"[Mesh] OR 
vector management[tw] OR vector control*[tw] OR control strateg*[tw] OR control 
measure*[tw] OR control program*[tw] OR control tool*[tw] OR control initiative*[tw] 
OR Habitat control*[tw] OR environmental control*[tw] OR Reducing contact*[tw] OR 
Limiting exposure*[tw] OR Chemical control*[tw] OR biological control*[tw] OR 
biocontrol*[tw] OR Insecticides[tw] OR larvicides[tw] OR rodenticide*[tw] OR Lethal 
ovitrap*[tw] OR repellent*[tw] OR Insecticide treated nets[tw] OR Attractive targeted 
bait[tw] OR Vector traps[tw] OR Sterile insect technique[tw] OR SIT[tw] OR Microbial 
control[tw] OR endectocides[tw] OR “Community mobilization”[tw] OR IRS [tw] or 
“indoor residual spray*”[tw] OR Acaricide*[tw] OR “impregnated dog collar*”[tw] 

225,457 

2 "Malaria"[Mesh] OR "Plasmodium"[Mesh] OR malaria[tw] OR plasmodium[tw] 
remittent fever*[tw] OR paludism*[tw] OR marsh fever*[tw] OR P. falciparum[tw] OR 
P. vivax[tw] OR P. ovale[tw] OR P. malariae[tw] OR P. knowlesi[tw] OR 
"Dengue"[Mesh] OR "Dengue Virus"[Mesh] OR dengue[tw] OR "break bone fever"[tw] 
OR breakbone fever*[tw] OR "Chikungunya Fever"[Mesh] OR "Chikungunya 
virus"[Mesh] OR chikungunya[tw] OR chikv[tw] OR "Zika Virus Infection"[Mesh] OR 
"Zika Virus"[Mesh] OR zika[tw] OR zikv[tw] OR zikav[tw] OR zikavirus[tw] OR 
"congenital zika"[tw] OR "Yellow Fever"[Mesh] OR "Yellow fever virus"[Mesh] OR 
Yellow fever*[tw] OR YFV[tw] OR "West Nile Fever"[Mesh] OR "West Nile virus"[Mesh] 

206.489 
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"Anaplasma phagocytophilum"[Mesh] OR "Rickettsia Infections"[Mesh] OR 
"Rickettsia"[Mesh] OR "Relapsing Fever"[Mesh] OR "Borrelia"[Mesh] OR "African Swine 
Fever"[Mesh] OR Tick-Borne[tw] OR Tick Borne[tw] OR encephalitis*[tw] OR TBE[tw] 
OR Lyme Arthritis[tw] OR Lyme disease*[tw] OR Lyme Borreliosis[tw] OR Borrelia 
burgdorferi[tw] OR Alkhurma virus[tw] OR "Al Khurma virus"[tw] OR Babesi*[tw] OR 
Piroplasmos*[tw] OR Congo Virus[tw] OR Anaplasm*[tw] OR Rickettsios*[tw] OR 
Rickettsial Disease*[tw] OR Rickettsia Infection*[tw] OR Relapsing Fever*[tw] OR 
Borrelia Infection*[tw] OR Asfivirus*[tw] OR "Wart-Hog Disease"[tw] OR "wart hog 
disease"[tw] OR African Swine Fever*[tw] OR ((Alkhurma[tw] OR "Al Khurma"[tw] OR 
Crimean-Congo[tw] OR Crimean[tw]) AND (Hemorrhagic Fever*[tw] OR Haemorrhagic 
Fever*[tw] OR Hemorrhagic disease*[tw] OR Haemorrhagic disease*[tw])) OR 
"Leishmaniasis"[Mesh] OR "Leishmania"[Mesh] OR Leishmania Infection*[tw] OR 
Leishmanias*[tw] OR "Bluetongue"[Mesh] OR "Bluetongue virus"[Mesh] OR 
bluetongue[tw] OR blue tongue[tw] OR "Ovine Catarrhal Fever"[tw] OR 
"Schmallenberg virus"[tw] OR "Schmallenberg disease"[tw] OR 
"Orthobunyavirus"[Mesh] OR "Bunyaviridae Infections"[Mesh] OR "Rift Valley 
Fever"[Mesh] OR "Rift Valley fever virus"[Mesh] OR "rift valley"[tw] OR "Lumpy Skin 
Disease"[Mesh] OR "Lumpy skin disease virus"[Mesh] OR Lumpy Skin Disease*[tw] OR 
Neethling Virus*[tw] OR "African Horse Sickness"[Mesh] OR "African Horse Sickness 
Virus"[Mesh] OR African Horsesickness*[tw] OR "African Horse Sickness"[tw] OR 
Equine Plague*[tw] OR "Hemorrhagic Disease Virus, Epizootic"[Mesh] OR Epizootic 
hemorrhagic disease*[tw] OR "Encephalomyelitis, Venezuelan Equine"[Mesh] OR 
"Encephalitis Virus, Venezuelan Equine"[Mesh] OR Equine Encephalomyeliti*[tw] 

3 "Clinical Trial"[Publication Type] OR "Clinical Trial, Veterinary" [Publication Type] OR 
"Cross-Over Studies"[Mesh] OR "Randomized Controlled Trials as Topic"[Mesh:NoExp] 
OR stepped-wedge[tw] OR "stepped wedge"[tw] OR step-wedge[tw] OR "cluster 
randomized controlled"[tw] OR "cluster randomised controlled"[tw] OR SWT[tw] OR 
CRCT[tw] OR “case-control”*[tw] OR “case control”*[tw] OR casecontrol*[tw] OR 

cohort*[tw] OR cross-over stud*[tw] OR crossover stud*[tw] OR Cross-over Trial*[tw] 
OR Crossover Trial*[tw] OR Cross-Over Design*[tw] OR “cross-sectional study”*[tw] 
OR Crossover Design*[tw] OR “controlled trial” [tw] 

1.016.343 

4 (#1 AND #2 AND #3) 272 

5 (#1 AND #2) 10.902 

 

WoS / CAB Abstracts 

No. Query Results 

1a TS = ((("Pest*” OR "vector*") NEAR "control") OR ("Pest Control*" OR "Pest Control*" 
OR "pest control method*" OR Pesticid* OR "vector management" OR "vector 
control*" OR "control strategy*" OR "control measure*" OR "control program*" OR 
"control tool*" OR "control initiative" OR "Habitat control" OR "environmental control" 
OR "Reducing contact" OR "Limiting exposure" OR "Chemical control" OR 
"Insecticides" OR "larvicide*" OR rodenticide* OR "Lethal ovitrap*" OR repellent* OR 
"biological control*" OR biocontrol* OR "Insecticide treated net*" OR "Attractive 
targeted bait*" OR "Vector trap*" OR "Sterile insect* technique" OR SIT OR "Microbial 
control" OR endectocide* OR "odour baited mosquito trapping system*" OR 
"Community mobilization*" OR IRS OR "indoor residual spray*" OR Acaricide* OR 
"impregnated dog collars")) 

342,680 
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2 TS = (Plasmodium OR “Marsh Fever” OR Paludism OR “Plasmodium Infections” OR 
“Remittent Fever” OR malaria OR plasmodium OR “remittent feve”r OR “P. falciparum” 
OR “P. vivax” OR “P. ovale” OR “P. malariae” OR “P. Knowlesi” OR Dengue OR 
“Dengue Virus” OR dengue OR “break bone fever” OR “breakbone fever” OR 
“Chikungunya Fever” OR “Chikungunya virus” OR chikungunya OR “chikungunya virus” 
OR chikv OR “Zika Virus Infection” OR “Zika Virus” OR zika OR zikv OR zikav OR 
zikavirus OR “congenital zika” OR “Yellow Fever” OR “Yellow fever virus” OR “Yellow 
fever” OR YFV OR “West Nile Fever” OR “West Nile virus” OR “Kunjin virus” OR “WNV” 
OR “West Nile Virus” OR “West Nile flavivirus” OR “West Nile Fever” OR “Egypt 101” 
OR “Kunjin virus” OR “Tick-Borne Diseases” OR “Central European Encephalitis” OR 
“European Tick-Borne Encephalitis” OR “Far Eastern Russian Encephalitis” OR “Louping 
Ill Encephalitis” OR “Russian Spring-Summer Encephalitis” OR “Far Eastern Russian 
Encephalitis” OR “Powassan Encephalitis” OR “Powassan Virus Disease” OR “Tick-
Borne Encephalitis” OR “Borrelia Infections” OR “Lyme Disease” OR “Borrelia 
burgdorferi” OR “Borrelia burgdorferi group” OR Babesiosis OR Babesia OR proplasma 
OR “Crimean Haemorrhagic Fever” OR “Crimean Hemorrhagic Fever” OR “Congo Virus 
Infection” OR “Congo-Crimean Hemorrhagic Fever” OR “Crimean-Congo Haemorrhagic 
Fever” OR “Crimean Congo Hemorrhagic Fever” OR “Crimean Congo Hemorrhagic 
Fever Virus” OR CCHF OR Anaplasmosis OR “Anaplasma phagocytophilum” OR 
“Anaplasma infection” OR Anaplasmosis OR “Relapsing Fever” OR Borrelia OR “African 
Swine Fever” OR Asfivirus OR “Wart-Hog Disease” OR “wart hog disease” OR “Tick-
Borne encephalitis” OR “Tick Borne encephalitis” OR TBE OR “Lyme Arthritis” OR 
“Lyme disease” OR “Lyme Borreliosis” OR “Borrelia burgdorferi” OR “Alkhurma virus” 
OR “Al Khurma virus” OR Babesiosis OR Piroplasmosis OR “Congo Virus” OR 
Rickettsiosis OR “Rickettsial Disease” OR “Rickettsia Infection” OR “Borrelia Infection” 
OR Asfivirus OR Leishmaniasis OR Leishmania OR “Sheep Diseases” OR Bluetongue OR 
“blue tongue” OR “Ovine Catarrhal Fever” OR “Schmallenberg virus” OR 
“Schmallenberg disease” OR Orthobunyavirus OR “Apeu virus” OR “Catu virus” OR 
“Guama virus” OR Bunyavirus OR “Rift Valley Fever” OR “Rift Valley fever virus” OR 
“rift valley” OR “Lumpy Skin Disease” OR “Lumpy skin disease” OR “Lumpy Skin 
Disease” OR “Neethling Virus” OR “African Horse Sickness” OR “African Horse Sickness 
Virus” OR “African Horse sickness” OR “African Horse Sickness” OR “Equine Plague” 
OR “Hemorrhagic Disease Virus” OR “Epizootic hemorrhagic disease” OR “Venezuelan 
Equine Encephalomyelitis” OR “Venezuelan Equine Encephalitis” OR “Equine 
Encephalomyelitis”) 

242,214 

3 TS = (“Clinical Trial” OR “Cross-Over Study” OR “Randomized Controlled Trial” OR 
“stepped-wedge” OR “stepped wedge” OR “step-wedge” OR “cluster randomized 
controlled” OR “cluster randomised controlled” OR SWT OR CRCT OR “case control” 
OR casecontrol OR cohort OR “cross-over study” OR “crossover study” OR “Cross-over 
Trial” OR “Crossover Trial” OR “Cross-Over Design” OR “Crossover Design”) 

378,901 

4 (#1 AND #2 AND #3) 224 

5 (#1 AND #2)  

 

Cochrane library 

No. Search Hits 

#1 ((“vector control” NEAR/3 (pest OR interven* OR strateg* OR measure* OR progra* OR 
tool* OR initiat* OR vector OR environmental OR chemical or habitat OR biological)) OR 

(pesticides OR "reducing contact*" OR "limiting exposure*" OR insecticide* OR “Insecticide 
treated net*” OR “Attractive targeted bait*” OR “Vector traps” OR “Sterile insect technique” 
OR SIT OR “Microbial vector control” OR endectocide* OR larvicide* OR rodenticide* OR 
biocontrol OR "lethal ovitrap*" OR repellent* OR “Community mobilization” OR IRS or 
“indoor residual spray*” OR Acaricide* OR “impregnated dog collar*”)):ti,ab,kw 

5919 

#2 (Malaria OR Plasmodium OR "plasmodium remittent fever*" OR paludism* OR "marsh 
fever*" OR "P. falciparum" OR "P. vivax" OR "P. ovale" OR "P. malariae" OR "P. knowlesi" 
OR Dengue OR (("break bone" OR breakbone OR yellow OR "West Nile" OR Alkhurma OR 

9511 
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"Al-khurma" OR "African Swine" OR "Rift Valley") NEAR/3 (fever* OR virus*)) OR (tick-borne 
NEAR/3 (diseas* OR encephalitis)) OR ((Alkhurma OR "Al Khurma" OR Crimean-Congo OR 
Crimean) NEAR/3 ("Hemorrhagic Fever*" OR "Haemorrhagic Fever*" OR "Hemorrhagic 
disease*" OR "Haemorrhagic disease*")) OR chikungunya OR chikv OR zika OR zikv OR 
zikav OR zikavirus OR "congenital zika" OR "WNV Infection*" OR "West Nile flavivirus*" OR 
"Egypt 101" OR "Kunjin virus" OR "Borrelia Infection*" OR "Lyme Disease*" OR "Borrelia 
burgdorferi" OR "Lyme Arthritis" OR "Lyme Borreliosis" OR Babesi* OR Piroplasmos* OR 
"Congo Virus*" OR Anaplasm* OR Rickettsios* OR "Rickettsial Disease*" OR "Rickettsia 
Infection*" OR "Relapsing Fever*" OR Asfivirus* OR "Wart-Hog Disease*" OR "wart hog 
disease*" OR Leishmania OR "Leishmania Infection*" OR Leishmanias* OR bluetongue OR 
"blue tongue" OR "Schmallenberg virus*" OR "Schmallenberg disease*" OR Orthobunyavirus 
OR "Bunyaviridae Infection*" OR "Lumpy Skin Disease*" OR "Neethling Virus*" OR "African 
Horse Sickness*" OR "African Horsesickness*" OR "Equine Plague*" OR "Epizootic 
hemorrhagic disease*" OR ((Encephalomyelitis OR "Encephalitis Virus*") NEAR/3 
"Venezuelan Equine") OR "Equine Encephalomyeliti*"):ab,ti,kw  

#3 ((stepped-wedge OR "stepped wedge" OR step-wedge OR cross-over OR "cross over" OR 
"cluster Randomized Controlled" OR "cluster Randomised Controlled" OR “case control” OR 

casecontrol OR cohort OR controlled trial) NEAR/3 (trial* OR design* OR stud*) OR SWT OR 
CRCT):ti,ab,kw 

63230 

#4 #1 AND #2 AND #3 189 

#5 #1 AND #2 896 

 Cochrane reviews: 10 
Trials: 179 
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Annex B – Data table. 

This table can be consulted in a separate Excel file. 

 

 

 

 


