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Results

• A total of 12,205 Ae. aegypti females were collected; 1,205 (9.9%) 

specimens from 33 collection sites with high dengue incidence were 

screened for DENV/CHIKV/ZIKV. DENV was detected in 13 mosquitoes 

from 5 sites with infection rates (IR) ranging from 1.7% to 14.3% (Table 

1).

• A subset of 357 mosquitoes from these 5 sites was tested for kdr 

mutations. Four genotypes were identified (IICC, VICC, VVCC, VVFF), 

with low to moderate frequencies (14.0%-58.2%) of high resistance 

genotypes (VICC, IICC) suggesting resistance to pyrethroids (Figure 2).

• Dengue incidence rate at collection sites with DENV positive Ae. aegypti 

and mosquito DENV IR were positively correlated (P<0.05). 

• No association was found between Ae. aegypti DENV IR and IICC 

genotype frequencies.
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Introduction

• Dengue epidemics are becoming more widespread and intense[1]. In 

the Americas, around 13 million dengue cases were reported in 

2024[2]. In Peru, the 2023 and 2024 dengue outbreaks exceeded 

250,000 cases[3]. Iquitos, the largest city in the Peruvian Amazon, has 

experienced multiple dengue outbreaks since 1990 [4].

• Aedes aegypti is the main vector of dengue (DENV), chikungunya 

(CHIKV) and Zika (ZIKV) viruses worldwide. Insecticide application 

remains the most common measure to interrupt Ae. aegypti-borne 

disease transmission; however, overuse has led to the emergence and 

spread of vector resistance to insecticides[5]. In the case of pyrethroids, 

resistance in Ae. aegypti has been associated with knockdown 

resistance (kdr) mutations[6,7]. 

• The aim of this study was to conduct integrated surveillance of DENV 

infection and kdr mutations in Ae. aegypti from dengue hotspot sites in 

Iquitos to better understand the relationship between insecticide 

resistance and DENV transmission.
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Materials & Methods

• Mosquito collections were performed at 134 sites in Iquitos city, 

Maynas province, Loreto state, Peru, from Sep-2022 to Feb-2025 

using prokopack aspirators (Figure 1A, 1B).

• Aedes aegypti samples were selected for DENV, CHIKV and ZIKV 

testing based on Peruvian government dengue case reports. 

• DENV/CHIKV/ZIKV detection: Individual mosquito head/thorax were 

homogenized, samples were pooled (4 samples/pool), and RNA 

extraction was carried out using QIAamp Viral RNA Mini Kit. Pools 

were screened using a multiplex one-step qRT-PCR for DENV, ZIKV 

and CHIKV (unpublished). Mosquito samples from positive pools were 

analyzed individually to determine infection rates.

• kdr genotyping: Mosquito specimens (legs) from sites where DENV 

positives were detected were screened for kdr mutations. Allele-

specific PCR coupled with melt curve analysis was used to detect 

V1016I and F1534C kdr mutations[4]. Reference strains (Orlando 1952, 

Puerto Rico) were used as controls and the genotypes were 

calculated.

B

Figure 1. Aedes aegypti collection by prokopack aspiration outside (A) and inside (B) houses in 

Iquitos, Peru.

Table 1. Dengue virus (DENV) infection rates in Aedes aegypti from Iquitos, Peru.

Conclusions

• DENV infection in Aedes aegypti from Iquitos, Peru, was moderately 

associated with local dengue human cases, directly reflecting endemic 

transmission dynamics at DENV-positive mosquito sites.

• Knockdown resistance (kdr) mutations found in Ae. aegypti from 

transmission hotspots suggest pyrethroid resistance. However, the lack 

of association between kdr mutations and DENV infection in mosquitoes 

indicates genetic pyrethroid resistance does not impact vector 

competence for DENV.

• Integrating human case reports successfully optimized entomological 

sampling efforts to assess both viral infection and kdr mutations.  These 

findings demonstrate that entomo-virological surveillance is a high-value 

tool for improving dengue risk assessment and outbreak forecasting.
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Figure 2. Frequency of kdr genotypes in Aedes aegypti from collection sites with DENV-positive 

mosquitoes in Iquitos, Peru
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Collection Site

IICC IIFC IIFF VICC VIFC VIFF VVCC VVFC VVFF

Iquitos Sextor 17 Sep-22 122 58.2% 34.4% 7.4%

Picuroyacu Jan-24 52 34.6% 48.1% 17.3%

Bellavista Nanay Jun-24 76 36.8% 43.4% 19.7%

San Juan Bautista AAHH 22 de Marzo Mar-24 43 14.0% 55.8% 30.2%

Belen Isla Iquitos Feb-25 64 29.7% 54.7% 14.1% 1.6%
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Collection year Epidemiological 

Week

District Collection Site Habitat (Environment) Mosquitoes pools tested 

(Individual mosquitoes)

DENV Positive 

mosquitoes

Mosquitoes DENV 

Infection Rate (%)
1

Dengue Incidence 

Rate (x 100,000)
 2

37 Sector 17 Urban 174 (44) 3 1.7 5.52

42 Sector 7 Urban/ Periurban 36 (9) 0 0 3.06

48 Sector 28 Urban 71 (18) 0 0 2.08

48 Sector 29 Urban 64 (16) 0 0 2.08

48 Sector 31 Periurban 43 (11) 0 0 2.08

48 Sector 32 Periurban 91 (22) 0 0 2.08

7 Bagazan Urban 24 (6) 0 0 5.84

11 Hospital Iquitos Urban 32 (8) 0 0 1.46

12 Sarita Colonia Urban 22 (6) 0 0 2.92

9 09 de Diciembre Urban 12 (3) 0 0 2.57

11 Colegio la 4 Urban 45 (11) 0 0 3.85

13 Club de Tenis Urban 14 (3) 0 0 4.50

23 Pablo Rosel Urban 2 (1) 0 0 3.21

4 Picuroyacu Rural 21 (5) 1 4.8 8.01

5 Picuroyacu Rural 7 (2) 0 0 17.16

6 Masusa Periurban 1 (1) 0 0 11.44

11 Versalles Urban 1 (1) 0 0 6.86

19 San Jose Urban 13 (3) 0 0 8.01

23 Masusa Periurban 50 (12) 0 0 10.29

23 Bellavista Nanay Periurban 53 (13) 2 3.8 10.29

23 Sto. Tomas, Pte. Nanay Periurban 4 (1) 0 0 10.29

12 San Juan Bautista AA.HH. 22 de Marzo Periurban/ Rural 53 (13) 2 3.8 4.55

6 Isla Iquitos Periurban/ Rural 35 (9) 5 14.3 51.87

13 Libertad Urban 5 (2) 0 0 25.19

5 Tavara Urban 47 (12) 0 0 27.52

9 San Antonio Urban 74 (18) 0 0 32.10

9 Tupac Urban 33 (8) 0 0 32.10

10 Tupac Urban 5 (1) 0 0 24.90

11 Nauta Urban 27 (7) 0 0 24.24

2 Panama Urban 25 (6) 0 0 16.29

11 Cahuide Urban 9 (2) 0 0 16.29

4 Quistococha Periurban 33 (8) 0 0 21.65

6 Miraflores Urban 3 (1) 0 0 30.83

10 Bella Luz Urban 42 (9) 0 0 26.89

12 Los Angeles Urban 9 (3) 0 0 26.24

12 Vencedores Urban 25 (6) 0 0 26.24

TOTAL 1205 (301) 13
1 Mosquito DENV Infection Rate (%) = (DENV Positive mosquitoes/ Total mosquitoes tested) x 100
2 DENV Incidence Rate (x100,000) at the district level = Number of cases per epidemiological week (*) x 100,000/ Total population at risk 
* Two weeks prior to mosquito collection
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