
INTRODUCTION

Monitoring and evaluation are intrinsic tools of  
malaria control programmes relying mainly upon inci-
dences of malaria. Monitoring involves continuous in-
spection of ongoing vector control while entomological 
evaluation plays a pivotal role for assessing the effective-
ness of intervention measures. Some of the important 
aspects of entomological evaluations are accessing the 
presence of major vectors responsible for transmission 
of malaria, mapping the vectors from inaccessible and re-
mote areas, detecting the presence of Plasmodium sporo-
zoites and identifying human blood meal preference. All 
these can be implemented pre- and post-intervention mea-
sures like artemisinin based combination therapy (ACT), 

long-lasting insecticidal nets (LLINs), indoor residual 
spray (IRS), etc so that active transmission can be traced. 

Differences in the distribution pattern and vectorial 
capacities contribute to the endemicity of malaria in an 
area. In India, amongst 58 Anopheles species available, 
six have been incriminated as major vectors of malaria, 
viz. An. culicifacies, An. fluviatilis, An. stephensi, An. min-
imus, An. dirus and An. sundaicus1 whereas An. annularis, 
An. philippinensis, An. jeyporiensis and An. varuna are 
the vectors of local importance. Present knowledge on the 
vector species and their precise role in malaria transmis-
sion is incomplete. Studies on the bionomics, distribution 
and role in malaria transmission has gained considerable 
importance nowadays due to significant differences in 
vector competency, host preference, resting behaviour 
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ABSTRACT

Background & objectives: Knowledge on prevalence of malaria vector species of a certain area provides important 
information for implementation of appropriate control strategies. The present study describes a rapid method for 
screening of major Anopheline vector species and at the same time detection of Plasmodium falciparum sporozoite 
infection and blood meal preferences/trophic preferences.
Methods: The study was carried from February 2012 to March 2013 in three seasons, i.e. rainy, winter and summer 
in Jhumpura PHC of Keonjhar district, Odisha, India. Processing of mosquitoes was carried out in two different 
methods, viz. mosquito pool (P1) and mosquito DNA pool (P2). Pool size for both the methods was standardized 
for DNA isolation and multiplex PCR assay. This PCR based assay was employed to screen the major vector com-
position in three different seasons of four different ecotypes of Keonjhar district. Pearson’s correlation coefficient 
was determined for a comparative analysis of the morphological identification with the pool prevalence assay for 
each ecotype.  
Results: A pool size of 10 was standardized for DNA isolation as well as PCR. PCR assay revealed that the average 
pool prevalence for all ecotypes was highest for An. annularis in winter and summer whereas for An. culicifacies it 
was rainy season. Foothill and plain ecotypes contributed to highest and lowest vectorial abundance respectively. 
The results of the prevalence of vector species in pool from PCR based assay were found to be highly correlated 
with that of the results of morphological identification.
Interpretation & conclusion: Screening by pool based PCR assay is relatively rapid as compared to conventional 
morphological identification and can be employed as an important tool in malaria control programmes.

Key words Malaria; mosquito pool; multiplex PCR; Plasmodium falciparum; pool prevalence

 J Vector Borne Dis 54, March 2017, pp. 25–34



 J Vector Borne Dis 54, March 201726 

and response to insecticides. The correct identification 
of malaria vectors is of critical importance for the suc-
cess of vector control programme. This gains more im-
portance because overlapping morphological characters 
found between closely related species creates difficulty 
in distinguishing them properly2-3. Cytogenetic methods 
or morphological keys were used in the earlier days for 
Anopheles species identification which were difficult and 
required highly skilled personnels/taxonomists. With the 
advent of molecular techniques, PCR based identification 
became a convenient alternative relying upon DNA based 
techniques.  

In addition to monitoring the distribution of anoph-
eline mosquitoes, human host preference and malaria 
parasite detection remains integral components in un-
derstanding the transmission dynamics. Preference of 
anophelines to feed on humans demonstrates their an-
thropophilic behaviour and can be estimated by human 
blood index (HBI)4. However, as a vector may feed upon 
alternative host depending on availability and accessibil-
ity, it is important to evaluate the blood meal source for a 
vector at its local boundary. It also provides information 
about changing patterns of host preferences. Similarly, the 
ability of a mosquito vector to transmit malaria parasite 
depends upon the ability of the parasite to complete its life 
cycle within the host mosquito. The parameter of sporo-
zoite rate5 has been used as an epidemiological index to 
determine the infectivity of Anopheles species. Conven-
tional techniques like ELISA, precipitin test, latex agglu-
tination and gel diffusion techniques have been used in the 
past for human blood meal analysis6-9. However, with the 
advent of molecular biology, significant improvements 
have been made in the efficacy and reliability of blood 
meal source identification10. Likewise detection of sporo-
zoite in mosquito is done by dissecting the salivary gland 
and visualizing it under a microscope, which is tedious 
and needs expertise. Advanced techniques like DNA hy-
bridization and PCR assays are now commonly used for 
the above purpose11-13. Among all these methods, the PCR 
based method is more sensitive and can detect even >10 
sporozoites in the salivary glands of the anophelines as 
compared to 200–400 sporozoite required for circumspo-
rozoite (CS) antigen detection by ELISA method14-15. 

Presently, PCR based assays are preferred over all 
existing methodologies for identifying mosquito species, 
sporozoite detection along with human blood meal detec-
tion. PCR based assays are more accurate, sensitive and 
less time consuming. Although, the PCR-based methods 
are superior in sensitivity and specificity, it is relatively 
time consuming when performed as single PCR. In this 
study, a multiplex based PCR method has been devel-

oped for simultaneous detection of major vector species 
along with detection of sporozoite and blood meal iden-
tification. In recent years multiplex PCR technique has 
been applied successfully in many vector surveillance 
studies16-17. The present study demonstrates screening 
of large number of field collected mosquitoes through  
multiplex PCR in a pool based method. Here two meth-
ods have been described for creation of pools. Both the 
methods have been standardized in the laboratory condi-
tion as well as successfully validated in field conditions 
of Keonjhar district, Odisha taking four ecotypes into 
consideration. 

MATERIAL & METHODS

Study area
The study was conducted and validated in Jhumpura 

PHC of Keonjhar district in Odisha, India which is a hilly 
and forested land. It is a hyper-endemic area for malaria 
(API>5) (NVBDCP, 2012)18 situated in the north central 
part of Odisha (21°1' N to 22°10' N and 85°11' E to 86°22' 
E). About half of the area of this district (4043 km2) is 
covered by forest and annual rainfall is 1534.5 mm. Peren-
nial rivers, slow running streams and their channels cre-
ate favourable conditions for mosquitoes to breed. Among 
the 18 species of anophelines recorded19 in Keonjhar dis-
trict, An. fluviatilis, An. culicifacies, An. annularis and 
An. minimus have been incriminated as major vectors20-21. 
One village each from four specific ecotypes, viz. plain, 
riverine, hilltop and foothill were chosen for the study. 
Majority of the houses in these villages had mud walls, 
tiled roofs and approximately 90% of the households had 
cattleshed in a close proximity to human dwellings.

Mosquito collection, identification and processing
The study was carried from February 2012 to March 

2013 in three seasons, i.e. rainy, winter and summer to 
reveal the disease transmission dynamics in different sea-
sons.  The two types of adult collection methods were ad-
opted in the study, viz. mouth aspirator and CDC light-trap 
methods. One village from each of the mentioned eco-
types was chosen for sample collection. In each village the 
location of trap remained the same throughout the study 
period. The adult resting mosquitoes were collected from 
indoors and outdoors by four trained Insect Collectors for 
4–5 days from dawn to dusk hours in every month during 
the study period. Mosquitoes were collected from human 
dwellings, cattlesheds and mixed dwellings in the indoor 
and from treeholes and shelters in the outdoor.

The field collected adult mosquitoes were transported 
to the laboratory by wrapping the test tubes with a damp 
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Fig. 1: Flow diagram for creation of pools—(a) Mosquito pool (P1); 
and (b) Mosquito DNA pool (P2).    
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cloth to keep the mosquitoes alive for a longer period. 
They were identified taxonomically following the key 
developed by Christophers22 and Nagpal et al23 and a 
key developed by Entomological Division, the Regional 
Medical Research Centre, Bhubaneswar, India. Identified 
mosquito samples were then preserved in isopropanol and 
screened by first and second pool methods, i.e. P1 and P2, 
respectively.

Mosquito processing and designing of pools
Prior to the processing of field collected mosquitoes, 

mosquito samples previously collected in the year 2011 
as a part of routine survey from different malaria endemic 
zones of Odisha, morphologically identified and pre-
served in isopropanol, were used for laboratory standard-
ization of mosquito processing and designing of pools. 
The collection and identification methodologies were 
same as mentioned above.

The processing of the mosquito pool was carried out 
using two different methods. For the creation of the mosquito 
pool (P1), the head thoracic and abdominal sections of a 
group of mosquitoes were processed separately for DNA 
isolation in different pool sizes, viz. 2, 4, 6, 8, 10, 12, 14, 16, 
18 and 20 nos. The respective sections were subjected to 
DNA isolation following the protocol developed by Barik 
et al24. About 5 μl of DNA each from head thoracic pool 
and abdominal pool were mixed in a new tube to create a 
mixed DNA pool (Fig. 1a).  The remaining DNA in both the 
tubes were kept at–20°C for further use. For the creation 
of mosquito DNA pool (P2), individual mosquitoes were 
bisected into head thoracic and abdominal section and 
subjected to DNA isolation separately. Head thoracic 
and abdominal DNA pools of varying pool sizes (2, 
4, 6, 8, 10, 12, 14, 16, 18 and 20) were created taking  
2 μl DNA from individually isolated respective sections. 
Again mixed DNA pools as that of P1 were created  
taking 5 μl each from head thoracic and abdominal  
DNA pool (Fig. 1b). The mixed DNA pools of both the 
methods were subjected to multiplex PCR assay (Applied 
Biosystems 2720 Thermal cycler) to know the species 
composition, blood meal preference and presence of 
sporozoite. 

In case of P2, the mixed DNA pools that were found 
positive for the presence of sporozoites were reconfirmed 
for the true infection status in a second round of PCR using 
DNA only from the head thoracic pool and using P. falci-
parum specific primer17. Moreover, the particular species 
carrying sporozoite could also be determined by taking 
head thoracic DNA of individual species which were ini-
tially pooled to create the head thoracic DNA pool. 

Species-specific PCR
Prior to the multiplex PCR, a species-specific PCR 

was set up to evaluate the morphologically identified spe-
cies using species-specific primers16. The PCR reaction 
mixture contained 1 × PCR buffer  (Genei, Bengaluru, 
India) containing 15 mM MgCl2, 300 µM dNTP mix, 1 
µM of each primer, and 1 unit of Taq DNA polymerase 
(Genei, Bengaluru, India) per 20 µl reaction and 2 µl of 
DNA template. The samples were heated at 95°C for 8 min 
before 35 cycles of amplification at 95°C for 30 sec, 50°C 
for 1 min and 72°C for 1 min followed by a final extension 
step at 72°C for 10 min. Amplicons were resolved by 1.5% 
agarose gel-electrophoresis with TBE buffer and stained 
with ethidium bromide.

Standardization of multiplex PCR for the pool size of 10
The PCR reaction mixture and condition was stan-

dardized for a pool size of 10. In a final volume of  
25 μl reaction, the PCR components were 1.5 × PCR 



 J Vector Borne Dis 54, March 201728 

Table 2. DNA purity for different pool sizes

Pool size Mean DNA 
quantity 
(ng/µl)

Mean value of DNA 
purity 

(260 nm/280 nm)
  2 142 1.80
  4 165 1.78
  6 170 1.73
  8 185 1.79
10 190 1.81
12 198 2.05
14 190 2.24
16 220 2.40
18 240 2.52
20 260 2.71

buffer (containing 15 mM MgCl2), 400 μM dNTP mix, 
1.5 unit of Taq polymerase, 0.8 μM of each universal 
forward and reverse primer, and 0.6 μM of each species-
specific primer along with 0.8 μM of forward and reverse 
primers of human blood and P. falciparum, respectively  
(Table 1)16-17. For each reaction, 4 μl of template was used. 
The PCR condition was modified to get the desired am-
plification. After an initial denaturation at 96°C for 6 min, 
30 cycles were programmed as follows: 96°C for 30 sec, 
55°C for 45 sec, 72°C for 1 min and final extension at 72°C 
for 8 min. To check the amplification, the PCR product 
was subjected to electrophoresis in a 2% agarose gel and 
visualized under UV-transilluminator.

Data analysis
The indoor and outdoor collections from hand and 

trap catches were grouped as total collection and analyzed 
statistically with that of the molecular pool prevalence 
assay. Based on morphological identification, the season 
wise variation in occurrence of individual mosquito spe-
cies was determined using one way analysis of variance 
(ANOVA) at α=0.05. Post hoc ANOVA, i.e. Tukey’s HSD 
test was also carried out to explain the significance of vari-
ance. The pool prevalence was calculated for occurrence 
of mosquito species in different ecotypes in particular 
season. Pearson’s correlation coefficient was determined 
for a comparative analysis of the morphological identifi-
cation with the pool prevalence assay for each ecotype.

RESULTS

Pool based screening of previously collected and pre-
served anopheline mosquitoes demonstrated that a maxi-
mum pool size of 10 was optimum for a good yield of 
DNA. As shown/indicated in Table 2, DNA purity was 
maintained near 1.8 for pool sizes up to 10.  Increasing 

the pool size beyond 10 yielded comparatively high quan-
tity of  DNA, however, with less purity (A260/A280 > 1.8). 
Additionally, during standardization, clear results were 
observed from DNA of pool size 10. However, on in-
creasing the pool size, PCR amplified products couldn’t 
be obtained possibly due to accumulation of secondary 
metabolites inhibiting PCR. Therefore, pool size of 10 
mosquitoes with standard DNA purity was optimized for 
multiplex PCR.

The lengths of the amplified species specific products 
were 350 bp for An. annularis, 290 bp for An. culicifacies, 
190 bp for An. pallidus, 160 bp for An. varuna and 120 
bp for An. fluviatilis (Fig. 2). The species-specific prim-
ers amplified the products from pool size of 10 with high 
specificity. 

Validation of the assay, screening the four ecotypes of  
the district

A total of 13,429 Anopheles mosquitoes belonging to 
different species were collected in three seasons from four 
different ecotypes. Out of the total species collected, 8951 
mosquitoes were identified morphologically belonging to 

Table 1. Primers used for multiplex PCR assay with nucleotide sequences and respective melting temperatures (Tm)

Species Primer 
name

Sequence (5′-3′) Bases (C + G)% Tm (OC)

Universal forward UF1 ACCAAGAAGTCTATCTTGCGCG 22 50 66.4
Universal reverse UR1 TCGGAAGGAACCAGCTACTA 20 50 61.4
An. annularis ANN CGTGGTACCGGCGTGTACTGCGCC 24 70.8 79.7
An. culicifacies CUL CCCACAGGCGAAGACAACTCGA 22 59.1 72.7
An. pallidus PAL CGTGAAGAGCGAATACAGCCCATG 24 54.2 72.2
An. varuna VAR GCTTGCCGTCCAGCAAACTG 20 60 70.3
An. fluviatilis FLU GTTGAAGTCAGGGGAAACCCT 21 52.4 65.3
P. falciparum PfF ACGTTTAGGGGCGAAAGACT 20 50 63.7
P. falciparum PfR TTAGCCCATCCATTTTCAGG 20 45 63.6
H. sapiens HUM1 CGAGAGTTCTCTGGAAGAATTGA 23 43.5 63.6
H. sapiens HUM2 TGATAGCCTGGAAGTGACAAAAT 23 39.1 63.5
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vectors of local importance, namely An. annularis, An. 
culicifacies, An. fluviatilis, An. pallidus and An. varuna. 
The abundance of these species was recorded highest in 
foothill ecotype (30.6%) followed by riverine (27.3%). 
Lowest abundance was recorded from plain (18.1%). 
Hilltop ecotype constituted 24.04% of vectors abundance. 
Anopheles annularis (38.7%) was found to be the most 
abundant vector in all the four ecotypes followed by An. 
culicifacies (19.6%) and An. pallidus (16.9%). Anopheles 
varuna and An. fluviatilis accounted for 12.7 and 12.1% 
of collection respectively from all the four ecotypes. 
Anopheles annularis was found to be the most abundant 
vector in foothill, An. culicifacies  in riverine, An. 
fluviatilis in hilltop, An. pallidus in plain and An. varuna 
in foothill ecotype (Fig. 3). For the PCR based pool assay, 
of the 8951 morphologically identified vector species, 
3624 and 543 were randomly chosen for examination by 

P1 and P2 (size 10) respectively. Relatively less numbers 
of mosquitoes were chosen for examination by P2 to 
avoid tedious work. The term pool prevalence (presence 
of a species in numbers of pool/total number of pools 
examined) was used to denote the prevalence of different 
species in different ecotypes and seasons. On comparing 
the morphological identification statistically with the 
pool prevalence assay for each ecotype, a significant 
strong positive Pearson’s correlation coefficient (r) was 
observed between the two. Also p-value obtained in each 
case was < 0.05 at α=0.05 (Table 3 and Fig. 4) indicating 
whenever there was an increase or decrease in number 
of mosquitoes collected (identified morphologically), a 
similar trend was observed for the pool prevalence for 
individual species which further validates the assay.

Season-wise analysis of total collections showed that 
malaria vectors were found with maximum density dur-
ing the winter (F = 11.06, p = 0.002) as compared with 
minimum during the rainy season (Table 4). Anopheles 
annularis showed peak occurrence during winter season 
followed by An. culicifacies, An. pallidus, An. varuna and 
An. fluviatilis. The occurrence of the all the species was rel-
atively less in summer season. The density of An. fluviatilis 
and An. varuna dropped abruptly during summer season.

On conducting a post-hoc ANOVA, i.e Tukey’s HSD 
test, significant difference was observed for the occur-
rence of all the five mosquito species in the three seasons. 
A significant difference was observed in the occurrence 

Fig. 2: Ethidium bromide stained gel electrophoresis of multiplex 
PCR products of the Anopheles vector mosquitoes, P. falci-
parum and human blood meal. Lane M: 100 bp ladder; Lane 
1: Negative control; Lane 2 and 3: An. annularis (350 bp), 
An. culicifacies (290 bp), An. pallidus (190 bp), An. varuna 
(160 bp), An. fluviatilis (120 bp) and human blood meal (519 
bp) through screening by P1 and P2, respectively; Lane 3: 
Plasmodium falciparum (429 bp); Lane 4: Field screening 
by P1, An annularis, An. pallidus and An. fluviatilis; Lane 
5: Field screening by P2, An. annularis, An. culicifacies and 
An. varuna; Lane 6: Confirmation of Pf for DNA in lane 3 by 
P2 method with only Pf specific primers in the head thoracic 
pool; and Lane 7: An. culicifacies (290 bp) and Pf (429 bp). 
This confirms the species carrying infection by P2 method; 
and Lanes 2–5 and 7, Common 400 bp product from the D3 
domain of 28S rDNA of all the member species.

Rath et al: A pool based screening of anopheline vectors

Fig. 3: Graphical representation for distribution of anophelines in  
different ecotypes.

Table 3. Comparative analysis of the morphological identification 
with the pool prevalence assay for each ecotype

Ecotypes Pearson’s correlation 
coefficient (r)

F-statistics p-value  
(α = 0.05)

Plain 0.98 76.1 0.003
Riverine 0.95 30.7 0.011
Foothill 0.97 52.1 0.005
Hilltop 0.88 10.6 0.05
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Fig. 4: Graphical representation for comparative analysis of morphological identification with PCR pool prevalence assay—(a) Plain; 
(b) Riverine; (c) Foothill; and (d) Hilltop.

Table 4. Seasonal prevalence of anophelines in Keonjhar district of Odisha during 2012–2013

 Species Average per man hour densities of mosquitoes collected F p-value
Rainy (July–Oct) Winter (Nov–Feb) Summer (Mar–Jun)

 An. annularis 95.25 (381) 527.5 (2110) 244.25 (977) 6.04 0.02

 An. culicifacies
103.75 
(415) 270.75 (1083) 63.25 (253) 7.62 0.01

 An. fluviatilis 26 (104) 241 (964) 3 (12) 7.32 0.01
 An. pallidus 31 (66) 261.25 (1021) 86 (426) 4.79 0.04
 An. varuna 36.75 (147) 246.5 (986)  1.5 (6) 5.11 0.03
 Total 234.2 1237.6 318.4 11.06 0.002

                          Figures in parentheses indicate the number of mosquitoes collected.

of An. annularis and An. pallidus between rainy and win-
ter (absolute mean difference > calculated Tukey’s HSD 
value) whereas there was no significant difference in oc-
currence between other seasons. Anopheles culicifacies 
and An. fluviatilis showed a significant difference in oc-
currence between rainy and winter, and winter and sum-
mer seasons. Similarly for An. varuna there was a sig-
nificant difference in its occurrence between winter and  
summer season but not in other seasons (Table 5). Simi-
larly, the average pool prevalence for all ecotypes was 
highest for An. annularis (0.68) followed by An. culicifa-
cies (0.47), An. pallidus (0.39), An. varuna (0.35) and An. 
fluviatilis (0.35) in the winter season. In summer, highest 

pool prevalence was observed for An. annularis (0.43), 
followed by An. pallidus (0.28), An. culicifacies (0.25), 
An. fluviatilis (0) and An. varuna (0). Similarly, in rainy 
season highest pool prevalence was observed for An. cu-
licifacies (0.37) followed by An. annularis (0.36) with a 
few occurrences of other species (Fig. 5). The details re-
garding the pool prevalence of individual species in each 
ecotype is represented in Table 6.  All the pools encoun-
tered were found to be positive for presence of human 
blood in the PCR assay. Anopheles culicifacies of riverine 
and foothill and An. fluviatilis of hilltop were found to be 
carrying sporozoite in rainy and winter seasons respec-
tively (Table 7).
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Table 5. Tukey's HSD test for ANOVA

Species Tukey’s HSD 
value

M1–M2 M2–M3 M1–M3

An. annularis 352.77 – 432.25 283.25 –149
An. culicifacies 157.34 –167 207.5   40.5
An. fluviatilis 191.68 –215 238   23
An. pallidus 216.96 –230.25 175.25 –55
An. varuna 231.49 –209.75 245   35.25

M1—Mean of mosquitoes collected in rainy season; M2—Mean of 
mosquitoes collected in winter season; and M3—Mean of mosquitoes 
collected in summer season. Values highlighted in bold are significant.

Fig. 5: Graphical representation of the average pool prevalence of 
anophelines in three seasons.

instead of individual mosquitoes. Though, other pool 
based studies have been performed with mosquitoes but 
have been used for detection of either single parameter 
or mixed parasitic infection only27-28.  This study aimed in 
detecting multiple parameters in a very short time period 
for bulk number of mosquitoes. The result of this assay 
was also validated in the field condition of Keonjhar dis-
trict, Odisha. The result of the PCR assay demonstrated 
that the highest pool prevalence was observed for An. 
annularis and An. pallidus from all the four ecotype vil-
lages in winter and summer. The pool prevalence of An. 
annularis was highest in foothill in winter whereas for 
An. pallidus it was highest in plain. Anopheles culicifacies 
was collected highest from riverine villages followed by 
hilltop.  Anopheles fluviatilis was collected from riverine, 
foothill and hilltop with highest pool prevalence in hilltop 
in winter. Anopheles varuna was found in winter in plain, 
riverine, foothill and hilltop with highest pool prevalence 
in foothill. 

It was observed that the population of Indian malaria 
vector anophelines in the study area increased with the 
onset of pre-monsoon rain. In the present study, An. an-
nularis were found throughout the year with varying den-
sities throughout the study with peak occurrence during 
summer and winter which confirms the earlier observa-
tions29. Anopheles culicifacies showed two peak occur-
rences i.e. during July-October and during November-
February similar to the study of Kulkarni30 which reported 
two peaks during Februray and July for An. culicifacies. 
Similarly the peak occurrence of An. fluviatilis during 
winter in this study was also supported by observation 
of Das et al29 in Koraput district of Odisha.  Anopheles 
varuna showed different prevalence patterns in the study 
villages that may be due to difference in environment and 
ecological factors. Tiwari et al31 reported the prevalence 
of An. varuna only during winter season from stone quar-
ry area of District Allahabad, Uttar Pradesh, India. In this 
study, mosquito distribution fluctuated following varia-
tions in ecotypes. This study of seasonal and spatial mos-
quito variations might provide important implications to 
direct control strategies. The recognition of uneven case 
distribution in malaria-endemic areas and the determina-
tion of its causal factors could lead to improved use of 
resources from malaria control programmes.

The PCR results also demonstrated that An. culicifa-
cies and An. fluviatilis were confirmed of carrying the spo-
rozoites during rainy and winter seasons of riverine and 
hilltop ecotype respectively. The number of pools positive 
for P. falciparum obtained in the first round PCR reduced 
in the second round of PCR due to overestimation or in-
gestion of P. falciparum gametocyte during blood feeding 

Rath et al: A pool based screening of anopheline vectors

DISCUSSION

Malaria is preventable, only if the active transmis-
sion is detected at an early stage before it turns out to be 
an epidemic. This could be achieved by screening an area 
for vector mosquitoes and taking appropriate control 
strategies against them. Integrated vector management 
programmes taken by the NVBDCP for malaria control 
rely on IRS with DDT and synthetic pyrethroid and use of 
LLINs. However, the investments on IRS and LLINs are 
not always fully well-versed by the basic biology of local 
anophelines25. Moreover difficulties in a control measure 
arise when the regional margins of a species range are 
poorly defined and when there is lack of knowledge on 
proper identification of the vectors26. Hence, continuous 
monitoring of mosquitoes should be carried out for map-
ping of malaria vectors in all seasons in a year to track 
the changes in vector fauna and their vectorial attributes. 
Precise knowledge of the biology and distribution of spe-
cies has been limited by the absence of reliable diagnostic 
characteristics.

In the present study a pool based screening of repre-
sentative number of Anopheles mosquitoes of four eco-
types was studied in three seasons for species identifica-
tion along with different vectorial parameters in pools 
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Table 6. Pool prevalence for anopheline mosquitoes in three seasons in four ecotypes 

Ecotype Seasons No. of mosquito Pool size No. of pool Species found
P1 P2 P1 P2         P1   PP            P2   PP

Plain Rainy 547 76 10 55 8 An. annularis (10)
An. culicifacies (1)

0.18
0.02

An. culicifacies (1) 0.13

Winter 469 58 10 47 6 An. annularis (7)
An. culicifacies (30)
An. pallidus (30)
An. varuna (2)

0.15
0.64
0.64
0.04

An. annularis (2)
An. pallidus (1)

0.33
0.17

Summer 184 37 10 19 4 An. annularis (5)
An. culicifacies (3)
An. pallidus (10)

0.26
0.15
0.53

An. annularis (1)
An. pallidus (2)

0.25
0.50

Riverine Rainy 276 34 10 28 4 An. annularis (8)
An. culicifacies (21)

0.29
0.75

An. culicifacies (3) 0.75

Winter 420 57 10 42 6 An. annularis (34)
An. culicifacies (26)
An. fluviatilis (8)
An. pallidus (30)
An. varuna (13)

0.81
0.62
0.19
0.71
0.32

An. annularis (5)
An. culicifacies (2)
An. pallidus (2)

0.83
0.40
0.33

Summer 178 38 10 18 4 An. culicifacies (7)
An. pallidus (4)
An. annularis (11)

0.39
0.22
0.61

An. culicifacies (1)
An. annularis (2)
An. pallidus (1)

0.25
0.50
0.25

Foothill Rainy 235 45 10 24 5 An. annularis (12)
An. culicifacies (2)

0.50
0.08

An. culicifacies (1) 0.20

Winter 528 63 10 53 7 An. annularis (46)
An. pallidus (20)
An. fluviatilis (24)
An. varuna (32)
An. culicifacies (5)

0.87
0.38
0.45
0.60
0.09

An. annularis (6)
An. pallidus (2)
An. fluviatilis (1)
An. varuna (3)

0.86
0.29
0.14
0.43

Summer 154 34 10 16 4 An. annularis (14)
An. pallidus (2)

0.87
0.13

An. annularis (2)
An. pallidus (1)

0.50
0.25

Hilltop Rainy 206 38 10 21 4 An. culicifacies (17)
An. annularis (10)

0.81
0.48

An. culicifacies (1) 0.25

Winter 344 36 10 35 4 An. fluviatilis (16)
An. annularis (28)
An. culicifacies (21)
An. pallidus (7)
An. varuna (15)

0.46
0.80
0.60
0.20
0.43

An. fluviatilis (2)
An. annularis (3)
An.varuna (1)

0.50
0.75
0.25

Summer 83 27 10 9 3 An. culicifacies (2)
An. annularis (1)
An. pallidus (1)

0.22
0.11
0.11

An. annularis (1) 0.33

Total 3624 543 367 59

P1— Mosquitoes taken for pool type-1; P2—Mosquitoes taken for pool type-2; Figures in parentheses indicate number of pool positives for 
the individual species out of total taken; PP—Pool prevalence.

from an infected person and oocyst. Likely the number of 
pools that were positive for human blood in rainy, winter 
and summer seasons were also found to be high in both 
the pooling methods indicating the anthropophilic nature 
of the vectors. 

Screening of the anopheline mosquitoes for species 
composition and sporozoite presence is very rapid by the 
first method but the particular species carrying the infec-
tion can not be traced by the same. Although, it is a bit 
time consuming by mosquito DNA pool method (P2) than 

that of mosquito pool (P1), but the former can trace the 
species carrying infection. The reverse way to check all 
the species in the pool individually takes time. Hence, it 
depends on demand of the situation to opt between the 
two methods.

The results obtained in the PCR based pool preva-
lence assay for species abundance were found to be corre-
lating with the morphological identification method. Thus 
this method can prove to be a vital approach in screening 
an area for presence of vectors and transmission potential 
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along with feeding preferences. Moreover, the seasonal-
ity among vectors can also be predicted with the present 
approach. The spatial and temporal patterns of distribu-
tion of species are the key factors required for monitor-
ing of vector control programmes.  Outcome of the re-
sults on seasonal abundance of malaria vectors in four 
different geographical areas of Keonjhar district, Odisha 
would improve our understanding of the patterns of ma-
laria transmission and the role of vector species in malaria 
transmission. The information on the seasonal prevalence 
of malaria vectors might pave the way for designing ap-
propriate vector control strategies. Thus, monitoring the 
population of a geographical area from time-to-time can 
be successfully achieved with this method.

CONCLUSION

The validation of this assay by both the methods suc-
cessfully screened the Anopheles population in four eco-
types. Using the pool based PCR assay, the information 
on the Anopheles species prevalence including their dis-
tribution pattern, host preference and vector competence 
in an area can be obtained which is further a vital approach 
in designing disease and vector control plans. This tech-
nique can be transferred to field study for implementation 
of a successful control strategy in evaluation and moni-
toring programmes. In addition to this early screening 
process, other suitable strategies are needed to be devel-
oped to screen the vectors during larval and pupal stages 
and to know the potential vector species composition. A  
map should be designed for entire breeding sources so  
that in case of an epidemic in the area, the particular  

breeding source can be targeted for control. This  
method will be useful for other districts for early warn-
ing of probable epidemics by implementing such vector 
control measures.
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