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ABSTRACT 

During the season of high Phlebotomus argentipes prevalence, from 
June to November, a field study was carried out fortnightly in a 
village in the State of West Bengal, India, to evaluate comparatively 
different sampling methods, such as hand capture (HC), bait landing 
capture (BLC) from humans and cows, pyrethrum spray-sheet 
capture (PSC), exit-trap capture (ETC) and sticky-paper capture 
(SPC). Thirty structures, 15 huts and 15 animal sheds, were selected 
as collecting stations and divided into five groups, each consisting 
of three huts and three animal sheds. The different sampling methods 
were rotated among the five groups and evaluation of the methods was 
based on female argentipes densities. The following mean densities 
were obtained: HC: 13.1/man-hour in cowsheds, 7.s/man-hour in huts; 
BLC: 11.8/anima1 bait/night, 4.8/man bait/night; PSC: 
2.3/cowshed/day, 1.0/hut/day; ETC: 1.2/trap/night in cowsheds, 
O.s/trap/night in huts; SPC: 0.9/15 sticky papers in cowsheds and 
0.4/15 sticky papers in huts. On statistical analysis, the different 
sampling methods did not appear to be uniform. HC seemed to be the 
most effective of all the methods, followed by BLC and PSC. There was 
no significant variation over months for HC in particular. The other 
methods of collection were cumbersome, tedious, erratic, and even 
risky, requiring more time, materials and personnel than the hand 
collection method. The latter is simple, less time-consuming, 
requires one person only, and gives uniform results. 

1. INTRODUCTION 

The quantitative determination of sandf1y densities is important in transmission studies 
and in the planning and evaluation of suitable vector control strategies. A few sandf1y 
sampling methods are available. However, they have been used variously by different 
researchers in different parts of the world. A comparison would permit to select methods 
that are the most effective in order to be able to use a minimum of these for routine 
monitoring of vector populations. A standardized approach would permit comparison between 
seasons and areas as recognized by the m{O Expert Committee on Leishmaniasis (WHO, 1984). 
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Kala-azar is endemic in West Bengal and is transmitted by Phlebotomus argentipes which 
is the predominant species in the area and is also highly endophilic (Hati et al., 1981; 
Hati, 1982). 

During the season of high sandf1y prevalence, from June to November, a field study was 
carried out to evaluate comparatively different sampling methods, such as hand capture, bait 
landing capture, pyrethrum spray-sheet capture, exit-trap capture and sticky-paper capture. 

2. METHODS 

2.1 Trial area 

Past observations have shown high indoor densities of P. argentipes in one of the 
typical villages in the district of Burdwan, State of West Bengal, India (Hati, 1982). An 
adjacent village, Koria, 9S km from Calcutta, was selected as the trial area. The village is 
1 km long and 60 m wide, with S8 mud huts, 31 cowsheds and 10 brick houses; it has 439 
inhabitants. The dwellings are somewhat dispersed and the distance between any two trial 
sites was at least 10 m. There is no prevalence of kala-azar in the area as well as in the 
whole district. This village with ponds, ditches and luxuriant vegetation is practically 
surrounded by vast agricultural fields, where at least three crops are harvested during a 
year. 

2.2 Preliminary survey 

A preliminary survey was carried out in May 1985, in a large number of appropriate huts 
in human settlements and animal shelters (cowsheds), to identify those with relatively high 
sandfly densities. The sampling method used for the preliminary survey was hand capture by 
means of suction tubes. On the basis of this survey 30 structures, IS huts and IS cowsheds, 
were selected as collecting stations. 

2.3 Routine observations 

Hand capture. Hand capture was carried out with suction tubes in three huts and three 
animal shelters. The collection was set for a fixed time of 20 minutes, regardless of 
density. The sandflies were transferred to appropriately marked paper cups. 

Bait landing capture. One volunteerl was sleeping in a hut and sandflies landing on 
his superior and inferior extremities, body, and face were collected with the help of a 
suction tube and transferred to a paper cup. Simultaneously, one collector made collection 
of sandflies landing on a cow in an animal shelter. The collections were made from dusk to 
dawn and transferred to paper cups. Although the area was formerly endemic, there have been 
no cases in the recent past and therefore no risk of the baits being infected. 

Pyrethrum spray-sheet capture. PSC was carried out in three huts and three animal 
shelters; all large exits were blocked. The sandflies picked up from the spray sheets were 
placed over wet filter paper in appropriately marked Petri dishes. 

Exit-trap capture. At dusk, one exit trap was fixed to each suitable window opening or, 
in the absence of windows, hung against the doorways in three huts and three animal 
shelters. These were inspected in the early morning of the next day and the sandflies were 
transferred with the help of suction tubes to appropriately marked paper cups. 

Sticky-paper capture. On the walls of each of the three huts and three cattle shelters, 
IS paper sheets measuring 20 cm x 30 cm and appropriately treated with castor oil were hung 
at random at different levels and distances. They were hung at dusk and removed early in the 
morning of the next day. The sandflies were picked up from the IS sheets in each collecting 
station with forceps, preserved in 70% alcohol, and appropriately marked. 

2.4 Duration of observation 

These routine observations were carried out fortnightly for six months from June to 
November. The different sampling methods were rotated among the five groups of huts and 
cowsheds selected as collecting stations (see Table 1). 

I All volunteers were local inhabitants. 

TABLE 1. PATTERN OF SAMPLING METHOD ROTATION AMONG GROUPS OF 
HUTS AND COWSHEDSI 

Collection Group Group Group Group Group 
A B C D E 

I ~ June 
HC PSC SPC ETC BLC 

II BLC HC PSC SPC ETC 

III ~ Jul ETC BLC HC PSC SPC 
IV Y SPC ETC BLC HC PSC 

V ~ August 
PSC SPC ETC BLC HC 

VI HC PSC SPC ETC BLC 

(and so on through November, 12 collections in all.) 

1 Each group comprised three human dwellings 
(huts) and three cowsheds. For BLC only one hut and 
one cowshed were used in each group. 

HC = hand capture; BLC = bait landing capture; 
ETC exit-trap capture; SPC = sticky-paper capture; 
PSC = pyrethrum spray-sheet capture. 

2.S Processing of collections 
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Species were identified in each collection (e.g., I and II June; III and IV July, etc.). 

2.6 Evaluation 

The comparative evaluation of the methods was based on female P. argentipes densities. 
Sergentomyia babu babu, the only other species of sandflies caught, constituted only a small 
proportion (9.1%) of the total. The relative efficacy of the methods was assessed by 
appropriate statistical analysis ('F' test statistics and 't' test statistics). 

3. RESULTS AND DISCUSSION 

The mean density of P. argentipes females collected by hand capture was l3.l/man-hour in 
cowsheds (range 3-29) and 7.S/man-hour in huts (range 3-19). The mean bait landing 
capture/cow bait/night was 11.8 (range 0-23) and 4.8/man bait/night. Pyrethrum spray-sheet 
capture showed a mean density of 2.3/cowshed/day (range 0-22) and 1.0/hut/day (range 0-4). 
Exit-trap capture was 1.2/trap/night in cowsheds (range 0-14) and O.S/trap/night in huts 
(range 0-7). The mean density was 0.9/lS sticky papers in cowsheds and 0.4/lS sticky papers 
in huts (Table 2); the range of phlebotomines/lS sticky papers varied from 0-8 in cowsheds 
and O-S in huts. 

Statistical analysis showed that the different sandf1y sampling methods did not appear 
to produce uniform results. Hand capture seemed to be the most effective method, followed by 
animal bait captures and pyrethrum spray-sheet captures; on the whole, however, there was no 
significant difference in performance between animal bait captures and spray-sheet captures. 
A significantly larger number of sandf1ies was obtained from cowsheds than huts with all 
methods studied, and more sandflies were collected by hand capture in cowsheds than in huts. 
The number of sandflies collected was not uniform over the months: July appeared to be the 
best (i.e., largest number collected), followed by August, June, September, November and 
October, in decreasing order of preference. There was no significant difference between June 
and August and also between September and November. However, the number of sandflies 
collected showed a strong relationship between the type of method used and the time of the 
year except for the hand capture method where no significant variation over the different 
months was observed (Table 3). 

Along with the females, male P. argentipes were also collected, compr~s~ng 24.S% of 
total hand captures, Sl.7% of animal bait captures, 39.4% of man bait captures, 33.1% of 
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total pyrethrum spray-sheet captures, 35.4% of total exit-trap captures and 32.4% of total 
sticky-paper collections. 

During this study, despite the use of all the above methods, the only other species of 
sandf1y captured was Sergentomyia babu babu, a total of 68 only, of which 35(51.5%) were 
obtained through pyrethrum spray-sheet captures (18 from cowsheds and 17 from huts). 

Bait landing capture off animals was tedious, erratic, time-consuming and even risky, as 
on one occasion one of the volunteers was seriously wounded by the kicking hoof of the 
irritated animal. Bait landing capture off human beings might project the exact nature of 
man/vector contact (Hati et a1., 1981), but it would probably not be possible to conduct such 
type of studies regularly for sampling sandf1ies, especially where the disease exists. 

The pyrethrum spray-sheet capture method was time-consuming; cumbersome; required that 
equipment and spraying materials be carried to the spot on every occasion; presented the 
difficulty of getting suitable sites to conduct the experiments; needed volunteers to spread 
the sheets, close the hut or cowshed openings, spray and collect the specimens. The 
advantage of this method is that theoretically almost all the flies could be collected; 
however, in practice, this was not observed, probably because the insects, irritated by the 
spray, disappeared to the inner sides of cracks and crevices. 

Collections from exit-traps were also not very encouraging, though this method seemed to 
be superior to the sticky-paper capture method. The latter was not found to be useful at all 
for measuring sandf1y density - over a 24-night period only 48 female P. argentipes were 
collected on 1080 sticky papers; however, Dergacheva et a1. (1979) found it a useful method 
of counting sandf1ies in burrow colonies of the great gerbil Rhombomys opimus. For all the 
above-mentioned methods certain additional and/or unforeseen equipment was necessary. 
Moreover, to fix exit-traps and hang sticky papers in the evening and remove them the next 
morning, to search for sandf1ies, would require at least two visits to the experimental site. 

In October 1985, in a study using CDC1 light traps (30 trap-nights in each cowshed and 
hut) in the same village, the mean density/trap-night in cowsheds and huts was 0.4 and 0.1, 
respectively; however, the light traps were filled with thousands of mosquitos of several 
species (unpublished data, Department of Medical Entomology, Calcutta School of Tropical 
Medicine, 1985). Consequently, this method also may not prove very useful in evaluating the 
density of sandf1ies. Moreover, captures using light traps might provide a false picture of 
the species composition and density of a sandf1y population, in as much as different species 
might vary in their phototaxic responses to artificial light (Dergacheva et a1., 1979). 

Hand capture, on the other hand, was simple, less time-consuming, required only suction 
tubes, torches, and paper cups, and could be carried out by one person. It also gave uniform 
results, even during inclement weather. 

Considering the above facts, hand capture seemed to be the most effective of all the 
methods studied. 

1 Centers for Disease Control, Atlanta, Georgia, USA. 
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TABLE 2. MEAN DENSITY OF P. ARGENTIPES FEMALES COLLECTED BY DIFFERENT SAMPLING METHODS 

Huts Cowsheds Huts + Cowsheds 

Method Mean density index 

Hand capture No./man-hour 

Bait landing capture No./bait/night 

Pyrethrum spray- No./shelter/day 
sheet capture 

Exit-trap capture No./trap/night 

Sticky-paper capture No./15 sticky-papers 

No. of 
units 

12 

12 

36 

36 

36 

No. 
females 

collected 

90 

57 

37 

18 

14 

Mean No. of 
density units 

7.5 12 

4.8 12 

1.0 36 

0.5 36 

0.4 36 

No. 
females 

collected 

157 

141 

84 

44 

34 

Mean No. of 
density units 

13.1 24 

11. 8 24 

2.3 72 

1. 2 72 

0.9 72 

No. 
females 

collected 

247 

198 

121 

62 

48 

TABLE 3. FORTNIGHTLY COLLECTIONS OF FEMALE P. ARGENTIPES BY DIFFERENT METHODS FROM JUNE TO NOVEMBER 1985 

No. of 
collections 

June I 

June II 

July I 

July II 

August I 

August II 

September I 

September II 

October I 

October II 

November I 

November II 

Total 

C.£. 

9 

6 

3 

26 

17 

29 

8 

12 

14 

7 

10 

16 

157 

HC~ 

H.£. T.£. 

7 16 

10 16 

3 6 

15 41 

7 24 

19 48 

4 12 

5 17 

9 23 

1 8 

7 17 

3 19 

90 247 

C 
off 

BLC~ 

H 
off 

cow man 

2 2 

24 23 

34 3 

41 5 

11 7 

6 

9 2 

8 11 

1 

1 1 

2 1 

2 2 

141 57 

T C 

4 4 

47 10 

37 3 

46 34 

18 6 

6 3 

11 3 

19 10 

1 2 

2 2 

3 2 

4 5 

198 84 

PSC~ ET~ SPC~ 

H T C H T C H T C 

4 8 2 2 17 

8 18 8 7 15 2 2 50 

5 8 3 3 3 3 46 

7 41 14 1 15 115 

3 9 9 5 14 4 2 6 47 

1 4 2 1 3 8 8 48 

2 5 2 2 2 2 24 

2 12 1 2 3 5 1 6 36 

1 3 1 1 17 

1 3 1 1 10 

1 3 1 1 2 2 4 6 17 

2 7 2 1 3 8 5 13 33 

37 121 44 18 62 34 14 48 460 

~ HC = hand capture; BLC bait landing capture; PSC pyrethrum spray-sheet capture; ETC exit-trap capture; 

SPC = sticky-paper capture. 
b - C = cowshed; H = hut; T total. 

Total 

H 

13 

48 

11 

28 

24 

21 

8 

21 

11 

4 

14 

13 

216 

Mean 
density 

10.3 

8.3 

1 7 . , 

0.9 

0.7 

T 

30 

98 

57 

143 

71 

69 

32 

57 

28 

14 

31 

46 

676 
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TABLE 2. MEAN DENSITY OF P. ARGENTIPES FEMALES COLLECTED BY DIFFERENT SAMPLING METHODS 

Huts Cowsheds Huts + Cowsheds 

Method Mean density index 

Hand capture No./man-hour 

Bait landing capture No./bait/night 

Pyrethrum spray- No./shelter/day 
sheet capture 

Exit-trap capture No./trap/night 

Sticky-paper capture No./15 sticky-papers 

No. of 
units 

12 

12 

36 

36 

36 

No. 
females 

collected 

90 

57 

37 

18 

14 

Mean No. of 
density units 

7.5 12 

4.8 12 

1.0 36 

0.5 36 

0.4 36 

No. 
females 

collected 

157 

141 

84 

44 

34 

Mean No. of 
density units 

13.1 24 

11. 8 24 

2.3 72 

1. 2 72 

0.9 72 

No. 
females 

collected 

247 

198 

121 

62 

48 

TABLE 3. FORTNIGHTLY COLLECTIONS OF FEMALE P. ARGENTIPES BY DIFFERENT METHODS FROM JUNE TO NOVEMBER 1985 

No. of 
collections 

June I 

June II 

July I 

July II 

August I 

August II 

September I 

September II 

October I 

October II 

November I 

November II 

Total 

C.£. 

9 

6 

3 

26 

17 

29 

8 

12 

14 

7 

10 

16 

157 

HC~ 

H.£. T.£. 

7 16 

10 16 

3 6 

15 41 

7 24 

19 48 

4 12 

5 17 

9 23 

1 8 

7 17 

3 19 

90 247 

C 
off 

BLC~ 

H 
off 

cow man 

2 2 

24 23 

34 3 

41 5 

11 7 

6 

9 2 

8 11 

1 

1 1 

2 1 

2 2 

141 57 

T C 

4 4 

47 10 

37 3 

46 34 

18 6 

6 3 

11 3 

19 10 

1 2 

2 2 

3 2 

4 5 

198 84 

PSC~ ET~ SPC~ 

H T C H T C H T C 

4 8 2 2 17 

8 18 8 7 15 2 2 50 

5 8 3 3 3 3 46 

7 41 14 1 15 115 

3 9 9 5 14 4 2 6 47 

1 4 2 1 3 8 8 48 

2 5 2 2 2 2 24 

2 12 1 2 3 5 1 6 36 

1 3 1 1 17 

1 3 1 1 10 

1 3 1 1 2 2 4 6 17 

2 7 2 1 3 8 5 13 33 

37 121 44 18 62 34 14 48 460 

~ HC = hand capture; BLC bait landing capture; PSC pyrethrum spray-sheet capture; ETC exit-trap capture; 

SPC = sticky-paper capture. 
b - C = cowshed; H = hut; T total. 

Total 

H 

13 

48 

11 

28 

24 

21 

8 

21 

11 

4 

14 

13 

216 

Mean 
density 

10.3 

8.3 

1 7 . , 

0.9 

0.7 

T 

30 

98 

57 

143 

71 

69 

32 

57 

28 

14 

31 

46 
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