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Abstract
	 his study aimed to determine an appropriate technique for isolating helminthic objects from the  
	 exteriors of the bodies of flies, and to investigate helminth transmission rates among flies in 
an unsanitary community. The study area was Ban Nam Khem Village, Takua Pa District, Phang-nga 
Province, Thailand. In 2006, the prevalence of soil-transmitted-helminth (STH) infections in the 
community was 34.9%. Soil contamination in the swamp areas, where human feces were observed, 
ranged between 41.2-100% in the period February 2005-May 2006. Flies were abundant in defecation 
areas and around houses.
	 One year after treatment and health education, the prevalence decreased to 22.5%. While 
the infection rate among the schoolchildren decreased, the rate among the villagers increased to 
50.0%. In June 2007, the soil contamination rate was 13.3%. The 567 houseflies in the study were 
all Chrysomya megacephala. Hookworm and Trichuris trichiura eggs on the body surfaces of the flies 
were isolated using an ultrasonic cleaner. The helminth transmission rate for flies in the defecation 
area was 25.9%, and in the household surroundings 11.8%. The average number of eggs on the body 
surfaces of flies in the defecation area was 0.4. After feeding on human excreta, 508 resting flies left 
0.5 g of feces with pathogens in the surroundings. Anthelminthic treatment and health education 
were repeated to improve the helminth infection situation in the community.
	  Manual shaking and ultrasonic-cleaner techniques provided equal detection rates (80%), but 
ultrasonic cleaning retrieved more eggs.
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Introduction
	 Soil transmitted helminths (STH) are relatively 
common parasites in the slum and rural areas of 
many countries [1-9], the high prevalence of which 

is closely related to poverty, poor environmental 
hygiene, and impoverished health services [10]. 
The main source of transmission is defecation 
outside latrines by heavily infected persons [11]. 
While contaminated water, carriers, and food 
handlers might be the major transmission mode, 
indirect transmission by non-biting flies cannot 
be excluded [12,13]. Many authors have indicated 
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that primary-school children are an ideal target 
group for STH [14], as they frequently defecate 
indiscriminately around their houses, particularly 
in the courtyards, sitting rooms, drains and 
bushes, even where every household has a latrine 
[15,16]. Furthermore, some adults habitually 
excrete in the woods/groves not far from their 
houses [15,17,18]. In unsanitary communities, 
garbage, dead animal carcasses, and piles of feces, 
are often scattered around the houses. Flies are 
commonly found both indoors and outdoors. 
They persist on excrement, dead animal bodies, 
and contaminated areas where fecal matter, large 
amounts of organic waste, and piles of garbage are 
left exposed and unattended [19]. Theoretically, 
flies can transmit helminths through mechanical 
or biological means [20]. When infected persons 
excrete in open areas, there is an increased risk of 
contact between flies and pathogen-positive fecal 
matter [13]. Several studies have shown that eggs of 
Ascaris lumbricoides, Trichuris trichiura, hookworm, 
Enterobius vermicularis, Capillaria hepatica, Taenia 
sp, Hymenolepis nana, Toxocara canis, hookworm 
larvae, and Strongyloides stercoralis larvae, are 
carried by many species of houseflies [13,19,21-
24].
	 The aims of this study were to determine a 
practical method for isolating helminth objects 
from the exterior body surfaces of flies, and to 
investigate helminth transmission rates among 
flies in a contaminated area.
	 The study was carried out in an unsanitary 
community where helminth infections and soil 
contamination with helminth ova were high, and 
where flies were abundant in defecation areas and 
household environs.
	 The Ethics Committee of the Faculty of 
Tropical Medicine provided ethical clearance for 
this study protocol: Approval Number: MUTM 
2006-054.

Materials and methods
Study area
	 The study area was Ban Nam Khem Village, 
a fishing village in Takua Pa District, Phang-nga 
Province. This area was chosen because, when 

we conducted a study of helminth infections in a 
tsunami-affected area, many piles of fecal matter 
were observed in the nearby mangrove swamp. 
That study [18] found that the prevalence of STH 
among the population was quite high (34.9%), 
while the soil in the mangrove swamp was 
highly positive (41.2-100%) for A. lumbricoides 
and T. trichiura eggs. We found A. lumbricoides 
and T. trichiura eggs in every fecal sample from 
the swamp. Numerous flies were feeding on the 
excrement and many were resting on plants 
(sea-holly) near the excreta. Near the swamp 
was an area for making dried cuttlefish; during 
the process, a lot of flies fed and rested on the 
cuttlefish. A community of poorly constructed 
domiciles resided near the mangrove swamp, 
crowded together in an unhygienic environment, 
with dirty house floors, scattered garbage, and 
damp soil around the houses. Flies were seen 
everywhere in the village–on food during meals, 
around children eating confectionery, sleeping 
children, dropped food, baby toys, and garbage. 
The abundance of flies around the household was 
attributable to the stock of rotten fish, a byproduct 
of the cuttlefish harvest.

Prevalence of STH infection
	 S tool  samples  were  col lected f rom 
schoolchildren and villagers in the community, 
and examined by Katz’s modified thick-smear 
technique [25]. Stool samples from the swamp 
area were also examined to assess any relationship 
between contamination in human hosts, soil, and 
vectors.

Soil examination
	 Surface soil samples were collected in 
individual plastic bags from various sites in the 
mangrove swamp and examined by sugar flotation 
method [26].

Fly collection 
	 Flies were collected from the mangrove 
swamp and the nearby community, since many 
flies were seen on every pile of fecal matter in the 
swamp. The best method for collecting them was 
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by stool-bait trap. A stool sample with a mass of 
flies on its surface was chosen as the bait; this 
was placed in a flytrap left in the area and left 
for 1 hour. To attract the attention of the flies, 
other piles of fecal matter were covered with 
sand, soil, leaves or wood during fly collection. 
Due to the strong sunlight and high temperatures 
during the daytime in summer (June), most flies 
became somnolent and were easily collected in the 
collecting chamber and transferred to collecting 
tubes.
	 In the community, rotten fish was used to 
lure and trap the flies.

Fly examination
	 The flies were divided into 3 groups, 
as follows: flies from the mangrove swamp 
represented a homogeneous contamination of 
the fly population, since they were exposed to the 
same sources of infection.
	 Group I: comparison of detection rates 
for helminth ova on the body surfaces using 
2 techniques–manual shaking and ultrasonic 
cleaner. Ten flies were pooled and stored in a 
test tube with formalin detergent solution (FD 
solution) [27]; 200 flies were processed per test.
	 Group II: study of transmission rates of flies 
in the mangrove swamp; 108 flies were kept 
in individual microcentrifuge tubes with FD 
solution.
	 Group III: investigation of transmission rates 
of flies in the community (120 meters from the 
mangrove swamp); 68 flies were trapped. Each was 
kept in a microcentrifuge tube with FD solution.
	 All specimens were brought to the laboratory 
for processing.

Laboratory processing
	 The collected flies in group I were divided 
into 2 sets:
	 Set 1: washing by manual shaking
	 Each test tube containing 10 flies in FD 
solution was shaken for 1 minute. Detergent frees 
helminth objects from the body surfaces of flies, 
as it does fecal debris. The flies were removed 
by clean forceps and kept for identification. The 

remaining preparation was centrifuged at 2,000g 
for 2 minutes. All sediments were examined under 
a light microscope for helminthic objects.
	 Set 2: ultrasonic cleaner technique
	 The tested samples were placed in an 
ultrasound (Elna Transsonic Digital) at power 
No. 5 for 15 minutes, temperature off, and the 
flies removed for identification. The supernatant 
was centrifuged at 2,000g for 2 minutes and the 
sediment examined for helminthic objects.
	 In groups II and III, the ultrasonic cleaner was 
the method of choice, since our trials showed that 
the ultrasonic-cleaner washing process recovered 
more helminth eggs than the manual shaking 
technique.
	 The fecal matter observed on the inner 
surfaces of the collection chambers was washed 
with FD solution and collected for examination. 
The delicate sediment after sedimentation was 
checked for helminth objects.

Results
Prevalence of STH in the population
	 In June 2007, the prevalence of STH infection 
in the population residing near the mangrove 
swamp was 22.5%. Trichuris gave the highest 
infection rate of 14.8%, while Ascaris and 
hookworm infections were 9.2 and 4.9%, 
respectively. All hookworm- and Trichuris-infected 
cases were rated as light, but 30.8% (4/13 cases) 
of ascariasis were moderate. The present study 
showed the result for the tsunami project at 
1 year post-treatment. The prevalence among 
schoolchildren decreased from 27.8 to 14.5%, in 
contrast with the increasing prevalence among 
the villagers, from 41.3 to 50.0% (Table 1).

Soil contamination
	 Trichuris and hookworm eggs were detected 
from 4 soil samples in the mangrove swamp area, 
with a detection rate of 13.3%. Trichuris eggs 
from 3 samples were in multicellular (20%) and 
embryonated (80%) stages. One multicellular-
stage hookworm egg was found in a positive 
sample (Table 2). The average number of eggs per 
gram of soil was 2.75.

House flies: potential transmitters of STH infections
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	 Contamination of the environment with 
human excreta can be determined by detecting 
helminth eggs in soil samples. In our study, piles 
of fecal matter were consistently observed in the 
swamp. If the feces contained helminth eggs, 
there was no doubt of soil contamination. We 
could estimate the number of persons defecating 
in this area by the kinds of parasites and the 
degree of infestation of the collected fecal samples. 
Examinations indicated that, in the recent past, 
at least 4 persons had defecated in this area. 
After treatment and health education in the 
community, only one person still excreted there. 
The stool samples collected from the swamp 
contained Trichuris and hookworm eggs, and the 
number of eggs indicated light infections. It was 
possible that they were passed from the same host. 
The average numbers of eggs per gram of feces 
were 808 for Trichuris and 552 for hookworm. This 
was supported by the decreasing contamination 
rates for soil samples in June 2007 (Table 2).

Flies with helminthic objects on the body 
surface
	 A total of 576 houseflies (195 males and 
381 females) were studied; all were identified as 
Chrysomya megacephala.
	 Trials of the efficiency of the two washing 
techniques showed more helminth eggs were 
detected by ultrasonic cleaner (Table 3); however, 
the detection rates did not differ.
	 To detect the transmission rates in the flies, 
108 flies from the swamp area and 68 houseflies 
in the community were studied by ultrasonic 
cleaner technique. The results are shown in 
Table 4. Among 28 flies from the swamp area, 
17 hookworm eggs, 17 Trichuris, and 1 Ascaris 
were detected (25.9%). The average egg count 
per positive fly was 1.3. Most flies carried only 
one egg on the body surface, while 17.9 and 7.1% 
had 2 and 3 eggs, respectively. In the community, 
8 houseflies (11.8%) were contaminated with 
hookworm and Trichuris eggs. The average egg 

Table 1	 Soil-transmitted-helminth infection rates in Ban Nam Khem Village, Takua Pa 
District, Phang-nga Province.

	 No. of examinations	 No. positive (%)

		  Schoolchildren	 Villagers	 Total	 Schoolchildren	 Villagers	 Total

May 2006*	 133	 150	 283	 37 (27.8)	 62 (41.3)	 99 (34.9)

June 2007	 110	 32	 142	 16 (14.5)	 16 (50.0)	 32 (22.5)

* All infected cases and schoolchildren were treated

Table 2	 Soil-contamination rates in mangrove swamp near Ban Nam Khem Village, 
Takua Pa District, Phang-nga Province (February 2005 - June 2007).

		  No. of samples	 +ve sample (%)	 Helminth eggs

February 2005	 17	 7	 (41.2)	 A.l and T.t

January 2006	 7	 7	 (100.0)	 A.l and T.t

May 2006	 20	 12	 (60.0)	 A.l and T.t

June 2007	 30	 4	 (13.3)	 Hw and T.t

A.l = Ascaris lumbricoides, T.t = Trichuris trichiura, Hw = hookworm

House flies: potential transmitters of STH infections
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count per positive fly was 1.0.
	 Fecal dots attached to the inner surfaces of 
the collection chamber were washed with FD 
solution and examined for helminth objects. 
This contamination occurred when the flies were 
trapped in the chamber. In the laboratory, the 

washing was processed by sedimentation method. 
0.5 ml of sediment was obtained, containing 27 
Trichuris and 27 hookworm eggs.
	 The total number of eggs carried by the 508 
flies in the mangrove swamp was derived from the 
pooled eggs from the sediment, eggs in the two 

Table 3	 Number of eggs detected from houseflies (C. megacephala) by manual shaking 
and ultrasonic cleaner techniques.

		  No. of samples	 +ve sample	 No. of helminth eggs

	 Technique	 (no. of flies)	 (detection rate)	

				    Hw	 T.t	 A.l	 Total

Manual shaking	 20 (200)	 16 (80.0)	 38	 17	 0	 55
Ultrasonic cleaner	 20 (200)	 16 (80.0)	 48	 17	 1	 66

Hw = hookworm, T.t = Trichuris trichiura, A.l = Ascaris lumbricoides 

Table 4 	 Transmission rate of flies in the study areas at Ban Nam Khem Village, June 
2007.

	 Area	 No. exam	 +ve flies	 Helminth eggs & larvae

			   (%)

				    Hw	 T.t	 A.l

Mangrove swamp	 108	 28 (25.9)	 17	 17	 1
Community	 68	 8 (11.8)	 5	 3	 0

Hw = hookworm, T.t = Trichuris trichiura, A.l = Ascaris lumbricoides

Table 5	 Number of STH eggs on the body surfaces of flies in the swamp area of Ban 
Nam Khem Village, June 2007.

	 Number of eggs found
	 Trials	 No. of flies	
			   Hw	 T.t	 A.l	 Total

Group I
	 -	 manual shaking	 200	 38	 17	 0	 55
	 -	 ultrasonic cleaner	 200	 48	 17	 1	 66

Group II (contamination rate)	 108	 17	 17	 1	 35

washing sediment	 -	 27	 27	 0	 54

Total		 508	 130	 78	 2	 210

House flies: potential transmitters of STH infections
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trials (groups I and II) and the eggs on the body 
surfaces of 108 flies (Table 5). The average number 
of eggs on the body surface of a fly was 0.4.
	 Mites, the ectoparasites of flies, were also 
isolated from the body surfaces of the houseflies; 
the number of mites per fly ranged between 1-40.

Discussion
	 One year after health education and treatment, 
the overall prevalence of STH in the community 
decreased from 34.9 to 22.5%. In the previous year, 
mass treatment had been provided to all school 
children; thence, the infection rate decreased 
from 27.8 to 14.5%. In the village, people did not 
consider STH infection a serious problem; most did 
not submit stools for examination. Some infected 
cases refused to take anthelmintic drugs, although 
we tried to treat all infected cases and inhabitants 
with a habit of indiscriminate fecal disposal. These 
factors resulted in unsuccessful treatment of the 
villagers; thus, one year later, the infection rate 
increased from 41.3 to 50.0%. However, at the 
end of the study, both groups were re-treated.
	 Examination of the stool samples in the 
swamp area revealed that the number of people 
defecating in the area had decreased after 
community health education. Since only one 
person still defecated there, soil contamination in 
the swamp area had decreased from 100 to 13.3%. 
The decreased contamination rate also indicated 
partial success of the health education program 
in the community.
	 To extract helminth objects from the carriers, 
manual shaking and ultrasonic cleaner techniques 
were tested. The two methods provided equal 
detection rates, but more eggs were isolated 
using the ultrasonic cleaner. With this washing 
technique, A. lumbricoides eggs were discovered, 
although none was detected from feces in the 
defecation area. This finding supported the 
higher efficacy of the ultrasonic cleaner, and also 
incriminated flies as potential carriers of helminth 
infections. The flies carried A. lumbricoides eggs 
from contaminated sites outside the swamp area. 
The result also correlated with the finding of STH 
infection in the community.

	 Although house flies, bush flies, and blow flies 
were common around the households, in garbage, 
and on human and animal excreta, the dominant 
fly species was C. megacephala [13,19,21,22]. C. 
megacephala is a proven mechanical transmitter 
of pathogens to humans, since they feed on 
both human feces and human food [28]. Ten 
intestinal helminth eggs and larvae have been 
isolated from flies collected around households, 
in an urban slum area, on an open defecation 
area, garbage heaps, a small open-air market, and 
meat butchers near human dwellings [13,19,21-
24]. C. megacephala was the most prevalent carrier, 
exhibiting a significantly higher average egg load 
than Musca domestica [21]. In the present study, 
C. megacephala was the only species trapped in 
the study area. Because the mangrove swamp was 
the post-tsunami defecating area for the villagers, 
piles of fecal matter attracted flies. After feeding 
and resting, the flies traveled into the community, 
about 120 meters from the feeding site.
	 Flies that had direct contact with helminth-
positive feces were efficient carriers, because at 
least 25.9% were contaminated with pathogens. 
In the defecation area, every 2-3 flies carried at 
least 1 helminthic object on the body surface 
(average number of eggs per fly = 0.4). After 
feeding, they rested in the area and contaminated 
the environment with the pathogens on their 
footpads, hairs, bristles, and external mouthparts. 
An almost invisible dot of feces in the environment 
might contain eggs or larvae that develop further 
and then transmit to humans. In the mangrove 
swamp, sea-holly, a medical herb that grows in 
damp soil, was common. Numerous flies were seen 
on the leaves and stems of this plant. Infection 
could occur when these herbs were collected for 
medication, with unintended contact by humans 
or during woodcutting. In this community, 11.8% 
of flies had eggs on their body surfaces, and could 
transmit them to human food and household 
surroundings. 25% of infected flies had 2-3 eggs 
adhering to their body surfaces. The study found 
that 508 flies could leave 0.5 ml of fecal sediment 
in the collection chamber. This was considered 
to be the amount of pathogenic fecal matter 
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distributed into the environment by 508 flies; 
thus, a fly carried 0.001 g fecal mass on the body 
surface after feeding on human waste.
	 We did not investigate the presence of 
helminth objects in the flies’ guts. Nevertheless, 
many researchers have reported higher parasite-
detection rates in the gastrointestinal lumen than 
on body surfaces [13,22,23]. Sulaiman et al [19] 
found hookworm eggs and larvae in the guts of 
flies, but found none on the external surfaces.
	 From this investigation, it may be concluded 
that only one person with a light STH infection 
can contaminate both defecation areas and disease 
vectors. Over 25.9% of the fly population was 
contaminated. After resting and contaminating 
the environment with infective matter carried on 
the body surface, they transmitted the infection to 
the community, at a rate of 11.8%. The discovery 
of A. lumbricoides eggs on the flies supported the 
supposition that C. megacephala was a potential 
STH transmitter, which could carry and spread 
pathogens to other places, since they are able to 
travel up to 20 miles to unsanitary sites [29].
	 The current study showed that the housefly 
is a potential mechanical vector for STH infection, 
and therefore its role in disease transmission 
should not be underrated. In high-risk areas, 
health education targeting the elderly should 
emphasize personal and environmental hygiene. 
In areas where open-air defecation is common, 
food must be strictly protected from houseflies, 
since in this study one in every 11 flies around 
the house was found positive for helminth eggs. 
Other microorganisms causing protozoan and 
bacterial infections have also been reported 
[13,24]. The control or eradication of houseflies 
should be attempted, to stop intestinal-parasite 
transmission in the community, in addition to 
drug administration.
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