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SUMMARY 

The effect of fly control measures on diarrhoea morbidity and mortality is analysed, 
and interventions to reduce the fly population are reviewed. Although the evidence examined 
suggests that flies are able to transmit enteric pathogens from faeces to human beings via 
food or drink, the extent to which this takes place remains unknown . The literature is 

. limited, consisting mostly of studies conducted prior to 1960 which suffered from numerous 
methodological problems . The median reduction in diarrhoea morbidity rates that might be 
achieved through fly control measures, derived from seven studies, is 40% (0% - 67%) . The 

. potential impact of fly control on diarrhoea mortality is unknown; the data from the only two 
studies that could be located ranged from reductions of 50%-75% to a 143% increase . 

' Long-term, environmentally safe fly control is difficult to achieve and sustain . Effective 
methods for short-term control, which involve the use of insecticides, are unsafe for humans 
and other animals . The available evidence suggests that fly control is not feasible in many 
settings and that, even if successfully implemented, it is not a cost-effective intervention 
for national diarrhoeal disease control programmes. 
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INTRODUCTION 

Flies have been implicated as disease vectors for thousands of years. 
workers and the general populace believe that flies transmit diarrhoea. Fly control is 
therefore widely promoted, and the protection of food and beverages from flies is also 
advocated. 

This review is one of a series in which potential interventions for the control of 
diarrhoeal diseases are being examined (5-8, 19, 20, 23-30). It is one of four reviews 
e~amine the rol~ o,f

il 
inte:ventions )~o interrup~ ,t.ransmi:ss~.~p. i ,n, ',th~ c~Pt~ol of diarrhoeal 

dl.seases. The other' three interventions ar~" improving water supplies and excreta disposal;' 
facilities (24), promoting personal and 'domestic hygiene (26), and promoting food hygiene , 
(23). Some overlap exists between fly control and the other potential interventions to - . 
interrupt the transmission of enteric pathogens. To the extent possible, this paper will 
examine the role of fly control independently of its association with the other i 
to reduce transmission. 

Where possible, information has been restricted to the common house fly, ~ 
domestica Linnaeus, the synanthropic fly that has been studied most frequently in connect 
with the transfer of enteric pathogens to man. In most cases no distinction of species 
made, and thus the term flies will be used in ~his review. Knowledge about the common 
housefly mayor may not apply to the other species, since behavioural differences 
synanthropic fly species. 

, ' 

EFFECTIVENESS ) : 

For fry con~~l to be an eff~cttve diarrhoea con~roi inte~enti~n: it 
that: 

. :," .' I 

fries ' contribute t6 the ttirismissiJA of 
' diatrhoea: cau~ing ' path~geris a~d 'theFeby 
iricrease the incid~nc;e ' of";:Uarrho~a: ' morbidi ty 

r ? ' . j r,. ' 
or mortality among yourig children 

_~):'.('t 

fly control measures are effective in 
reducing the fly popUlation in a community 

or 

fly control measures can reduce diarrhoea 
morbidity or mortality rates among young 
children ' I.}' " 

'. .1 

" 

.. 

hyp~the~is 1 

'I 

hypothesis 2 

hyp'othesis 3 

The potential effectiveness of fly control would be suggested by a demonstration e 
of the correctness of hypotheses land 2 or of the correctness of hypothesis 3. The 
for and against these hypotheses is examined below: 
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Hypothesis 1: Flies contribute to the transmission of diarrhoea-causing 'pathogens and 
thereby increase the incidence of diarrhoea morbidity or mortality 'among 
young children 

Evidence that flies contribute to the transmission of diarrhoeal disease agents is 
derived from three sources of data: ' biological studies that have recovered 'diarrhoeal 
idisease agents from flies, epidemiological studies that have associated flies with diarrhoea 
.rates, and experimental volunteer studies that have reported 1that flies act 's,s a vehicle 'for 
the transmission of .diarrhoea1 disease agents. ' These three sources of data are considered in 

.J t .' 

of diarrhoeal agents from flies. 

Many pathogens that fare known to cause diarrhoea in' man bave:;beEfIc r~covered from flies 
(Table 1). Bacteria, viruses, and protozoa have been fourid on the integument of flies, in 
the crop, -midgut, and hindgut, ·and in the faeces and vomit . . - Although rotavirus' is not 
included in rT'ab1'e 1, ,it ,is 'possible that this virus, if looked f 'or " F.could be recovered from 
flies. Helminth ova and cysts have -also been -recovered from flies (38, 52, 65). 

Table 1. -Enteric pathogens recovered from flies 
\ _ J 

Type of organism Species , References 

Bacteria Bacillus cereus 57-59 

Campy10bacter .jejuni 64, 73, 78 

',Escherichia coli 13, 22, 41, 44 
57-59, 68 

tJ.1 _. " 

Salmonella spp. 10, 13, 31, 33,: 
57, 68 

Shi&ella spp. 9, 10, 22" '31, 45 
57-59, 62, 68, 79 

Staphylococcus spp. 34, 50 

Vibrio cho1erae 22, 44 

Vibrio parhaemolyticus 14 

Viruses Coxsackie virus ,r 48, ,49 . 
Enteroviruses 13 

Polio virus 48, 49, 54 

Parasites Balantidium coli . 21 

Entamoeba histo1ytica 21, 39, 56, 60 

Giardia lamblia 21, 39, 60, 70 

,Strongyloides stercoral is .21, 60 
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The number of enteric pathogens carri~d on the integument of flies may be 
to the concentration of those pathogens in the contaminated material with which th~ fl~es, 
have contact (71). This may account for the wide range of numbers of bacteria (10 -10 ) 
recovered from the external surfaces of flies by early investigators (79). 

Enteric bacteria can survive on the integument of flies for up to 10 'days, 
Giardia has been reported to survive for no more than' 1 day (Table 2); Several fac~n?o.~~~ 

to reduce the survival time of enteric pathogens on flies , (34).. Pathogens may be-disl 
when flies preen their wings and brush their heads and legs. Desiccation of bacteria;:"""" ... ,, • . 
during flight, and solar radiation has been reported to reduce markedly the average ' numD,er ':o' 
live bacteria carried on flies (53). 

Table- ' 2: Survival timeS' of, enteric pathogens on and in flies:' 

Type of organism 

Bacteria 

Protozoa 

Viruses 

Protozoa 

Species Survival time (days) 

ON FLIES 

Campylobacter spp. 3-7 

Escherichia coli 6 

Salmonella spp. 6-10 
" "", . 6 

Shigella- SPR. 6 

Vibrio cholerae " 7 

Giardia lamblia <1 

IN FLIES 

Shigella spp. j') "t'''L 6 

Staphylococcus spp. 8 
.. q~. ;J._.'~_ 

Vibrio , cholerae 

Coxsackie virus 
Polio'J,v;i'ru~t . ,"i- J, 

Giardia lamblia, 

30 

12 
I.7 

<1 

73 

40J 

37 
4(} 

40 

44 

42 

40 

50 

44 

49 
49 

42 !~ 

-l 

63 I 

I , 
Enteric pathogens may also be carried in the gut, of i flies and deposited in vo~itus 

excreFa. As might be exp~cted, the reported survival times of enteric bacteria in flies 
somewhat longer than the survival times QIl' flies (Table ' 2). Enteric protozoa ;(, however, 
appea~ to survive for a very short period, even in flies. I 

Multiplication of enteric bacteria in flies has been reported to occur for Vibrio 
cholerae (44), Salmonella typhimurium (35,40), in . Escherichia coli (40, 57-59), and ! ~=a;~ 
(40), but the evidence is inconclusive. Multiplication is facilitated in laboratory 
experiments in which flies are exposedc to a -single I organism. Where flies are ingesting 
mixed flora, as -in reality they must, multiplication of the 3elatively fastidious enteric , 
pathogens is less likely (35). The ingestion of at least 10 bacteria may be necessary 
before survival and multiplication of the organisms can occur (40). 
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However, it may not be necessary for enteric pathogens to multiply in flies for flies 
to playa role in the transmission of diarrhoeal disease. Flies feed once every 4-5 hours 
and deposit faeces and vomit several times per hour (41). Some flies breed in and seek out 
faecal matter and are most likely to pick up and deposit enteric pathogens innumerable times 
during their adult life-span, which may last from less than 1 week to 2 months in natural 
conditions. Enteric bacteria deposited in small numbers on food could, if conditions were 
right, multiply rapidly to the concentration necessary to produce infection in humans . 
Viruses and protozoa deposited on food would not multiply, but their infectious dose for 
humans is low and thus disease transmission could still take place. 

Epidemiological studies associatin& flies and diarrhoea 

Fourteen studies have been located that have reported associations between fly 
,~opulations and diarrhoeal disease (2, 3, 12, 16, 22, 36, 45, 51, 62, 66, 69, 77, 79, 81) 
(Table 3). Seven of these studies (3, 16, 22 , 45, 62, 69, 79) reported a positive 
association between fly densities and health outcomes such as diarrhoea morbidity, Shi&e1la 
infection, or deaths. However, the results are inconsistent, even within individual studies. 

Country 

Guatemala 

Table 3. Reported associations between fly population levels and 
diarrhoea morbidity and 'mortality 

Health 
indicator, 

Mortality 

Diarrhoea 
~orbidity 

Diarrhoea 
morbidity 

Diarrhoea 
morbidity 

Diarrhoea 
morbidity 

Dysentery 

Reported 
association 
with fly 

population 

Yes 

No . 

No 

Yes 

Yes 

No 

Comments 

Fly densities and death rates rose and fell 
in parallel. Death rates were also 
associated with water quality and use of 
juan :mutan& (a beverage of water, sugar, 
dried fruits , and ice). 

:F1y populations were highest in the rainy 
,season, 'following the peak diarrhoea rates 
at the end of the dry season. 

't From 1912-1914, a close correlation (0.69) 
between flies and diarrhoea was noted at the 
~eginning of the monsoon; the r~lationship 
ended before the summer diarrhoea epidemic 

·subs.ided. In 1915, treatment ox the water 
supply was associated with reduced diarrhoea 

"despite high fly counts . 

A correlation coefficient of 0.26 between 
monthly fly densities and diarrhoea episodes 
was calculated. Monthly changes in fly 
density did not always parallel; monthly 
changes in diarrhoea morbidity. 

The number of flies increased in kitchens 
and animal pens during the hot spring, 
when diarrhoea prevalence was highest. 

Six towns were observed for dysentery rates 
and fly populations over several months . Fly 
populations were increasing as dysentery was 
decreasing in five of the towns. Only in one 
town did the rates coincide. 

Refer
ence 

79 

12 

51 

3 

22 

36 
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USSR 

USSR 

USSR 

USA 

USA 

USA 

USA 

Dysentery 

Dysentery 

Dysentery 
Intestinal 
disordex:s 

Shigella 

Shigella 
isolations 

"', I '" 

Yes 

No 

Yes 
No 

Yes 

Yes 

Shhe-lla,,; ,'. '~ Yes 
isolations 

". "'f I, 
) 1 I,:. 

... 5 

, . 

Fly rates over several years were compared 
with dysentery rates among children 0-1 years, 
2-3 years, 4-6 years, and >6 years. An 
association was found only for children 
4 years and above. The, authors concluded 
that flies t~ansmitted dysen~ery via food. 

Dysentery rates declined over, a l3-year 
period (1955-1968). While fly populations 
also declined, the author concluded that the 
expanded coverage with water supplies was' 
responsible for most of the decline. 

Fly and dysentery rates rose· and fell , 
, together. Intestinal' disorders rose before 
fly counts. The authors. assumed that 
food-borne disease was responsible. 

Fly density and Shigella cases increased and 
decreased in paralle·L. , Water, ice',r and milk 
samples. were shown to he satisfaotory, but 
were examined after the Shigella epidemic :-.. 
11% of food handlers and 3% of flies l were 
infected with the,sam~ strain of Shigella. 

Shigella was recovere~from flies and humans 
in a migrant labour camp in-Arizona.Shigella"- ,,";" 
was isolated from 8% of the inhabitants, 18% 

, of. the) fly' pools, artd 25% of fae'ces found on .l) 1"1,'1') 
the ground . 

~le:v.en .. different Shigella types were isolated 
:.: froot, flies' and the same 11 types were t 

isolated from humans; of the flies collected 
, outside and inside premises, 0.11. aridl O. 2%ij Gl 
; respec·tively, were positive for. Shigella. 

.,. 'l{l ;,;' . • 1 "'. 

Diarrhoea 
imo:rhicUtY 'f fC· 

No Months of highest morbidity preceeded months 
.\ f .. of. highest fly counts; fly counts' were also 

) . ,'~. .~ '. J -' considered! low. ')' " ,., 
,. 

Venezuela Di!lrrhoea , . No , An increase or decrease in the fly index 
. 'f' morbiditYir! t~·; .'" • was, nGtr 'always followed by an increase or 

,'" [., 1~,", ", decreas8idn diarrhoea, whether in an area 
> / f -l ';of. high o~ low diarrhoea morbidity. 

_ i l 

, , r -l i. '.; 

In twooi, thes81',positivel studies (451v 7,9):l other known risk factors, besides 
also found to. correl1lte .. with the heaLth 'outcome." For instance, in China (79) deathiates 
rose and fell in parallel! not;.. onl:>ri w:ith) fly de.nsities but also with the 'quality 
drinking water and the consumption of a local beverage. In another study in an 
(45), fly qensi.t:les , ~rtd, Shigella, caseSt ,increased and decreased in parallel .• but 
(11%) were also fO\1nd. to bel infected •. ,dq . r • 

'\. ...... 
In two other studies (3, 51), high fly counts preceded or paralleled high 

morbidity, rate~, but. ·thel.relationshipJ was sometimes reversed. In India' ('3), it was 
that fly density' and diarrhoea episodes were associated, but closer inspection of the data 
showed that{ monthly ' changes in· fly density did not always parallel monthly changes in 
diarrhoea morbidity.~ Inl another Indian study (51) fly densities and diarrhoea cases at a 
jail rose in parallel, but this relationship ended before the summer diarrhoea epidemicS 
over, and in the subsequent year diarrhoea rates were lower despite high fly counts. 
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Several investigators in Guatemala (12), the USA (66), and USSR (36), reported that 
diarrhoea rates were highest at times when fly counts were low and that the rise in fly 
counts followed the rise in diarrhoea cases . In other studies, the fly counts were not 
associated with morbidity rates (2, 77) . 

Correlation coefficients between fly population and diarrhoea were calculated when 
possible . In one study in which a positive association was reported (3) , the correlation 
coefficient (r - 0 . 26) was much lower than in three other studies in which no association was 
reported. The correlation coefficients in these three negative studies, one in India (51) 
and two in the USA (62, 66), were calculated to be 0.69, 0.87, and 0.75, respectively. 

Simple correlations such as those above do not establish that flies are a vehicle for 
the transmission of pathogens that cause diarrhoea. In such associations it is not always 
clear whether flies infected humans or humans infected flies. Spurious correlations may be 
obtained because high fly populations and high rates of bacterial diarrhoeas are correlated 
independently with the hotter periods of the year (9, 22), or with other factors such as 
excreta disposal facilities and personal and domestic hygiene . 

Experimental volunteer studies 

Three experiments attempted to use flies as a vehicle in transmitting bacterial and 
protozoal organisms to humans . In one of two experiments in the USA (61) , an attempt was 
made to infect 18 volunteer prisoners with food that had been exposed to flies experimentally 
infected with Entamoeba coli cysts . The flies, infected with 1-24 cysts, were released into 
a combined kitchen and dining room where the prisoners ate . No prisoner developed an 
infection due to Entamoeba coli, which is not a diarrhoea pathogen, during the next few 
months . The prisoners were observed from 43-169 days; only 3 of them were observed for less 
than 100 days. It was not known whether the volunteers actually ingested cysts or whether 
the flies deposited cysts on the food or on items that would lead to their ingestion . A 
limited fly-food contact time may have prevented the contamination of food . 

The second experiment by the same authors sought to ensure fly-food contact (61). flies 
that had been infected with Entamoeba coli and Giardia lamblia cysts fed upon food that was 
subsequently given to 16 volunteers. At 30- to 60-minute intervals the food dishes were 
removed and replaced by petri dishes to prevent desiccation and bacterial overgrowth. Later, 
the infected food samples were mixed with the larger tray of food that was given to the 
volunteers at their evening meal . One volunteer became infected with Entamoeba coli and none 
with Giardia lamblia. In this experiment the specks that were observed to have been 
deposited on the food were not known to contain cysts; however , the authors believed a true 
fly-borne infection occurred as evidenced by the volunteer who became infected. The failure 
to produce Giardia infection may have been a result of poor viability or a low available dose 
of cysts. 

In another experiment in Mexico City, 10 hospital patients were selected to be infected 
with S. typhimurium via flies (33). Participants were chosen according to the following 
criteria: absence of gastrointestinal symptoms in the previous 6 months, or of any ailment 
or physical condition that would interfere with the experiment; absence of Salmonella, 
Shigella, and enteropathogenic E. coli from one stool examination and one rectal swab taken 
four days apart; and negative sera for Salmonella typhi, Salmonella paratyphi A and B, and 
S. typhimurium. Nine-day-old sterilized flies were placed three to a cage, one cage for each 
participant . The flies were exposed for 2 hours to 7 g of dog faeces containing ~ 
typhimurium. Thirteen hours later the flies were exposed to atole (a drink) for a total of 7 
hours; the drink was then given to the patients . Each cage was associated with a particular 
drink given to a particular volunteer . 

Flies were found to be positive for S . typhimurium by either agar plating or when 
tetrathionate broth enrichment was used, but only six of the 10 cages were positive. The 
number of organisms per contaminated fly ranged from 43 to 635. Eight of the 10 atole drinks 
were positive and contained from 103 to 105 organisms per mI. For six cages, both the 
flies and the drink were contaminated, but in the remaining two cages only the drink was 
Positive, not the flies. For the six cages where both the flies and the corresponding drink 
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were contaminated, only five prisoners were found to be positive for S. typhimurium. For 
each of the five cases, only one stool was positive for S. typhimurium over a 2-week period. 
No change in stool pattern occurred, including diarrhoea, in any of the 10 volunteers. 

In summary, the results of a number of studies suggest that fly-borne diarrhoea 
morbidity is possible. First, it is clear that pathogens can be picked up, harboured, and 
transmitted by flies. Seco~d, associations between fly density levels and diarrhoea rates 
have been reported in epidemiological studies. However, these studies do not establish flie~ 
as a vehicle for the transmission of pathogens that cause diarrhoea . The possiblity remains 
that other correlated risk factors may have been responsible for the association, or that the 
flies were infected with human faeces. Third, the experimental studies suggest that 
fly-borne infection is possible. The controlled conditions may have resulted in fewer 
pathogens being transmitted than would actually be the case under natural conditions. 

Hypothesis 2: Fly control measures are effective in reducing ' the fly population in 
a community. 

Fly control is defined as 
may be harmful to humans (43). 
controlling their numbers will 
flies from coming into contact 
covering food does not control 

the restriction of the density below a level at which flies 
Thus, efforts to keep flies away from humans without 

not be considered. For example, covering food may prevent 
with it and thus interrupt transmission, but the act of 
the population of flies. 

Three basic fly control measures have been used over the years to attack different 
stages of a fly's life as well as different locations in the fly's milieu (Table 4). 
Measures can provide initial or residual relief and be safe or toxic, cheap or expensive, 
invasive or noninvasive. A thorough review of fly control measures has been undertaken by 
Keiding (43). Table 4 outlines the various measures that can be used. 

Table 4. Fly control measures 

Sanitary Biological Insecticidal 
measures measures measures 

Fly proof privies Predators Larvicides 
Composting or covering of manure and Parasitoids Residual treatments 

garbage Microorganisms that Impregnated strips, 
Garbage collection and disposal infect flies etc. 
Reduction of sources attractive to flies Trapping Toxic baits 

Space treatment 
Fumigation 

, 

, 
Sanitary measures are a primary type of fly control. The measures are designed to , 

eliminate fly breeding, remove attractants, and prevent flies from gaining access to materi~l 
that ensures reproduction and survival. To eliminate fly breeding, however, is virtually i 
impossible since flies breed in any decaying, fermenting, or rotting organic matter. There ; 
is a better chance of success in urban areas, if garbage disposal is well organized, than int 
rural areas . It is difficult to prevent flies from gaining access to animal dung, which is . 
an ideal breeding source. Preventing access to human excrement may be easier, but would 
require the provision of more disposal facilities of greater efficacy (e.g., ventilated 
improved pit latrines). This measure, which would not only protect against flies but 
interrupt other routes of transmission, has been reviewed elsewhere (24). Refuse disposal, 
composting, and garbage treatment may be helpful, but require community participation, 
constant attention, and resources that are unavailable in the areas that are most in need. 
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Recent biological measures offer some potential for controlling fly populations because 
number of natural predators attack eggs, larvae , pupae, or adult flies. For instance , ants 
11 attack eggs, larvae, pupae, and newly emerged flies, and may destroy up to 90% 'of the 
tentia1 fly population in garbage cans (55). Beetles and birds will attack larvae, pupae, 

Parasitoids, such as wasps and beetles, attack pupae and larvae. Some 
ganisms may act as larvicides; for instance, Bacillus thuringiensis when applied to 
excrement will act as a larvicide. Biological measures attack breeding sites and 

be of little use in developing areas, owing to the ubiquitous breeding sites and the 
for a high level of technical expertise and well-organized community participation. It 
' ortant to preserve naturally occurring enemies of flies such as ants . 

to lure blow flies rather than houseflies, and their effectiveness 
on temperature and location (15). 

, Insecticidal measures were the method of choice 40 years or more ago when DDT and other 
lorinated hydrocarbons were effective in controlling flies and mosquitos. Six different 

, of insecticidal preparation were available and are still used in some areas. Some 
'A~'n~las, when effective, pose additional problems. 

Larvicides have comprised hydrocarbons , organophosphorus compounds, or, more recently, 
development inhibitors, in the form of an emulsion, a suspension, or a solution. The 

nrJ~w[)acks of larvicides are that they need to be applied regularly to affected sites and must 
deep into the breeding medium to be effective. In addition, the development of 

is~ance to the toxin may limit their effectiveness after a certain time, and they may kill 
~atural predators and parasitoids. 

, , ' 
. Residual sprays can be very effective unless resistance to the toxins has developed . 
effective, the compounds can initially achieve a large reduction in the fly population, 

their residual effect varies according to temperature, the dosage applied, the surface 
and the level of resistance . Organophosphorus compounds, pyrethroids, and 
s have been used, but resistance to these products has limited their effectiveness . 

Impregnated materials were 
ceilings for night resting. 

~':iI'.L"L<';"S, . are noninvas i ve, and are 
residual sprays. The control of 
,nd the area covered . 

. 
developed because flies prefer edges , or narrow surfaces, 
Suspended strips , cords or wires can be used in a nUmber of r 

less conducive to the development of resistance than 
flies may take time and depends on location, air currents, 

Toxic baits use insecticides in a solution of sugar, sometimes with an attractant. If " 
solution is mixed with dry material such as sand or corncobs, it can be scattered. Baits 
also ,be formulated as paints. Th~y are usually cheap and resistance develops slowly; 

ho~e,ve,r, their effect is localized , and they can be toxic to mammals. 
<, 

Mists, aerial sprays, and fogging provide temporary relief both indoors and outdoors. 
lhey are useful only if flies are concentrated around a particular site, and do not have a 
~esi~~l impact. Fumigation by slow release from material impregnated with dichlorvos poses 
t~e ~~e problem of resistance and also a risk of contaminating food . 

The control of flies is possible. Its effectiveness will depend on the environment , 
the methods, and the flies. Total elimination and lasting relief are virtually impossible , 
but some methods will greatly reduce the fly population at least for a short period of time . 
lepeated application of any solution may not be feasible in most settings; thus , a method 
~ith a longer-lasting effect should be sought . The reduction of fly breeding by proper 
garbage and faecal disposal appears to meet the criteria . 
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Hypothesis 3: Fly control measures can reduce diarrhoea morbidity or mortality rates 
among young children. 

Twelve studies were located (Table 5) in which the effect of fly control methods on 
diarrhoeal disease morbidity or mortality was investigated (1, 4, 17, 32, 46, 47, 67, 72, 
74-76, 80). Different fly control measures were used in these studies with varying degrees 
of success, but most studies reported on insecticidal control measures and their effect on 
diarrhoea morbidity and mortality rates. 

The magnitude of the reduction in diarrhoea morbidity was reported in seven studies. 
It ranged from 0%-67% and the median reduction was 40% . Preschool diarrhoea mortality rates 
are reported to have dropped by 50% (75), infant diarrhoea mortality by 0%-75% (17), total 
mortality from 0% (76) to 59% (4), and typhoid deaths by 60% (72). Reductions of this 
magnitude are considerable, and are higher than those associated with improving water 
supplies and excreta disposal facilities (24), promoting personal and domestic hygiene (26), 
and promoting food hygiene (23). However, these studies need to be examined in some detail 
to determine whether fly control was the key factor in the observed morbidity or mortalityx" 
changes. A brief review of the studies follows. 

Sanitary control measures 

Two studies at the beginning of the century examined the effect of sanitary measures ." 
~.J 

(4, 72); both were in the USA and both reported positive results. In New York (4), it was~ 

reported that the targeted group had less diarrhoea than the untargeted group. The sanit~ry 
measures in the targeted area included: an educational campaign; screening; fly trapptn~ 
and swatting; cleaning of streets, tenements, yards, and stables; and keeping children ' . 
indoors most of the time. Infant feeding practices, however, favoured the targeted group, in 
which more infants were exclusively breast-fed, whereas in the comparison group a higher, 
proportion of infants were bottle- fed or exclusively fed solids. -Co .' 

A study in Florida (72) examined the screening of privies and hospital 
typhoid patients were being treated, and the use of sticky paper (or poison) 
Although reductions in typhoid deaths were associated with these fly control 
not at all clear what effect migration had on these deaths. The year before the measures .. ~' 
were taken, a large number of people entered the study area, increasing the typhoid rates~'l 
No mention was made of the movement of people during the fly control study, nor of other' 
factors that might have played a role in reducing disease rates. 

Sanitary and insecticidal measures 

Two studies in Egypt examined the combined role of sanitary and insecticidal 
measures. In the first study (1), household and street refuse was transported to dumps , .~." 
where bulldozers buried it under soil. In addition, dumps, garbage disposal areas, anim~lt 
housing, hospitals, food factories, and streets were treated with chemicals. Too few 
were presented to allow actual reduction rates to be calculated, but the diarrhoea ra 
appeared to be similar to those in the year prior to treatment. No information was pr 
on other factors that might have changed over the year of comparison. The second s 
may have failed to find positive effects because the intervention measures, which incl 
more than fly control, still left the living and sanitary situation in a deplorable 
condition. Thus, the intervention(s) may have been insufficient to produce any effects. ' 
addition, potential confounding factors were not controlled in the analysis. 

Insecticidal measures 

The remaining studies examined insecticidal control measures, all of which were 
undertaken 20 to 40 years ago. In most instances DDT was the insecticide chosen, but 
chlordan, benzene hexachloride, dieldrin, or toxic baits composed of trichlorfon were 
used. 
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Table 5. Studies on fly control and its effect on diarrhoea morbidity 
or mortality 

Country 

Egypt 

Egypt 

Intervention/ 
type of 
control 

Health Age in 
indicator months 

Sanitary + Dysentery All 
insecticidal 

Sanitary + Total 0-59 
insecticidal mortality 

Finland Insecticidal Diarrhoea 0 - 11 

Finland Insecticidal Diarrhoea All 

India Insecticidal Diarrhoea 0-59 

India 

Italy 

USA 

USA 

USA 

Insecticideal Diarrhoea 0-59 

Insecticidal Diarrhoea 0 - 11 
mortality 

Sanitary Typhoid 
deaths 

All 

Sanitary Diarrhoea 0 - 59 
Total 
mortality 

Insecticidal Diarrhoea 0-59 
Diarrhoea 
mortality 

Non -
diarrhoea 
mortality 

Reported 
results 

Yes 

0% 

19% 

0% 

67% 

40% 

0-75% 

60% 

64% 
59% 

42% 
50% 

0% 

Flaws+ 

1 , 5,6 

2,4,6 

2,3 , 5, 
6 

1,3,5, 
6 

2,6 

6 

2 , 5,6 

1,5,6 

2,5,6 

5,6 

Comments 
Refer 
ence 

Typhoid , paratyphoid, and 
ophthalmia also declined. 
No information given about 
confounding factors or 
other control measures; 
results unclear . 

Fly control was one of 
several interventions; none 
was effective . Study was 
flawed in several important 
ways. 

Breast-feeding probably 
accounted for the 
differences in diarrhoea 

Diarrhoea clustered around 
shops selling contaminated 
milk . 

61% reduction in flies. Fly 
and diarrhoea rates moved in 
opposite directions for 2 
years . 

Possible differences attri
butable to avoidance of 
dirty area and not baits. 

Mortality rates also fell in 
the control area following 
spraying; malaria was also 
prevalent and could explain 
the results. 

1 

76 

80 

32 

46 

67 

17 

Immigration was associated 72 
with an increase in typhoid 
deaths before control measures 
began; no mention of 
migration during the year 
of reduction. 

Breast-feeding accounted 
for the largest differences 
in reductions . 

The periods of comparison 
were not always the same; 
fly counts and diarrhoea 
rates did not always move 
in the same direction . 

4 

75 

.-..... 
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USA Inseciticidal Shi~ella 0 - 59 40% 5,6 At times fly counts and 
Salmonella 0% diarrhoea rates moved in 
Diarrhoea 37% opposite directions. The 

incidence periods of comparison 
were not always the same. 

USSR Insecticidal Dysentery All 40% 1,6 The effect was not found for 
all species of Shi~ella, and 
sanitary measures followed 
the use of DDT. 

+See Blum 0 & Feachem RG (1983) for a detailed discussion of the following flaws : 
1 No comparison group 
2 One-to-one comparison 
3 No baseline data 
4 Intervention failed or was not effective 
5 Measurement biases in respect of health indicator 
6 Potential confounding not controlled (e . g . , age, season, or other routes 

of transmission) 

Poisonous baits 

47 

7~ 

Two studies in India used poisonous baits. In one study, small earthen dishes with 
toxic bait were placed in dirty areas in the home (67) . Health education was also provided 
and, as a result, children avoided contact with the baits . Because the baits were placed in 
dirty areas, it is possible that the change in behaviour resulting from the health education ) 
(avoidance of dirty areas) rather than the fly control effect was responsible for the 
reductions in diarrhoea morbidity. It is also possible that families that used the baits 
correctly had an interest in health and also took other measures to prevent diarrhoea. Thus 
these results remain inconclusive . In the other study in India that utilized poisonous 
baits, diarrhoea rates rose whi l e fly indices remained unchanged, and fell when fly indices 
rose (46). The baseline figures reflected the same erratic pattern between diarrhoea and 
flies, suggesting the absence of a relationship. 

Sprayin~ (DDT) 

Six additional studies, mostly conducted in the late 1940s and early 1950s, examined 
effect of DDT . One study was in the USSR (74), two were in the USA (47, 75), two were in f 

Finland (32, 80), and one was in Italy (17). Several of these studies reported that flie~ . 
developed resistance to the insecticide, which often necessitated switching to another 
product. 

In the USSR , the use of DDT was associated with a sharp reduction in fly counts 
well as in the incidence of dysentery (40%) over a two-year period (74). No control 
was used in the study . Only the situations before and after treatment were used for 
comparison . Secular trends could well have accounted for part of the declines reported, 
since rates of disease tend to vary from year to year even without any intervention . This 
was evident in the two studies carried out in the USA. 

In Texas, diarrhoea morbidity and mortality rates among children less than 5 years old 
were observed in two groups of towns that received DDT spraying at different times (75). DDT 
controlled the fly population and no resistance developed during the study. Five towns 
(group A) were sprayed with DDT from March 1946 to September 1947, at which time the four 
untreated towns (group B) began receiving DDT treatment, and the spraying in group A towns 
was terminated. 
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The fly control efforts were reported to be effective, as measured by grill counts. 
When the group A towns were treated, children under 5 experienced 38% less diarrhoea than 
similar children in the group B towns. When treatment was reversed, children in the group B 
towns had 46% less diarrhoea than those in the group A towns. The reported diarrhoea death 
rates among children under 2 years of age revealed that diarrhoea deaths were always lower in 
the treated towns when deaths due to other causes did not change . 

Despite this seemingly convincing evidence, it should be noted that the diarrhoea 
attack rates did not always change in the same direction as the fly population levels. An 
epidemic appeared in both treated and untreated groups during the spraying of the group A 
towns ; this resulted in higher diarrhoea rates in both groups during spraying . Thus, the 
reductions in the diarrhoea rates may have resulted in part from changes of a seasonal or 
other nature from year to year . 

In Georgia , DDT was used to control the fly population while diarrhoea incidence rates 
and the prevalence of Shigella infections were observed among children less than 10 years of 
age (47). Three treatment towns surrounding the control towns received DDT spraying until 
resistance developed, when dieldrin was substituted in two towns and chlordane in the other. 
The investigators reported that fly control efforts were effective in reducing the prevalence 
of Shigella infection and diarrhoeal disease morbidity, but not the prevalence of Salmonella 
infection . For Shigella infection a net reduction of 40% was reported , and for all diarrhoea 
a reduction of 37% . During treatment, Shigella infection rates fell compared with previous 
levels , but returned to their pre-treatment levels when resistance to the insecticides 
developed. In the untreated area , infection rates also dropped at the time the other area 
was treated, but remained low when treatment stopped. The diarrhoea rates during treatment 
could not be compared with pre- or post - treatment rates because the data were presented for 
different seasons . 

Two studies in Finland examined the effect of DDT spraying on diarrhoea rates (32, 
80) . Both reported a lack of effect. In one of the studies fly control was effective, but 
diarrhoea rates were unchanged (32); diarrhoea cases were also reported to be clustered 
around shops selling contaminated milk, and the fly control area was located around these 
shops. In the other study, a 19% reduction in diarrhoea was reported, but the difference was 
not statistically significant (80) . Neither study described how diarrhoea was measured or 
controlled for possible confounding factors. 

The study in Italy also examined the effect of DDT spraying over 5 years, 1946-1950 
(17). Because resistance developed, DDT was supplemented with Octo-Klor in the last three 
years of the study. The author reported that infant mortality due to gastroenteritis 
declined DY up to 75% or increased 143% depending on the year of the study and whether or not 
flies became resistant to the insecticides. How infant mortality was measured was not 
stated, and the results may well have been affected by malaria, which was present in the 
area, and by the sanitary efforts that were promoted by the health authorities. 

In the studies that examined insecticidal spraying, the drop in fly counts was usually 
related to a reduction in diarrhoea morbidity and/or mortality, but not always. However, 
this method of fly control was only effective for a limited time, and could not be used today 
for reasons of resistance , environmental contamination, and health hazards . It was not 
determined whether other changes related to the intervention, but not to fly control, 
occurred. 

The results described above and presented in Table 5 are equivocal. Although the 
majority of the studies reported positive changes, they should be interpreted with caution. 
All of the studies suffered from major methodological flaws , which diminish the plausibility 
of the reported results. The methodological problems include : lack of baseline data, lack 
of a comparison group, and differences between groups in risk factors for t r ansmission , such 
as feeding mode, source of water, hygiene practices , age distribution, seasonality, and 
education . Measurement biases , such as reliance on the disease outcome reported at and by 
clinics, were not addressed . As behaviour changed in some instances as a result of the 
intervention, that factor , and not fly control, may have been the effective component of the 
intervention. At times, reductions in fly counts preceded changes in morbidity and mortality 
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rates, but the reverse also occurred. Although fly counts were often reduced, a search for 
pathogens on or in flies was not carried out . Such confirmation is not essential, but would 
have helped to increase the plausibility of the findings. These problems suggest that the f'" 
reported impacts may well have been a result of factors independent of fly control efforts. ,'.t 
Because diarrhoeal diseases are multifactorial, each agent being transmitted by more than one 
route, it is unlikely that flies would have such a large effect as reported in these studies ~ 

CONCLUSIONS 

Flies have been implicated as vectors of disease for thousands of years. Flies 
in the wild have been found to harbour pathogens, and they can spread those pathogens to 
human food and drink under controlled conditions. The majority of the epidemiological 
studies reviewed have associated flies with diarrhoeal diseases, and a 40% median reduction 
of diarrhoea morbidity has been reported from seven intervention studies, six of which used 
insecticidal control measures. However, most of these studies were done either early in the.l 
century or were completed over 25 years ago, and in many cases they are difficult to 
interpret because of methodological flaws, such as uncontrolled confounding, failure to 
include an appropriate control group, and measurement biases. 

Due to the flaws in the studies, it is difficult to implicate flies as significant 
vectors of diarrhoeal diseases among young children. Although flies may transmit diarrhoea. 
it is unlikely that they are a major route for the transmission of enteric pathogens. Other. 
transmission routes operate throughout the year, and flies are not present in significant' ~'/ ;,; 
numbers all the year round. Furthermore, the correlation of flies with the hottest time OL 
the year does not indicate that they are responsible for diarrhoea, since bacteria also ' 
survive better in warmer seasons. 

Long-term. environmentally safe fly control is difficult to achieve and sustain. 
Effective methods for short-term control, which involve the use of insecticides, are unsafe .j ' 

for humans and other animals. The available evidence suggests that fly control is not 
feasible in many settings and that, even if it can be successfully implemented, it is not 
cost-effective intervention for national diarrhoeal disease control programmes. 
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