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were apparently not isolated in the USA during the
academic year 1963-64 but were isolated during
1960-63 and 1964-66. Thus it appears that some
serotypes may cause outbreaks simultaneously over
a wide geographical area. However, this is not
always the case since the 4 isolations of type 49
were made in Glasgow during the academic year
1964-65 when this serotype was apparently not
found in the USA. The synchronous appearance of
serotypes is surprising and does not often occur with
enteroviruses. All the identified rhinoviruses so far
reported represent only a very small fraction of the
total rhinovirus infections. They may be unrepre-
sentative and therefore result in misleading correla-
tions. Monto & Johnson u have shown that some
serotypes spread more effectively through a com-
munity than others. This could explain why some
serotypes (38, 49, 2030/65) in our study occurred

u Monto, A. S. & Johnson, K. M. (1968) Amer. J.
Epidem., 88, 55-68.

only during a 6-8-month period in the 4 years of
study while others (1321/62 and 1833/63) occurred
sporadically over periods of about 2-3 years.

Definite conclusions about the epidemiology of
individual serotypes must await the isolation and
identification of many more rhinoviruses in many
more laboratories.

* *
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Houseflies, the Availability of Water, and Diarrhoeal Diseases
by H. L. WOLFF, Institute of Tropical Medicine, University of Leiden, Netherlands,
W. J. VAN ZIJL, Imperial Chemical Industries, Rotterdam, Netherlands, and M. Roy, WHO Adviser, Ethiopia

It is clear that there are many possibilities for
houseflies to transport pathogenic organisms from
infected materials, e.g., human and animal excreta,
to foods. Whether the numbers of bacteria are big
enough to cause disease in humans is the question
considered in this note.

Faichnie (1909) was able to show a correlation
between houseflies (Musca domestica) and enteric
fever. He demonstrated also not only that house-
flies may become infected with Salmonella typhosa
and S. paratyphi A bacteria, but that these micro-
organisms remain alive for many days in the flies,
probably in the gut (op. cit., p. 672). Flugge (1893)
and Buchanan (1897) had already indicated that flies
were transmitters of cholera but Flu (1915) was the
first to isolate cholera vibrios from flies.
Bahr & Camb (1914) drew attention to the impor-

tance of flies in the epidemiology of dysentery and
Hewitt (1914a, 1914b) also described the importance
of flies in relation to disease. All the publications
mentioned above give indirect evidence for the

transmission by flies of the causative organisms of
diarrhoea and related diseases. Many years later
Ostralenk & Welch (1942a, 1942b) found that flies
may remain infected with S. enteritidis for as long
as 4 weeks and that the excreta of the flies contain
pathogenic organisms. The exact number of S.
enteritidis excreted is not stated.
The coincidence of the presence of flies and out-

breaks of bacillary dysentery is the substance of an
article by Kuhns & Anderson (1944). Their con-
clusion that the flies were the cause of an outbreak
in a military camp is based on the regression of the
epidemic after antifly measures had been taken.
Their data, however, show that, at the same time,
many other hygienic measures were taken.

In order to measure the population density of
houseflies, Scudder (1947) developed a method that
is still in use-namely, the Scudder grill (Lindsay &
Scudder, 1956). With this grill, Watt & Lindsay
(1948) conducted a study on the relation of flies to
outbreaks of diarrhoea. In a district with a high
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fly density, they treated some towns with DDT
whereas other towns were left untreated. The
treatment clearly influenced the fly densities. After
1 year and 5 months the fly densities in the
treated towns began to increase despite repeated
treatments with DDT. The treatment schedule
was then changed, the treated towns being left
untreated and the previously untreated being treated
with DDT. The change in schedule was clearly
reflected in the fly-index numbers. Less clear was
the correlation between fly-index numbers and
Shigella infections; the numbers of cases remained
too small and the differences in the monthly inci-
dence too great to be significant. Moreover, the
observed changes started 3 months after the reversal
of the fly indices, thus demonstrating only an indi-
rect correlation. If flies were transmitting shigel-
losis, it would have been expected that a change
would occur within a few weeks. Despite these
critical remarks, it must be recognized that diar-
rhoea, and particularly shigellosis, seemed to be in-
fluenced in the long run by antifly measures. Lindsay,
Stewart & Watt (1953) carried out the same sort of
experiment in an area with a moderate morbidity
from diarrhoeal disease. Although the numbers
were small, a definite reduction in the number of
Shigella isolations and of reported cases of diarrhoea
was seen after the fly population was reduced by
means of insecticide treatments. The same group of
investigators, Stewart et al. (1955), however, sub-
sequently came to the conclusion that the availability
of water is a more important factor in the etiology
of diarrhoeal disease than the presence of flies (see
also McCabe & Haines, 1956).
The studies of Melnick & Penner (1952) and Mel-

nick & Dow (1953) show that flies may be important
in the dissemination of poliovirus and related viruses.
Quantitative and epidemiological studies demon-
strated that flies are able to harbour the virus for
some time, that they transmit virus to human foods
and that the number of virus particles transmitted
is high enough to cause infection in some suscep-
tible persons (see also Gudnadottir, 1960; Brygoo,
Sureau & Le Noc, 1962).
There is little doubt that pathogenic bacteria

remain alive in houseflies for an appreciable time
(Richards, 1961). Many investigations have impli-
cated flies in the epidemiology of food-borne infec-
tions and have shown that flies can be found to be
infected with the pathogens. The problem must be
seen as a quantitative one, the question being how
many bacteria are transmitted to food substances by a

single fly, and whether this number is large enough
to play a role in the epidemiology of food-borne
diseases. A single bacterium may be sufficient; the
limiting factor for the initiation of disease must be

NxV
seen as Nx where N is the number of bacteria,

R
V is the virulence of the infective matter, and R is
resistance of the infected person.

Greenberg (1959, 1964, 1965), Greenberg, Born-
stein & Hernandez (1963), Greenberg & Miggiano
(1963) have tried to make a quantitative approach
to this problem. In one of the studies (Greenberg,
1964) it was shown that 8 out of 10 samples of a
beverage (Atole) became infected after being exposed
to flies which had had access to excreta of dogs
containing S. typhimurium. Samples of the beverage
were fed to 10 human volunteers 101/2 hours later;
6 volunteers became infected with S. typhimurium
but none had any symptoms of illness and all had
only 1 positive stool sample. The minimum infec-
tious dose was 50 000 organisms (2 volunteers who
did not excrete salmonellae ingested only 5000 and
38 000 S. typhimurium, respectively). From these
experiments it is possible to conclude that the pos-
sibility of fly-transmitted infection exists. It is
clear, however, that the subjects in the experiment
would not have been a link in the epidemiology of
S. typhimurium infections, the excretion of the patho-
genic bacteria being of too short a duration and the
excreted numbers too small.

Multiplication of Salmonella, Shigella and patho-
genic E. coli, as well as staphylococci and faecal
streptococci, may of course take place in foods that
are kept at relatively high temperatures and may
then become dangerous. Without rapid multiplica-
tion, however, the numbers of pathogens remain low.
Even after receiving excreta from many flies, the
bacterial count of food does not reach levels high
enough to become dangerous. It is generally believed
that numbers of organisms in the order of 5 x 104 or
even more are necessary to cause clinical infection
(Greenberg, 1964).

In communities with good provisions for sewer-
age and waste disposal, flies should not, and cannot,
be a health problem but the presence of flies is a
demonstration of a sanitary deficiency of the
environment and are a measure of the level of this
deficiency.
During investigations in Venezuela (Cvjetanovic,

Kaufmann & van Zijl, 1965; van Zijl, 1966), the
present authors were able to study the presence of
flies in relation to diarrhoeal disease.
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Description of the study areas

The study was carried out by a group of field
workers in Venezuela under the direction ofDr M. A.
Matute and Dr R. Travieso in co-operation with a

WHO advisory team. The villages studied are in the
State of Trujillo; two ofthem (KM 17 andKM 12/14)
are situated in the lowlands of the La Ceiba area

bordering Lake Maracaibo. The others lie on the
fringe of the Andes; one of them, Pampanito, being
situated at an altitude of 370 m, the other, Monay,
at 210 m. The average rainfall is 1000 mm for the
KM (kil6metro) villages and 1400 mm and 1200 mm
for Pampanito and Monay, respectively. The mean

annual temperatures are 32°C for the kilometro vil-
lages, 25°C for Pampanito and 27°C for Monay.
Both areas, although presenting differences in rain-
fall, temperature and type of vegetation, belong to
the tropical zone of the country. The areas are

essentially agricultural and have not been affected
by the oil industry.

In the La Ceiba area, poor-quality water was made
available to the population during the day from a

few distribution points in each village. Monay had
a tank-truck water-supply system but only 70 houses
in the village obtained water from a dead-end pipe
system during 3 periods of 1 hour each day; 44 of
these houses had a tap inside the house. The quality
of the water was poor. In Pampanito, most houses
(92%) were served by a piped-water system, 70%
from indoor taps and the remainder of the houses
from taps in the courtyards, while those having no

tap obtained water from neighbouring houses. There
were 2 water-supply systems in Pampanito, the new

system delivering reliable (chlorinated) hard water
and an old system providing soft water of poorer

quality. In several places, the inhabitants had the
systems connected to each other.
Both Pampanito and Monay villages have separate

districts of modern housing (vivienda rural) (rural
living quarters, i.e., housing scheme) built according
to a national plan. The houses are well constructed
with floors and walls of concrete and a water-storage
tank connected with a shower and taps. In Monay,
however, at the time of the study these modern
houses were not yet linked to a piped-water system.
All houses had flush-toilets discharging into a cess-

pool; in Monay, in 23 out of 66 houses, the flush-
toilets were operated by pouring water into them.

Vivienda rural houses are also constructed in the
kil6metros; there, however, they are dispersed
through the whole village. In 10 out of 64 of these
houses flush-toilets were in use. Some inhabitants
in the different villages had installed flush-toilets
in old houses also: in Pampanito, in 147 out of
403 houses; in Monay, in 10 out of 312 houses,
and in the kilometro villages, in 3 out of 392 houses
(see Table 1). Differences between numbers quoted
in the text and those in Table 1 are due to the fact
that some of the houses were unoccupied at the time
of the study.
The villages all lacked an organized system of

refuse and garbage collection, the elimination of
such material being left to the discretion of each
householder. Even simple garbage cans were scarce-

ly used in the kitchens, refuse being collected in any

type of available container and thrown into the

SEWAGE DISPOSAL
TABLE 1

SYSTEMS IN HOUSES IN THE STUDY AREA

Sewer Septic tank Pit Srae Total
Village or cesspool Surface no. of

-h
No. % No. % No. % No. % studied

Pampanito a 141 34 21 5 199 47 57 14 418

Pampanitob 0 0 111 84 10 8 11 8 132

Monay a 0 0 11 3 135 41 184 56 330

Monay b 0 0 27 35 4 5 46 60 77

Kil6metro 17 0 0 16 6 236 84 27 10 279

Kil6metro 12/14 0 0 3 2 132 64 71 34 206

a Old town. b Vivienda rural.
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courtyard, where it accumulated, fermented and
dried in the sun or was eaten by pigs or other
domestic animals. An exception was the vivienda
rural of Pampanito, where many households kept
their garbage in empty oil-drums or in a corner of
the courtyard and burned it regularly.

Houseflies
It is not surprising that under the conditions de-

scribed above, flies were abundant in all villages. Fly
counts were made by a modified Scudder grill method
(employing a grill of 1 m2 instead of 1 yd2) and the
results were reported in terms of a weekly fly index
for each community (Schoof, 1955). In all areas,
counts were made of the numbers of Musca domes-
tica L. found inside the houses, in kitchens and on
dining tables (cf. Raybould, 1966). Very few house-
flies were observed in courtyards where small
Sarcophagidae predominate. Although countless
numbers of these flies were found on offensive
refuse, they did not present a potential health
hazard since they never entered the houses and
people in the study area are not in the habit of
eating outside.
The counts were made twice a week in a number

of homes in each locality. The highest counts were
used (Scudder, 1947; West, 1951) and from these
a weekly average was recorded. The average of all
high counts provided an average weekly index for the
locality. The following method was used to measure
the fly density. Each community was divided into
circular zones with a 200-m radius; the communities
under study were each divided into 5 zones. Each
zone intersected the next, so that their centres were
305 m apart. Then 3 areas were defined within each
zone, in such a manner that all houses in the zone
were located at a maximum distance of 175 m from
the centre of the next area. Thus each house selected
was situated within the flight range of the flies in
the adjacent area.

In each area, 2 or more houses were selected (they
were changed at each new visit) and counts were
made with the Scudder grill at various places, both
inside and outside the house. The highest count
was recorded for that house. Therefore, at least
6 counts were recorded for each zone; the total
count divided by the number of houses observed
gave the index for the zone. Again, the average of
weekly indices for all zones together gave the weekly
index for the community.

This method applied well at Monay and the kilo-
metro villages where fly-breeding sites were evenly

spread over the entire area. At Pampanito, a varia-
tion was adopted since fly counts and conditions
varied greatly between one part of the village and
another. Zones were formed according to the impor-
tance of potential breeding sites and counts were
taken in the course of preliminary visits; thus,
5 zones were considered. Of these zones, zone 2
situated between the Rio Castan and the main street
constantly gave the highest index (more refuse was
found accumulated in that area than elsewhere).

Using this method, index values lower than 4
may be considered low, while indices of 8 or above
are definitely high. Fly indices were originally high
everywhere except in the vivienda rural in Pampanito.

Diarrhoea
The diagnosis of diarrhoea is one that is easily

made but difficult to standardize, Any definition
tends to include cases that should not be recorded
as diarrhoea and excludes cases that should be.
Although the consistency of the stools and the
number of bowel movements per day must be seer
as important, these signs differ individually. There-
fore, the change from the normal must be seen as
the most important factor. Other symptoms like
flatulence, tenesmus, irregular consistency of the
stools, and the presence of blood and mucus, should
be taken into consideration but cannot be used in
a definition. On the whole, the diagnosis of diar-
rhoea is a subjective appraisal. In interviews it is
necessary to trust the judgement of the patient or
of his parents. The following definition approaches
this point of view: " diarrhoea is a combination
of more frequent bowel movements and less con-
sistent stools, as observed by the patient (or his or
her parents)". Several checks made during our
studies have shown that the judgement must be fairly
accurate (see below).

In a house-to-house survey repeated on a monthly
basis, the cases of diarrho'ea were registered. The
majority of cases occurred in the lower age-groups
(as was to be expected); a more careful study was
therefore made of the children aged 0-7 years. The
other cases, however, have also been reported and
are taken into account.
We have compared the number of cases reported

in the interviews, with the numbers of patients
attending the health centres for treatment of diar-
rhoea. The numbers from the health centres were
considerably lower than those reported in our study,
attendance at the health centres depending very
much on the presence or absence of the local doctor,

955



NOTES

However, another check could be applied. During
a period of 6 weeks, special polyclinics for the diag-
nosis and treatment of diarrhoea were held in Pam-
panito and Monay on alternate days from May to
July 1965. The numbers of children and adults
attending agreed very well with the numbers of
cases recorded on the interview forms. Most of the
persons attending polyclinics could be traced on
the interview forms and the only instances when it
was not possible was when patients came from out-
side the study areas.

Results
The results obtained in the La Ceiba area, com-

pared with the other areas, show that the fly density
was high and remained high throughout the year.
Seasonal differences were in agreement with the
values for precipitation. DDT spraying of the
houses (by the Malaria Eradication Service) did not
seem to influence the fly population greatly. The
number of cases of diarrhoea was always low com-
pared with those in the other villages. There was
no marked seasonal influence and the fluctuations
did not correspond either with the precipitation or
with the fly population density.

In Monay, the fly density was high and there were
marked seasonal differences. The incidence of diar-
rhoea in young children also showed marked sea-
sonal variation, the highest percentages being found
towards the end of the rainy season. For some
reason, the fly density did not reach as high a level
in November as in April. In the vivienda rural, on
the other hand, the fly density began to increase in
August, the proportion of cases of diarrhoea having
already risen from 10O% to 17.4%Y during July.

In the old town of Pampanito the fall in numbers
of cases of diarrhoea ended in August whereas the
fly density did not increase until September. The
results for December and January showed the oppo-
site trend: first a decrease in the fly index and 1 month
later a fall in cases of diarrhoea. The fly indices
appeared to agree with the precipitation rate.
The fly-index results for the Rio Castan zone were

compared with the rest of the old village (Pampa-
nito) and marked differences between these 2 parts
of the town were clearly seen. Fly-index values were
much higher in Rio Castan (yearly average: 9.29 as
compared with 5.70 for the rest of the town); the pro-
portion of cases of diarrhoea did not differ as much:
19.4 and 18.1 for the Rio Castan area and the rest
of the town, respectively. There was no correlation
between these fly-index values and cases of diarrhoea.

The housing scheme at Pampanito appeared to
be reasonably clean. The fly rates remained low,
showing some influence of the rains. In the wet
season there were noticeably more flies but never-
theless fewer than elsewhere in the study area.
A careful study of the data makes some conclu-

sions possible: (1) there is no correlation between
the absolute fly-index values and the number of cases
of diarrhoea; (2) although in some instances both
the number of reported diarrhoea cases and the fly
indices show seasonal influences, they are not related
to each other.

In the first part of these studies (van Zijl, 1966),
the results indicated that fly indices and diarrhoea
rates were not correlated. This, however, refers
only to point (1).
We have been able to obtain monthly values for

precipitation (humidity values were, however, not
available) and these values have also been compared
with the incidence of diarrhoea. Although there
seems to be some correlation, this is not always so.
In the accompanying figure the values for diarrhoea
in persons of all ages and in children aged 0-7 years,
fly indices, and precipitation are compared for kilo-
metro 17. On the whole, little difference is seen
between the shapes of the curves for diarrhoea
despite a difference in scale. A striking reduction
in the numbers of cases of diarrhoea agreed with
the onset of the dry season in January 1966. On
other points, however, the curves follow their own
courses. The influence of DDT on houseflies has
not been very impressive.

Discussion

From the studies described above it becomes clear
that, neither in places with a low incidence of diar-
rhoea (La Ceiba area) nor in an area with a high
diarrhoea morbidity, can a direct influence of the
fly population on the number of cases be seen. Nor
does a large fly population appear to have a direct
influence on the incidence of diarrhoea.
The longitudinal studies have shown that the

incidence of diarrhoea follows its own curve, al-
though this incidence sometimes seems to follow,
for a time, the curves for precipitation or for the fly
indices or both.

This conclusion, however, does not acquit flies of
being important agents in the transmission of diar-
rhoea. As stated already, flies are a measure of the
sanitation level of a community. Seen as such,
flies should not be attacked with insecticides in order
to diminish their possible role in the spread of food-
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COMPARISON OF FLY INDICES, PRECIPITATION AND PROPORTION OF CASES OF DIARRHOEA
IN THE 0-7 YEARS AGE-GROUP AND IN THE WHOLE POPULATION IN KILOMETRO VILLAGE 17
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\
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1966

2 3 4 5 6
Month and year

---- Fly index

.......... .Precipitation
-- -- Diarrhoea in 0-7 years age-group

Diarrhoea, all cases

borne diseases. Rather, sewerage and garbage djs-
posal measures should be taken. Possible breeding
sites for flies should be eliminated and flies should
be prevented from gaining access to contaminated
materials (Murvosh & Thaggard, 1966; Hale, Lloyd
Davies & Cheng Miu, 1960).

In the fight against diarrhoeal diseases, the avail-
ability of good water, as shown in Tables 2 and 3,
is of much more importance than any other measures
that can be taken. The disposal system in operation,
or the lack of it, seems to be correlated with the fly
indices (Table 2).
The effect of other sanitary measures is clear in

the lower age-groups but they seem to have less
influence on the over-all numbers of cases of diar-
rhoea. The Government of Venezuela is to be con-

gratulated on the lead it has given in the improve-
ment of community health in rural districts. Low-
cost housing schemes, such as those studied in this
investigation, and piped water supplies will reduce

the prevalence of diarrhoea, mainly in the most
important lower age-groups.

In respect of a cost-benefit analysis, the lack of
medical help in the rural districts should be con-

sidered. Although benefits are already seen with a

reduction in the number of cases of diarrhoea, and
in the long run with a healthier population, the health
budget will still be needed to provide for other people
who cannot at present be treated because of lack
of funds or medical services.

Summary and conclusions

From data obtained in a longitudinal study of
diarrhoeal diseases in Venezuela, it becomes clear
that:

(1) an increase or a decrease in the fly population
is not necessarily followed by an increase or decrease
in the number of cases of diarrhoea;
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TABLE 2
INFLUENCE OF SEWAGE DISPOSAL SYSTEM ON FLY POPULATIONS
AND THE OCCURRENCE OF DIARRHOEA IN THE STUDY AREA

Sewage disposal system

Closed

39

84

3

35

6

2

Open

61

16

97

65

94

98

Fly index
in 1965/66 1-

6.47

0.95

9.17

6.62

8.40

10.02

Percentage of diarrhoea
in 1965-66

0-7 years >7 years
age-group age-group

I~~~~~~~~~~~~~~~~~

17.9

11.8

27.4

24.2

12.5

12.0

2.1

1.8

5.6

7.3

1.8

5.1

TABLE 3
AVAILABILITY OF WATER IN THE STUDY AREA AND OUTBREAKS

OF DIARRHOEA

Pam

Pam

Mon,

Mon;

KUlon

Ki/on

Water
Village inside house

(%)

panito a 66

panito b 83

ay a 13

ayb 0

netro 17 1

netro 12/14 1

Water outside house
(%)

On Off
premises premises

28 6

3 14

10 77

0 100

2 97

1 98

Percentage
owaniter of diarrhoea in

of water
unlimited 0-7 years >7 years

age-group age-group

Yes

Yes

No

No

Yes

Yes

17.9

11.8

27.4

24.2

12.5

12.0

2.1

1.8

5.6

7.3

1.8

5.1

a Old town. b Vivienda rural.

(2) high levels of the fly population do not cor-

relate with a high incidence of diarrhoea;

(3) over-all sanitary measures are of the greatest
importance in the reduction of diarrhoea;

(4) of the sanitary measures that can be taken,
the provision of unlimited amounts of good water
seems to be correlated with the most important
reduction of diarrhoea incidence;

(5) there exists a direct correlation between the
accessibility of human and animal excreta and fly
counts in a given area;

(6) the number of pathogenic micro-organisms
transmitted by flies is generally too low to be a

direct danger to the community;

(7) pathogens such as Shige,la and Salmonella
circulate in the community partly because of their
transmission by flies;

Village

Pampanito a

Pampanito b

Monay a

Monay b

Kil6metro 17

Kil6metro 12/14

a Old town. b Vivienda rural.
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(8) food-borne diarrhoea caused for example by
Shigella or Salmonella may be a result of the trans-
mission of pathogen to food by flies, and the
subsequent multiplication of the pathogens in the
food before it is consumed;

(9) flies are to be seen as an indication of the level
of general hygiene in a community;

(10) a reduction of the number of flies should pre-
ferably be obtained by an improvement in sanitation
and not by the use of insecticides.
Good, low-cost housing schemes as provided in

Venezuela (vivienda rural) are the best answer to
diarrhoea diseases, provided that piped water of
good quality is supplied.
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