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ABSTRACT




Mhis study was designed totdetectitheipresence of‘saim06éli$ or
“'Shigella organisms in flies from certain districts in the city of
Beirut and itsiimmediate'oﬁtskirts;" Nine districts in the city

of Beirht.and itsiimmediate,oqtskirt51were.chcsen'as representative

of different levels of socio-economic and hygienic standards.. Flies
weré collected'from these  areas in,theﬂéummer‘and early aﬁtﬁmn of 1974 -
using special metal traps and fresh fish viscera as bait.: The trap-
ped flies were: kept in a deep freezer at about «60°C for a perlod
ranging from two to six months. Different areas showéd dlfferent ‘
levels of densntles of fl:es as well as variation in. the specnes '
,representatton. ' Rural areas mainly‘Mreyjieh had high numbers of

"Musca domestnca whilst in the more congested’areas particularly -

the New Slaughter House area, where offal is:present most of the
time,'higher‘numbersuof Calliphoridae spp. Were'trapped:} This -
difference in species type might be related to the'enVironmentalﬂe§,'
well as food’ preference. - Seven types.of flies were |dﬁnt|f|ed
~from all areas under study, these were:~

'MUSca'domestica'

' Callcphora v:cnna :

1'Phormta reglna f

Sarcophag:dae Spp.

"Muscnna s&abulans :

' Phaéniciarsericata:

~'Fannia ‘'canicularis -

Twentyenine isolates of Salmonella or Shigella spp. were obtained

-v-




from a total of 2820 flies in 188 batches. Ten |solates were Shlgella

spp. (seven Shlgella gysenterlae shlga and three Shlgella sennel)

and 19 |sclates were: §§lmgnella spp. (séx’ Salmone]la _yphl, niae

Salmoggﬂigxsnterltléls, three Sa]mone]la typhlmurlum and one

"Salmonel]a paratypht ‘B). These pathogens were: lsolated from

'Musca domestlca Calllphora vicina, Phermla reglna, and’ Phaenlcua*

sericata. ' None was lsolated frem Sarcophagidae spp., Musc:na

"Stabulans or Fannla canlcularls.' Isolations were obtained from

all areas except Ashraffiyah and A.U.B. .
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"INTRODUCTION




lnfantlle gastroenterltls or dlarrhea has been and still

. is a W|despr°ad condltion that has the h:ghest morbldlty and
mortallty rates in Lebanon. The assocnatlon of flies as -
vectors.in.the transmisSion; of the'taUsativeyagentS‘has been’
demonstrated in égypt;‘the/United'States?ahd'many other S@Qntfiés
of the'World; ' Bacterfa isoiated”from fiies'haye bééh'éﬁé&& to‘
occur: in diarrhefo stools ot si;klohiidren; The pathogen may -
lnvade‘elther dlrectly or through the contamlnatlon, subsequent
.multiplcatlon and consumptlon of varlous foodstuffs. Eradlcatlon :
or control of fly populatlons has coinc1ded wnth a reductlon in

.the |nc1dence of gastroenterltls. . Know]edge of the blology of

the’ flles and the ldentlty of the pathogens they carry W|Il

help in controlllhg the flles and . the dlseases they carry and transmlt ‘
to: humans.v' For these reasons the fltes occurrlng in and around

Beirut and the“role of<these'|nsects as carrlerszof pathogenlc

enteric bactéria:were.investigated; . These'investigations '

were undertaken durfnguthelsuhmer and;early’autumn of 1974{




LITERATURE REVIEW




Mankind and insects have co-existed for centuries. A
-review of Assyrian, Egyptian, Hebraic, Greek and Roman 1iterat-
ure reveals the interest our ancestors. had in flies, (Greenberg,

. 1973).

Although pathogenic bacteria were not isolated from flies -
until late in the 19th century, early writers had noted a definite
association between the presence of flies and the appearancejd§’_

epidemics of widespread illness.  For example the Biblé states

that the hoﬁses'of Pharoah were plaghédkby ""a grievous swarm of
flles, while in another passage, Moses ordered the Jews to bury
their éxcréta; 'Gréek and Roman writings containéd speculations
that flies may spread diarrhea by falling into food, (Greénberg,

" 1973).

Thomas Sydenham, the great English physician, had this to s

say about dysentery and other diseases: 'l have remarked that,

if swarms of inSegts;'especially‘house'flies; were abundant in

the summer the succeeding autumn was unhealthy" (Greenberg, 1973).

The flies are most seriously incriminated'invthe transmission
of Salmonella and Shigella infections, and these will be d#scribed
in some detail. Evidence that flies harboured and shed viable

enteropathogens was présented as early as 1888 by Celll. Hamilton

(1903), in his literature review mentioned what Majors Reed, Vangham

and Shakespéarehad said, about the importance of the common housefly

—
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in the spread of typhoid fever, in their report on the '"origin and
spread of‘typhoid fever in the US.'Military‘camps‘during the Span-
ish‘Qar in 1898." They statéd: "?Fliés'were Undbubtably the most
‘active agent in;the’spread of typhoid féver; Flies alternatély
visited and fed on the infécted mattér and the food in the mess
tents. FlIéS‘with.their féet covéréd with lime'(scattered over

the faecal material) were seen walking over the food." This was

* confirmed by Dr. Veedérf(1898) who said that flies were more import-
“ant agenté in the spread of typhoid infection in military camps dhr—
ing the war than was drinking water or m:lk. HamiltOn'(1903)

found that wben the discharges from typhoid patients were left -
exp9§ed in prlvies or yards,‘flies may be gg'importantlagent:;in thé
disé‘mination of the typhoid infection. Fraser (1903), Newsholme(1903)

and‘Copémanf(1906) condidered that'Mﬁséa‘domesticaa¢@5the chief

carrier of diarrhea cahéing bacteria. Ficker (1903) was able to

isolate Bacillus (=Salmonella) typhosus from artificially infected

flies 5 = 23 days after infection;v However _Graham - Smith (1910},
also using’ artlfICIa]ly lnfected flies could not recover B.- xghosus '
from the flies«intestine for lqnger‘than six days‘after infection -
and from the faeﬁeskafter‘two days;‘ _Nashf(lBOh),lagréeing with.
‘Fraser (1902), Newsholm (1903) and Copeman (1906), said: 'l am qhite
convinced from continued observation tﬁat the common housefly is thé
principal.agént in carrying diarrhea - causing bacteria to food."
Faichnie (1909), showed that flies can ingest and retain B. typho-

sus from human excreta under natural conditions. Vincént (1910),
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also believed that bacteria or their spores may be carried by fliés.

However, Nash. (1909) argued that the actual gross number
of flies may bé of minor importance and that their activity in
relation to visits to.infected material must be'takén into con-
sideration. Hamer (1910) agreed, with Nash and pointed out
that téq gréat importancé must not Bé'attachéd tO'corréspondén-
cés in the fly and diarrhéa curves in any one yéar;.' Hé showed
that "the Lohdon diarrhea curves of 1907 showed a markéd decline

at a time when the number of flies was still excessive.

Graham - Smith. (1911) succeeded in recovering B. anthracls |
from blow - flies bred from larvae fed on meat infected with
sﬁores of this organism, but failed'to“reCOVérlgg'tzEHOSUS or
B. enteritidis under similar experiméntal.conditions;' Ledingham
f(1911)1foﬁnd experimentally that the typhoid bacillus can lead
only a vary précariods existence in the interior of the larvae

and pupae of Musca domestica which possessed, in these investigat-

fons,a well - definéd baCtéria1 flora of their own. Howe_vv'er,‘
theré is no evidence whéther'thé bacillus actively multiplied in
the pupal Interior or whéther'they gradually died out; Nicoll
(1911) has shown that flies may carry at least 27 species of the
bacilli from thé'colon; Thomson (1912) indicated that flies can
retain liviﬁg typhoid bacilli within their bodies and transmit

infection for a period of 24 hours after ingestion. They, i.e. the

flies, can carry the living germs on the exterior of their feet or




bodies for a period of six hours and so transmit infection; He
also found that the intestine of flies could be full of human excre-
ta that they had eaten as larvae and which they void on all the art-
icles of human food on which they may alight afterwards.' Thomson
(1912), belfeved it was quite possible that the common'housefiy'

was a very important factor in the transmission of the disease’
through the contamination of food” - He also indicated that the
ingestnon of typhond germs in large numbers had no bad effect on
the'health‘of flies. Cox et al (1912) . in their experlments on the
number and varieties'of bacteria carriediby the common housefly,

in sanitary and insanitary city areas, found that the nuhber of
bacteria coming from the surface of a housefly whilst it was -
struggling in.iiquid may be very large varying from 2000,;the'lowest
flgure In 5 minutes, to 350,000 the highest figure In 30 minutes.
The'flies could boﬂute liquid by vomit or excreta or by wallowing

in it;' The number of bacteria carried inside the'fly was much’
“greater.. It was aISO'found that pathogenic bacteria and those
ailied to the food poisoning group were . only obtained'from the
congested or moderately congested areas and never from the suburban
areas. However, it was found that the amount of dirt carried by
flies,'mea5ured in terms of bacteria, bore.a definite re]ation to
the habit of the people and the state of the streets. - Cox gt;gl
'(1912) found that the number of bacteria carried by housefiies,
caught inan eating house'opposite the Slaughter Houses, was far

greater than that carried by blue - bottles caught in the same

‘area.
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Graham - Smith (1913) showed that houseflies can ingest
typhoid bacilli from pure cultured and from experimentally in-
fected material. Nicoll (1917), agreed with Graham - Smith,
and found that flies can ingest typhoid bacilli from natural
matter i.e. human faéces and urine and carry. them for a cértaln
period of time, Further more, he‘fohnd no evidence that the
typhoid bacilll multiply in the housefly. On the contrary the
evidence ShOWéd that théy'were not adaptéd for prolonged life on or
in the fly. It thus followed that thé housefly was a purely
mechanical carrier of thé typhoid bacillﬁs and was not a natﬁral

"host' in: the strict sense of the term.

in 1920 Manson - Bahr found that Bacillus dysenteriae

shiga, from a culture survived only four days in th§ gﬁt-contents
of flies, but observation on natﬁrally infectéd'flies'led him to:
think that thesé'f!ies had carried the infection for a much longer
time. It was sqggésted that bacteria taken up from faeces are.
more resistant than artificially cultiwated‘strains;' Woliman
(1912) found that when flies fed on cultures ofegg'tXEHOSQ§ or
E} dxsentériae were kept for long pérééds in the same veésel con-
taining somé cotton-wool moistenédeith.hilk'and watér, thé'bact-
eria persisted in thé flies for a very long time, bdt if the
insectS'weré tranSférred to aseptic surroundings daily they beComé
free of the specific bactéria in about 8 - 10‘days: Othef expéri-

ments.by'thé same writer using Musca, Calliphora and Phormfa showed

that re-infection of the emerging imago by bacteria remaining on

the surface of the pupa was common and this might.acc0unf for some
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of the apparent survival of anthrax spores in the pupae of the
three genera. However, this contradicts the previous notes by
Graham - Smith (1913) who found that when the non-sporing bacteria

e.g. Bacillus typhdSus;'BacilluS‘enteritidis,'from,cultures were

lngested by fly larvae, they soon died out and d|d: not survive
metamorphosis of the lnsect.“

Ostrolenk et al (1942b) showed that flies are capable of
depositlng on food by defaecation or regurgltatlon countless
numbers of bacteria and further that the bacterial flora. depo-
sited'is largely determingﬁby the nature of the material on
which the flies fed, Reciprocal transmissioh of‘Salmonelle
"enteritidis.has been shown to occur'betweeh'eaged mice and
hoﬁse'f]ies,'preshmably through food (Ostro]enk'§3;31_19h2a).
They, Ostrolenk e;;gl!(19h2e), also proved that infected flies -
can contaminate other uninfected ones; It was also shown that -

after flies had fed on Salmonella'ehteritidis,*the organisms could

be isolated from the flies daily from day one to day 20 with the
exceptlon of day seven and day 17 Thus; this would indicate
that organisms could survive for the entlre duration of the life

of the fly, approximatly four weeks.‘ It was also found that,

flies breeding in.infected places can give rise to infected maggots,

pupae and adults and that organisms survived metamorphosis.-

Kuhhe and Anderson (19%4), stﬁdying an epidemic of bacillary

dysentery:in-a ierge Military @nit, found that the onset of the
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epidemic occurred about two weeks aftér troops had moved into a
bivouac area in which flies had begun to breed in largé nﬁmﬁers ‘
because of fmpgoperly operated straddle trench Iatrines;‘ The
epidemic was gradual in onset, widespread in distribution, reached
its peak in about two weeks, and déclined simﬁltaneo;sly with the
 gradual disappearance of the fliés;' Dysentery organisms weré isol-
ated from flies and, Kuhns and Anderson (194k4) stated that,.“Thé
importance of the Common housefly in thé transmission of bacillary
dysentery should be stressed moré than it has been in the past, and

corresponding attention should be directed to control',

Hemphill (1948) indicated that the incidence of diarrheal
disease, cases, and déaths,'had diminished in rural aréas and small
towns where DDT residual household spray applications had been made
to prevent malaria transmission. A concurrent reduction of flies -
had been noted in houses and privies in such areas, This evidence,
together with that provided by the laudable field work of Watt and
Lindsay (1948) on diarrhea and dysentery control, appears to impli=
cate flies as an important factor in the spread of baciltlary dysént-
ery. During a fly eradication campaign in Hidalgo County,-Téxas,‘
in 1947 - 1948, Watt and Lindsay (1948) noted that, following the
control of flies by DDT spraying in five out of nine similar towns,
théfe resulted a substantial réduction in reported attacks of diar-
rhéa disease, reported deaths of children under two years of age,

and of'Shigélla inféctions as détermined by rectal swab cultures

in réprésentativé groﬁps of children below ten years of age. The
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untreated towns had no similar decreasesr" Shlgella'lnfectlons in=
creased in the treated towns after theremergenCe of a DDT resistant
strain of ﬂ;’domestlcal Similar studies‘were‘undertaken’by Higgins -
andvFloYdf(lBSS) in:Egypt and their resultS'followed'a pattern paral-
lel to the one observed by Watt and Llhdsayf(lShB); After an init-
jal reductlon subsequent to DDT spraying, shigellosis returned'wlth
the‘emergence of resistant strains of fliesl . The problem of wheth-
er'or not sultable lndlces’of the prevelence of'Shigella in a com~
munity’ could be obtalned from the rate of recovery of these organisms
from domestlc flies was studied by Richards et al (1951). A total

of 65,273 flles collected outdoors ylelded 69 isolations of Shlgella,-

a ratio of aboUt l/lQOOIflles.

Comparisons of the rate of isolations from flies with the

rate of posntlve rectal swabs rndlcated that- the indices from flies -

~generally’ paralleled the lndlces from humans, but that they were . too

low to prOV|de a suffnclently sensltlve and effectlve means of measu-
rtng Shlgella prevelence. However, Richards et ‘al . (1951)" suggested
that sampling of flies m|ght be. used to advantage in certaln sntuat-.

ions where high fly'populatlons or hlgh'Shlgella prevelence occurred.

, Hawley et ‘al (1951)" found out that flles fed small. numbers (less

than 1000) of the specnfled organisms in a snngle feedlng apparent-.
ly did not pass these'bacteria in their stools.: Butwas the'numbers '

of |ngested bacterla |ncreased multiplication occurred within the

|nsect as eVIdenced by the excretnon of significantly greater numbers
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of the test species than were initially fed. The nuhbér of organisms -
excreted remained at a high level for at least six days, but the
death of many of the flies limited the length of the observation

period.

Hawley et al- (1951). also found that a threshold dose of 10

Salmonella, Shigella or Escherichia was required to establish inte-

stinal infection in the housefly, thus human infections seem likely
to be through fly contamination of food.

In 1953, Lindsay and Stewart demonstrated that during effec-
tive fly control in an area of moderate diarrheal disease morbidity,
the prevelence raté ofnShigella infections and thé’morbidity rate

from diarrheal disease were significantly lowered.

MacCabe and Hainésf(1956)’found a significant reduction of
Shigella infections in children less than 10 years old following
improvéd hhman excreta disposal. Also, after"improveménts were
made in the methods of excreta disposal in the community, the re-
ported diarrheal diseaSé rate in Boston was one-half the rate
observed in the check towns.. Lindsay and Scudder (1956) in their
report "'Nonbiting Fliés and Diseases'' summarized the report results
of many invéstigators prior to World Mar,11§1 It wasvagrééd that
ﬁndér'certain optimum conditions fliés cohld be as éfféctive in
spreading inféctions as were contaminated fingers and food. A

direct relationship between Salmonella in flies and human infections

has been more difficult to establish.




Arski}g(TSGJ)_foUhdvthat thelihorease'in dysentery
‘morbidity in central Tadzhiskistan, could be explained by the part played
byitheltly factor in thehtrenemise}oh of'thetihfectioh; " Vranova
'(1972) . found that the vibrio NAG (honeggldtinating) strain can survive

on tarsi of ﬂ;.domestica for up to;80 mihutes.i‘lh,the‘digestiVe '

traotAthie'straih»eorrived'for 6 859§L:7'ééiﬁéhéiiéféﬁiéééfié}s cohld'
also be’ found surv1vnng for 6 days. 'Fohert‘(1§7i); regerdedfinsects ;
(e g. a]]nghora spp. and Luc11|a Spp ) as mechanlcal vectors of
disease. W|th their . legs, halr coats, they transmlt bacterla from
lnfected to non- lnfected products. He 8150'f0und experimentally :
-that flles carrled Salmonella from thelr larval to thelr adult stages;'
Human beihQsi'dogs;'catS‘and livestock are‘conSIdered to be more
resistant than mice'to{yaéfohs'ééjééhéilé, thdsiraie;ngda qdeetion
cOhcerhing the ebility'of'ﬂies'to trahsﬁit:fnfections directfy‘to.
such hosts or Vhether transm|SS|on is: poss:ble on!y w:th an
_lntervenlng booster ‘e.g. lncubatlon in food (Greenberg, 1964)
He aISO'tried’to determine Whether'contaminatedlflieS'coUld deposit :
sufflcnent organlsms on food to produce overtlor covert |nfect|on5"
an lnfected dog s faeces were: used as the source of Salmonella :
"kxghjmurlum pathogens.‘ Flles contamlnated by these faeces depOSIted
the'OrQanfsms in.a sweet MeX|can drcnk ‘ Elght of the.ten samples '
of the drink were posntlve,:WIth a range 5 x 103 - to

64 x IO'I+ S typhlmurlum. ' When |ngested by human volunteers

thisvrehge of'pathogens did not caUse'any clihical symptoms.
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Wolff and Van Zijl:(1969) concluded that food borne diarrhea

~ caused for example by Shlgella or Salmenella may be a result of the

transmISSIOn of pathogens to food by flles, and the subsequent
" multiplication of the pathogens in the food before lt is: consumed

They .also- clalmed that flles may be used as an |ndtcatnon of the

level of general hygnene ina communlty.-
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A selective list of béctéf?éf; Virél, péfasitic and

: S e s S S s ST M ;'; e
miscellaneous agents isolated from the adult M. domestica.

'BACTERIA

Salmonel]a spp.

- hlgella spp.
' Vlbrlo spp.

"Pseudomonas spp.

fAlcallgenes faecallé

"AerobaCter spp. -

' Kj;béféi¥a épp;

Proteus spp.

"Pasteurella spp.

Brucella spp.

'Staphyloeoccus spp.

"Bacullus spp.

'iClostrldtum spp. |

'Mycobacterlum spp.

'LeEtosEIra spp

7Cox1el]a burnettl

: Tr[c‘agent51

Princeton, N.S., U.S.A.

VIRYSES

Poxviruses
Pdliovirqsés'l,z,B;f
Coxsackie virus A,B.

ECHO viruses 1,5,6,7,11.

H::ﬁAkASiffoAééﬁfg:

"Lelshmanla troplca v

i'Trypanosoma gambnense

"Glardla lamblla (='lntg;;'

"tihaiIS)

...........

"Entamoeba hlstolytica

"Trlchurls trlchlura

"Ancylestema duodenale .

"Necater amerlcanus

"Entéfédestefﬁiéﬁlaris;'

"Ascarss 1umbrncondes

"Toxoplasma gendxl

: *Adoptedlfroh: Gfeénberg,'B;'F}iéénéﬁd‘Bigéééééi'Vbl{ 1

P




"ok

MATERIALS AND METHODS




- -

A. Area Undef Study:-

The study was confined to«the'area'CQVered'by'thé City'of-Beirﬁt ‘
and its immediate outskirts:‘ In the Seléction of districts, the type
of dwellings, occupation of the inhabitants, density of popﬁlation,
avaitability of mﬂnicipal sewerage, presénce of varioﬁs potential
soUrcés'of contamination, were among thé factors‘takén>int0'qonsidér-_

ation. The following districts were chosen:=

i. The campus of the American University of Beirut (A.U.B.):

Representative of a relatively sparsely inhabited high socio -,

economic area with a good standard of sanitation.

1. Ras Beirut: This is made up of congested areas, surrounded
by open places used at times for grazing cattle. Refuse

collection is less regularly Qrganized than at A,U.B.

‘Ashraffiyah: This is a highly congested residential area,
E most of the buildings are constructed on a hitly area. It has
few open places and s situated at a short distance from

the New Slaughter Héuse.

‘iv. Burj (Martyr's Square): An extremely congested commercial

area where fresh and rotting food and vegetables'ake present

sidé by side. ~Garbage dispossal is irregular; piles of

decaying material are almost constantly present.
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The New Slaughter House Area: A highly congested, low

socio ~ economic area with poor refuse and sewerage facilit-
fes.. A multitude of animals transit to the Slaughter House

at all times.

Quarantine: A highly congested, low socio ~ economic area

with few garbage and sewerage facilities. = Beirut River and

sewerage canals open onto the nearby seashore.

Burj. - Hammoud: A éqngested'area'situated a few hundred

meters away from the areasv and vi from which it is separat-
ed by the Beirut River and to . which it is connected by two
bridges.  The area is relatively cleaner than v and vis;

better housing and municipal sewerage exist.

Chiyah: A southefﬁ,suburb of Beirut with: constructions -
of new buildings invading a previously rural area. Fruit:
trees and vegetable patches are abundant. The district is -

. W v . L, T
a mixture of low and middle socio:- economic groups.’

| Mreyjieh:. A small area near Chiyah, with conditions rather

similar to it. However, animal farms exist and many people

raise and Keep animals within the house' compound.
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B. ° f%Tiection of Flies:~

This was carried out with the assistance and guidance of Professor
Jack Ibrahim, from the Department of Environmental Health, and using

transportation,facilities'provided by the Beirut Municipa¥lity.

At the beghming of the study flies were attracted to a special
type Of trap contain(ng variods forms of baits;* After some experim=~
entation with.pastedrized'milk ‘apricot jam and fresh'fish'viscera, it
was found that fresh fish viscera attracted’ the greatest number of, flies

and ®his ba:t was used in all subsequent trapping sessions,
L
»

TraEE ng:
§The traps used were described by Howards, L.0., (1926), and were :.

Ak Moy

used*by}Trask et al (19&3) They were cylindrical in shape, 16‘cm.
In dfgheter and 34 cm. hlgh.' They were made,of mild steel wire mesh
and sonsisted of a ]ower'patt in.which,the'bait was placed'and an
uppegvpart in which the'flies were trapped. ' The upper part had a
detaehable Iid. The two sectlons of the trap were. separated by wire
_gauze in. the shape of a cone which had a small" openlng;one cm, in
diameter, at the apex. F]ies entered the traps through openings In
the ]ower'section.and then'passed thrOdgh the opening in the'¢one into
the upper section- from which they were unable to escape (see eﬁgnres v 4 3,)
Sterile traps were used for each experlment. Five traps were set in
each area and were collected 24 hours Iater;, It was fodnd that the.
beSt“time for setting the traps was in the early morning. Fourteen

collections were made in each area during the period of collection i.e.

T
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the%summer and early autumn of 1974,

| |

E Different localities were chosen in each particular district and
trags were«set in apartment - houses, kitchens, gardens and near garbage
dumps, animal farms, butchers' shops, vegetable and fru:t shops, chicken
farms, sewerage canals," excreta dlscarded viscara of slaughgepedanlmals,
sladghter houses and beaches. " Each trap was labelled proper;y as to

« .
district, date, type of environment. Additional pertinent data were

also collected.

Handiing of The Flies::

jvThe'traps were removed 24 hours after setting and were carried to.
the: laboratory of the Department of Tropical Health, A.U.B. where the
upper segment of the trap was removed and placed in deep freeze at
about -60°¢C for apprOX|matly 3 msnutes, this caused lmmedlate freeZ|ng
of the trapped xnsects. " Following removal from the freezer, the flies
were transferred to sterile jars whlch were labelled and re-deposuted
_lnto.the deep freeze at about -60 C. " The captured flies were left
froten for periods of two to six mohths'befOre.baCteriological studies

were undertaken,

4‘ln order to avoid contamination, the traps were carefully washed
w1th soap and dlSlnfectant. After being individually wrapped in brown
paper, they were sterilized by autoclaving (121 ¢ for 15. mlnutes at 15

1bs! pressure) The baits used for attracting flies were tested for .

the presence of enterlc pathogens and in the 10 samples tested, no
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Salmonella or Shigella were detected.

C. Identification of Flijes:

The individual flies were studied under a dissecting microscope
(10 x .7 - 10.x 3). Storage did not damage the anatomy of the flies
and details of their morhpology could be recognized easily. ldenti-
fication was carried out by using keys provided by two references,

recommended by the British Musegm: of Natural History, London, England.

1., Greenberg, B. 1971.. Flies and Diseases.: Ecology, Classif-
ication and Biotic Association, vol. 1, Princeton University Press,

Princeton, New Jersey p. 85 - 115,

2., ‘8mith Kenneth B.V., 1973. Insects and other Arthropods of

Medical Importance. = British Museum (Natural History). p. 251 - 277.

Following Identification, flies belonging to the same species of
sub-species, collected from the same area, were placed in sterile vials -

for bacteriological studies.

D. Isolation and Identification of Enteric Pathogens from Flies::

Media and Reagents:-

The standard bacteriological equipments and glassware were used
throughout the experiments. The techniques used were those recommend-

ed by ‘Bailey and Scott (1974).

The following media and reagents were obtained from Difco Laborato-

ries, Michigan, U.S.A. Selenite broth, MacConkey agar, Salmonella -

Shigella (S_S) agar, Blood agar, Tryptophane, Dextrose, Mannitol,
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Lactose and Sucrose broths, Urea base agar, Kligler iron agar, Kovack's
reagent. These were prepared according to the specifications of the

manufacturers. Specific antisera for Salmonella and Shigella slide

and tube agglutination tests were obtained from Wellcome Reagents,

England.

Because flies might carry different types of micro-organisms, there
was a need for the use of selective media, as listed above, which could

inhibit some and enhance the growth of other micro-organisms.

A series of preliminary experiments were applied to obtain the type
of media and the number of flies that would give the most favorable

results.

Fly Extract for Optimum lsolation

Batches of flies, belonging to the same species, were ground up
with a sterile mortar and pestle, using normal physi<olgical saline

(N.P.S.) solution as a diluent.

Several preliminary trials using varying numbers of flies and
different amounts of saline were made to determine the number of flies

that would make an extract yielding the most favorable results.

Six sets of tubes each containing six tubes numbered one to six
were prepared. Batches of flies belonging to the same species and
subspecies were added to each set of tubes so that there were five flies
in tube No; one, ten flies in tube No. two, fifteen flies in tube No.
three, twenty flies in tube No. four; twenty-five flies in tube No. five

and thirty flies in tube No. six.
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Five, ten, fifteen, twenty, twenty-five, and thirty ml;; of sterile
N.P.S. were added to sets one, two, three, four, fivé and six, respéctive-
ly; " Thus several dilutions of flies extracts in sterile N.P.S. were
obtained. From each dilution, an inoculation was made to tubes of
Selenite broth and MacConkey and S-S agar plates. The presence of
Lactoée non-fermenter colonies was detected and additional biochemical
and serological tests wére applied to determine the purity and idéntity
of the isolates; The key for the identification of enteric pathogens

is presented in table Il.

It was observed that when 15 flies were ground in 15 ml of saline,
the most satisfactory. results were obtained. Fewer flies gave poor .7
~growth and few colonies, while more flies produced heavy growth and thus -
identification and purification of suspected pathogens was cons idered
impossjble. Hence, extracts of batches of 15 flies in 15 ml saline,

were subsequently used in all experiments.

Isolation of Enteric Pathogens -

Early in the project, attempts were made to observe whéther
bacterial pathogens were on the outside or within the gastrointestinal
tract of the tested flies. This required some lengthly manipulations.
The use of growth enhancers i.e. Selenite broth, and selective growth
inhibitors i.e. MacConkey and (S-S) agar plates was found to be

advantageous.

BT e 2 Of mi ol Shan SRR - - | e .
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Fifteen flies. e.g. M. domestica domestica, were added to 15 ml of

sterile N.P.S., and‘the suspension was shakén gently for few minutes for
the purpose of washing the flies, and then left at room temperature for
about 30‘minutes; Néxt the flies were transferred to a mortar with
sterile forceps and ground in anothér 15 ml, of sterile N.P.S. Qith the
ald of sterile péstle; Thé first tube was considered as representing
primarily surface contamination, while the second, of ground flies,

demonstrated the overall picture of bacterial carriage by the insect.

Difficulties were often encountered in obtaining pure cultures of
enteric pathogens due to the heavy growth of cpuntleSS'bacteria carried
by the insects.  Consequently, several bacteri¢logical methods were
tested to obtain the most satisfactory ene; Almost all méthods used
were based on the same principles i.e. purification and supporting the

~growth of the enteric pathogens.

Both washings of flies as well as their extracts were tested by
the methods described. The washings from flies were further examined
for types of bacteria other than enteric pathogens, by being streaked

on Blood agar plates.

Method i
After preparing the suspension of 15 flies ground with 15 ml
sterile normal physiological saline §.P.S.) i.e. dilution of 1:1

inoculations into Selenite broth were made.
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After being incubated for aboﬁt 16 - 18 hours at about 37°c,
inocula were streaked on both MacConkey and (S-S) plates, and these
in turn were incubated for about 24 hours at 37°C.  Suspected single
colorless colonies were fished and inoculated into batches of sﬁgar
solutions which were incubated for 24 hours at 379C except for Trypto-
phane which waﬁe'incubated for about 48 hours. Results of the biochemical
reactions were read against TFable II. Any positive findings were
further confirmed serologically, by utilizing the specific antisera

for agglutination reactions.

Method ii

Followed the same route as method | except that suspected single
colorless colonies, instead of being inculated into sugar solutions,
were re-inoculated into Selenite broth and then into MacConkey and (s-5)
plates.” After incubation, co1oniés were fished and inoculated into

sugar solutions,

Method iii

Fly suspensions wére inoculated into: Selenite broth and
incubated for about 16. - 18 hours at 37°C.  The inocula were then’
streaked on both MacConkey and (S-S) plates and incubated for 24

hours at 37°C.  Then followed the same steps as in Method ii but

utilizing Tryptophane instead of Selenite broth,
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Method iv

Inocﬁlations were made from fly sushension into MacConkey and (5-S)
plates, and these were incubated for 24 hours at 3796. Then coloniés
were inoculated into Selenite broth. After incubation for about 16 - 18
hours at 37°C, sub-inoculations were made into MacConkey and (S-S)
plates and incubated; Further inoculations in Selenite broth wére made

followed by MacConkey and (S-S) plates again.

Finally from MacConkey and (S-S) plates inoculations were made into

sugar solutions.  After incubations, the results were. cheacked serologically.

Controls:
Along with each step, starting with washing the flies and endingi up
with gerolpgical tests, controls were used as follows:-
1. Fifteen ml from the sterile N.P;S.iused in the grinding of

flies were incubated for 24 hours at 37°C to confirm sterility.

2. Selenite broth to which a loopful of sterile saline (N.P.S.)
had been added, was incubated synchronously with Selenite broth inoculated

with: fly suspension.

3. Loopfuls of sterile N.P.S. were streaked on both MacConkey

and (S-S) plates which later were. incubated along with MacConkey and

(s-S) plates inoculated with fly suspension.
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k.. " Loopfuls of sterile N.P.S. were added to the sugar solutions

and incubated.

All steps were run under aseptic conditions. The same batch of
flies belonging to the same species and sub-species was examined by

the 4 different methods at the same time.

Each procedure was tried 5 times, Procedure i seemed to give better
~growth of colonies and supported the enteric pathogens where one posit-

ive isolation was obtained from it. Hence, procedure i was later on,

used in experimentation.




RESULTS




Because large numbers of flies, ranging from 2300

to about 10000, were collected from each district it was decided
to identify only an adequate sample of the total population.
Consequently 500 well preserwed specimens were drawn from each

district and identified.

Identity of Flies in the Collection

On the basis of the anatomic features of the adult flies,

the following gpecies were identified (see Table ). ‘

1. Musca domestica (sub-species domestica).

2. Muscina stabulans - ‘

. Calliphora yicina

. Fannia canicularis

3
4, Phaenicia sericata
5
6

. Phormia regina

7. Sarcophagidae spp.

Representative samples of each species, preserved by stand-
ard procedure, were taken to the British Museum of Natural History,
London, England. Their observations confirmed the identities of

the specimens submitted.

Table IV summarizes the data about the identity and flies
collected from the nine districts under study. The range in the

number of insects caught per trap is also presented. The variat-

ion in the percentage of the different species of flies is also




‘Tab}e |1l - The main c
tion of the flies caug
mediate outskirts duri

Fly wings hypo- aristate body
pleural antenna colour
bristles

Musca domestica vein 4 i{s sharply - + gray
curved towards -
vein 3
Muscina vein 4 less cue- - + ~gray/black
stabulans ved towards vein : '
Fannia vein 4 curved down- - bare ~gray/yel low
canicularis wards towards vein5
Calliphora Basicésta yellow to + + metallic blu
vicina yellow brown, Base
of radius bare above
Phaenicia + + mtallic gree
sericata
Sarcophag {dae + + non-metallic
spp. ~gray with.3 ¢
dark bars.on
& spoted abdq
like chequers
Phormia Base of the radius + + metallic gre
regina before the humeral blde to bla
cross vein ciliated
posteriorly above
st = sterno pleuron av = antero ventrals ac = acrostichial
pd = post dorsals t3 = Third tibia de = dorsocentral




tics used in the identifica-
f city of Beirut and its im-
Prer and early autumn of 1974.

lower

legs therax propleuron
squama '
super- mid- tibia without haired
squamal mid-ventral bristles.
ridge bare
st 1:2 as a rule; if 1:1
then arista pubescent.
t3 witha single or with
out strong pd.
t3 with 2 = 3 av, with bare
vittae
haired anterior pilose
thoracic
spiracle
is orange.
bare "

Hind coxa bare poste-
riorly $éwer part of
head predomenantly
dark.

mesonotum
convex
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made available. The figures presented indicate that, under similar

“trapping conditions, the number of fliés per trap were higher in
Mreyjieh, Chiyah, S]aﬁghter House and to a certain degree in Qua-
_ rantine,iwhile the Towest numbers weré captured in Ras Beirut,
A.U.B., Ashraffiyah, Burj and Burj - Hammoud; A significant
variation in the fly population existed between the district of
Chiyah, Mreyjieh, Slaughter House and Quarantine, on thé onhe

hand, angd Burj, Burj - Hammoud, Ras Beirut, A.U.B. and Ashraffiyah
on the other. On the average, M. domestica constituted about
75%,80%, 72%, and 75% of the total catch in the Chiyah, Mréyj%eh;
Ashraffiyah, and Ras Beirut areas respéctively whilst it showed
averages of 22%. 10%,20%, and 17% of the total catch in Burj -
Hammoud, Slaughter House, Quarantine and Burj. respectively;
However, a 67% average was established at A.U.B. Spécies of the
Calliphoridae were at their lowest numbers in Chiyah, Mreyjﬁﬁh;
Ras Beirut, Ashfaffiyah and A.U;B; showing averages of 12%, 13%,
5%, 9%, and 10%, of the total catch, respectivély; ’ However;
higher numbers were. found in Burj - Hammoud, Slaughter House,
‘Quarantine and Bﬁrj with averages of 66%, 78%, 75%, and 73%, of

the total catch, respectively.:

Minor variations in the distribution of other species of

flies i.e. Muscina stabulans,-Sarcpphagidae species and others,

were observed in all areas under study.
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Table V presents the number and species of flies collected,
during summer and early autumn of 1974, from each district and
tested for the presence of enteric pathogens;‘ A total of 2820
flies, cultured in 188 batches, were tested. The predominant species

was Musca domestica followed by Calliphora vicina, Phormia regina,

Phaenicia sericata, Sarcophagidae spp., Fannia canicularis and

Muscina stabulans.

Table VI presents an overall picture of the various enteric
pathogens isolated from the batchés of the different speciés of
flies presented in Table 1v; ‘.21. domestica was the carrier of the
~greatest number and variety of pathpgenic'Salmoﬁella and Shigéfla.
There were six isolates of Shige]lé, of which four were Shiéeila

‘dysenteriae shiga and two Shigella sonnei; there were also four

isolates of Salmonella enteritidis and two each of S. typhi and S.

typhimurium. = The Calliphoridae spp. also carried a mixed populat-
ion of pathogens of which the Salmonella spp. were the most common.
C. vicina carried two strains of S. typhi, one of S. enteritidis,

one of Sh. dysenteriae shiga and one Sh. sommei. = Phaenicia

sericata and Phormia regina also show a predominance of Salmonella.

The range of overall positive cultures extended from 14.2 - 25%
of the total batches. These data do not deal with the localities

from where positive cultures were obtained.

Table VIl presents the nature of the isolates obtained from

flies in the distiricts of Beirut under study. It shows that of
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the 10 strains of Shigella cultured, seven were: from the Chiyah

and Mreyjiéh areas; Thé'other three isolates were from Burj,
Burj - Hammoud and the Quarantine areas; ) Salmoneila spp; were
isolated from all districts except Ashraffiyah and A.U;B;
Mreyjieh had one isolateof S. enterftidis and Chiyah had one each
of S. typhimurium and S. enteritidfs." §;'Exgbi_was isolatéd

from five out of the nine districts.:

Table‘VIl!,presents the ratio of positive cultures of either .

Salmonella or Shigella from the various pools of fﬁies'captured

in the different districts of Beirut and its outskirts. The
data presented démonstrate that the entire area is heavily con-
taminated with both pathogens. They also show that Musca

domestica, Calliphora vicina, Phaenicia sericata and Phormia

regina, carry strains of Salmonella or Shigella. The ratios of

infections range from 1/2 - 1/8 i.e. one isolate per 2 - 8 pools

of 15 flies, having a median of less than 1/k. = The isolates include

~ Sh. dysenteriae, Sh. sonnei, S. typhi, S. paratyphi B, S. enteritidis -

and S. typhimurium. ~ The areas most heavily contaminated with

Shigella Were Chiyah and Mreyjieh. Salmonellosis was endemic in

Quarantine, Burj, Burj. - Hammoud, and the Slaughter House area.
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TABLE Vill

Ratio of positive cultures of either Salmonella or Shigella
from various pools of flies captared in the different districts

of Beirut and its outskirts during the summer and early autumn

of 1974.

Area

. 1. Mrey jieh

- 2. Chiyah

3. Quarantine

L, Burj

5. Burj-Hammoud

6. Slaughter House

7. Ras Beirut

8. Ashraffiyah

9. A.U.B.
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DISCUSSION




As in most ''developing céuntries“, shigetlosis: and Salmonel-
losis afe important endemic diseases in Lebanon (Matossian 1965,
- 1974).  Transmission of the causative erganisms by flies has
béen shown to occur by several inWwestigators and consequently
flies play an important role in the epldemiology of these diseases.

(Lindsay and Scudder, 1956).

Because of the presence of high densities of flies in
Lebanon,disorganized garbage, wastes and sewawge disposal as
well as the presence of certain endemic diseases such as Shigél-
losis and Salmonellosis, this study was made to determine

whether flies, in Lebanon, carry and transmit pathogenic organisms.

Most of the flies collected during this study belonged &o two
families Muscidae and Calliphoridae. The adult Muscidae are
usually found around and settling on animal and human excreta which

are prefered as an important source of food as well as being an
: /

important shelter for breeding. Eggs are laid on such excreta

and hatch; the larvae which emerge actively féed on such materials,
~grow and develop; Pupation occurs in thé soil nearAthé larval éite;‘
Thus most of tbe life of these flies is spent on or near human and
animal excreta. Calliphoridae adults are found chiefly on decay-
ing meat, animals and fruit. Such places are knbwn to be favorable
breeding sites for (alliphoridae spp; where the females fay théir

eggs. The larvae are chiefly carnivorous and develop in such




places to become pupae from which the adult flies emerge.

Flles may be considered as indicators'' of the hygienic state

of a communlty and their presence in hlgh numbers would |nd|cate

poor sanitary measures in that area. Moreever the densities of

flies could also be related to the habits of people, their standard.

of education, socio - economic status and their living conditions.

In this‘stﬁdy, dUring the co]lecti&n of flies, it was noted
that some areas showed higher demsities of flies than did other
teritories, while certain speciés of flies tended to be predominant
in some aréas and not in others. In one way or another these find-
ings could bé related to the hygienic situation in éach of the

different areas. , ‘ |

A total of about 50,000 flies were caught in nine districts
of the city of Beirut dﬁring the period of summer and early autumn
" 1974, (Table 11). The highest number of flies (10,000), was
caught at the Mreyjieh area, while about 7000 flies were captured
in both Chiyah and the New Slaughter House areas and about 6000
flies were caught in Quarantine. Lower numbers were caﬂght in
Ashraffiyah, Bﬁrj, Bufj - Hammoud, Ras Beirut and A.U.B. with
3000, 3800 3500, 3200 and 2300 flies respectively. Different
varieties or species were dominant in the various districts.

For example in Chiyah Mreyjieh, Ashraffiyah, Ras Beirut and A.U.B.




higher dénsities of Musca domestica were obtained than. in the other

areas, whilst in such areas as Burj, Burj - Hammoud, Quarantine and
the New Slaughter House, greater densities of Calliphoridae spp. i.e.

~green and blue-bottles, were found.

The distribution of the species suggests that in the Burj,
Burj - Hammoud, Quarantine and The New Slaughter House areas where
Calliphoridae spp. abound, there will be found animal offal as

well as dead and decaying animals. In the areas where Musca domestica

predominates there is an excesé of untreated sewage, garbage and
excreta., In Mreyjieh aréa animal farms, particularly cattle,
exist. These farms lack cleanliness, cattle excreta afe found
every where on thé grohnd and the stables are dirty. The people
in that aréa are ﬁsed to keeping‘animals‘(chicken, goats, sheep or
cattle) in their houses or gardens. It Is quite common to see
people having lunch in their own garden just a few meters away from
where the animals are; the flies freely visit both animal and
human food and excreta; The people there seem to accept the perme-
nant occurence of flies as natural and do not bother to gét rid of
them. These conditions also occur, more 6? less, in Chiyah and

both of these areas lack proper sanitation.

in the New Slaughter House area as well as the Quarantine

area, the people live in very low socip - economic circumstances, in

badly constructed house$ poorly provided with even the minimal
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requirments of hygienic measures e.g. latrines, garbage
and sewage disposal and they are deprived of the basics of health
education; Most of the garbage and wastes of Beirut as well
as se&?ageempry onfo»the seashore just next to the New Slaughter
" House and Quarantine, ‘ Though the New Sltaughter House is provided
with the essential sahitary requirements, certain other important
precautions are still not taken. The viscera, skins, and other
unwanted offal from the slaughtered animals are qual]y thrown on
the seashore just next to the Slaughter House and since Callipho-
ridae, not only feed but breed in that material, this leads to

the presence of thousands of flies, not only in the Slaughter

House area but also in the near-By Quarantine districts.

Next to Quarantine is the Burj -Hammoud area which could
be considered as a cleaner district than the ones mentioned ébbve.
However, in this area the population is very cqngés$ed, as are
the houses, shops and restaurants.’ At the border of this district
with that of Quarantine, there stands the old Slaughter House which
is still in use. This building is badly constructed with very
poor hygienic précautions; it is only about 30 - 40 meters from
the seashore onto which most of the garbage and sewerage of the
nearby territories empty. At the side of the Slaughter House
there exists an open - air animal stable, used mainly for cattle,

which is in a very dirty state.



At the center of the city of Beirut is.situated the Burj area.

As previously mentioned, this is a very.congested area with people,
houses, shops and a famous market which contains all the butchers'
shops, vegetable, fruit, cheese and fish'shops; The narrow roads
leading through the market are all the time covered with remnants
of foodstuffs and dirtywater. The foodstuffs which are on sale
are poorly protected and most of them are exposed to the air with

flies wandering around visiting both dirt and food.

On the other hand, the areas of A.U.B., Ras Beirut and Ashraf-
fiyah are much cleaner. Inspite of thé crowding and congestion of
people, houses, and shops, Ashraffiyah area is provided with reaso-
nable hygienic controls and measures.  The residents have some
knowledge of hygiene and this plays a part in keeping the area
, clean; This district is built, as previously mentioned, on a
hilly area and though it is close to Burj - Hammoﬁd and Quarantine
areas, which are at lower levéls, it is far away from the séashore
on which all garbégé and sewage are discarded. Some areas in Ras
Beirut resemble the Ashraffiyah area in their hygienic conditions,
while other_localitiés resemble other less hygiénic areas such as -
are found in Quarantine, Mreyjieh, and Burj - Hammoud. This is
especially so in such localities of Ras Béirut where theré are.

animal farms.

A.U.B. campus is among the most hygienic areas, where very good

sanitary levels and controls are available. The food in the Cafeteria
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is clean and under continous supervision. The campus itself is

rather clean and relatively sparsely inhabited.

Among the 50,000 flies collected, only 2,820 were tested
baéteriolpgically for the presence of enteric pathogenic bacteria.
There were 29 bacteriological isolations; 19 Salmonella spp. and
10 Shigella spp. Among the 1080, M. domestica in 72 batcﬁes from
all districts under study there weré»six isolates of Shfgei]a

(four Shigella dysenteriae shiga, two Shigella sonnei) and eight

isolates of Salmonella (two Salmonella typhi, four Salmonella

enteritidis and two Salmonella typhimurium).

The recovery rate for Shigella Is higher than that reported
by Richards et al (1951) who isolated Shigella 69 times from 65,273
flies a ratio of@bout T/lOOO.fiies in a city in the Southernpart
of the United Statés.' The recovery rate for Salmonella is also

higher than in other investigations.

However, Greenberg et al (1963) found about 2% Musca domestica

and about 60% Calliphoridae spp. infected with Salmonella spp in

a Mexican slaughter house .

From 1,260 flies of Calliphoridae spp., 15 isolates were

obtained, among which were three Shigella dysenteria shiga, one

Shigella sonnei, four Salmonelb typhiy-five Salmonella enteritidis,

onejﬁﬂamOnélla tYEhimdrium and one Salmonélia’pafatyphi,B.

1 TR SR N nrYR LN S




It must be emphasised that batches of flies and not individual

flies were cultured and it is not known whether very few or all of
the specimens in a batch were contaminated with pathogens.  The
results may be présented as number of isolates per number of batches
instead of per number of flies. If this is done the ratio of
positive cultures per batch ranges from 1:2 to 1:8 with a median

of 1:4 (Table VIill). THis indicates an extensive exposdre of

flies to pathogenic bacteria,

Isolations of enteric pathogenic bacteria wére‘obtained from
all districts under study except A.U.B. and Ashraffiyah (Table VII).
The highest'nﬁmber of isolations was found to be from Mreyjieh, Chiyah,
Quarantine and Burj followéd by the New Slaughter House, Burj - ‘
Hammoud, and Ras Beirut with five, five, five,five, four, three
and two isélates respectively. Different species of SaimOnélla
and Shigella were obtained in different areas (Table VI1). Seven
isolates of Shigella were obtained from Mreyjieh and Chiyah
combined while only one isclate was madé from each of Qﬁarantine,
Burj and Burj - Hammoud areas. On tﬁe'Other hand only two

isolates of Salmonella enteritidis and one of Salmonella

typhimurium were obtained from the combined Mreyjieh and Chiyah

areas while five isolates of Salmonella typhi, seven isolates of

Salmonella enteritidis, one isolate: of Salmonell typhimurium

and Salmonella paratyphi B were made from the Quarantine, Burj,
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Burj - Hammoud and the New Siadughter House areas.-

These results indicate that in the Mreyjieh and the Chiyah
areas Shigella: specnes predominate whilst Salmonella specues pre-
dominate in the other areas including Ras Beirut from which two

isolates were obtained, one Salmone]la typhi and the other Salmonella

typhimurium,

The presence of a greater number of isolates of spe€ific
pathogenic organisms in certain areas sqggésts that some districts -
may be more subject to outbreaks of one type of disease; For
example Shigella spp. were more common in Mreyjieh and Chiyah while
Salmonella spp. werenfréqdent in Quarantine, Burj - Hammoud , Slaﬁghter :
House and Ras Beirﬁt. Thus it might be’réasonable to expect Shigel-
losis in the former areas whilst salmonellosis would be more Tikely
to occur in the latter ones.  Shigellosis is a human inféction and
the presénce of Shigélla'in flies denotes exposure to human faeced.
This means faulfty, sewage disposal or poor sanitary habits of the
people. It may also suggest the use of human excreta as fertilizer;
In rural areas such as Mreyjieh, any of thésé‘conditions may
prevail. = S. typhi as well as S. paratyphi B are also human
pathogens and the isolation of six strains °f‘§;'£XEﬂl and oné S.
paratyphi B, out of 19 positive samples of Salmonella suggests -

contact with human excreta even in such areas as Ras Beirut where

one isolate of S. yphi was made. The other 12 isolates, nine
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S. enteritidis and three §3'txgﬁimurium, could reflect the enzooicity
'of the inféction in cattle, sheep and othér animals; .. That these

‘ organisms primarily présént in the districts of Quarantine, Néw
Slaughter House, Burj, and Burj - Hammon is probable related to

the presence of cattlé, sheep, and other animals which are slaughtéréd

and marketed in these districts.

The next problem is to ascertain whether contaminated flies
constitute any health hazards to the susceptible pOpulation;
Evidence, collected from field tr}als, has demonstratéd the direct
| relationship betWéen the presence of Shigella in flies and outbréaks
of summer diarkbec- Watt and Lindsay (1948) found that the control

of flies markedly reduced the incidence of shigellosis. ~ Also it

had been found by Hawley et al (1951). that human infections seeméd
likely to occur through fly contamination of food, which might play

a very impoftant rolé in the multiplication of bactéria. In

Lebanon, there is a high incidence of infantile diarrheas (Harfouche
1 1975), which gives a high rate of mortality; there also exists -
relatively large nﬁmbers of flies which according to ohr resﬁlts carry
" Shigella strains.  This suggests that flies might be an important

factor in shigellosis in Lebanon.

The case of Salmonélla and fly transmission is more difficult
to ascertain. Greenbergf(1963)ffailed to produce clinical illness
in adult human volunteers ingesting a dose of fx1040rganisms and

he believed that human adults are more resistant to infection with
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Salmonella than infants and thérefore less likely to be infectédz h
The pathogen must:therefore .multiply either in itS'original’SOUrcé
or the food it has contaminated before human infection can occﬁr;
Thus flies may indirectly caUse'inféction'thrqugh one of the many

possible mechanisms by which salmonellosis may be acqﬁired.

However, Hornick et al (1970) while investigating the control

of typhoid fever by immunological methods found that thé infecting:
o s
dose of typoid bacilli in: nature approximates 100, 000 i.e. 10"

organisms which might result from a water - borne exposure.

The situation ip Beirut has become a vicious circle. . There

is always the thréat of infection with:Salmonella of Shigella and

this threat will remain so long as garbagé and séwérage,systéms '
‘are poorly Qrganizéd'and théré‘exist high and increasing densities.
of flies., This.thréat iS'evén'moré serious during thé presént
situation wheh'refﬁse’and wastés'haVe not been removed for a long
time from many stréets in the city and whén flies are incréaSing

tremendously in numbers,

- This situation leads us to:suggest some urgent as well as -
necessary hygienic precautions and controls to be applied as soon

as possible:-

' 1. Wastes and garbage should be placed in special plastic

bags distributed by the Municipality of Beirut. Such plastic
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bags should be collected daily and removed to'a safe area

for burning or burial in a suitable place.

2. . Fly control should not be dependent upon insecticides since

these insects soon develop resistant forms.
3. A health education campaign must be established.

4, For the long term, an efficient sewerage system to all
the districts of the city of Beirut, must be provided. = This

system must include adequate treatment of sewerage.

However, under the present circumstances these suggestions -

might be condidered as the '"Impossible Dream'.




SUMMARY



1. This study was designed to detect thé'presence of

Salmonella or Shigella organisms in flies from certain chosen’

districts in the city of Beirut and its immediate outskirts,

2. Mreyjieh, Chiyah, Ashraffiyah, :Burj, Burj - Hammoud,
Quarantine, the New Slaughter House, Ras Beirut and A.U.B.were
the nine districts chosen from which flies were collected during

the summer and early autumn of 197k.

3.. Special metal traps and fresh fish viscera bait were

used for the collection of flies.

Y

L4, Fourteen collections were made from each area during the

wholé period of the study.: Aboﬁt 50,000 flies were collected from

all the areas.
5. 'Thé flies were kept in a deep freezer at about -60°¢
for a period ranging from two - six months until required

for identification and bacteriological testing.

6. 'Musca domestlca, Muscina stabulans, Calliphora vicina,

" 'Phormia regina, Phaenncna serlcata, Sarcophcgldae spp. and’ Fannla

canlcularls were identified and tested bacteriologically.:




7. The rural areas of Mreyjieh and Chiyah had higher'dénsitiés ‘

~ of Musca domestica while higher densities of Calliphoridaé sSpp. wére

found in Slaughter House, Quarantine and Burj - Hammoud areas.

8. For bacteriological culture batches of 15 flies were
~ground in-15 ml of sterile normal saline., " Flies in batchés'weré

tested: 72 batches of Muscidae spp. and 84 of Calliphoridae spp.

9. Four bacteriological methods were.initiaily tested and
these were all based on the same principle of supporting the
~growth of enteric bacteria by Selenite broth and isolating these

bacteria by using selective media such as MacConkey and Salmonella=

‘Shigella agar (S-S) plates.

10, Later, only one method was used in all bacteriological
experiments. This consisted of inoculation into Selenite

broth: followed by sub-inoculation into MacConkey and (S-8) plates.

" 11. Biochemical reactions were applied to identify isolates -
which were:finally identified Sewologically. .

' 12. Twenty-nine isolates (10 Shigella spp. and 19 8almonella spp.
were.obtained. = Among thé 10 Shigella spp. seven were Shigella

‘dysenterijae shiga and three Shigella sonnei while among the 19




Salmonella spp. nine were Salmonella enteritidis, three Salmonella

‘typhimurium, seven Salmonella typhi and one Salmonella paratyphi B,

13, Shlgella spp. or Salmone]]a spp. were 1solated from

" Musca’ domestlca Calliphora vicina, Phormla regina and: Pha nicia

sericata but mone was lsclated from Sarcophggidae spp., Musc:na

stabulans or Fannla cdnlcular|s

- 14, 1t was found that more isolates of Shigella spp. were obtained

from Musca domestica than from Calliphora vicina, Phormia regina and

Phaenicia sericata combined from which only four isolates were obtained.

. 15, More’Sa]monella spp. (11)'were obtained from Calliphoridae

spp. i.e. Calllphora vicina, Phormla régina and Phaen|C|a serlcata,

than from Musca domestxca from which eight Salmonella spp were

lsolated.

16, Seven Shigella spp. were obtained from rural areas such as
Mreyjieh and Chiyah while only three were obtained from Quarantine,

Burj and Burj - Hammoud combined.

. 17. Fourteen Salmonella spp. isolates were obtained from Quarantine,

Burj, Burj - Hammoﬁd and the New Slaughter House combined while only
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three Salmonella spp. isolates were found in Mreyjieh and Chiyah
areas.  The remaining two isolates of Salmonella spp. wére '

obtained from Ras Beirut.

18, It is suggested that certain areas might be more exposed
to Shigellosis outbreaks while in other areas Salmonellosis -

outbreaks will be more prominent.:

) 19; The relatively high numbers of isolates of both:
Salmonella spp. or'Shigella spp. Obtained'fromvfliés‘in the city
of Beirut and its immédiate oﬁtskirts.indicatéia high exposﬁré of
flies to animal and human faeces as wéll as to offal. . Théré is
consequently a thréat of epidemici‘dﬁe tozsalﬁénélla'épp. or

, o o o
'Shigella spp. in the city of Beirut and its immediate outskirts.

20, Suggested necessary methods for the comtrol of flies

are listed,
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- CLASSIFICATION OF FLIES

Phylum : Ar thropeda

Eliii" S Insecta

Order : Diptéra‘

Syb-order : Cyclorrhapha (the higer flies)

The two families Muscidae and Calliphoridae are by far
the most important to public health, because of their characteristics

which are described on the following pages.-




" The Taxonomlc Position of Some Synanthroplc Flies:

‘Family - “Genus § SEecyes " Form or'sﬁbspécies'
Tabapirdae . ‘Thrysops

(Howse flies
and deer flies)

Drosophilidae  Drosophila
(Fruit. flies) '

Calliphoridae ‘Calliphora. -

(Blow flies)- (BTue bottles)
‘Lucilia’ (Phaenicia)
(Green bottles)"

"CthSOmzfa
Phorhié .
Sarcophaga
KFTEEE*?%TES)'

‘ W6Hlfahrtia

Muscidae Fannia " F. canicularis -
(Lesser housefly)

- F.'scalaris -

(Latrine fly)

" 'Muscina M. stabulans -

(FaTse stable fly)
" Stomoxys
(Stable fly)

 ‘Musca - M. domestica M. d. domestica
M.d. vicina -
M.d. nebulo
- M.d. cuthobertsoni

M. sorbens -

M, autumnalis

M, crassirostris
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'~ Some Features of Flies of Public Health Importance.

A.

Family - : Muscidae
Genus = : Musca
Species Musca domestica (The housefly)

These insects have the following characteristics:
Eusynanthropy,"i;e. close coexistence with man,
sharing his artificial enviromental conditions;'
Consumption of both contaminatéd and non-éontaminated
food.

Great capacity for flight and dispérSal;
Constant Contaét between faecal material and Food;

It may be endophilic or exophilic and has a world wide

distribution, The highest ~population densitiés are

usually in late Spring and may last' through Summer to

Autumn; " The housefly feeds on excréments:"lt does -

not bite since its spongy proboscis can not pierce

the skin.
Genus = : " 'Muscina
Species © :  "Muscina stabulans (False stable fly)

These are eusynanthropic insects:and may be both



endophilic or exophilic. They'éxist'more in coﬁntry;
they are secarce in town; Adults are usﬂally seen in

the vicinity of human settlements, They may be present
in toiléts,‘kitchéns or outdoor, . in: orchards and gardens;‘
The ova are laid in faecal material and larval forms

may Ilve in faeces or decaying Frunts.

Genus - : Fannia
Species = : Fannia canicularis (Lesser housefly),

These are éuSynanthropic, endoplilic insects of world wide
distribution. They are abundant in summer around toiléts ‘
stables and pigsties; - They live on excreta as wél] as food,
fruits, and beverages.  Larvae develop in the excreta of catt]é
and man,

The members of the Family Muscidge are known to carry -

pathogenic bacteria, as well as a number of virus and parasites.

B. Family = : Calliphoridae (Blow flies)

Genus -~ 3 ~Calliphora.

Species = : ~‘Calliphora vicina

These are eusynanthropic, communicative species, often
with endophilic tendencies.  Adults are seen around decaying

fruits, meat, vegetables and faeces.: They are usually seen

in spring and summer. .




- 66 -

Genus : Lucilia (Phaenicia) Green bottles.

Species * : 'Phaénicia séricata.

: Théy‘are eUSYnanthrOhic,'commﬁniCéfive and exophilic.
Distributed in warmer climates. They'aréréeéh‘afoﬁnd sladghter :
houses, garbage dumps;'decaying hétérial;‘ Méyrcéuséjﬁyiasis;'

Genus : Sércoghégé‘(F]esh'flies)'
These are hemi or Syhanfh}opié. ' t}Ve in warher'climates;'
live mostly ihdoors, attracted to faecal méteria]. ' May cause-

Myiasis.

All members. of the family Calliphoridae havé been implicated
in the transmission of infection diseaSes;

Diptera. : Life Cycle

Thé'hajority of thé Dipiera a}e.éviparous. Sohe,'e;g. the

‘Sarcophaga, are. larviparous: Théy‘give'birth fo.active Iérvae.

The eggs are laid in faecal or décaYing méterial; under
optimum conditions they hatch into larvé] fofhs within 24 hours.
. The'laryae Feed'and grow tremendously ihwéfze; mélt 3 -4 times
‘and develop ihto the pupal stagés whith’déhéiiy c}aWIIaway from
‘their breeding places and develop into adults. The adults break
through the pupaé case and are ready tb‘fiy;x The entire cyc]é '
takes about 10 days.: Thé feméle»fiy may lay 100 = ISb ova at a . -

time. She Iays at least six batches with an interval of three

to four days between each laying.
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The Adult Fly

" Qutstanding anatomic features:-

These are used as keys‘for\the differentiation of the Varioﬁs
genera and species of Diptefa.> (see Tables).
KEY TO SOME MUSCIDAE (WHO - Course on rodent and housefly ecblogy and

control.  Beirut, September 1970. Lecture out-
line F 3.. K. Arevad)

. 1. Hypopleura with a row of strong brisfleé;...;... Calliphoridae
(Blowflies) Hypopleura bare, or with Spafse; fine Héirs ceevee

veve.. Muscidae 2

2. ‘Arista bare or virtually so; apical ééTI*broad]y open at its
© apex; second anal vein short and the'fhifd anal vein curved
forward in such a way that, if theléécdnd‘Were produced; the
two would intersect ..;..;;..;u;:}:;;;;;;;l::.;..;;VFannia 8
‘ Arista1lqng-haired; at léasf*aboVe; apiéal cell narrowed

at its apex; anal veins not as in Fannia .i.viieivevenscs 3

3. ProbosciS'fittéd for bloodsuckfng, Iqhg, siénder, rigid,
with small labella ..;:;;.;;..;;#;;:.;;.;;;4..;;;.::;4;.;; 4
 Proboscis shorter, fleshy, with well-developed labella,
at most with rasping labellar teéth,'wﬂiéh hay be fitted

for lapping but not for siphohing‘blood..;;.;.;..;;.;....; 6

L4, Arista with hair above ahd below ..;...;.;;.;‘Haematobia

AriSta With hairabove On]y oc‘-'o..u-’.n’.vu6’;“.-.’0-0600‘0-‘0‘0'0 5
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5. Palpl short and small, not nearly as long as the haustellum

flles of about the same size as the house- fly.......;.......

..."'.".'..""."."..;‘.....-..-.-....-....StOmOXZS‘

Pabpi very prominent, about as long as the haustel lum and
ensheathing it in life; size considerably less than that

of the house fly tecsssciaieaiiiiiiiaea. . Lyperosia (Siphona)

6. Vein mi+2 (hth vein) pounded at its bend; longest hairs of
arista not half as long as the terminal aristal segment.;..;.;;
e L seti
Vein m1+2 (kth vein) angularly rounded at its bend;
longest hairs of arista almost as long as the terminal

arlStal Segment -0-.0.00.;-00c;c;.-;;dicﬁon.-o..MuSCa 7

7. Thorax with four narrow dark longitudinal lines on the

thorax.....................................Musca domestnca-
complex.
Thorax with two broad dark longitudinal lines on the

thorax.....;;;......;.....;.....;......... Musca sorbens

8. The middle tibia of the male strongly expanded into a

deformed tubercle ventrally beyond the middle..Fannia scalaris

The middle tibia of the male not deformed......Fannia canicularis




