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ABSTRACT

A limited rat-flea survey was conducted in the

ares of Ras-Beirut, Lebanon, during the pericd from March

to Dscember, 1960, to determine the frequency of occur-

rence of the Oriental Rat Flea, Xenopsylla cheopis, upon

its natural hosts.
Both live-trapped and snap-trapped rats were
in the survey. A total of 284 were examined and 644

secured, 618 of which were Xenopsylla cheopls. This

of fleas 1s of high potential importance as a vector
disease and 1s by far the most common flea (2.17 per

upon Rattus norveglicus, the Norway Rat.

included
fleas
species
of

rat)

Two other specles, Leptopsyvlla segnls and Cteno-

cephalides fells felis, were found in small numbers but

do not seem to be very common in this area upon the Norway

Rat.
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I. INTRODUCTION

A limited rat-flea survey was conducted in the arsa
of Ras-Beirut, Lebanon, during the year 1960 beglnning in
March and ending in December, excluding the month of July.

This survey dealt with an investigation of the
frequency of occurrence of the Indlan or Oriental Rat Flea,

Xenopsylla cheopis, upon i1ts natural hosts. This species

of fleas 1s of high potential capeacity as a vector of
disease In this part of the world, and is considered to be
of great medlcal and veterlnary importance.

Unfortunately, there 1s no official record of any
rat-flea surveys in the Lebanon, elther by the Government's
Ministry of Health or any other Public Health department.
Because of thls, coupled with the need for information con-
cerning the distributlon of rat-fleas, it is hoped that
this survey will help future investigators to obtain more
accurate information concerning the status of rat fleas in

thls area,



IT. REVIEW OF LITERATURE

The medical importance of fleas was first demonstrated
by the British Plague Commission in 1906-1907 when flsas were

shown to be the vectors of Baclllus pestis, the causative

agent of the dreadful bubonic plague. Until that time plague
had been one of the most feared and fatal dlseases of man,
and whenever it occurred epidemically it exterminated large
numbers of the population.

Matheson (1950} reported that Scott, 1939, traced
plague to at least 300 B.C. as a fatal disease in Libya,
Egypt and Syrla, though 1ts origin is not definitely known.
Poetrie, et al (1924) reported that there are references to
at least 121 years of plague in Egypt scattered throughout
the chronicles to the year 1844. They also mentlon that the
Arab traveller, Ibn Batuta, from Tangler, experienced an out-
break of plague In India on his return from China. He fell
i1l with the disease in 1332. A few years later he encoun-
tered an offshcot of plague iIn the summer of 1348 inCairo.

The first acute epidsmic of plague was one that
raged throughout Europe during the fourteenth century, kill-
ing off fully one-fourth of the entlre population. TFrom

then untll near the end of the geventeenth century it was



almost constantly present in #Surope. In 1665 the great
plague of London ocecurred and nearly 70,000 persons had
died by the middle of the nineteenth century. Toward the
end of the nineteenth century sporadic outbresaks occurred
in various Buropean seaports and in many other parts of the
world. In 1894 it appeared 1n Hong Kong, in Bombay, India
in 1896, in 1898 in BEgypt, in 1899 in Manilla, the same year
in Buenos Alres and Rio de Janeiro, 1900 in San Francisco,
and in 1914 in New Orleans, It also became established in
Mexico, Australla, and other countries as has been related
by Matheson (1850). He also reported that, since plague
appeared in Indie in 1898, Helser states that over 10,000,000
people have died, the annual death rate between 1898 and 19218
being 500,000. At the present time the death rate 1s pro-
bably less than 50,000 as of 19385.

Also according to Matheson (1950), it was not until
1894 that Yersin and Kitasato independently isolated the

causative organism, Bacillus pestis. Simond in 1898, sug-

gested that fleas were the vectors, and Liston, 1905,
demonstrated the development of the bacilli in the gut of

the Oriental Rat Flea, Xenopsylla cheopis (Roths, 1903).

As has been reported by the Advisory Cormmittee in
1906, the German Plague Commission also found bacilli in fleas
taken from plague-infested rats but did not regard the bites

of fleas as & probable means of transmission as Simond had



suggested.

The mechanism by which fleas infected with the bacilli
transmlt the disease from rodent to rodent and also to man
was observed and first establlished by Bacot and Martin in
1914. Immediately after this finding, fleas became of great
importance to medical entoﬁologists who started many inves-
tigations on fleas in order to determine thelr relationship
with plague and certain other diseases.

Chick and Martin in 1911 reported that the particular
fleas found in greatest numbers upon rats seem to be deter-
mined by geographical characteristics including climate
and the habitat of the rats examined. Also according to
Chick and Martin (1911), Xenopsylla cheopls was described

as Pulex cheopls by Rothschild 1n 1903 after examination

of specimens taken from several small rodents in Egypt and
Sudan. This is the commonest rat flea in the tropical and
sub-troplcal parts of the werld. In India 1t forms almost
100 per cent of all the rat fleas found. In the warmer
parts of the temperate regions such as the Mediterranean,
Southern Japan, San Francisco and Australia as far as Sydney,
it also occurs in varying proportions according to the time
of year. It was also reported by Jordan and Rothschild to
be common 1ln South Africa and Central and South America.

In general, fleas are cosmopolitan, facultative

parasites found in all climetes from the arctic regions to



the tropical zone (Metecalf, Flint and Metcalf, 1951).
According to the Advisory Committee in 1908, fleas are
usually dlspersed by means of the host in its natural
wanderings and with or without their host when carried in
merchandise. This latter fact is of special importance in
countries having seaports. When carrised to & new area

fleas will select thelr true host or the next beat available
animal. This fact was reported by the Advisory Commlttee in
1911. Trapping of rats in order to determine the frequency

of occurrence of Xenopsylla cheopis upon 1ts natural hosts

has become a cormmon practice in the control of both plague
and endemic typhus since the work of the British-Indlan
Plague Commission started in 1906 and has confirmed the
great medical lmportence of fleas.

In 1923, Dunn found that Xenopsylla cheopls was com-

monly found infesting rats and mice which lived in more or

less close assoclatlon with man or in close contact with

buildings. This was also demonstrated by HEskey (1938).
Vogel (1935), in his survey of the port of Phila-

delphia, concluded that Xenopsylla cheopls was essentially

a rat nest parasite and this hablt probably accounted for
the fact that rats caught in a sheltered place had many
fleas of this species. On the other hand, rats caught a
few hundred feet away had no such fleas.

In 1957, Gratz published his rat-flea survey of



Halfa Port and attempted to evgluate the possible transmls-

gion of plague by fleas. He too observed that Xenopsyllae

cheopis was by far the most common flea on the Norway and
Roof Rat. Populations reached thelr peak in late August
and early September in Hasifa. He further concluded that

the lowest percentage of infestation by Xenopsylla cheopis

of both species of rats was during the winter months, falling
as low as 8 per cent in January. However, the rate of in-
festation for all rats, from July to November, was between

93 per cent and 100 per cent.

Davis (1951) reported that Xenopsylla cheopis popula-

tions reached a peak from May to June and were lowest in
July and August. He also concluded that the Norway Rat had
more fleas than did the Roof Rat. In both cases male rats
had more fleas than the females., On cold days there were
more female fleas than males and on warm days male fleas
outnumbered the females. This was similarly concluded for

Leptopgylla segnis, the House Mouse Flea, Davis speculated

that this was In part due to the higher frequency of feeding
by the male fleas ln the warm months. Maxlmum abundance
occurred in the spring season, but because of overlapping
of maxima for various species, fleas may be abundant for
almost six months.

Cole (1945) and Bacot, Petrie, and Todd (1914) obtained

results similar to those of Davis and reported that 1t was



probably due to the fact that males feed more frequently in
hot weather and less frequently in cold weather.

Matheson (1950) reports that in rather cool, humid
climates the length of 1life of a flea 1s much longer than
in dry, hot climates. Under the most favorable conditions,
21-22 days are necessary for the completion of the 1life
cycle of a flea, This had originally been reported by the
Advisory Committee for Plague in India (1906-1907).

Riley and Johannsen (1932) reported that hungry fleas
readlily attacked animals other than thelr normal hosts and
that herein lay thelr potentiallity as carriers of disease
to man. Further, fleas, though the most Important, were not
the only factor 1In the apread of the plague bacilli, Any
blood~sucking insect which feeds upon a plague-infected
host and then passes to a healthy individual wmight transfer
the bacilli. Verjbitskl in 1908 reported thet even bedbugs
might convey the disease and Hertzog (Rlley and Johannsen,

1932) found the bacilli in a head louse, Pediculus humanus.

That these organlams were potential vectors of the disease,

however, was not demonatrated.



ITI. MATERIALS AND METHQODS

Rat-trapping was conducted throughout the area of
Rag-Beirut. Rats were captured in live cage-type traps.

In additlon, snap traps were occaslonally used. Both live-
trapped and snap-~trapped rats were included in the survey
and examined for fleas.

The balt used in the llve-traps included peanuts,
fresh carrots, tomateoes, cucumbers, white and yellow cheese,
peanut butter on bread and bread soaked in fresh olive oil.
The most satlsfactory balts were found to be yellow cheese
and bread dipped in olive oil. The latter balt was eape-
clally satisfactory since it 1s very odoriferous and is a
good attractant for rats. Cockroachss avoided it and did
not attempt to feed upon it. Most of the local people use
it on a very limited scale for trapping rats around their
homes. Raisins and many others of the previously mentioned
baits were used on snap traps and proved to be effectlve.

Traps were set in the late afternoon between 5:00
p.m., and 7:00 p.m. and the live-traps were checked once,

very early the following morning. The snap-traps werse



checked once, four to five hours after they had been set
and enother tlime early in the morning, at the same time
the live-traps were checked.

Live-~trapped rats were brought to the laboratory
where they were transferred alive into large glass jars
and chloroformed. The advantage of the use of the glass
Jars was twofold: first, it was quite impossible for any
of the fleas to escape and second, any fleas that left the
host before being affected by the chloroform were easily
found in the jars.

The snap-trapped, dead rats were immediately trans-
ferred into plastic bags and chloroformed.

The chloroformed rats in both cases were further
examined for any fleas that might still adhere to the fur.
This was done by carefully searching through the pelage
with the ald of forceps and a probe. This method replaced
combing and avolded damage that might have resulted to the
fleas. The rats were later dlscarded and the fleas were
preserved in 70 per cent alcohol until the time of identi-
fication.

Some of the {leas were prepared for study by standard
whole mount methods and mounted 1n Canada Balsam on glass
slldes. This was done by placing the fleas in 10 per cent
aqueous KOH solution and allowlng them to remain thers for

about two days. They were then transaferred to water to
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which a few drops of HCl had been added and left for one
half hour. Finally, they were dehydrated by use of several
degrees of alcohol, first into 70 per cent and then 95 per
cent absolute alcohol. After belng cleared in xylol for one
hour, they were mounted permanently on glass slides in
Canada Balsam and labelled.

During this survey, a chronologlcsal record was kept
of the host, its sex, the locallity from which it was trapped,
the date of collectlon, and lts ectoparasites. Special
attention was pald to the number, sex, and species of fleas

whilch was the maln interest in this investigation.



IV. RESULYS AND DISCUSSION

The results of the survey are given in Tables 1 and
2 In the followling pages.

During the period of the survey, there were 284 rats
trapped. 2235 of these were caught in live cage-type traps
and the remalning 61 were snap-trapped. Of the total number

of rats, 282 (almost 100 per cent} were Rattus norvegicus

and only 2 were female Rattus rattus. Fifty per cent of

the Norway Rats were females, Seventy-eight of the total
rats were not infested with fleas. However, the rate of
infestation for all the rats trapped was about 72.5 per cent.
Seventeen of the total number of rats were immature, of which
nine were females and eight were males.

From the 284 rabts collected, a total of 644 fleas

was obtained. Of these, 618 were Xencopsylla cheopis, 20

were Leptopsylla segnis, and only 6 were (Ctenocephalldes

felis felis.

On the basis of these figures, a total averags of
£2.26 fleas per rat and an average of 2.17 per rat for

Xenopsylla cheopis was calculated.

11
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It is also of interest to compare the number of flegs
found on male rats with those found on female rats. It
was found that 269 of the total number of fleas were present
on male rats and 375 fleas on female rats. This does not
agree with Davis (1951) who observed that male rats of both
species had more fleas than females.

The sex ratlo of the fleas 1is of possibie importance
in the knowledge of the natural history of the fleas. It

may be noted from Table 1 that of the 618 Xenopsylla cheopis,

294 are males and 324 are females, Further, 5 Leptopsylla

segnis are males and 15 females, while there are only 2

males and 4 females Ctenocephalldes fells feolis.

Table 2

Summary of collected data

Total Total ZIFleas Xeno- Xeno- Lepto- (teno-
number number per psylla psylla paylla cephalides
of of rat cheopls cheopls gsegnis Tfells
rats fleas per rat felis

284 644 2,26 618 2.17 20 6
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Infestation of fleas does not seem to depend on the
sex and age of the host. The number of male fleas, 301,
among the three specles found, differs only slightly from
the number of female fleas, 343. Unlike what Davis (1951)
had found in San Antonio, Texas, the male fleas occcurred
less frequently than the females.

Rats trapped in bulldings or very close to builldings
had a higher infestation of fleas than those trapped along
the seashore or In open areasg, This fact was also observed
by Dunn (1925}, Eskey (1938), and Vogel (1935}.

Another observation seems to be the higher infesta-
tion of fleas on rats during the warmmonths. It 1s possible,
as pointed out by some investigators, that there might be
a proportional relationship between the infestation of
fleas and the average temperature.

The rats examined were infested mainly with the Orien-

tal Rat Flea, Xenopsylla cheopls. Most of the other species

of fleas wers not cormon and occurred infrequently. As some
Investigators have pointed out in other countries the observa-
tion made in Ras-Beirut might be due to the excessive humidity,
especially during the hot months, which may have an inhibitory
effect on the occurrence of other species of fleas. Although

this is a possible explanation, a better one lies in the fact

that Rattus norvegicus 1s not the normal host of either Lepto-

psyllas segnis or Ctenocephalides felis felis.
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Other ectoparasites collected on rats included a

large number of the Spiny Rat Louse, Polyplax spinulosa,

and asome mites which are not yet identified,



V. CONCLUSIONS

Rattus norveglcus, the Norway Rat, is the most

dominant host specles of Xenopsyllae cheopis, the Oriental

Rat Flea, It is difficult to draw any conclusions about

Rattus rattus, the Roof Rat, since only two of these were

trapped.

Xenopsylla cheopls, the Oriental Rat Flea, is by

far the most common flea found on the Norway Rat. This is
in agreement with the results of other investigators. This
species reaches its peak in the early and latemonths of the
summer, The exceptlonally high number indlicated for the
month of April 1s due to the 106 fleas collected from only
one lmmature female Norway Rat trapped indoors, otherwlse
the number would have been low durling that month.
Therefore, based upon data ylelded by this investi-
gation it 1s obvious that this is the only specles which
may be considered to be a vector of high potentlal importance
in the event of an epldemic of bubonic plague in this area.

Further studies of the frequency of occurrence of Xenopsyllae

cheopls upon the Norway Rat in Belrut should yleld valuable

information concerning the potential Importance of thils

16
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specles in the Levant.

Loeptopsylla segnlis, the House Mouse Flea, was found

during the cooler months of March, April, QOctober and
November. It was entirely absent during the hot summer
months. Though the number was small, their seasonal dis-
tribution seems to agree with the results of Gratz (1957)
in Haifa Port.

Ctenocephalides fells fells, the Cat Flea, rarely

oceurred on the rats. Only 3ix were found during the course
of the investigation. The infrequency of this species 1s
readily explainable by the observation of various workers

that whlle Ctenocephalides fells felis is perhaps less

host specific than most other fleas, the Norway Rat is

certainly not to be considered as cne of its normal hosts.



VI. SUMMARY

1. A 1imited rat-flea survey was conducted in the
area of Ras-Beirut, from March to December, 1960, excluding
the month of July. It dealt with an Investigation of the
frequency of occurrence of the Oriental Rat Flea, Xeno-

prsylla cheopis, upon its natural hosts.

2. Rat-trapping was done throughout the area of
Ras-Beirut. Both live-trapped and snap~trapped rats were
included in the survey and examined for f{leas. The fleas
collected were preserved in 70 per cent alcohol. Some
were permanently mounted on slides.

3. A total of 284 rats was examined; of these 282

were Norway Rats, Rattus norvegicus, and only 2 were femals

Roof Rats, Rattus rattus. Fifty per cent of the Norway

rats were females.
644 fleas were collected. Of these 618 were

Xenopaylla cheopls, 20 were Ldbgpsylla segnis, and only

6 were Ctenocephalides fells felis.

These figures yield a total average of 2.26
fleas per rat and an average of £2.17 fleas per rat for

Xenopsylla cheopis alone.

18
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4, Rattus norvegicus, the Norway Rat, is the pre-

dominant host specles of Xenopsylla cheopls.

Xenopsylla cheopis, the Orlental Rat Flea, is by

far the most common flea found upon Rattus norveglcus.

5. Two other species of fleas, Leptopsylla gegnls,

the House Mouse Flea, and Ctenocephalides fells fells, the

Cat Flea, were sporadically collected In small numbers.
6. Other ectoparasites found on rats included the

Spiny Rat Louse, Polyplax spinulosa, and some mites which

have not yet been ldentified.



VII., REFERENCES

The following references have been consulted. Those

sited in the Review of Literature are marked by an asterisk(x).

#Advisory Committee, The, 1906. Reports on plague Investi-
gations in India. J. Hyg., £:421-569,

, 1907. TReports on plague investligations
11’1 India. Jo Hygo, 2:595"420, 446-4560

, 1908, Obssrvatlions on the bionomilcs
of Tleas with special reference to Pulex
cheopis. J. Hyg., 8:236-259.

#Bacot, A.W., and C. J. Martin, 1914. Observations on the
mechanism of the transmission of plague by
fleas . J. Hygl » }'_3-: 423-459 .

s 1924, The respective influences
of the temperature and moisture upon the sur-

vival of the rat flea (Xenopsylla cheopis) away
from 1ts host. J. Hyg., gg:ga-Iﬁs.

s+Bacot, A.W., Petrie, G.F., and R.E, Todd, 1914. The fleas
found on rats and other rodents, living in
association with man, and trapped in the
towns, villages and Nile boats of Upper
Egypt, J. Hyg., 14:498-508.

#Chlck, H. and C.J. Martin, 1911. The fleas cormmon on rats
in different parts of the world and the readi-
ness with whilch they bite man. J. Hyg., 1l:
122-136, -

#Cole, L.C., 1945. The effect of temperature on the sex
ratio of Xenopsylla cheoEis recovered from
342,



21

Cox, 0.H. Carrion, A.L., and C. Yox, 1928. Rat flea survey
of the Port of San Juan, Puerto Rico. Publ.
Hlth. Rep., 43:611-616.

#Davis, D.E., 1945. The control of rat fleas (Xenopsylla
cheopis) by DDT. Publ. Hlth. Rep., §5(¥I:
485-489,

, 1951, Observations on rat ectoparasites and
Typhus Fever in San Antonio, Texas. Publ.
Hlth Rep., 66:1717-1726.

#Dunn, L.H., 1923. Fleas of Panama, their hosts, and their
importance. J. Trop. Med., 3:335-344.

Bastwood, A., and F. Grlffith, 1914. Report to the Local
Government Board on an inquiry into rat
plague in Bast Anglia during the perilod
July-October, 1911. J. Hyg., 14:285-330.

#Eskey, C.R., 1938, Flea infestatlion of domestic rats in
San Francisco, Callfornia. Publ. Hlth Rep.,
53:948-951.

Bwing, H.E., 1914, Notes on the taxonomy and natural
relationships of fleas, with description
of four new specles. Parasitology, l16:
341-355.

, 1929. A Manual of External Paraslites. Charles
C. Thomas, Springfleld, pp. 153-183,

Bwing, H.E., and I. Fox, 1938. Occurrence of the Tropical
Rat Flea in the interior of the Unlted States.
Sclence, 88:427.

Fox, C., 1931, A limited rat-flea survey of Savanah, Georgia.
Publ. Hlth Rep., 46:574.

Fox, I., 1940. Hleas of Eastern United States. IOwa State
College Press, Ames.

#iratz, N.G., 1857. A rodent ectoparaslte survey of Halfa

Herrick, G.W., 1926. JInsects Injurlous to the Household
and Annoving to Man. Rev. ed., The Macmillan
Company, pp. 144-163.




22
Jellison, W.L., 1959. Fleas and dlsease. Annu. Rev. Ent.,
4:389-414.

#Matheson, R., 1950. Medilical Entomology. 2nd ed., Comstock,
ppo 538-5650

#Metecalfl, Flint and Metcalf, 1951. Destructlive and Useful
Insects. 3rd ed., MeGraw-H1ll Book Company,
PP 979-983, 136, 164 and 166.

Nicol, W., 1912. On the length of life of the rat flea
apart from its host. DBrit. Med. J., 1lZ:
926-928.

Olesen, R., 1945. Increase of rat infestation on vessels
coming to New York. Publ. Hlth Rep., 60
(II):1295-1301.

#Petrie, G.T., Todd, R.E., Skander, R., and ¥F. Hilmy, 1uZ24,
A report on plague investigations in Egypt.
J| I{ygo, ?2:11‘7"150-

#Riley, W.A., and 0.A. Johannsgen, 1932. Medlcal Entomology.
lst ed., McGraw-Hill Book Gompany, pp. 587-443.

Roudabush, R.L., and E.R. Becker, 1954, The tropical rat
flea in the interior of the United States.
Science, 80:97.

Roudabush, R.L., 1939. Survival of the tropical rat flea
in the United States. Science, 89:79.

Rumreich, A.3., 1v45, A study of the rodent-ectoparasite
population of Jacksonville, Fla., Publ. Hlth

. Epidemlological significance of
seasonal variations In rodent ectoparasite
distribution. Publ. Hlth Rep., 60(II):
1421-1428,

Smart, J., 1944. A Handbook for the ldentification of
Insects of Medical lmportance. 2nd ed.,
Jarold and Sons, Ltd., G.B., pp. 202-224,

#Verjbitski, D.T., 1908. The part played by insects in
the epldemiology of plague. J. Hyg.,
8:162-208.



23

#Vogel, C.W., and C, Cadwallader, 1935. Rat flea survey
of the Port of Philadelphia, Pa. Publ.
Hlth Rep., 50:952-857,

Williams, C.L., 1929, A rat and rat-flea survey of ships
at the Port of New York. Publ. llth Rep.,
44:4435-476.





