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SYNOPSIS

The author reports on a survey carried out by him in 1954 on
relapsing fever in Jordan. In that country the disease is largely
tick-borne, the main vector being Ornithodoros tholozani. Some
of the frequent cases in the town of Nablus and the village of Marda
in West Jordan may, however, be caused by 0. coniceps. The
centres of infection are some of the numerous caves scattered
throughout the hilly areas and certain houses in which chickens
are kept.

It is believed that the vector ticks could be successfully extermi-
nated by the use of insecticides and by the adoption of certain
procedures outlined by the author.

Arsenobenzol compounds and penicillin have been shown not
to be very effective for the treatment of relapsing fever, but good
results have been obtained with Aureomycin and Terramycin.

In the summer of 1954, I was sent to Jordan, in the capacity of WHO
Consultant, to study the different aspects of the problem of relapsing fever,
a disease which has long existed in that country. The tasks I set myself
during my mission were as follows: (1) to determine whether relapsing
fever in Jordan is spread by lice or by ticks; (2) if ticks proved to be the
vector, to determine the species concerned; (3) to ascertain the animal
carriers of the spirochaete; and (4) to indicate the most effective prophylactic
measures against the disease. The results of my work are reported in the
following pages.

Geography and Population

Geographically, Jordan is a highly varied country, covering a total
area of 34 750 square miles (90 000 kM2). In the east it consists of spacious
highlands, mostly desert, of an average height of 2700 feet (820 m), reaching
5000 feet (1530 m) in some places. This eastern portion is divided into
three minor highland areas by the deep valleys of rivers which flow towards
the large depression formed by the River Jordan and the Dead Sea. South
from the Syrian border, there is first the Ajlun highland, which extends
from the deep bed of the Yarmak river to Zarqa; then the Amman high-
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land, which extends to the northern end of the Dead Sea; and finally the
Ma'an highland, bordering on Saudi Arabia to the south. These highlands
are far from uniform, being very rugged and furrowed by deep ravines-
particularly the Ma'an highland.

The western portion of Jordan covers 2400 square miles (6200 kM2) of
Palestine. This is uneven, hilly territory crossed by the mountains of Judea
and Samaria, the highest peaks of which rise to 2000-4000 feet (610-1220 m).

East and West Jordan are separated by a deep valley, running north
and south, in the northern part of which flows the River Jordan. In its
middle portion, the valley contains the deepest depression in the world-
the Dead Sea, the surface of which is 1295 feet (95 m) below sea level and
it then extends southwards to the Gulf of Aqaba in the Red Sea.

Eastern Jordan (formerly Transjordan) is mostly desert; only around
Jarash, Amman, Salt and Irbid, in some oases in the interior (El Azraq)
and along the rare water courses is perennial vegetation-occasionally
very flourishing-to be found. During the rainy season, from November
to April, some parts of the desert are for a short time covered by sparse
grassy vegetation which the sun, however, soon dries up. The railway line
from Damascus to Ma'an through Amman can be considered the dividing
line between the desert and the fertile areas.

In West Jordan (a part of former Palestine) patches of desert or semi-
desert land alternate with areas of abundant flourishing vegetation, parti-
cularly olive trees.

The depression formed by the River Jordan and the Dead Sea is dry and
desert-like along its borders and in the southern part, but vegetation of a
tropical character flourishes along the river itself.

Rain is scarce on the whole; it amounts to 22-25 inches (560-635 mm)
yearly in West Jordan and 10-18 inches (255-460 mm) or less in the eastern
part of the country, while in the lower Jordan Valley and the south-eastern
desert it barely reaches 3-5 inches (75-130 mm). During the long summer
period it never rains.

The temperature is high, as a rule exceeding 100°F (37.8°C) from June
to September in the lower Jordan Valley and quite often reaching 110°-
120°F (43.30-48.90C). In the upper highlands, however, the temperature
is quite low in winter and there are occasional snows.

According to the 1949 census, the population of Jordan is 1 222 000,
of whom 646 900 live in West Jordan and 575 000 in East Jordan.
More than a third of the inhabitants are refugees from the territory now
part of Israel; 360 000 of these live in West Jordan and 103 000 in
East Jordan. The majority of these refugees are housed in special camps,
often quite large, and their upkeep and absorption represents a serious
economic and political problem for the country. In West Jordan, for
example, the population density per square mile of ploughable land has
increased from 520 to 1580 since the arrival of the refugees.
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Of the total Jordan population, 40 000 to 50 000 are nomadic Bedouins
and some 150 000 belong to semi-nomadic tribes. These people are mainly
shepherds and goatherds, living in tents during the summer and in the
winter often occupying, together with their flocks, the numerous natural
and artificial caves scattered throughout the country.

The few large urban centres should also be mentioned. In West Jordan
these are Jerusalem (the old town only, as almost all the new town is in Israel)
with 80 000 people, Nablus with 40 000, Hebron with 17 000, Bethlehem
with 16000, and Jenin with 13 000; and in East Jordan, Amman with
120 000, Salt with 16 000, and Kerak also with 16 000.

In caves, tents or primitive huts near these urban centres live many
people who, although statistically included among the semi-nomadic tribes,
move very freely from place to place and thus make all statistical data very
uncertain.

With the exception of a few who have been absorbed into the towns,
the refugees, as noted above, live in large camps of tents and dilapidated
huts in poor conditions of hygiene.

Relapsing Fever in Jordan

Relapsing fever has existed in Jordan for centuries but has never been
thoroughly studied; indeed, until today it has been quite uncertain how
many cases were caused by lice and how many by ticks. In the statistics
published by the World Health Organization up to the end of 1953 all cases
of relapsing fever in Jordan are considered louse-borne, but the results of
my survey show this to be a presumptive ascription.

The criterion taken by a number of physicians for determining the
origins of relapsing fever has been that if lice are found on the patient
the disease is considered louse-borne; otherwise it is taken to be tick-borne.
As lice are extremely widespread among the nomads and semi-nomads
who make up the great majority of relapsing fever patients, it is easy to
understand why practically all cases are attributed to lice. In some instances,
however, all cases of relapsing fever are simply assumed to be louse-borne
without being based on even this empirical criterion.

As a matter of fact, louse-borne relapsing fever did spread through
Jordan in the years 1916-20, at the time of the great epidemic which swept
through North Africa, the Middle East and Russia. However, no definite
numerical data were recorded in that epidemic. A fresh outbreak took place
in 1945-46. The disease took hold in the Fezzan in 1942 and spread slowly
in North Africa, in the French part of which more than 1 000 000 cases were
recorded. In 1945 the disease reached Egypt and subsequently Jordan,
Syria and Palestine.3 No numbers can definitely be given for this epidemic
either, although a great many people were affected. The epidemic ended in
1946, and the disease has appeared only endemically since then.
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The Annual Epidemiological and Vital Statistics volumes published by
WHO report only 25 cases in 1947, 39 in 1948, 36 in 1949, 69 in 1950 (plus 13
cases among all Palestine refugees), 140 in 1951 (plus 92 among the refugees),
173 in 1952 (plus 115), 135 in 1953 (plus 86), and 121 in 1954 (plus 91).
In fact, I have been able to establish in the course of my survey that these
figures under-represent the real state of affairs. Many cases, particularly
mild ones and those occurring among nomads, are not notified or do not
come under medical observation; others are wrongly diagnosed, many
being mistaken for malaria. No case is ever reported in southern Jordan,
but there is no doubt that the disease is present there. I personally believe
that the number of cases of relapsing fever in Jordan is really five times
greater than that given in official statistics.

The only previous investigations into relapsing fever in Jordan have
been those by Dr Farid and Dr Subhi Amin in Nablus and Dr Ledermann in
Jerusalem, but no reports on these have been published. The first two
investigators succeeded in transmitting the spirochaetes to guinea-pigs in
two cases out of three by inoculations of the patients' blood, and Ledermann
infected nine guinea-pigs or mice by similar inoculations. All these investi-
gators also attempted to isolate spirochaetes in lice, ticks and bed-bugs but
with negative results.

Epidemiology

In my investigation, which lasted approximately three months, my
primary aim was to ascertain whether the disease was transmitted by lice
or by ticks. The practical importance of the answer to this question is
obvious. While cases of tick-borne relapsing fever may be fairly numerous
in certain districts, if the ticks which live in human abodes (Ornithodoros
moubata, for instance) are not present they cannot be incriminated in the
spread of epidemic relapsing fever-usually spread by lice.

There is nowadays a belief, accepted by some workers, that. some spiro-
chaetes which are generally transmitted by ticks (T. duttoni, T. hispanicum)
can, both experimentally and in nature, adapt themselves to lice, which
would in turn transmit them to man.7 8 I do not propose to discuss this
assumption here, but, even admitting that this can happen in certain special
circumstances, it must be acknowledged that such an occurrence would be
quite rare and that its causing an epidemic outbreak of relapsing fever
would be rarer still.

For epidemiological purposes-which is what really concerns us here-
it can be said that in general epidemic relapsing fever is spread by lice
while endemic relapsing fever is transmitted by ticks.

Even before I began my survey, epidemiological considerations led me
to believe that relapsing fever in Jordan was largely transmitted by ticks,
as it is quite unbelievable that a case of louse-borne relapsing fever would
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remain isolated, particularly in refugee camps where thousands of people
are crowded together in a restricted space, where the conditions of hygiene
are poor, and where louse infestation is the general rule. Louse-borne
cases in such conditions should start an epidemic, but this has not happened
in recent years. It should be remembered, moreover, that Konitzer 6 was
able to demonstrate in 1949 that 25 of 26 cases of relapsing fever in Arabs
from Israel were tick-borne.

Throughout my stay in Jordan all reported cases of relapsing fever
were immediately notified to me by the sanitary authorities. I then visited
the patient, collected all useful data from him, verified the diagnosis by
microscope examination or ascertained the nature of the disease, and con-
ducted an epidemiological study of the case. In practically every instance I
visited the area where the disease was supposed to have been contracted in
order to try to determine the parasite involved and to acquire all the relevant
information from the patient's relations and neighbours. By so doing I
was able to ascertain in many cases how and where the disease had been
contracted, to identify other unreported cases and to collect information
on previous probable cases.

In order to establish a differential diagnosis between louse-borne and
tick-borne relapsing fever, I adopted the following procedure: establishment
of the case-history; examination for lice or ticks of the patient, of his
abode, and of the locality in which the disease was thought to have been
contracted; attempted isolation of spirochaetes from blood-sucking parasites
by inoculation of mice; examination of the patient for the typical scabs
caused by tick-bites; and testing for spirochaetaemia in mice by inoculation
of the patient's blood. (It is well known that spirochaetes from ticks will
quite easily induce spirochaetaemia in mice whereas those from lice will
not do so unless previously passed through the monkey.)

Altogether I was able to observe 22 patients in the course of their
infection. On the basis of the,criteria adopted none of these could possibly
be considered a louse-borne case and the great majority could be proved
to be tick-borne.

The course of relapsing fever in Jordan presents the classical symptoms,
which need not be reported here, but it should be remembered that generally
only the most serious cases are hospitalized or, indeed, receive medical
attention. In addition to these patients-who sometimes present very
severe symptoms, such as jaundice, intense anaemia, and considerable
disturbance of the circulatory system-other patients, particularly children
and young people, suffer from the typical bouts of fever, which are very
similar to those of malaria.

Another interesting feature is that, even at the peak of an attack of fever,
there are so few spirochaetes in the circulation that it may be necessary
to examine quite a number of microscope fields to detect them. Between
attacks, they become rarer still or disappear altogether. They may also

915



B. BABUDIERI

FIG. 1. SPIROCHAETES FROM A CASE OF RELAPSING FEVER IN JORDAN

show a striking dimorphism, the usual thin spirochaetes appearing together
with much larger ones (Fig. 1). This phenomenon has already been reported
by Sterling-Okuniewski in Treponema (Borrelia) obermeieri.9

In 22 cases I inoculated mice with the blood of patients who had not
yet been treated with antibiotics, and in 16 of these the mice became infected
2-5 days later. In one instance only I found circulating spirochaetes in a
mouse after 12 days, but a previous slight infection which I did not detect
may well have been present.

Three of the negative cases were from blood samples taken in Nablus
and inoculated a few hours later in Amman, and it is possible that during
the long journey across the Jordan Valley in the hottest hours of the after-
noon the temperature of over 120°F (49°C) may have killed the spirochaetes.
Another negative result occurred with a blood sample inoculated 10days after
it was taken, and the last two with samples taken after the febrile attack had
passed. These two patients had been bitten by ticks a few days previously.

While in some patients the puncture scab was quite visible, in others,
and especially those from Nablus, it could not be seen although the patient
could show the exact place where the tick had bitten. Indeed, I have myself
been bitten by tick larvae without any scab forming.
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In their epidemiological characteristics the cases occurring in the country
are quite different from those in the towns. The victims are goatherds,
nomad Bedouins, and workers employed in road-building, and when ques-
tioned they will always report having slept in one of the many caves found
throughout the country, in which they also seek shelter from the burning
rays of the sun.

These cases all come from West Jordan and from the strip west of the
railway which is very rugged and covered by a more or less flourishing
vegetation, but never from the large desert highland of the eastern and
southern provinces.

The caves, scattered in the area where relapsing fever is endemic, are
very numerous, and generally consist of natural, not very large, excava-
tions with entrances opening between two banks of calcareous rock. Others
have been artificially excavated in ancient or modern times for use as tombs
or vaults or to provide shelter. The floors of these caves are often covered
with mould or with sand produced by the slow exfoliation of the rocks.
They are generally quite dry except for certain dark recesses far from the
entrance where traces of dampness may be found.

Some caves are used as permanent dwellings. Their entrances are closed
by wooden doors or by curtains; they contain some household goods and
can be subdivided by partitions. However, the majority of caves are used
only as temporary shelters or are occupied during the winter only by
goatherds and their flocks.

Relapsing fever in the towns is practically limited to the town of Nablus
and to the neighbouring village of Marda. It mainly affects people who live
in houses in the centre of the town, who never leave the town and who
have never dwelt in caves (see Fig. 2). The particular architectural structure
of Nablus must therefore be considered. Many of the streets are in fact
galleries, along the walls of which open the entrances to the living quarters,
generally reached by very steep steps. All along the walls of the vaulted
streets and beside the stairways gape the entrances to dark windowless
chambers with earth floors littered with mould, which are either used as
store-rooms or in disuse. These chambers are rather similar to small caves
with the aggravating factor that the walls are made of dry stones, in the
crevices of which ectoparasites find perfect shelter. Moreover, in 1927 the
town was hit by a severe earthquake which ruined many houses, and some
of these ruins are still partly inhabited. Close to some of the chambers
in bad repair and only partly utilized are other chambers which are com-
pletely ruined and abandoned, and which are absolutely identical with
caves.

Some districts of Nablus, particularly the Haret el Yasmina district,
are made up of exceedingly poor living-quarters which can only be com-
pared to those of cave-dwellers. In the Haret el Yasmina district cases of
relapsing fever are particularly frequent.

3
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FIG. 2. ANNUAL NUMBER OF RELAPSING FEVER CASES IN NABLUS AREA, 1948-55
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In the centre of the village of Marda is a large irregular building occupied
by a great number of families, and in this building the disease flourishes.
The building is three stories high and is built around a large, poorly cobbled
courtyard, on to which several stables open out; these stables are in fact
nothing but caves excavated in the rock.

FIG. 3. AVERAGE MONTHLY NUMBERS OF RELAPSING FEVER CASES IN NABLUS
AREA OVER THE PERIOD 1946-55
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RELAPSING FEVER IN JORDAN

In both Nablus and Marda the disease reaches its peak frequency during
the summer and is relatively rare in the winter.

Fig. 3, compiled from data kindly supplied by Dr. Subhi Amin of
Nablus, shows the considerable difference between the seasonal course of
relapsing fever in the town of Nablus and that in the neighbouring country-
side. Since this difference might have been due to different agents with
different habits and active in different surroundings, I sought to determine
the type of ectoparasite responsible for relapsing fever in the countryside.
To this end I inspected a great number of natural and artificial caves scat-
tered throughout the area, and particularly those where people subsequently
affected by the disease had been living. I examined the walls and all cre-
vices by the light of an electric torch and sifted the mould and sand which
lay on the floors. By so doing I captured in twelve different caves a large
number of ticks, all of which belonged to the species Ornithodoros tholozani
tholozani (Fig. 4).

FIG. 4. ORNITHODOROS THOLOZANI

As a rule these ticks do not live in walls or crevices but a few centi-
metres under the ground or mould in the darker recesses of the caves,
particularly where there is some degree of damp. They are especially
numerous where the soil contains goat excreta, and therefore in caves
which are used as goat shelters in the winter. Whenever men or animals
enter the caves and stay there for any length of time the ticks emerge from
the ground and bite them; this may happen by day or by night. However,
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I also found ticks in two caves in the Suweilima area which had not been
inhabited for a very long time, and which were in the middle of the desert;
a Bedouin spent a night in one of them and contracted relapsing fever.
Another previously unused cave, at Jenin, became occupied by a potter's
family, all the members of which, together with several guests, also con-
tracted the disease. Yet another contaminated cave, at Faraun, is in no
man's land between Jordan and Israel, and a large number of those who
use it suffer from relapsing fever.

I devised two different procedures to ascertain whether the ticks I had
captured were spirochaete carriers. The first method was to grind the ticks
and add saline to make a suspension which was subsequently injected into
mice; the second method was to feed the ticks directly on the mice.

By the second of these methods a certain number of ticks captured in
the Jenin, Faraun and Husn districts were found to be infected (see Fig. 5).
The percentage of infected ticks, however, appeared to be rather low,
although it is difficult to give exact figures as quite a number of ticks were
both fed on or inoculated into the same mice. Altogether, I checked
234 specimens of 0. tholozani and was able to infect only three animals;
one of these had fed 20 ticks, the second 23 and the third six. No inoculated
mice became infected. The mice on which ticks had fed became infected
after 4-5 days. The spirochaete-survival time, studied on many mice on
which naturally or experimentally infected ticks had fed or which had
received injections of patients' blood, varied greatly. Sometimes it lasted
barely a day; at other times it lasted as long as a fortnight; and in yet
other instances the spirochaetes disappeared from the blood-stream only
to reappear 2-3 days later. It should be stated, however, that the spirochaetes
survived in the brains of the mice whether they disappeared from the cir-
culation or not.

Evidence that spirochaetes are transmitted by 0. tholozani was obtained
by feeding supposedly uncontaminated ticks on mice which had previously
been infected by other ticks or by blood drawn from patients with relapsing
fever. All ticks so treated, at whatever stage of development, became infected.

I was not able to find any specimens of 0. tholozani or of other spiro-
chaete-carrying ticks in any of the desert districts which I visited and from
which any case of relapsing fever in human beings had ever been reported.
In the Meriones burrows, which are very numerous in certain desert areas,
I found only a great number of Hyalomma excavatum ticks, of which isolated
specimens are also to be found in some caves in the hilly districts. All tests
to determine whether Hyalomma excavatum or Rhipicephalus sanguineus
could carry spirochaetes were negative.

I therefore consider it possible to conclude that 0. tholozani is respon-
sible for relapsing fever in the country areas of Jordan. This agrees with
what is known in neighbouring countries-Israel and Iran and probably
Syria and Lebanon-where the same tick is responsible.
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FIG. 5. DISTRIBUTION OF TICKS IN AREA OF JORDAN SURVEYED

I then studied the problem of relapsing fever in Nablus and Marda. The
recorded cases in Nablus nearly always occur in certain districts, particularly
Haret el Yasmina and Hableh. Certain well-determined buildings are
usually the centres of infection, and many cases have been recorded there
in the summer for many years in succession. In Marda, the big central
building mentioned earlier is the centre of infection, and in ten days in
September 1954 four new cases of relapsing fever were reported there.
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In Nablus I first turned my attention to a building known as the " old
soap factory ", which is two stories high and has been half destroyed by
earthquakes, although it is still inhabited by many families. It consists of
large, stone, windowless rooms, sometimes subdivided by curtains or
wooden partitions, and bearing a certain similarity to caves. These rooms
communicate with each other and the only light is that which enters through
the broken walls of the building. Chickens are raised on a kind of small
hanging terrace of which the roof and two walls have collapsed. In 1952
and 1953 five cases of relapsing fever were reported among the inhabitants
of this building.

The most thorough search in the living-quarters failed to disclose the
presence of ticks there, but they were found in considerable number in the
crevices between the stones in the walls of the small terrace on which the
chickens are raised. In some rooms near this terrace a small number of
0. coniceps ticks were captured, which are rather similar to 0. tholozani.
0. coniceps was also found in three other houses from which cases had been
reported and in the stables of the building at Marda. In one stable a spe-
cimen of 0. tholozani was also found. The Arab houses in the Nablus area
consist of a few rooms, often without windows, built around a central
courtyard where chickens are raised, and it was in these courtyards that
0. coniceps was found.

These ticks, which were not previously considered to be carriers of
spirochaetes pathogenic for man, conceal themselves during the day in the
crevices of the walls and feed upon the chickens at night. I was able to
ascertain experimentally, however) that 0. coniceps will also bite man and
other mammals such as mice and guinea-pigs; in addition three of the ticks
captured in Marda had un-nucleated red cells of mammals in their stomachs.

Attempts with some 50 specimens of 0. coniceps to determine whether
they carried pathogenic spirochaetes proved successful only in the case of
one mouse which had fed two 0. coniceps captured in the " old soap fac-
tory "; this mouse showed spirochaetes in its blood stream 12 days after
feeding the ticks. Specimens of 0. coniceps allowed to feed on infected mice
did not become infected themselves.

I do not consider this single isolation to be sufficient to warrant stating
that 0. coniceps is responsible for the transmission of relapsing fever to
human beings, but the possibility cannot be rejected. Moreover, the
fact that one specimen of 0. tholozani was found at Marda among the
0. coniceps suggests that other undetected specimens might also have been
present and might be the actual carriers.

The high summer morbidity in Nablus may be explained by the fact that
during the winter the people sleep in their living-quarters, which do not
contain ticks, but during the summer they prefer to sleep outdoors in the
central courtyards, where the chickens are kept and ticks are consequently
numerous.
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I also found 0. coniceps in an uninhabited cave at Husn, where wild
pigeons roosted; but I found none in the poultry-yards at Amman, which,
however, swarmed with Argas persicus. In Jordan I found no species of
Ornithodoros other than 0. tholozani and 0. coniceps, although 0. laho-
rensis, 0. savignyi and 0. salahi-none of them dangerous to man-have
been described in Palestine.4 Differentiation between 0. tholozani and
0. coniceps, generally difficult, is relatively simple if the tick can be observed
biting; with 0. tholozani the coxal fluid is exuded after the tick has released
its grip, whereas 0. coniceps expresses it while still adherent.

On some patients and in their living-quarters I captured a number of lice
and bugs, which swarm all over the houses, and ground them and prepared
a suspension which I injected into mice. No mice became infected. In
infected districts of Nablus and Jerusalem I also captured one rat and four
mice; no spirochaetes could be found in their blood-streams, and a sus-
pension of their brains injected into other mice gave negative results.

On my return to Italy, I -attempted to determine whether goats, so
numerous and so often bitten by ticks in Jordan, could carry spirochaetes.
I injected one goat with the blood of an infected mouse and another with a
suspension of ground infective ticks. Negative results were obtained both
on direct check of the goats and on inoculation of mice with the goats'
blood. A suspension of the brain of the goat injected with the suspension of
ground ticks, sacrificed several weeks after the inoculation, also failed to
infect mice.
A further demonstration that relapsing fever in Jordan is tick-borne

was provided by agglutination tests with Kingsbury Proteus OX strains,
performed on the sera of seven patients. All these gave negative results
or results so slightly positive (1: 20, 1: 80) as to be insignificant, whereas
Zaraphonetis and collaborators 10 state that with this test very high titres are
obtained in all cases of louse-borne relapsing fever.

Prophylaxis

The prevention of relapsing fever in Jordan consists first of all in avoiding
notoriously tick-infested localities, especially caves, and secondly in destroy-
ing ticks wherever they are found. It appears unnecessary to extend this
second, radical method to all small rodents which might be possible virus
carriers. While small rodents might be infected and might in turn infect
ticks, the risk seems slight, particularly since in no cave where I found
0. tholozani did I find any trace of rodents and in no place inhabited by
rodents or serpents did I find Ornithodoros of any species.

It should be recorded that 0. tholozani endures fasting very well, even
over a period of some years (five, according to Bourgain 2), maintaining
its infectivity unaltered throughout this period and transmitting spiro-
chaetes to the succeeding generation. The presence of living infective ticks
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in caves long unvisited by man can therefore readily be understood, without
having to postulate the presence of an animal as intermediate host.

It is not easy to prevent the Bedouins from using infected caves, espe-
cially as they represent the only shelter for goatherds from the cold of
winter and the torrid heat of summer. However, for countless ages the
Bedouins have themselves adopted a rough prophylactic measure. At the
beginning of the winter, when they decide to transfer from tents to caves,
they send their goat flocks into the caves first. Only after three days do the
men enter the caves; by this time the ticks, famished by their summer-long
fast, have attacked the goats and, being sated, spare the men.

To control ticks effectively, a knowledge of their ecology is essential,
and this differs greatly between 0. coniceps and 0. tholozani. The first of
these lives in crevices in stones or under wooden planks, but always at the
surface without penetrating into the sand or mould; it can therefore be
quite easily reached by insecticides. The second, however, lives a few centi-
metres under the mould, emerging only in search of food or to bite; any
surface insecticide is therefore useless against it.

Preliminary tests showed that DDT was not very effective against ticks,
and that Gammexane (BHC) had much greater action. The latter compound
was therefore used, in water-dispersible form, and sprayed in the usual
manner. A first disinfestation test was carried out in the " old soap fac-
tory " at Nablus, which was infested by 0. coniceps. 50 g of Gammexane
in 2 1 of water were sufficient to spray 10 m2 of wall. A check eight days
after the spraying revealed that all the ticks in the treated quarters had
been killed.

Another test was made in a small cave, 5 m across, in the neighbourhood
of Suweilima, which was infested by 0. tholozani. Here, 150 g of Gamme-
xane were diluted in 5 1 of water. A check 16 days later showed that quite
a number of ticks were still alive in the mould. That this failure to kill all
the ticks was due not only to the fact that 0. tholozani lives beneath the
surface, but also to its being more resistant to Gammexane than 0. coniceps
is shown by the fact that, when ticks of both species were brought into
contact with a small quantity of superficial mould from the cave 16 days
after the spraying, all specimens of 0. coniceps but practically none of
0. tholozani were killed.

In another infested cave, I used 5 1 of Folidol (diethyl-p-nitrophenyl
thiophosphate) at 0.08 % dilution on a surface of 37 M2. The results were
unsatisfactory and this compound was therefore abandoned, particularly
since it is highly toxic to man.

The usefulness of tick-control in towns, where 0. coniceps is generally
found, was proved beyond doubt in 1955, after my departure from Jordan.
Dr Subhi Amin sprayed all infested houses in Nablus with Gammexane,
and as a result only 27 cases of relapsing fever occurred there in 1955,
a much lower figure than those for the previous years. No case was
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reported from the " old soap factory ", which was disinfested with parti-
cular care.

In the countryside around Nablus, however, where disinfestation was
not carried out, 44 cases were reported-four times as many as in the
previous year.

I also studied experimentally the action of various insecticides on 0.
tholozani, mixing decreasing doses of each compound examined with 1 g
of talcum powder. Two or more tick larvae were placed in each sample
for 48 hours. Both the doses inducing death and those inducing paralysis
were ascertained. The results were as follows, each symbol representing
one larva:

Ccmpound Dilution Action

DDT 5% +±
Chlordane 5% + ±

Gammexane 5% ++2% +++

Aldrin 10 % ++

Dieldrin 0.5% + ±

Diazinon 0.5/0 ++

Malathion 0.5%/ + +
02%

Methoxychlor 1
% +

+ = death; ± = paralysis; - = no action

It appears from these results (due account being taken of the small
number of ticks used in the tests) that the most toxic compounds for 0.
tholozani are diazinon and malathion, which kill ticks even at a 0.5%
dilution.

For practical purposes, the residual effect and commercial cost of the
various compounds must also be considered in addition to their toxicity.
So far as residual effect is concerned, Gammexane and dieldrin remain
toxic longer than the others and are therefore preferable. As to cost, this
varies greatly from place to place and must be considered in the light of
local conditions. However, it should be remembered that, from the eco-
nomic point of view, Knowles & Terry5 report that in Tanganyika the cost
of a tick-control campaign with Agrocide 7 (BHC) was far less than the
total expense of hospitalization of relapsing fever patients.

As will be apparent, one of the difficulties in treating caves infested
with 0. tholozani is to ensure that the insecticides reach the ticks living
under the surface. I was unable to carry out tests on this problem, but my
observations have suggested some procedures which might be effective.
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As stated above, I noticed that in all the dry caves (which form the
majority in Jordan) the ticks show a distinct preference for the darkest
corners, i.e., those with slight traces of dampness. I believe it would be
possible to create artificial " points of attraction " in these caves by pouring
a certain quantity of water in carefully selected spots which could be pre-
viously sprayed with insecticide. The ticks, drawn by the moistness, would
converge on these spots and thereby come into contact with the insecticide.

Another procedure would be to use goats previously dusted with insec-
ticide as bait and to leave them in the caves for one or two nights. All the
ticks in the cave would probably be destroyed in this way.

It should be pointed out that the situation in Jordan is quite different
from that in Egypt and other countries on the African continent, where
ticks abound in many living-quarters and animal's lairs, making it prac-
tically impossible to exterminate them completely. On the other hand,
only a few of the caves I visited in Jordan proved to be infested and those
who lived in them were well aware of the risk involved. Apart from 0.
tholozani in these caves and 0. coniceps in chicken yards, dangerous ticks
are practically non-existent in Jordan.

In view of all the foregoing, I consider that it would be quite possible,
without great labour or expense, to achieve nearly total disinfestation of
the infested areas and thus virtually to extirpate relapsing fever from
Jordan.

Therapy

It is well known that arsenobenzol compounds are of very little value
in tick-borne relapsing fever, and my experience in Jordan confirms this.
Penicillin also is hardly effective and does not prevent relapses. Good
results, however, were obtained with Aureomycin in doses of 2-3 g per day
for 3-4 consecutive days, but this drug has the disadvantage of being rather
expensive.

At my suggestion, Dr Subhi Amin used chloramphenicol succinate
(Chemicetin succinate, manufactured by Erba) in treating cases at Nablus.
The dosage was 1 g, administered all at once. The immediate results were
good, although three of ten cases relapsed. In two of these three, further
administration of 1 g of Chemicetin completely cured the patients. The
third case relapsed four times despite treatment and was finally given
Aureomycin, rapid cure ensuing.

Experimental tests carried out by my collaborator, Dr Addamiano,l
on two different strains of spirochaetes isolated in Nablus and Husn have
shown that sensitivity to antibiotics and other chemotherapy varies greatly
according to the strain. The most active compounds proved to be Aureo-
mycin and Terramycin, which thoroughly sterilized infected mice at a
dose of 1 mg per kg of body-weight.
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Conclusions

My investigations show that by and large the situation with regard to
relapsing fever is similar in Jordan to that in the neighbouring countries.
The disease is nearly always transmitted by the tick, 0. tholozani, which
lives in the caves in the hilly areas. It is doubtful whether any lower verte-
brate is of practical importance as a spirochaete carrier.

One peculiarity in Jordan is the existence of urban centres of relapsing
fever-Nablus, for instance, in the summer. It is quite possible that
0. coniceps may play an important role in the epidemiology of the disease
there.

Finally, it should be pointed out that special local conditions make it
possible to prevent the spread of the disease by adequate tick-control pro-
cedures. This possibility should be seriously considered, especially since
the tick-borne disease may be able to transform itself into the louse-borne
form.7 If this should be proved to happen, although the role of Treponema
persicum appears doubtful, then serious attention should be paid to the
great danger represented by the large camps of refugees in Jordan and the
neighbouring countries which swarm with lice.
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RItSUMI2

L'auteur expose les resultats d'une enqu&e qu'il a menee en 1954 sur la fievre recur-
rente en Jordanie. La maladie existe dans ce pays depuis des siecles, mais elle n'y a jamais
e serieusement etudiee. Jusqu'en 1953, le vecteur mis en cause par les statistiques offi-
cielles dans la totalite des cas etait un pou. Or l'enquete de l'auteur revele qu'en Jordanie
le principal vecteur est la tique Ornithodoros tholozani qui vit dans les nombreuses grottes
utilisees comme abris par l'homme et par les animaux dans les regions de collines. Il
est neanmoins possible que certains des cas qui s'observent frequemment ai Naplouse et
dans le village de Marda, soient dus ai 0. coniceps qui infecte les poulaillers. L'auteur croit
egalement que la frequence de la fievre recurrente a e sous-estimee en Jordanie et que la
morbidite est en r6alit6 cinq fois plus forte que ne l'indiquent les statistiques officielles.

L'auteur considere aussi que la tique vectrice pourrait etre exterminee par l'applica-
tion d'insecticides (des essais preliminaires executes a petite echelle ont montre que le
diazinon et le malathion sont extr8nrement toxiques pour la tique, le Gammexane et la
dieldrine ayant toutefois une action remanente plus durable) et par certaines methodes
simples decrites dans l'article. I1 importe d'autant plus de combattre la propagation de la
maladie que, selon certains auteurs, on observerait dans la nature, la transformation de la
forme transmise par les tiques en forme transmise par les poux. Si tel etait bien le cas, les
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camps de refugies de la r6gion, qui sont infestes de poux, pourraient etre une source de
grave danger.

Les composes 'a base d'ars6nobenzol et la penicilline se sont montres peu efficaces pour
le traitement de la fievre recurrente, mais I'Aureomycine et la Terramycine ont donne de
bons r6sultats.
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