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We reviewed all serologically confirmed cases of leptospirosis from 1985 to
1999 in Israel, where the disease is endemic. There were 59 cases, with an
average annual incidence of 0.05/100,000. The dominant serogroup, Lep-
tospira icterohemorrhagica, occurred in 29% of patients; in an earlier study
(1970-1979), it accounted for only 2%. Serogroups that occurred mainly in
rural areas accounted previously for 79% but had declined to 32%. 

Leptospirosis, a zoonotic disease caused by a spirochete,
is often related to occupation. Humans are infected through
contact with animal reservoirs or a contaminated environ-
ment (soil, sewage, or water). Several animal species (rats,
mice, or hedgehogs) are natural reservoirs of the disease,
while humans are a dead-end host. Leptospira icterohemor-
rhagica is transmitted by rats and is found in sewage water.
L. canicola, which is usually transmitted by dogs but rarely
by cattle and swine, is common among field and irrigation
workers. L. hardjo, which is transmitted mainly by cattle, is
commonly found in dairy workers (1). The clinical spectrum
of the disease depends on the serogroup and the host, rang-
ing from a mild flulike illness to severe disease with multiple
organ failure (Weil’s disease). 

Since 1950, Israel has been considered endemic for lep-
tospirosis (1,2) with a peak incidence of 3.6/100,000 in the
1960s (3). From 1970 to 1979, 251 cases of leptospirosis were
diagnosed, with a reported attack rate of 0.2/100,000, mainly
in agricultural areas (1). Since 1979, no epidemiologic study
has reported the prevalence of different serogroups and the
epidemiologic pattern of the disease. We have reviewed all
known cases of leptospirosis in Israel from 1985 through
1999.

The Study
In Israel, leptospirosis is a notifiable disease, and

reported cases are investigated by the Department of Epide-
miology of the Ministry of Health (MOH). For each case, a
brief medical report was submitted to the MOH, and an epi-
demiologic investigation was carried out by an epidemiologic
nurse. We reviewed charts at the MOH and serologic infor-
mation at the central laboratory and extracted data includ-

ing serologic results, demographic information, residential
area, occupation, risk factors, and outcome. 

Cases were considered related to occupation if patients
were farmers, veterinary doctors, sewage workers, or cattle
or swine workers, all occupations known to be associated
with leptospirosis. Cases were considered “inner-city
related” if the patient had no obvious occupation or activity
known to be a risk factor for infection. Residential area was
defined as urban or rural.

Diagnosis
All serologic investigations were done by the microscopic

agglutination test. Twenty-two reference serovars of living
spirochetes were used, with 20 pathogenic (L. interrogans)
and two nonpathogenic (L. biflexa) serovars.1 A laboratory-
confirmed case was defined as a fourfold increase in antibody
titer or a single titer >1:200. 

During the study period, 1985-1999, 59 cases of lep-
tospirosis were serologically confirmed (60% based on the
first single serum and the rest on paired sera). Ages of these
patients ranged from 16 to 66 years (mean 42 ± 15 years); 53
(90%) were male. Cases occurred throughout the year with
no clear seasonality.

The dominant serovars were L. icterohemhorragica with
17 cases, followed by L. hardjo (12 cases) and L. balum (12
cases). The disease was related to occupation in 28 cases,
mostly in farmers, including pig farmers and dairy workers.
In 19 cases exposure was in the inner city, usually in mar-
kets (Table). Most of these cases (13 of 19) were due to L. ict-
erohemorrhagica, and the patients were either shopkeepers
or occasional shoppers in the markets. The rest of L. ictero-
hemorrhagica cases were also from an urban setting, mainly
Tel Aviv, but these affected sewage workers, a known risk
for leptospirosis. L. habdomadis group (serovars hardjo and
swajisak) and L. gripotyphosa affected mainly farmers.
Information about exposures was not available for eight
patients. In our series, one case of L. icterohemorrhagica

1Leptospira serovars tested: Serovars of L. interrogans: Ictero copenhagi Weinberg, Javanica Vcldrat–ATCC 233479, Canicola Hond Utrecht
IV-ATCC 2347, Australis–ATCC 23605, Grippothyphosa Moskow V-ATCC 23469, Cynopteri Canazone, Sejroe M-84, Pyrogenes–ATCC 23480,
Szwajizak Szwajizak, Ballum Castelloni–ATCC 23580, Mini Sari, Burgas, Hardjo, Ballum Mus, Pomona-ATCC 23478, Tarassovi–ATCC
23481, Bataviae ATCC, Sejreo Bratislava, Rachmat-ATCC 23603, Ictero RGA –ATCC 43642
Serovars of L. biflexa: Patoc, Andamana
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infection was fatal, for a case-fatality rate of 5.8% among
patients infected with L. icterohemorrhagica. The clinical
manifestations were severe hepatorenal involvement and
death after massive cerebral hemorrhage. 

Comparison of this period with the earlier report from
1970-1979 (1) shows that serogroups such as L. habdomadis
and L. grypotyphosa, which are associated with farming and
had been the dominant pathogens, accounting for 55% and
25% of cases, respectively, had declined to 27% and 5%. The
urban serovars of L. icterohemorrhagica became the domi-
nant groups, increasing from 2% to 29% (Figure 1). 

Conclusions
Over the last 15 years, several epidemiologic character-

istics of leptospirosis in Israel have changed: attack rate,
affected population, and dominant pathogenic serogroups.
The reported attack rate in Israel has declined from 2 to 3.6/
100,000 during 1950-1970, to 0.2/100,000 during the 1980s,
and approximately 0.05/100,000 during our study period
(Figure 2). This trend is most likely due to improved sanita-
tion and increased awareness of risk factors for the disease.
Although underreporting and underdiagnosis cannot be

ruled out, the ratio between total serologic tests requested
for leptospirosis and the rate of positive results during the
last 15 years is extremely low: 1.4% compared with 8% dur-
ing the 5 years before our study. These data may indicate a
higher awareness of leptospirosis among physicians in Israel
and do not suggest underdiagnosis.

The disease was once more common in rural and agricul-
tural areas and was related to farming. The last report, from
1970 to 1979, showed almost all cases to be rural, while dur-
ing our study period most cases were urban (mostly in Tel
Aviv).

The environmental changes in Israel were associated
with a marked change in the epidemiology of pathogenic
serogroups. The incidence of the L. habdomadis serogroup
was 25 cases per year (1), but declined to <1 case per year in
our study period (Table). The vectors associated with these
groups are cattle and rodents, and therefore farmers and
agriculture workers were affected. A recent study in a farm-
ing area in Israel where cattle were found to be infected with
L. habdomadis showed that all 50 farmers in the area who
were working with infected animals were seronegative for
leptospirosis (A. Barnea, unpub. data). These data may sup-
port the assumption that awareness of the disease among
these high-risk populations has increased, leading to the use
of gloves while in contact with animals. The change to mech-
anization of field cultivation also prevents contact with ani-
mal excreta and thus may reduce leptospira infection. 

Over the last few decades, Israel’s population has grown
rapidly (due to massive immigration), and a trend toward
rapid urbanization may also have shifted the disease to the
cities. In urban areas, L. icterohemorrhagica is the dominant
pathogen that causes multisystem involvement (Weil’s
disease) with a high reported case-fatality rate. This was the
main infecting serogroup during our study period, account-
ing for 29% of all cases, compared with 2% during the previ-
ous study. Nonetheless, the absolute number of infected
subjects did not change substantially over the last 50 years:
During the period 1948 to 1968, there were a dozen cases (2);
from 1968 to 1982 there were 14 cases (2); and our study
(1984-1999) identified an additional 17 cases. All

Table. Characteristics of patients with leptospirosis

Serovar
No. of 
cases

Sex Living area Source of Infection

OccupationaM F Urban Rural Inner-city Occupation

Leptospira icterohemorrhagica 17 16 1 17 0 13 4 S: 3
B: 1

L. hardjo 12 11 1 1 10 0 8 C: 7
B: 1

L. swajisak 4 3 1 2 2 1 1 S: 1

L. ballum 12 10 2 5 7 4 8 F: 6
S: 2

L. canicola 7 7 0 3 4 1 5 Sw:4
S: 1

L. gripophytosa 3 3 0 0 3 0 2 F: 1
Sw:1

L. cinopteri 1 1 0 1 0 N.A. N.A.

Mixed 3 2 1 N.A. N.A. N.A. N.A..

aOccupations at risk: S = sewage contact; Sw = swine-related occupation; F = ordinary farmers; C = cattle and dairy farmers; B = butcher; NA = information not
available.

Figure 1. Comparison of Leptospira serogroups in Israel
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L.icterohemorrhagica  cases were in an urban area, mainly
in Tel Aviv, affecting workers in the city’s largest market.
The vector associated with transmission of L. icterohemor-
rhagica is Rattus norvegicus. The last survey of rats in these
areas, in 1982, revealed an infection rate of 37% (4), indicat-
ing a need for better sanitation control. 

There are almost no large-scale reports on the epidemio-
logic characteristics of the disease in industrialized coun-
tries: a report from Ireland during 1990-1996 revealed an
annual incidence of 1.2 cases/100,000 (5). In the United
States, the annual rate from 1988 to 1994 was approxi-
mately 0.02/100,000 (6). Two recent reports from Europe
have shown a shift in the epidemiology of the disease, from
being an occupational disease towards a disease associated
with recreational activities, including travel to tropical coun-
tries (7,8). Our case series included only one patient in whom
we suspected that the disease was imported (Thailand). 

The main change in pattern of the disease in Israel was
the decline of occupational-agricultural-related disease and
persistence of foci in large cities. Inner-city foci causing spo-
radic urban leptospirosis have also been described in the
United States (9), with L. icterohemorrhagica the dominant
pathogen. A recent report from Brazil described a large
urban epidemic, mainly of L. icterohemorrhagica (90% of

cases), with a case-fatality rate of 15%, despite aggressive
intervention (10). In Brazil leptospirosis had been a sporadic
rural disease, but with urbanization and population growth
a new environment for urban transmission has been created,
mainly in slums and areas lacking proper sanitation (10).
Israel exemplifies a rapidly developing country in which
urbanization is replacing agricultural areas. Rapid develop-
ment may allow the formation of foci where adequate sanita-
tion is lacking, such as in markets. More aggressive
intervention and vigilance by public health authorities to
decrease the rat population in urban areas are warranted. 
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	21
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	15. Monk JD, Beuchat LR, Doyle MP. Irradiation inactivation of food-borne microorganisms. J Food ...
	Cases (#)
	Hospitalizeda (#)
	Deathsa (#)
	Median age (years)
	Age range (years)
	Patients >18 years of age (%)
	Female (%)
	Range of onset datesb
	44
	11
	1
	33
	<1-82
	89
	65
	12/18/98-02/02/99
	13
	4
	1
	47
	20-86
	100
	69
	12/21/98-01/09/99
	13
	0
	0
	26
	18-69
	92
	69
	12/18/98-01/29/99
	8
	1
	1
	38
	17-86
	88
	75
	12/19/98-02/02/99
	3
	0
	0
	43
	32-58
	100
	33
	12/23/98-01/07/99
	2
	0
	0
	66
	45-86
	100
	100
	01/07/99
	2
	0
	0
	46
	41-51
	100
	50
	01/04/99-01/06/99
	1
	0
	0
	22
	22
	100
	100
	12/06/98
	86
	16
	3
	35
	<1-86
	93
	67
	12/06/98-02/02/99



	Contact with Farming Environment as a Major Risk Factor for Shiga Toxin (Vero Cytotoxin)-Producin...
	Sarah J. O’Brien, Goutam K. Adak, and Clare Gilham
	Public Health Laboratory Service Communicable Disease Surveillance Centre, London, England
	1. Mead PS, Griffin PM. Escherichia coli O157:H7. Lancet 1998; 352:1207-12.
	2. Milne LM, Plom A, Strudley I, Pritchard GC, Crooks R, Hall M, et al. Escherichia coli O157 inc...
	3. Subcommittee of the PHLS Advisory Committee on Gastrointestinal Infections. Guidelines for the...
	4. Dean AD, Dean JA, Burton JH, Dicker RC. Epi-Info, version 5. Atlanta: Centers for Disease Cont...
	5. Francis B, Green M, Payne C, editors. The GLIM System release 4 manual. Oxford: Clarendon Pres...
	6. Vero cytotoxin-producing Escherichia coli: which specimens should be tested? Commun Dis Rep CD...
	7. Shukla R, Slack R, George A, Cheasty T, Rowe B, Scutter J. Escherichia coli O157 infection ass...
	8. Crampin M, Willshaw G, Hancock R, Djuretic T, Elstob C, Rouse A, et al. Outbreak of Escherichi...
	9. Coia JE, Sharp JC, Campbell DM, Curnow J, Ramsay CN. Environmental risk factors for sporadic E...
	10. Trevena WB, Willshaw GA, Cheasty T, Domingue G, Wray C. Transmission of Vero cytotoxin produc...
	11. Parry SM, Salmon RL, Willshaw GA, Cheasty T. Risk factors for and prevention of sporadic infe...
	Adjusted odds ratio
	95% CI
	p value
	No. (%) patients exposed in single-risk variable analysis
	No. (%) controls exposed in single-risk variable analysis
	5.13
	1.44, 18.26
	0.009
	16 (4.7)
	6 (1.3)
	2.93
	1.22, 7.07
	0.02
	25 (7)
	17 (3.6)
	2.61
	1.24, 5.47
	0.01
	29 (8.9)
	23 (4.9)
	2.45
	1.49, 4.02
	0.0004
	87 (23.6)
	62 (12.9)
	2.23
	1.35, 3.71
	0.002
	100 (27.3)
	53 (11.2)
	2.13
	1.04, 4.35
	0.04
	40 (11.2)
	24 (5.1)
	2.08
	1.17, 3.72
	0.01
	53 (15.8)
	37 (7.9)
	0.66
	0.43, 1.01
	0.06
	240 (68.2)
	351 (74.4)
	0.63
	0.43, 0.95
	0.03
	225 (62.5)
	345 (73.6)
	0.56
	0.38, 0.82
	0.003
	175 (48.9)
	278 (59.1)
	0.43
	0.26, 0.7
	0.0005
	61 (16.9)
	133 (28.5)



	Rift Valley Fever Outbreak, Mauritania, 1998: Seroepidemiologic, Virologic, Entomologic, and Zool...
	Pierre Nabeth,* Yacouba Kane,† Mohameden O. Abdalahi,‡ Mawlouth Diallo,§ Kader Ndiaye,§ Khalilou ...
	*Ministère de la Santé et des Affaires Sociales, Nouakchott, Mauritania; †Centre National d’Eleva...
	1. Peters CJ, Linthicum KJ. Rift Valley fever. In: Beran GW, Steele JH, editors. Handbook of zoon...
	2. Digoutte JP, Peters CJ. General aspects of the 1987 Rift Valley fever epidemic in Mauritania. ...
	3. Zeller HG, Akakpo AJ, Ba MM. Rift Valley fever epizootic in small ruminants in Southern Maurit...
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	5. Pretorius A, Oelofensen J, Smith S, van der Ryt E. Rift Valley fever virus. A seroepidemiologi...
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	No. of samples
	Recent infection
	Past infection
	Virus isolation
	90
	16.7 (15/90)
	24.4% (22/90)
	2
	No. of females
	Flocks investigated
	Animals tested
	NAa
	PMR (%)
	CI
	Median age (years)
	IgM isolation
	IgG alone
	Virus isolation
	381
	37
	9.7
	0, 20.7
	1.5
	34.8% (31/89)
	12.4% (11/89)
	6
	471
	223
	47.4
	33.3, 61.4
	3.5
	16.3% (23/141)
	24.8% (34/141)
	5
	286
	59
	20.6
	1.8, 39.4
	7.5
	2.6% (1/39)
	0% (0/39)
	0
	36
	17
	4.6
	0, 9.3
	2.5
	1.5% (1.69)
	33.3% (23/69)
	0
	--
	--
	--
	--
	0% (0/5)
	20.0% (1/5)
	0
	No.
	Abundanceb
	Virus isolation
	8
	1.5
	0
	27
	4.9
	0
	11
	2.0
	0
	1
	0.2
	0
	25
	4.6
	0
	68
	12.5
	0
	4
	0.7
	0
	191
	34.9
	0
	211
	38.6
	0
	546
	100
	0
	524
	0
	78
	0
	1,148
	0



	Malaria in Illegal Chinese Immigrants, Italy
	Alberto Matteelli,* Alberto Volonterio,† Maurizio Gulletta,* Laura Galimberti,‡ Stefania Maroccol...
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	2. Muentener P, Schlagenhauf P, Steffen R. Imported malaria (1985-95): trends and perspectives. B...
	3. Sabatinelli G, Romi R, Majori G. Malaria epidemiological situation and assessment of the malar...
	4. Castelli F, Matteelli A, Caligaris S, Gulletta M, El-Hamad I, Scolari C, et al. Malaria in mig...
	5. World Health Organisation. Severe falciparum malaria. Trans R Soc Trop Med Hyg 2000;94(Suppl 1...
	6. Sabatinelli G, Majori G. La sorveglianza epidemiologica della malaria in Italia e aggiornament...
	7. Orlando G, Marini V, Esposito R, Rancati M, Cargnel A, Almaviba M. An outbreak of P. falciparu...
	8. Croft A. Malaria: prevention in travelers. BMJ 2000;321:154- 60.
	9. Matteelli A, Colombini P, Gulletta M, Castelli F, Carosi G, for the SIRL study group. Epidemio...
	10. Romi R, Pierdominici G, Severini C. Status of malaria vectors in Italy. J Med Entomol 1997;34...
	11. Baldari M, Tamburro A, Sabatinelli G, Romi R, Severini C, Cuccagna G, et al. Malaria in Marem...
	12. Ramsdale CD, Coluzzi M. Studies on the infectivity of tropical African strains of Plasmodium ...
	Sex, age (yrs)
	Origin
	Countries visited
	Day/ mo of initial visit
	Malaria species
	Parasite density
	Days until hospita l dxa
	Clinical signs & symptoms
	Treatment
	Outcome
	M, 24
	Na
	Pakistan
	1/7
	Pf
	<1%
	0
	Uncomplicated
	Quinine + Doxycycline
	Resolved
	F, 20
	Na
	Na
	3/7
	Pf
	15%
	0
	Uncomplicated
	Mefloquine
	Resolved
	M, 26
	Na
	Na
	3/7
	Pf
	15%
	0
	Uncomplicated
	Mefloquine
	Resolved
	M, 20
	Zhe Jiang
	Laos, Myanmar, Bangladesh, Pakistan, East Africa
	5/7
	Pf
	<1%
	2
	Uncomplicated
	Quinine + Doxycycline
	Resolved
	M, 29
	Souther n China
	Pakistan, Myanmar, Thailand
	5/7
	Pf
	<1%
	1
	Uncomplicated
	Quinine + Doxycycline
	Resolved
	M, 23
	Na
	Vietnam, Cambodia, Kenya
	17/7
	Pf
	20%
	2
	Severe
	Quinine + Doxycycline
	Death
	M, 19
	Zhe Jiang
	Pakistan, Ivory Coast
	19/7
	Pf
	3%
	2
	Severe
	Quinine + antifolics; transfusion
	Resolved
	M, 33
	Na
	Pakistan
	20/7
	Pv
	Nd2
	0
	Nd3
	Chloroquine
	Resolved
	M, 23
	Na
	Na
	20/7
	Pf
	2.5%
	0
	Uncomplicated
	Mefloquine
	Resolved
	F, ?
	Na
	Pakistan
	21/7
	Pf
	20%
	3
	Severe
	Quinine + Doxycycline Exchange transfusion
	Resolved
	M, 26
	Na
	Na
	22/7
	Pf
	<1%
	0
	Uncomplicated
	Quinine
	Self discharge d
	M, 28
	Na
	Tanzania
	22/7
	Pf
	11%
	4
	Severe
	Quinine + Clindamicin
	Resolved
	F, 28
	Na
	Na
	26/7
	Pf + Po
	10%
	3
	Severe
	Quinine + Doxycycline Primaquine
	Resolved
	M, 24
	Zhe Jiang
	Laos, Myanmar, Bangladesh, Pakistan, East Africa
	27/7
	Pf
	<1%
	0
	Uncomplicated
	Quinine + Doxycycline
	Resolved
	M, 25
	Zhe Jiang
	Laos, Myanmar, Bangladesh, Pakistan, East Africa
	28/7
	Pf
	15%
	8
	Severe
	Quinine + Doxycycline Exchange transfusion
	Neurologi c sequelae
	M, 22
	Zhe Jiang
	East Africa
	28/7
	Pf
	<1%
	0
	Uncomplicated
	Quinine
	Resolved
	M, 18
	Na
	Myanmar, Bangladesh, Pakistan, Ivory Coast, France
	2/8
	Pf
	<1%
	1
	Uncomplicated
	Quinine + Doxycycline
	Resolved
	F, 19
	Souther n China
	Kenya
	6/8
	Pf
	1%
	11
	Uncomplicated
	Quinine + Doxycycline
	Resolved
	Sex, age (yrs)
	Origin
	Countries visited
	Day/ mo of initial visit
	Malaria species
	Parasite density
	Days until hospital dxa
	Clinical signs & symptoms
	Treatment
	Outcome
	M, 29
	Na
	Pakistan
	7/8
	Pf
	1%
	0
	Uncomplicated
	Quinine + Doxycycline
	Resolved
	F, 24
	Zhe Jiang
	Ivory Coast
	6/9
	Pf
	17%
	2
	Severe
	Quinine + Doxycycline Exchange transfusion
	Resolved
	M, 29
	Southern China
	Pakistan, Ivory Coast
	11/9
	Pf
	<1%
	0
	Uncomplicated
	Quinine + Doxycycline
	Resolved
	M, 18
	Na
	Cameroon
	15/11
	Pf
	<1%
	0
	Uncomplicated
	Mefloquine
	Resolved
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	15. Owen RL, Pierce NF, Apple RT, Cray WC. M cell transport of Vibrio cholerae from the intestina...
	Susceptibility
	Clinical features
	Outcome
	Ref
	Autoimmune disease, achlorhydria
	Diarrhea, severe sepsis syndrome
	Survived after intensive therapy
	3
	Neonate
	Diarrhea, afebrile, neutrophilia, uremia
	Died
	4
	None
	Diarrhea, febrile, neutrophilia
	Survived with rehydration and antibiotics
	5
	Chemotherapy
	Meningitis, blood culture negative
	Died
	6
	Neonate
	No diarrhea
	Died
	TR
	None
	Diarrhea transiently bloody, afebrile
	Died
	TR
	None
	Diarrhea, neutrophilia, renal failure secondary to dehydration
	Died of renal failure after 2-3 weeks
	TR
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	7. Sussman RW, Kinzey WG. The ecological role of the Callitrichidae: a review. Am J Phys Anthropo...
	8. de Mattos CC, de Mattos CA, Loza-Rubio E, Aguilar-Setién A, Orciari LA, Smith JS. Molecular ch...
	9. de Mattos CA, de Mattos CC, Smith JS, Miller ET, Papo S, Utrera A, et al. Genetic characteriza...
	10. Smith JS, Orciari LA, Yager PA, Seidel HD, Warner CK. Epidemiologic and historical relationsh...
	11. Loza-Rubio E, de Mattos CC, Aguilar-Setién A, de Mattos CA. Aislamiento y caracterización mol...
	12. Diaz AM, Papo S, Rodriguez A, Smith JS. Antigenic analysis of rabies virus isolates from Lati...
	13. Favi CM, Yung PV, Pavletic BC, Ramirez VE, de Mattos CA, de Mattos CC. Rol de los murciélagos...
	14. Smith JS. Rabies virus epitopic variation: use in ecologic studies. Adv Virus Res 1989;36:215...
	15. Conzelman KK, Cos JH, Schneider LG, Thiel HJ. Molecular cloning and complete sequence of the ...
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	25. WHO Expert Committee on Rabies. Seventh Report. Geneva: World Health Organization; 1983.
	26. Ferrari SF. Ecological differentiation in the Callitrichidae. In: Rylands AB, editor. Marmose...
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	Number of positive / sites sampled of each type
	Percent
	Positive (%)
	36/77
	47
	7/27
	26
	9/30
	30
	3/6
	50
	0/7
	0
	6/35
	17
	0/4
	0
	0/2
	0
	0/4
	0
	0/4
	0
	0/4
	0
	1/6
	17
	1/3
	33
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