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The Distribution of Leptospirosis in Latin America*It
A. D. ALEXANDER 1

Although many factors combine to make Latin America an apparently suitable region
.for the spread of the leptospiroses, the prevalence of these infections has been studied in
relatively few areas of this part of the American continent. Of the 60 Leptospira serotypes
described in the world, only seven have so far been definitively demonstrated in Middle
America and five in South America. However, there is evidence to suggest that other and
perhaps new serotypes may be found, and recent serological surveys indicate that there are
loci of multiple leptospirosis affecting a large percentage of human or animal populations
in at least five Latin American territories.

The true prevalence of leptospirosis can only be ascertained by the proper application
of reliable laboratory diagnostic methods. The limited value of certain techniques used
heretofore makes a number of reports on the presence of this disease subject to question.

The leptospiroses are diseases of animals and
man attributable to antigenically distinct members
of the genus Leptospira. At present 60 different
serotypes are recognized. In recent years there has
been a remarkable expansion of information on
the diversity and host distribution of the manifold
serotypes. This has been particularly evident in
humid tropical and subtropical milieux. Although
this type of environment prevails in the Caribbean
area and is predominant in most of Central and
South America, present knowledge of leptospirosis
in this part of the world is scanty or lacking in many
countries, and in relatively few places has this
disease been systematically investigated in man or
animals.

CENTRAL AMERICA 2
Mexico

Leptospirosis in Mexico was reported in " yellow
fever" patients, first by Noguchi & Kligler in Me-
rida in 1920 and subsequently by Prez-Grovas
(1921, 1923) and Le Blanc (1925) for cases occurring
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in Vera Cruz. It is interesting to note that in the
outbreak of jaundice investigated by Perez-Grovas
(1923) positive serological reactions in agglutina-
tion and Pfeiffer tests were seen in 117 of 183 pa-
tients. In 1937 Bustamente reported three cases of
Weil's disease in oyster workers in Tampico, and
in the following year Castanada isolated leptospirae
from Norway rats in Tampico (Varela et al., 1954).
In recent years, further studies on leptospirosis in
Mexico have been conducted by Varela and co-
workers (Varela & Vasquez, 1953; Varela et al.,
1954, 1958). The authors demonstrated the presence
of Leptospira icterohaemorrhagiae in a high per-
centage of Norway rats from Tampico and Vera
Cruz but found no evidence of leptospirae in 587
rats from Mexico City (Varela et al., 1954). Lepto-
spirosis presumably due to L. canicola was noted
in 2 of 8 sick dogs from Mexico City and serological
evidence of leptospirosis in cattle was also reported
(Varela & Va'squez, 1953).

Varela et al. (1958) also conducted a serological
survey on 1323 human and 458 swine sera derived
from normal donors in the various districts of
Mexico and also on a limited number of samples
from normal dogs and horses in the Federal District.
The sera were screened against L. icterohaemorr-
hagiae, L. canicola and L. pomona by the rapid
microscopic-agglutination technique of Wannan
(1955). Four of 15 horses were reactors against
L. icterohaemorrhagiae, and approximately 26 %Y of
dogs were serologically positive primarily against
L. icterohaemorrhagiae and to a lesser extent against
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L. canicola and L. pomona. A high proportion of
reactors, varying from 33% to 52%, was seen in
swine derived from three districts. The relative
frequency of reactions against the three antigens
varied with the geographical origin of samples;
L. pomona reactors occurred more frequently in the
Federal District and Guerrero, whereas in Oaxaca
more L. icterohaemorrhagiae and fewer L. pomona
and L. canicola reactors were seen. Approximately
15% of the human sera were serologically positive,
for the most part against L. icterohaemorrhagiae
and less frequently against the other two antigens.
The proportion of seropositives by districts varied
from approximately 2% to 29%. In the Federal
District, 15% of 150 sera were positive. However,
Mendoza Hernandez et al. (1958) failed to elicit
positive reactions in 25 sera from normal persons
in the same area, but observed leptospiral agglutinins
in 10% of sera from 91 patients with a diagnosis of
viral hepatitis.

Costa Rica and the Republic of Panama

In other parts of Central America, leptospirosis
has been reported from Costa Rica and the Republic
of Panama. Pefna Chavarria et al. (1947), in a study
of sporadic outbreaks of jaundice among children
in San Jose, observed leptospirae in blood from
29 and in the urine from 23 of 34 patients. Positive
serological reactions against L. icterohaemorrhagiae
were seen in 11 patients. The authors similarly
noted the organisms in urine, faeces, and blood in
a high percentage of trapped Norway rats. The
relative frequency with which leptospirae were
demonstrated in the blood of human patients, and
in the blood and faeces of rats, is contrary to the
experience of numerous observers in other parts
of the world.
Recent serological surveys indicate that endemic

areas of multiple leptospirosis occur in the Republic
of Panama. Employing multiple serotypes as
antigens in standard microscopic-agglutination tech-
niques, Calero et al. (1957) found significant
positive titres in 20% of 670 serum specimens from
normal human beings. At least 10 different sero-
types were involved in the observed reactions. This
diversity and multiplicity of serological reactions
was also seen in studies conducted at the Walter
Reed Army Institute of Research (WRAIR) on sera
from normal cattle, spiney rats and human beings
obtained in Panama (unpublished data, WRAIR).
Approximately 38% of 329 normal cattle and 22%
of 45 spiney rats showed significant agglutinin titres,

reactions occurring more frequently against members
of the hebdomadis and grippotyphosa serogroups.
Titres were also seen in 7 of 16 herd attendants
and in 6 human sera from cases with undiagnosed
fevers. Prior to these observations, leptospirosis
had not been reported in this area.

CARIBBEAN COUNTRIES

Leptospirosis in the Caribbean area was first
reported in 1918 by Guiliani in Puerto Rico, who
diagnosed a case on the basis of clinical findings
(Koppisch et al., 1942). Shortly thereafter, Guiteras
et al. (1921) demonstrated leptospirae in Norway
rats of Havana. In the next two decades, sporadic
observations of leptospirosis in man or rodents
were reported in the Lesser Antilles. Pawan (1931)
in Trinidad found leptospiral infections in approx-
imately 27% of 120 Norway rats. In Guadeloupe,
Leger in 1932 confirmed L. icterohaemorrhagiae
infections in two human cases by serological tests
and refers to additional cases that were noted.
An additional infection in which leptospirae were
seen in urine was described by Jolly & Danglemont
(1937). In nearby Martinique, Montestruc (1939)
reported human cases of icteric and anicteric
leptospirosis and demonstrated the organism in
urine. Other more recent reports from the Lesser
Antilles include 49 human cases of leptospirosis
reported in 1951 and 1952 from Barbados (Ann.
epidem. vit. Stat., 1954) (where the disease is also
believed to occur in dogs), a case of canicola fever
in man from St. Kitts and a few cases of Weil's
disease in Trinidad (Floch & Raba, 1954).

Leptospirosis in Jamaica was noted in 1942
(Floch & Raba, 1954); however, the first proved
human case was described in 1953 (Bras, 1955).
Additional cases have subsequently been seen, and
in 1957 Grant & Bras reported serological confirma-
tion of 16% of 220 suspected cases, with positive
titres against L. icterohaemorrhagiae or L. canicola;
however, only three antigens were used in tests.
In this same article the authors note that a new
serotype related to L. kremastos has been isolated.
In Haiti, canicola fever is reported to occur rarely
in dogs and an Qccasional human infection has been
officially reported (Ann. epidem. vit. Stat., 1954;
Floch & Raba, 1954). No cases have been described
in the Dominican Republic.

Cuba
Following the observations of Guiteras et al.

(1921), no published report on leptospirosis in Cuba
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appeared until 1943, when P6rez Vigueras sero-
logically demonstrated L. canicola infection in
dogs seen in a veterinary clinic. In 1944, L. ictero-
haemorrhagiae was isolated in Cuba for the first
time from a human being by Marquez (1945).
Thereafter there was an appreciable increase in the
number of recognized cases, and serological evidence
of human infections with L. grippotyphosa (Curbelo
& Marquez, 1949a) and L. canicola (Lopez Fer-
nandez et al., 1952) was obtained. Leptospirae
were also observed in a house mouse trapped in a
home where a human infection had occurred
(Curbelo & Marquez, 1949b). By 1956, Curbelo
& Marquez (1956) had accumulated a file on 177
human cases.

Puerto Rico

In Puerto Rico the first verified human cases of
Weil's disease were obtained in 1939 by Koppisch
et al. (1942), who also demonstrated the presence
of leptospirae in 4 of 13 trapped wild rats. Sero-
logical evidence of L. icterohaemorrhagiae infection
in three cases was affirmed by Larson (1941).
Additional cases were seen by Santos (1942) and
by Suarez (1942), the latter reporting 13 cases. In
1946 Cadilla et al. reported a human case of
canicola fever, based on serology; and Boyer et al.,
(1948) reported a case of canicola fever in a dog,
also based on serology. Rust (1948) found evidence
of leptospirosis in 21 of 38 Norway rats. In 1948
and 1949, 15 additional cases of leptospirosis in
man were seen in San Juan City Hospital and
systematic studies on leptospirosis supported by the
Walter Reed Army Institute of Research were
initiated in October 1950. Over a 20-month period,
193 confirmed human cases of leptospirosis were
seen and approximately half the cases were icteric
(unpublished data, WRAIR). Several papers based
on the studies have been published (Hall et al., 1951;
Yager et al., 1951: Gochenour et al., 1951, 1953;
Woodward et al., 1953; Diaz-Riveraet al., 1959), and
additional clinical, epidemiological and laboratory
findings are projected for publication. Isolates were
obtained and definitively identified from 79 human
patients, 25 Norway rats, 6 mongooses, 13 house mice
and one dog. These included L. icterohaemorrhagiae
isolated from all species, L. ballum isolated from
man and Norway rat, L. grippotyphosa isolated
from man, and three new serotypes designated
L. djatzi, isolated from all species except the dog,
and L. borincana and L. alexi, both isolated from
man only. Approximately 77% of human cases

could be attributed to L. icterohaemorrhagiae, 10%
to L. djatzi; and several or single cases of infection
with the other four serotypes were observed. Si-
gnificant serological titres were elicited in approxim-
ately 21 % of 1127 serum samples from the civilian
population. In serological surveys on 114 goat sera,
titres against L. icterohaemorrhagiae were seen in
17% of samples. Approximately one-third of 229
bovine sera tested were positive against various
serotypes, but most frequently against L. borincana.
Serological or cultural evidence of leptospirosis was
demonstrated in 28 of 55 mongooses tested. Also
during the course of these studies, simultaneous
infection with two serotypes was demonstrated in
both man and rodents (unpublished data, WRAIR).

SOUTH AMERICA

Brazil

Leptospirosis in South America was first recog-
nized in 1911 by Mac-Dowell, who clinically diag-
nosed the disease that occurred as a small epidemic
in Para, Brazil (Mac-Dowell et al., 1930). Early
clinical recognition of Weil's disease was also
accomplished in the Amazon region by Da Matta
(1919) and in Pemambuco by Magalhaes (de Aze-
vedo & dos Santos, 1945). The organism, however,
was first isolated in Brazil from cases of " yellow
fever" in Bahia by Noguchi et al. (1924). Subse-
quently, additional cases of Weil's disease were
reported in the States of Rio de Janeiro (Mac-Dowell
et al., 1930; Fialho, 1938; de Azevedo & dos Santos,
1945), Bahia (de Azevedo & dos Santos, 1945;
Prata & Teixeira, 1958), Rio Grande do Sul (Sefton,
1938), and especially in the State of Sao Paulo,
where numerous cases have been seen in hospitals
and clinics (Bittencourt et al., 1952; Correa et al.,
1947; de Azevedo & dos Santos, 1945; Gomes et al.,
1950a; Piza & Gomes, 1930; Prado, 1940).
Water-borne epidemic outbreaks of Weil's disease

in man have been reported in Porto Alegre by
Costa et al. (1942) and in Imbuial, Parana, by De
Miranda (1946). Single cases of human infection
with L. canicola (Veronesi et al., 1954) and L.
grippotyphosa (Castro et al., 1955) in Sao Paulo have
been presented on the basis of serological evidence.
In a serological survey for leptospirosis conducted
by Correa et al. (1954) on 208 sera from rice-field
workers in the Paraiba area, only three reactors
were seen, two against L. canicola and one against
L. zanoni. These findings are in marked contrast
to those seen in studies of rice-field workers in other
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parts of the world and are attributed to differences
in methods for growing rice.
The high prevalence of leptospirosis in rats was

initially demonstrated in animals obtained in Rio
de Janeiro by Aragao in 1917 and subsequently
repeatedly demonstrated in the same city (Lins,
1925; Santos, 1947); in Sao Paulo (Carini, 1918;
Fonseca & Prado, 1932; Forattini, 1947; Gomes
et al. 1950b; Guida& Monici, 1949; Nobrega, 1947;
Smillie, 1920), Santos (Gomes et al., 1950b), Bahia
(De Araujo, 1928), Parana (Enrietti, 1954) Paraiba
(Sellards, 1927), Belo Horizonte (Barboza & Hipo-
lito, 1952), and Belem (Deane, 1946). To date only
L. icterohaemorrhagiae has been demonstrated in
the rat.

Leptospirosis in icteric dogs was first reported in
Rio de Janeiro by Dacorso Filho (1940) and then
by de Azevedo & dos Santos (1945); however, the
infecting serotypes were not identified. Subsequently
Guida in 1948 isolated both L. canicola and L.
icterohaemorrhagiae from sick dogs in Sio Paulo
and showed a high prevalence of antibodies in
normal dogs, reactors against L. canicola and L.
icterohaemorrhagiae occurring with about the same
relative frequency (Guida, 1948a, 1949). A more
recent survey by Veronesi et al. (1958) on S-ao Paulo
dogs, wherein nine testing antigens were used, did
not disclose reactors against serotypes other than
L. canicola and L. icterohaemorrhagiae. Enrietti
(1954), in a serological survey conducted in Parana',
observed no significant titres in dogs or swine.
Leptospirosis in swine had previously been de-
monstrated by Guida (1948a), when he isolated
from 3 of 50 normal hogs in the Siao Paulo district
strains that were serologically distinct from L. cani-
cola and L. icterohaemorrhagiae.

Recently, in a serological survey of 88 apparently
normal cattle sampled from various abbatoirs in
Sao Paulo and neighbouring districts, titres against
L. bataviae and L. pomona were seen in one and two
sera respectively (Guida & Barros, 1958). In equines
agglutinins against multiple and various serotypes
were observed in serum in 20 of 118 animals seen
at a clinic by Correa et al. (1955).

Argentina

In South America, leptopsirosis has perhaps
been most widely recognized in Argentina. Four
different serotypes-L. icterohaemorrhagiae, L. cani-
cola, L. pomona and L. hyos-have been shown to
occur in man and animals, the latter two being
demonstrated for the first time in this hemisphere.

Both the classic and benign manifestations in human
infections have been repeatedly demonstrated.

Well's disease in man was first reported by Samo-
vici in 1915 from Rosario. Subsequently human
cases of Weil's disease were seen and confirmed by
laboratory diagnostic procedures in Rufino (Gra-
piola et al., 1921), Cordoba (Barros, 1935) and in
the province of Mendoza (Miyara et al., 1935).
L. icterohaemorrhagiae, however, was first isolated
from man by Fonso Gandolfo & Rugiero (1948)
in 1943 and subsequently identified by Savino &
Rennella (1943). Thereafter the disease was recogn-
ized more frequently in clinics and hospitals where
laboratory diagnostic facilities were available,
notably by Rugiero, Savino, and Rennella and their
colleagues (Rugiero et al., 1953; Savino & Rennella,
1954).
L. icterohaemorrhagiae was first definitively

identified in the natural rodent hosts by Savino and
colleagues in 1943, the organism being initially
erroneously designated L. bonariensis (Savino &
Rennella, 1949). The earliest observation of lepto-
spirosis in rodents was made by Uriote in 1917
according to Savino & Anchezar (1942), but the
organism was first isolated from rats of Buenos Aires
and Rosario by Chiodi (1934). Human infections
with L. icterohaemorrhagiae have been associated
with contact with rats or with water that may have
been contaminated with rat urine. In two cases in
zoo employees, the source of disease was traced to
contact with nutrias that were shown to be infected
(Anchezar et al., 1949).
More striking than the demonstration of L.

icterohaemorrhagiae infection has been the recogni-
tion of L. pomona infections in outbreaks and
sporadic cases of anicteric disease. These infections
have been related to contact with swine or cattle
or to swimming and bathing episodes in ponds and
streams where livestock are watered. Notable
outbreaks of L. pomona infections in man associated
with bathing episodes were seen in Cordoba (Sodini,
1944), Tandil (Garate, 1944) and Escobar (Rugiero
et al., 1948); other outbreaks have been seen in
Buenos Aires Province and elsewhere (Savino &
Rennella, 1945-48d, 1954). The isolation of L.
pomona in human infection was reported by Savino
& Rennella (1945-48d) in 1946.

L. pomona and also L. hyos were first isolated
from swine kidneys obtained at a slaughterhouse
by Savino & Rennella (1945-48a). Subsequently,
in a study of presumably normal pigs at a slaughter-
house, L. hyos or L. pomona were cultured from the
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kidneys of 45 of 178 animals examined (Savino &
Rennella, 1945-48b). Although these serotypes
have not been isolated from cattle or horses, sero-
positive reactors against L. hyos or L. pomona have
been seen in a large percentage of normal animals
tested by Savino & Rennella (1945-48c). L. hyos
apparently occurs extensively in livestock; however,
human infections with this serotype have not been
demonstrated in Argentina (Savino- & Rennella,
1954).
L. canicola infections in man have been recognized

on the basis of serological evidence. The first report
was made in 1943 by Rugiero & Charosky (1944)
and additional human infections were subsequently
noted (Savino & Rennella, 1954). Most of the
human infections were contracted through contact
with dogs. The organism was isolated from street
dogs of Buenos Aires by Savino & Rennelia (1944).
The authors also noted L. canicola titres in sera
from 25% of 317 dogs tested. Relatively few dogs-
approximately 5% of 169 animals-showed agglutin-
ins for L. icterohaemorrhagiae. Possible canine
infections with other serotypes have not been
investigated.
Although leptospiral infection in the larger

domestic animals has been demonstrated, the disease
picture has not been clearly defined. As noted
previously, isolations of L. pomona or L. hyos were
effected in a large percentage of " normal " swine.
The relative frequency of occurrence of either sero-
type varied with the geographical origin of the
animals. Savino & Rennella (1945-48c) surveyed
a large number of sheep, cattle, swine and horse
sera for the presence of leptospiral agglutinins
against the four known serotypes in Argentina, the
samples being obtained from an abattoir. No
reactions were obtained with sheep sera; approxim-
ately 28 %, 41 % and 61 % respectively of the swine,
bovine and equine sera were positive. Nearly all
the reactions in swine and bovine sera were elicited
against L. hyos and L. pomona; however, a few titres
against L. icterohaemorrhagiae and L. canicola were
also observed. A greater diversity of predominant
and cross-reactions was seen in equine sera, most
of the reactions occurring against L. pomona (23 %)
and L. canicola (22%) with fewer against L. ictero-
haemorrhagiae (10%) and L. hyos (5%Y.). An out-
break of leptospirosis in cattle was reported by
Maria & Quevedo (1947) in Tandil. The disease
was characterized by haemoglobinuria and jaundice,
and was attributed to L. icterohaemorrhagiae
infection on the basis of serological tests. In recent

years, Mascaro & Villegas (1955) have related
serum agglutinin titres with ocular or meningitic
manifestations, and have obtained leptospiral isolates
from tissues and fluids of sick horses. Agglutinins
in horse sera against diverse and multiple antigens
were also noted in these studies; in order of fre-
quency, predominant titres were observed against
L. pomona, L. icterohaemorrhagiae, L. zanoni, L.
canicola, L. hyos, L. grippotyphosa, L. hebdomadis
and L. autumnalis. Leptospirae have also been de-
monstrated, according to Rennella & Savino (1958),
in owls, weasels and corn rats during the course of
study of a haemorrhagic fever-like outbreak of
disease in corn harvesters in the north-west sector
of Buenos Aires Province. Although the leptospiral
etiology of this disease is disputed and could not
be serologically demonstrated, Rennella & Savino
(1958) note that leptospirae were isolated in 10
human cases.

Peru

Leptospirosis in Peru was first demonstrated in a
human case of Weil's disease by Arce & Ribeyro
in 1917 and in rats by Ribeyro the following year.
In 1920, during studies of an outbreak of yellow
fever in the northern province of Piura, Noguchi &
Kligler (1921) isolated L. icteroides (= L. ictero-
haemorrhagiae) from human cases. An additional
case was described by Arce in 1921; thereafter the
disease was not reported until 1943. In 1946,
Roggero Casas reported 12 cases of Weil's disease
that had been observed since 1941.
From 1948 to 1954, 20 additional cases of Weil's

disease were seen in Lima by Cuadra (1955), and
from seven of these patients the etiological agent
was recovered. The high incidence of leptospirosis
in Lima rats was noted by both Roggero Casas
(1946) and Ayula & Dammert (1947).
Roggero Casas (1946) also detected agglutinins

for a leptospiral strain isolated from a rat (pre-
sumably L. icterohaemorrhagiae) in 9 of 30 stray
dogs from Lima. Systematic serological and cultural
studies were conducted by Herrer et al. (1958a,
1958b) on 445 " normal " dogs that were obtained in
Lima and adjacent coastal regions. Multiple antigens
were used in conventional serological tests and
significant titres were elicited in 47% of the animals.
Predominant titres against L. canicola were seen in
85% of the seropositive dogs, against L. ictero-
haemorrhagiae in 12%, against L. bataviae in 2%
and against L. autumnalis, L. ballum and L. hyos in
0.5% to 1% of the reactors. Twenty-six isolates
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were obtained from the kidneys of 26 dogs, 23 of
which were identified as L. canicola and one each as
L. bataviae and L. hyos. Thirty-four cats were
similarly examined and only one animal showed
antibodies. From this animal L. canicola was
isolated, (Herrer et al., 1958b). It is noteworthy
that agglutinins against L. bataviae were seen in the
serum from the owner of the dog from which this
serotype was isolated (Heifer et al., 1958a). Re-
cently we have had the opportunity to conduct
serological tests on sera collected by Gajdusek et al.
(1959) from 85 natives of the Iquitos region. Signi-
ficant agglutinins were seen in 26% of the samples
against, in order of frequency, L. bataviae, L. au-
tumnalis, L. djasiman and L. pyrogenes. Multiple
cross-reactions were frequently observed (unpubli-
shed data, WRAIR).

Chile
During 1933 and 1934 outbreaks ofhuman disease

resembling catarrhal jaundice were seen in Chile
(Paez, 1935). Leptospirae identified as L. ictero-
haemorrhagiae were recovered from the urine of
three patients and seropositive reactions were de-
tected in the sera of 49 of 86 patients. This was the
first report of leptospirosis in Chile. Leptospirae
in rats were first reported by Neghme et al. in 1951,
who demonstrated the organisms in 63% of 100
trapped animals at an abattoir in Santiago. After
the establishment of diagnostic facilities for lepto-
spirosis in a hospital in Santiago, 13 human cases
attributable to L. pomona, L. icterohaemorrhagiae
or L. canicola were diagnosed by Kraljevic et al.
(1956) within an 18-month period, and both icteric
and anicteric forms of the disease were recognized.
L. icterohaemorrhagiae was isolated from two
patients and L. pomona from a third. The diagnosis
of canicola fever was based on serological tests.

Bolivia
Reports on leptospirosis in Bolivia and neigh-

bouring Paraguay have not been noted. However,
during a study of an outbreak of febrile disease
among Okinawa pioneers in Puerto Cespedes on
Rio Grande o Guapi, located in the central portion
of Bolivia, Gajdusek et al. (1959) collected serum
samples from patients and healthy natives in the
surrounding area. These sera were tested for the
presence of leptospiral agglutinins at the Walter
Reed Army Institute of Research. Significant titres
against diverse antigens, L. grippotyphosa, L. bata-
viae, L. pyrogenes or L. borincana, were seen in 8%

of 61 sera from natives, and partial or suspicious
reactions were seen in 31 % of these sera. Although
the disease in the colonists from Okinawa was non-
leptospiral in origin, significant titres were disclosed
in 18% of the sera and partial reactions in 13% of
38 samples tested. In this series, agglutinins were
distributed among a different array of antigens
- namely, L. autumnalis, L. javanica, L. icterohae-
morrhagiae, L. pyrogenes and L. borincana. These
may represent, in part, residual antibodies to pre-
vious infection that may have been incurred in their
country of origin-an area of endemic leptospirosis.

Uruguay
Leptospiral infections in man and rodents have

been described in Uruguay but the disease has not
been widely recognized there. According to Varela
Fuentes et al. (1945), Claveaux and colleagues
isolated leptospirae from icteric guinea-pigs in
1931-the first demonstration of leptospirae in
Uruguay. Fabini et al. (1938) described the first
human infection, and leptospirae isolated from the
blood were identified as L. bonariensis (= L. ictero-
haemorrhagiae) by Savino & Rennella (1943). Sub-
sequently additional human infections were reported
by Brito Foresti et al (1942), Piaggio Blanco et al.
(1943), and Talice & Leone Bloise (1943). The last
report describes a case in an infant and refers to
242 similar undiagnosed cases that occurred in
outbreaks between 1939 and 1942. Varela Fuentes
et al. (1945) noted that Talice found 10% of rats
trapped in the La Plata zone to be infected. In 1945.
Varela Fuentes et al. summarized five cases of
Weil's disease hitherto reported in Uruguay and
presented five new human cases, one of which was
attributed to L. canicola infection on the basis on
serological tests.

Ecuador
It was in Guayaquil, Ecuador, that Noguchi

(1919a), in 1918, first isolated L. icteroides from
"yellow fever" cases and therefore erroneously
proposed the leptospiral etiology of yellow fever.
On the basis of immunological studies, Noguchi
(1919b) concluded that L. icteroides differed from
strains of L. icterohaemorrhagiae isolated from rats
in Guayaquil and elsewhere. Subsequently Schuff-
ner & Mochtar (1927) and others (Theiler & Sellards,
1926) established the identity of the two types.
Leptospirosis was again reported in Ecuador by
Carbo Noboa (1924), who isolated the organism
from certain cases diagnosed as dengue, and also,
according to Cummings (1934) by Heinert, who
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observed two cases in man. The presence of lepto-
spirae in rats was noted for the second time by Carbo
Noboa in 1932.

Venezuela
Leptospirae were demonstrated in rats by Iturbi

& Gonzalez (1918), Risquez (1918) and much later
by Pereira Alvarez (1939), who purportedly isolated
the organisms in culture. The first human case of
Weil's disease was reported by Pino Pou (1920),
who demonstrated the organism via animal inocula-
tion procedures.

Colombia
In Colombia, leptospiral infections have not been

reported, and Bauer & Kerr (1933) could not find
leptospirae in 132 wild rats from the environs of
Santa Marta.

The Guianas
Leptospirosis has not been reported in British

Guiana. In French Guiana, the first cases of Weil's
disease in man were diagnosed in 1939, and, by 1954,
26 serologically confirmed cases of Weil's disease
were known (Floch & Raba, 1954). Leptospiral
infections in man and animals have been recently
reported in Surinam (Wolff et al., 1958). Two
human cases of L. grippotyphosa infection have been
serologically confirmed and L. icterohaemorrhagiae
has been isolated from a fatal case of Weil's disease.
L. icterohaemorrhagiae has also been culturally
recovered from a dog and Norway rats. In sero-

logical surveys conducted on domestic and wild
animals since 1951, the approximate percentages of
seropositive reactors seen in various species were as
follows: cattle, 7; swine, 7; goat, 26; dog, 25; rat, 11.
The distribution of agglutinins for different serotypes
varied with the species. Agglutinins in cattle sera
were observed against L. grippotyphosa, L. hebdo-
madis, L. icterohaemorrhagiae, L. autumnalis, L.
bataviae and L. pomona. Positive swine sera showed
predominant reaction against L. icterohaemorrhagiae
and L. pyrogenes, goat sera against L. icterohae-
morrhagiae and L. grippotyphosa, and canine and
cat sera against L. icterohaemorrhagiae. No sero-
positive reactors were seen in a relatively large
number of opposums tested, and occasional titres
were seen in sporadic samples from various other
wild-life species.

COMMENTS

The distribution of leptospiral serotypes isolated
from various hosts in the western hemisphere is

shown in the table overleaf. Fifteen of the more
than 60 described serotypes have been isolated
in the western hemisphere. Ten of these have been
demonstrated in the USA, seven in Middle America,
mainly from Puerto Rico, and merely five in South
America. The few recent serological surveys in-
dicate that loci of multiple leptospirosis occur in
different parts of Latin America and that other and
new serotypes await recognition. This was par-
ticularly evident in studies conducted in Puerto Rico
(Hall et al., 1951; Gochenour et al., 1953; Diaz
Rivera et al., 1959), Panama (Calero-M. et al., 1957;
unpublished data, WRAIR), and Surinam (Wolffet
al., 1958), and from ancillary observations in Peru
and Bolivia (unpublished data, WRAIR).
The true distribution of leptospirosis in Latin

America is not known. Our present knowledge, as
is frequently the case elsewhere, reflects the interests,
clinical awareness and intensity of study of a few
investigators. The recognition of leptospirosis in
man and animals necessitates an understanding of
the manifold manifestations and course of the
disease, a familiarity with the various laboratory
diagnostic procedures and the proper application
thereof, and an appreciation of the epidemiological
aspects of this disease.
The disease in man and domestic animals has been

primarily associated with the severe hepatonephritic
syndrome. The icteric and haemorrhagic mani-
festations are now known to occur relatively in-
frequently. Even in infections incited by the classical
serotype, L. icterohaemorrhagiae, these severe
manifestations may not be evident in the majority
of cases (Alston & Broom, 1958). However in South
and Central America, the recognition of spiro-
chaetal jaundice merits special attention, in view of
the vigilance for yellow fever. Noguchi's mistaken
concept of the leptospiral etiology of yellow fever
was a landmark in the history of leptospirosis as
well as of yellow fever. Following Noguchi's de-
monstration of leptospirae in 6 of 27 " yellow fever "
patients in Guayaquil, leptospirosis was repeatedly
associated with " yellow fever " in either sporadic
cases or epidemic outbreaks in Mexico, Brazil, and
Peru (Noguchi, 1928). These observations with
respect to the etiology of yellow fever have, of
course, been discredited. Unfortunately the broader
implication of the mistaken identity has frequently
been overlooked in the process-namely, the
recognition of leptospirosis per se as a disease entity
in the areas involved. In retrospect, in some of these
episodes of disease, leptospirosis occurred in endemic
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LEPTOSPIRAL SEROTYPES ISOLATED IN THE WESTERN HEMISPHERE

Serotype North America

ictero- USA, Canada
haemorrhagiae

canicola USA

pomona USA, Canada

autumnalis USA

hyos USA

grippotyphosa USA

australis (A) USA

ballum

mini (LT

hardjo
(LSU91)

Middla Americ,

Mexico, Cuba,
Puerto Rico

I

a South America Occurrence a

Argentina, Brazil, Rat, mouse, man, dog, n
Uruguay, Surinam, nutria
Ecuador, Peru, Chile

Argentina, Brazil, Peru Dog, cow, pig, man, cat

Argentina Cow, pig, horse, sheep,
wildcat, raccoon, skunk,
man

Raccoon, opossum

Argentina, Peru Pig, fox, raccoon, skunk,
dog

Puerto Rico

USA, Canada Puerto Rico

-117) USA

USA

borincana Puerto Rico

Jamaicakremastos

bataviaE Peru

djatzi

alexi

e

Puerto Rico

I ~~~~Puerto Rico
I

iongoose,

goat, dog,
opossum,

opossum,

Fox, raccoon, man

Raccoon, fox, opossum

Mouse, rat, man, wildcat, fox,
raccoon, opossum, skunk, miscel-
laneous rodents

Raccoon, opossum

Cow

Man

Man

Dog

Rat, mouse, mongoose, man

Man

a Bold type indicates known pre-eminent host.

or epidemic proportions or was commonly seen in
coincidental outbreaks of yellow fever.
The icteric manifestations of leptospirosis are

particularly difficult to diagnose in tropical countries
where so many different forms of jaundice occur.
Readily overlooked, however, are the more frequent
but less easily discernible forms of anicteric lepto-
spiroses. Leptospirosis in man can simulate a wide
variety of diseases including influenza, dengue,
rheumatic fever, Q fever, typhoid, etc. (Alston &
Broom, 1958). The clinical recognition of disease

is contingent on a more complete awareness of
cardinal signs and symptoms and a higher index of
suspicion for those patients with a history of associa-
tion with animals or water or soil contaminated
with animal excreta. In this respect the occupational
or recreational activities of patients may be parti-
cularly significant.

Less evident than the human leptospiral infections
in Latin America are the leptospiroses in domestic
animals. Where infections in animals have been
recognized, they have been related, with few ex-
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ceptions, to problems in human rather than animal
health. With the exception of sporadic observations
of acute cases of canine leptospirosis (Boyer et al.,
1948; Dacorso Filho, 1940; de Azevedo & dos
Santos, 1945; Guida, 1949; Varela et al., 1954) and
of equine periodic ophthalmia (Correa et al., 1955;
Mascara & Villegas, 1955), the significance of
leptospiral infections in domestic animals from a
veterinary viewpoint has not been elucidated. In
an isolated instance in Brazil, the disease in cattle,
characterized by the more dramatic signs of icterus
and haemoglobinuria, was recognized (Maria &
Quevedo, 1947). Other anicteric patterns of disease
in livestock, e.g., abortions, reduced lactation,
inappetence, failure to thrive, etc., have not been
reported. Leptospirosis in animals as in human
beings may resemble many other diseases. In nearly
all cases of infection in animals as well as man, the
final diagnosis can only be ascertained by laboratory
methods. The introduction of laboratory diagnostic
facilities in hospitals and clinics has generally been
followed by a notable increase in recognized cases.
rhis was particularly evident in Argentina, Brazil,
Chile, Cuba, Jamaica, Peru and Puerto Rico.
There are a variety of laboratory diagnostic

procedures for leptopsirosis. These include the
microscopic demonstration of organisms in blood,
urine, or silver-stained tissues; cultural recovery
of organisms from tissues or body fluids; cultural
recovery through animal inoculation procedures;
and serological procedures. The techniques and
the suitability and applicability of the various
procedures have been fully described in books and
monographs on leptospiroses (Alston & Broom,
1958; Wolff, 1954). However, the limitations of direct
microscopic examinations for leptospirosis and of
conventional serological microscopic-agglutination
tests have not always been fully appreciated, resulting
frequently in erroneous or missed diagnoses.

Leptospirae appear in blood and spinal fluid in
low concentration during the initial phase of infec-
tion. In a small percentage of the cases, they have
been demonstrated through careful and painstaking
microscopic examinations. However, extrusions
from cellular elements, fibrin threads and other
cellular debris have been mistaken for leptospirae
with remarkable frequency (Kathe, 1952), thereby
limiting the usefullness of this method. This limita-
tion is also applicable, with few exceptions, to
microscopic examination of urine or other tissue
fluids for leptospirae. Exceptions are the urine
from infected rodents, swine and occasionally

cattle, which may contain large numbers of organ-
isms. In stained tissue sections, artifacts and pre-
cipitated stain can also readily be mistaken for
leptospirosis. Reports of leptospirosis based solely
on the visualization of leptospirae in body fluids
and tissues are subject to question.
The basic and most widely used tool for the

laboratory diagnosis of leptospirosis is the micro-
scopic-agglutination (" agglutination-lysis ") test or
modifications thereof. This serological test is highly
sensitive and specific. It can be used to confirm a
recent infection by the demonstration of a rise in
titre in paired acute and convalescent sera and to
demonstrate leptospirosis in retrospect, since de-
tectable leptospiral agglutinins may persist for
years. Because of the specificity of the agglutination
reaction, antibodies elicited by a particular serotype
may not agglutinate diverse antigenic types. Ob-
viously, in order to ensure detection of agglutinins
in hosts living in areas where numerous serotypes
may be present, it is necessary to employ multiple
antigens encompassing a spectrum of cross-reactions
with the numerous known serotypes. Particularly
in tropical and subtropical areas, where loci of
multiple leptospirosis are especially noteworthy,
the use of multiple antigens in diagnostic procedures
and epidemiological surveys is mandatory (Alex-
ander et al., 1957; Alexander, 1960).

Heretofore, infections in specific hosts have been
associated with one or two serotypes-e.g., in the
western hemisphere, L. canicola and L. ictero-
haemorrhagiae in dogs, L. pomona or L. hyos in
swine and cattle-and antigens used in serological
tests have accordingly been restricted in numerous
studies. With increasing recognition of the broader
distribution of serotypes within hosts, the limita-
tions in the use of few antigens become apparent.
In some of the outbreaks of disease in Latin Amer-
ican countries, the failure to establish a diagnosis of
leptospirosis may well reflect the limited specificity
of the test antigens employed. This aspect of
diagnosis was particularly noted by Duva (1956),
who reported an outbreak in Argentina of human
infections clinically resembling leptospirosis but
not confirmed as such in serological tests.

In the conduct of serological surveys for epide-
miological studies, the complete answer can only
be ascertained by the use of multiple screening
antigens. For example, Varela et al., (1958), in a
recent serological survey of human beings and
various animals in Mexico in which three antigens,
L. icterohaemorrhagiae, L. canicola and L. pomona,
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were used, may well have missed evidence of infec-
tions with serotypes in the hebdomadis, bataviae,
grippotyphosa and hyos serogroups-serotypes
that have been found in neighbouring countries.
In recent years the use of screening antigens has
been advantageously applied to demonstrate epi-
demic or endemic foci of leptospiral infections in
Puerto Rico (Gochenour et al., 1953), the Republic
of Panama (Calero-M. et al., 1957), Surinam (Wolff
et al., 1958), in sections of Peru (Herrer et al., 1958b)
and Bolivia (unpublished data, WRAIR) and has
also provided presumptive evidence of infections
with serotypes heretofore not reported in these
countries and elsewhere; e.g., L. grippotyphosa in
man in Brazil (Castro et al., 1955).
There are considerable gaps in our information

on leptospirosis in Middle and South America. The
disease is not recognized in large areas that are, at

least superficially, ideally suited to the endemic or
epidemic spread of leptospirosis by virtue of terrain
conditions, agricultural and animal husbandry
practices, climate and rainfall. For example,
leptospirosis has been associated with the conditions
encountered in the cultivation of rice and cane-sugar
crops that are extensive throughout Latin America.
The potential leptospiral infection hazard in tropical
and subtropical areas of other parts of the world
has been repeatedly demonstrated. Certainly the
prevalence of leptospirosis should be regarded with
a high index of suspicion in those countries or regions
that have analogous economic and environmental
conditions with neighbouring endemic or epidemic
areas of leptospirosis. Undoubtedly, rewarding
and significant findings can be elicited by systematic
investigation of leptospirosis in many parts of Latin
America.
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RiESUMI!

De vastes regions d'Amerique centrale et d'Amerique
du Sud ont un sol, un climat, des methodes agricoles et
une faune abondante qui peuvent creer des conditions
ideales pour la propagation de la leptospirose chez
l'homme et les animaux. Cependant les etudes systema-
tiques sur la frequence de cette maladie sont rares.
Plus de 60 serotypes differents ont ete d6crits, mais sept
seulement ont ete identifies en Amerique centrale et cinq
en Amerique du Sud. Dans le passe, les poussees epide-
miques ou les cas de leptospirose etaient souvent confon-
dus avec la flevre jaune, notamment en Equateur, au
Mexique, au Bresil et au Perou. En Amerique latine,
la plupart des cas de leptospirose ont et imputes A la
souche classique Leptospira icterohemorrhagiae, qui a
e identifiee chez l'homme comme chez les rongeurs
au Mexique, a Costa Rica, a Cuba, a Porto Rico, a la
Jamaique, dans certaines iles des petites Antilles, au
Bresil, en Argentine, au Chili, au Paraguay, en Uruguay,
en Equateur, au Venezuela, en Guyane francaise et a
Surinam. On a egalement enregistre quelques cas d'in-
fection humaine par L. canicola a Cuba, A Porto Rico,
a la Jamaique, en Argentine, au Bresil, et en Uruguay.
Des poussees epidemiques d'infection par L. pomona
chez l'homme se sont repetees en Argentine, et un cas
a e't signale au Chili. Une souche apparentee A L.
kremastos a et isolee d'un cas humain a la Jamaique.

Six serotypes - L. icterohemorrhagiae, L. djatzi, L.
ballum, L. grippo-typhosa, L. alexi et L. borincana-ont
ete incrimines dans des infections humaines, a Porto
Rico, pays ou sevit a l'etat hyperendemique une lepto-
spirose multiple. De recentes 6tudes serologiques ont
fait apparaitre des foyers de leptospirose multiple attei-
gnant un pourcentage eleve de la population humaine
ou animale dans certaines regions de Panama, de Bolivie
ou de Surinam. En outre, il y a lieu de penser qu'il existe
en Amerique latine d'autres serotypes, certains meme
nouveaux.

L'importance de la leptospirose chez les animaux
domestiques a et surtout liee aux cas humains d'in-
fection. Relativement rares sont les etudes ou l'on a
observe la maladie chez l'animal. I1 s'agissait surtout
d'infections par L. canicola et L. icterohemorrhagiae
chez le chien, qui ont e signales a Cuba, A Porto Rico,
en Argentine et au Bresil et de cas d'ophtalmie perio-
dique du cheval qui ont fait l'objet d'etudes etiologiques
en Argentine et au Bresil. On a note une fois au Bresil
une poussee epidemique de leptospirose grave ches les
bovins. L'infection a et mise en evidence chez un grand
nombre d'animaux dits <4 normaux * en Argentine, ou
L. pomona a d'abord e isole sur les porcins et les bovins,
et L. hyos sur les porcins. I1 ressort des etudes serologi-
ques faites dans ce pays et A Porto Rico, au Mexique,
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au Panama et a Surinam que la frequence globale est
6levee chez le betail. Les cas de leptospirose sont tres
nombreux chez le chien au Bresil, a Surinam, en Argen-
tine et particulierement au Perou, ou L. bataviae et L.
hyos, en plus de L. canicola ont e isol6s sur ces h6tes.
La frequence reelle ne pourra etre determinee en Am&

rique latine que par des methodes appropriees de diag-
nostic de laboratoire. Certaines de ces techniques sont
insuffisantes, notamment la recherche des leptospires
par examen microscopique du sang et d'autres humeurs.
II est indispensable de proceder a des tests d'agglutina-
tion au moyen d'antigenes multiples.
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