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1.1.

1.2.

CHAPTER 1. INTRODUCTION

Leptospirosis — the disease, its distribution and public health importance

Leptospirosis is an acute bacterial infection caused by spirochetes belonging to the
genus Leptospira (Waitkins SA, 1997) that can lead to multiple organ involvement
and fatal complications. It has a wide geographical distribution and occurs in
tropical, subtropical and temperate climatic zones. In the developed world, the
incidence has come down substantially and most cases that occur now are
associated with recreational exposure to contaminated water. In contrast, the
incidence seems to be increasing in developing countries. Some countries such as
Thailand, where leptospirosis is under surveillance, have recorded this increase in
incidence (Tangkanakul W et al, 2000). Most countries in the South East Asia
region are endemic to leptospirosis. The International Leptospirosis Society (ILS)
made an attempt to compile data on occurrence of leptospirosis in various countries
(World Health Organization, 1999). The data shows that on an average 10,000

severe cases requiring hospitalization occur annually all over the world.

A number of leptospirosis outbreaks have occurred during the past few years in
various places such as Nicaragua (Zaki SR & Sheih WJ, 1996), Salvador (Ko Al et
al, 1999) and Rio de Janeiro (Barcellos C & Sabroza PC, 2001) in Brazil and
Orissa (World Health Organization, 1999; Sehgal SC et al, 2001), Mumbai
(Karende et al, 2002) and Andaman Islands (Sehgal SC et al, 1995, Singh SS et al,
1999) in India. Some of these were as a result of natural calamities such as cyclone
and flood.

Risk factors of leptospirosis

Leptospires are maintained in nature by a large variety of animal hosts. These
include free-living animals such as rats, bandicoots and mongoose, domestic
animals, wild animals and laboratdry animals. Leptospires shed in the urine of
carrier animals can survive in the environment for long period of time. The source

of human leptospiral infection is either the carrier animals themselves or
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1.3.

environment contaminated with leptospires. Hence, the commonly considered risk
factors and behaviours are those that expose people to animal reservoirs or
contaminated environment. Contact with various species of animals, animal tissue,
animal urine and wet environment and occupational and recreational exposure to
contaminated water bodies have been implicated as risk factors in various studies.
A detailed review of several studies on risk factors of leptospirosis is presented in

the next chapter.
Leptospirosis in Andaman Islands

Leptospirosis is known to be endemic in Andaman Islands since early years of 20™
century. Case series with clinical features resembling those of Weil’s disease were
reported by Chowdry AK (1903), Woolley JM (1911 & 1913), de Castro AB
(1922) and Barker FA (1926). The first report of bacteriologically confirmed
leptospirosis in India originated from Andaman Islands in 1931. Taylor J and Goyle
AN (1931) investigated several cases of Weil’s disease among the free-livirig
convicts at the penal settlement of Port Blair during a four-month period in 1929
and recovered 24 isolates of leptospires. They also reported the first common-
source outbreak of leptospirosis in India among bund construction workers at
Mithakadi village near Port Blair. During the period 26 June — 19 October 1929
they identified 64 cases confirmed either bacteriologically or serologically at Port
Blair. The population of Port Blair in 1929 was 7,901. Assuming that no more
cases were detected in 1929, the incidence was 810/100,000 population, which is

probably the highest ever recorded incidence of leptospirosis.

No information about the status of leptospirosis in Andamans after 1931 is
available. In the post-monsoon season of 1998, an outbreak of febrile illness with
haemorrhagic manifestations appeared, first in Port Blair and other areas of South
Andaman and then in Diglipur ‘of North Andaman. Since the aetiology of the
disease was unknown, it was named as Andaman Haemorrhagic Fever (AHF). AHF
outbreaks recurred every year since then, but the aetiology remained unknown till
1993. Sehgal SC et al (1995) carried out studies during an outbreak at Diglipur in
North Andaman in 1993 and on the basis of serological evidence they reported that

11
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the aetiology AHF was leptospires. Since there is no data on the status of
leptospirosis in Andaman Islands between 1931 and 1988, it is generally believed
that leptospirosis re-emerged in the islands after a gap of more than 50 years in a
different clinical form. However, Roy S et al (2003) who studied the genetic
characteristics of the strains isolated in the islands in 1929 and during the outbreaks
of AHF since 1993 report that these strains were similar. This suggests that AHF

outbreaks were not the result of reintroduction of a new strain of leptospires.

AHF continues to occur in Andaman Islands commonly as post-monsoon outbreaks
and occasionally as sporadic cases (Singh SS et al, 1999). Reported incidence
ranges between 40 — 80 per 100,000 population (Smythe LD, 1999). A surveillance
system based at a rural primary health centre in South Andaman serving a
population of about 9,500 detects 40 - 70 cases of leptospirosis every year
(Vijayachari P ef al, unpublished data). A serosurvey conducted in North Andaman
(Murhekar MV et al, 1998) showed a seroprevalence of 54%. The prevalence rate
showed a linear trend with age and was more than 72% in those aged above 30

years.

Outbreaks usually occur during the harvesting season and a large proportion of the
affected persons are either farmers or members of farming families. No published
report on risk of infection among different occupational groups in Andaman Islands
exists. A study on risk factors was conducted in North Andaman in 1996
(Murhekar MV et al, 1998). The study used seropositivity as the outcome variable.
Seropositivity does not necessarily indicate recent leptospiral infection. This would

have resulted in under-estimation of the strength of association.
Need for a study on risk factors of leptospirosis in Andaman

For the past one decade, leptospirosis has been recognized as a disease of public
health importance in Andaman Islands. Other than a few general awareness
campaigns focusing on rodent control and hygienic practices that used to be
organized during the times of epiciemics, no specific control measure has been
implemented yet. The outbreaks continue to occur and the disease incidence

remains almost the same as when it reappeared in 1988. No efforts have been made

12
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to identify risk factors of acute leptospirosis in the islands. A study on risk factors
conducted in North Andaman used seropositivity as the outcome of importance
rather than acute symptomatic leptospirosis. Although this study gave some hints
about the possible risk faétors, this was not followed up further by studying the risk
factors associated with incident acute cases. Seroprevalence among animal
population has been estimated in some areas. But, no precise data on the relative
importance of different animal species as the source of infection to human beings
exist. Identifying the risk factors associated with acute leptospirosis is the essential
first step in understanding the epidemiology of the disease in the islands and would
generate useful information for planning control strategies. Hence the present study

on risk factors of leptospirosis was conducted in Andaman Islands.
Objectives

The objective of the present study was to identify potentially modifiable

independent risk factors associated with acute leptospirosis in Andaman Islands.
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CHAPTER 2. LITERATURE REVIEW

TRANSMISSION & CONTROL OF LEPTOSPIROSIS

Introduction

Leptospirosis is the most widespread zoonosis in the world (Faine S, 1982). It is
caused by spirocheates belonging to various pathogenic species of the genus
Leptospira (Faine S 1998). Leptospirosis affects human beings and many other
species of vertebrates. It can present in a wide spectrum of clinical manifestations
in human beings (Levett PN, 2001). The syndrome of icteric leptospirosis with
renal involvement is referred to as Weil’s disease. Another recognized clinical form
is that presenting with severe pulmonary haemorrhage (Sehgal SC et al, 1995; Zaki
SR & Sheih WJ, 1996; Singh SS et al, 1999). In some countries such as China,
pulmonary haemorrhage is considered as the complication of infection with a
specific serovar of leptospires (Vinetz JM, 2001). Other complications include
Acute Respiratory Failure (Silvia RRV & Brauner JS, 2002), myocarditis
(Ramachandran S & Perera MVF, 1977), meningitis and renal failure
(Muthusethupathy et al, 1994). Uveitis has recently been recognized as a late
complication of leptospirosis (Rathinamsivakumar et al, 1996; Rathinam SR et a/
1997).

Historical aspects

Diseases clinically resembling leptospirosis were recognized as occupational

hazards of rice farmers in ancient China (Faine S, 1994). In 1886, Adolf Weil

| published his account of a clinical syndrome characterized by splenomegaly,

jaundice and nephritis (Weil A, 1886 as quoted in Levett PN, 2001). This syndrome
is usually referred to as Weil’s disease and this has become synonymous with

leptospirosis.

Leptospires were first identified as the cause of Weil’s disease in Japan, where it
was common among coal miners (Faine S, 1994). In 1915, Inada and Ido
successfully transmitted the infection to guinea pigs and from the blood of the

infected animals they grew the responsible organism. Unaware of this
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development, Huebener and Reiter reported the successful transmission of Weil’s
disease to guinea pigs in October 1915. They demonstrated flagella like bodies in
Giemsa stained blood smears. Ten days later Uhlenhuth and Fromme also reported
similar findings. Several years before this, Stimson had reported the presence of
spiral organisms in kidney specimens stained with Levadeti technique (used to
demonstrate spirocheats) from a patient, who was thought to have died of yellow
fever (Stimson AM, 1907 as reproduced in Faine S, 1994). A World Health
Organization Scientific Group on Research in Leptospirosis (1962-65) recognized
Stimson’s description as the first demonstration of leptospira (Abdussalam M et al,
1965).

Soon after the discovery that Weil’s disease was caused by leptospires, several
other disease entities were recognized to have a leptospiral etiology. These include
‘nanukayami’ or the Japanese seven-day fever and ‘akiyami’ the harvest fever. The
same Japanese group that identified leprospires described the role of rats as their
carriers (Faine S, 1994). Much of the basic current knowledge about leptospires
and leptospirosis was understood within a decade of the discovery leptospires.
Several types of leptospires such as L. icterohaemorrhagiae, L. canicola, L.
grippotyphosa, L. andamana, L. australis, L. bataviae, L. tarassovi and L. Pomona
were recognized during this period (Kmety E & Dicken H, 1988 & 1993).

Public health importance

Vast majority of leptospiral infections are either subclinical or result in very mild

illness and the patients may not seek medical assistance (Levett PN, 2001). In a

- small proportion of patients, severe complications may set in. In such cases, there

would be clinical manifestations of multiple organ involvement and the case
fatality ratio could be more than 40% (Singh SS et al, 1999). Because of the
protean manifestations of leptospirosis it is often misdiagnosed (Flannery B et al,
2001).

Leptospirosis is currently identiﬁedi; as a worldwide public health problem (World
Health Organization, 2003). An increase in the incidence of the disease has been

recorded in some countries where leptospirosis surveillance exists. In endemic
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areas, leptospirosis is a major cause of various clinical syndromes such as jaundice,
renal failure (Muthusethupathy MA et al, 1995), myocarditis and atypical
pneumonia. The annual incidence of leptospirosis increased from 0.3/100,000
persons during the period 1982 — 1995 to 3.3/100,000 persons in 1997 — 98 in
Thailand (Thangkankul W et al 1998). A multi-centric study in India showed that
leptospirosis accounts for about 12.7% of cases of acute febrile illness attending
hospitals (Sehgal SC et al, 2003). Leptospirosis is the cause of a significant
proportion of cases of non-hepatitis A — E jaundice, non-malarial febrile illnesses
and non-dengue haemorrhagic fever in South East Asian countries (Laras K ef al,
2002).

During the past several years, large outbreaks of leptospirosis have occurred in
many countries, particularly in Southeast Asian countries and central and south
America. Sehgal SC et al (1995) investigated an outbreak of Andaman
Haemorrhagic Fever (AHF) in North Andaman in 1993 and identified leptospires
as the aetiological agents. AHF had been occurring as outbreaks during post-
monsoon periods in Andaman Islands since 1988. Zaki SR & Sheih WJ (1996)
reported that the aetiology of the acute febrile illness with pulmonary haemorrhage
that occurred as a large outbreak in Nicaragua in 1995 following floods was
leptospires. Ko Al et al (1999) reported the detection of a large urban outbreak of
leptospirosis in Salvador in Brazil through a hospital based surveillance system.
During an eight-month period in 1996, the surveillance system detected 326 cases
of leptospirosis among the two million population of Salvador. The case fatality
rate in this case series was 15%. About 42% of the cases detected by the
 surveillance system were initially misdiagnosed as dengue fever at the outpatient
clinic. Another outbreak was reported in the same year in Rio de Janeiro following
heavy rainfall (Barcellos C & Sabroza PC, 2001). Analysis using Geographic
Information System (GIS) techniques showed that the cases were clustered around
waste accumulation inside the flooded area. Sehgal SC et al (2001) conducted a
study among the population of Villéges in Orissa that were submerged following
the super-cyclone in 1999 (World Health Organization, 2001). About 14% of the
studied subjects had febrile illness during the post-cyclone period and had
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serological evidence of leptospiral infection in the recent past. Karende S ef al
(2002) conducted a study among paediatric patients in Mumbai during heavy
rainfall and floods in July — August 2001. Among the 93 children who had clinical
presentation matching the Indian Leptospirosis Society’s working definition for
clinically suspecting leptospirosis, 30 (32%) were confirmed to have leptospirosis

based on the results of rapid diagnostic tests.

In many tropical endemic areas, a significant proportion of the population is
exposed to leptospires. A survey conducted among a random sample of 1067
persons in Seychelles showed a seroprevalence rate of 37% (Bovet P et al, 1999).
A seroprevalence study in North Andaman showed a prevalence of 54% among
apparently healthy population (Murhekar MV et al, 1998). The study also showed
an increasing trend in seroprevalence with age. Seroprevalence was more than 72%
in older adults. High seroprevalence was observed among some of the primitive
tribes of Andaman and Nicobar Islands (Sehgal SC et al, 1999a). Ratnam S et al
(1983) studied the seroprevalence among the people of a village near Chennai City
foliowing an outbreak of leptospirosis in cattle. Among the 75 persons studied,
47% showed antibodies against leptospires. High seroprevalence has also been seen
even in some sub-tropical and temporate regions. A sero-epidemiological survey
conducted in North-eastern Alpine regions of Italy detected 10% - 12%
seroprevalence of leptospirosis among farmers and forestry workers (Nuti M et al,
1993). In a seroprevalence study conducted in Yucatan State of Mexico situated in
the inter-tropical belt, 57 (14.25%) of the 400 randomly selected subjects were
found to be sero-positive to leptospires (Vado-solis I et al, 2002).

In endemic areas, the prevalence and incidence of assymptomatic infection could
be very high. A survey conducted in Seychelles (Bovet P et al, 1999) showed 9%
point prevalence of assymptomatic leptospiral infection as proved by positive
Polymerase Chain Reaction Test (PCR). In a study conducted in the North
Andaman, 27% of the 396 persons followed up serologically had evidence of
leptospiral infection during the follow up period of 12 weeks in the post-monsoon
season (Sehgal SC et al, 2000a).
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Leptospira — the pathogen

Leptospira is a genus of gram-negative bacteria that comes under the family
Leptospiraceae of order Spirochaetales. Like other spirochetes, these are helically
coiled thin bacteria and are motile propelled by a flagellar mechanism (Faine S,
1994). Although they are stained by simple stains or by Gram stain, they are very
thin and pale and are difficult to visualize microscopically under direct

illumination.

The natural habitat of leptospires is the renal tubules of their animal host. Although
they are susceptible to environmental factors, particularly drying, they can survive
for long periods in water and wet soil. Some serovars of leptospires have been
found to survive retaining their infective potential in soil for up to 74 days (Smith
DIW & Self HRM, 1955). There is also indirect evidence that leptospires can grow
and multiply in environment under favourable conditions (Baker MF & Baker HJ,
1970).

Animal reservoir

The transmission cycle of leptospirosis involves the maintenance hosts, the carrier
hosts, the environment and human beings (Waitkins SA, 1987). Almost every
known species of rodent, marsupial and mammal can be carrier and excretor of
leptospires (Faine S, 1994). The role of rodents in the transmission of leptospirosis
was understood soon after the discovery of leptospires as the cause of Weil’s

disease. Although, leptospiral infection in domestic animals particularly dogs, was

* identified, leptospirosis in animals as a veterinary problem and a possible source of

infection to human beings was identified only in late 1930s and 1940s (Faine S,
1994).

2.5.1. Rodents

Rodents are the first recognized carriers of leptospires. They are often
incriminated as the source of infection to human beings. A large number of

studies on seroprevalence and leptospiral carrier state in rodents have been
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conducted in various countries. Although serovar Icterohaemorrhagiae has
been often associated with rodents, other serovars have also been isolated.
Matthias MA & Levett PN (2002) studied mouse and mongoose in
Barbados and found that the seroprevalence rates were 28.2% and 40.7%
respectively. Leptospires belonging to serovars Arborea and Bim were
isolated from mouse. As part of the strengthened leptospirosis surveillance
in Thailand following the sudden increase in the incidence since 1996, a
simple test to detect anti-leptospiral antibodies in mammals was developed
by modifying the lepto-dipstick test (Gussenhoven GC et al, 1997) used as a
rapid diagnostic test to detect human leptospirosis. Eighteen of the 60
(30%) wild rodents screened were positive in the test (Kollars TM Jr et al,
2002). Leptospires were isolated from nine rodents. Alder H e al (2002)
carried out a study among rodents and shrews in Zurich, Switzerland to
establish the leptospiral carrier rate. Kidney specimens from 190 small
animals were screened using polymerase chain reaction (PCR) and 12.6%
were positive. In a similar study conducted among rodents of the species
Rattus norvegicus in Turkey, 27.1% of the kidney samples and 16.9% of the
brain samples were positive (Sunbul M et al, 2001). Coypu (Myocastor
coupus), a rodent living in stagnant fresh water, is a widespread pest in
France. Michel V et al (2001) screened 738 coypus from six areas during
1996 — 99 using serological and bacteriological techniques. Seroprevalence
ranged from 16.5% - 66%. Three isolates of L. interrogans serovars
Icterohaemorhagiae and Sejroe were obtained from the rodents. Very high
seroprevalence rate and carrier rates (90.9% and 82.9% respectively) were
observed among house mice in Terceira Island in Azores (Collares-Pereira
M et al, 2000). A multiple logistic regression analysis with environmental
and biological factors as independent variables and leptospiral infection as
dependant variable identified male Mus domesticus, sexually active and
living in humid biotopes 500 m above the sea level as the most likely

Teservoir.
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2.5.2.

Saravanan R er al (2000) studied 28 rats and 58 bandicoots at Avadi, a
suburb near Chennai, India following isolation of leptospires from a
suspected human patient. Anti-leptospiral antibodies were seen in 14.3% of
the rats and 16.1% of the bandicoots. Leptospires were isolated from one rat
and four bandicoots. The human and rodent isolates were typed as L.
interrogans serovar Autumnalis. Natarajaseenivasan K et a/ (2003)
screened field rodents near the rice mills of Salem, a town in Tamil Nadu,
India following isolation of leptospires from the urine of a rice mill worker
suspected to have leptospirosis. Seroprevalence rate among rates was
52.1%. A serosurvey conducted among the rat population of Andaman and
Nicobar Islands, where leptospirosis is highly endemic (Sharma S et al,

2003) showed 7.1% seroprevalence. Two isolates were obtained from rats.
Cattle

Leptospiral infection among cattle was first recorded in Russia (Faine S,
1994). Cattle all over the world may be infected with serovars Hardjobovis,

Pomona, and Grippotyphosa. Infection with Icterohaemorrhagiae,

Bratislava, Hebomedis, Autumnalis, Australis, Sejroe, Canicola and

Bataviae also occurs (Faine S, 1982). Leptospirosis in cattle could be totally
unapparent or may result in acute febrile illness or severe complications.
Infection in buffalos and deer is also similar to that in cattle (Bahaman AR

et al, 1988; Flint SH et al, 1986).

W.A. Ellis and colleagues carried out a series of studies on leptospirosis in
cattle in Northern Ireland. In a serological study conducted on aborted
bovine foetuses in 1978 (Ellis WA et al, 1978), 6.9% of the aborted
foetuses showed presence of anti-leptospiral antibodies, whereas none of
the 196 non-aborted foetuses had antibodies. The study shows the potential
of trans-placental transmission of leptospirosis in cattle. In another study in
Northern Ireland (Ellis WA et al, 1981) a randomly selected sample of 200
cattle at a Belfast abattoir, 143 mice trapped from the fields of seven farms

that reported abortions in cattle due to leptospirosis and 197 badgers trapped
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from various parts in Northern Ireland were screened for leptospiral carriage
in kidneys and presence of anti-leptospiral antibodies. Leptospires were
isolated from kidneys of 28.5% cattle, none of the mice and 9.6% of the
badgers. Seroprevalence in cattle was 34.7%. However, 19.6% of the renal
carrier cattle were seronegative to the infecting serogroup and 16.1% were
seronegative even to the infecting strain. Leptospires isolated from cattle
were of serovar Hardjo, whereas those isolated from badgers were mostly
Icterohaemorrhagiae. This study brings out a few points that are important
from public health point of view. Certain serotypes seem to be strongly
associated with some animal species. Whether this is because of biological
or ecological reasons is an issue still being debated. Seropositivity is not a
reliable indicator of leptospiral carrier state in cattle as 16% of the carrier
cattle were seronegative to even the strain that was infecting them. In a
study conducted among 60 cows and heifers from an abattoir, leptospires
belonging to serovar Hardjo were isolated from the genital tract of 57% of
the animals and from the urinary tract of 62% (Ellis WA et al, 1986). The

findings of the study show the possibility of sexual transmission of

leptospirosis in cattle.

Several studies on cattle leptospirosis were conducted in other countries
such as Spain and Australia also. Alonso-Andicoberry C et al (2001)
studied 762 diary cattle belonging to 81 herds in Spain using
microagglutination test (MAT) with 11 leptospiral serovars as antigens.
Leptospiral antibodies were detected in 8% of the cattle. Infected cattle
were present in 43% of the herds screened. Bratislava was the most
prevalent serovar followed by Grippotyphosa and Copenhegani. No
significant association was found between herd size and seroprevalence
rate. In another study in Spain (Guitian FJ ef al, 2001) 18.3% of 442 cows
screened were seropositive. Monthly follow up of 219 cows for a period of
12 months showed that about 25% of the cows seroconverted during this
period. Espi A et al (2000) reported 10.4% seroprevalence among 3,578

cattle tested in Northern Spain. The common serovars were Pomona and
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2.53.

Grippotyphosa. Black PF et al (2001) screened 2857 female cattle from 68
herds in central Queensland using MAT. Antibodies against serovar Hardjo
was detected in 15.8%, against Tarassovi in 13.9%, against Pomona in 4%

and against Szwajizak in 2.2% of the cattle screened.

A serosurvey among animal populations of Andaman and Nicobar Islands
(Sharma S et al, 2003) showed that about 40% of the cows and 26% of the
bulls were seropositive. Ratnam S et al (1983) screened 40 cows in a village
near Chennai following an outbreak of leptospirosis in cattle. Antibodies
against leptospires were found in 68% of the cows. A limited survey
conducted in Kottayam District of Kerala in India during an outbreak of
leptospirosis in 2000 (Vijayachari P et al, unpublished data) showed 8%
seropositivity among cattle brought to a slaughterhouse. A survey in
villages affected by an outbreak of leptospirosis in Thane in India in 2001
showed a similar seroprevalence among cattle (Sehgal SC et al, unpublished

data).

Other domestic animals

Pigs are commonly infected with serovars Pomona, Tarassovi,

Grippotyphosa, Bratislava, Sejroe, Icterohaemorrhagiae and Canicola
(Faine S, 1994). Adult no