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Epidemiological Study on Human, Cattle and Rodent  
Leptospirosis in South Gujarat Region of India

Introduction
Leptospirosis is common bacterial zoonosis worldwide, 
caused by spirochetes of genus Leptospira. Wild rodents 
serve as a natural reservoirs of infection, human and few 
others domesticated animals are accidental hosts in the 
transmission cycle of leptospirosis [1, 2] which can lead to 
abortion, stillbirth, infertility, mastitis, weak progeny and 
decreased milk production in them. [3, 4] The key feature in 
the transmission of Leptospirosis between animals, and 
between animals and man, is infection of renal tubules 
and excretion of infectious leptospires in the urine of 
carrier animals. Urine shed from carrier animal can result 
in direct transmission of the infection via contamination 
of mucous membranes of another animal, or in indirect 
transmission via contamination of the environment. The 
scenario of leptospiral infection is different in developed 
and developing countries. In developed countries, infection 
is increasingly being associated with outdoor recreational 
exposure and international travel. In rural areas of 
developing countries, transmission is usually associated 
with farming and livestock. In urban areas, infection is 
associated with overcrowding, poor hygiene standards, 
inadequate sanitation and poverty, all of which typically 
takes place in urban slums of developing countries. [5]

Suitability of environmental condition for survival of 
leptospires appears to be critical factor in maintaining 
the infection. Factors like tropical climates with heavy 
rainfall, stagnant waters, poor level of sanitation, 
occupational or recreational exposure and close 
proximity of mammalian reservoir to human population 
are associated with endemic leptospirosis.[6,7] Increased 
temperature may lengthen the survival rate of leptospires 
in the environment and can result in expansion of these 
reservoir species into higher elevation and latitudes. 
Hence, these all global climatic changes are contributing 
to leptospirosis as an emerging disease. [8]

A basic knowledge of serovars and their maintenance hosts 
is required to understand the epidemiology of leptospirosis 
in a region. Though there is distinct variation in maintenance 
hosts and the serovars they carry can occur throughout the 
world.[9] Generally dairy cattle have a role as a natural host 
of serovars Hardjo, Pomona and Gripphotyphosa, while 
pigs may harbor Pomona, Tarassovi, and Bratislava. Sheep 
may harbor serovars Hardjo and Pomona, and dogs may 
harbor serovar Canicola. [10]Diagnosis of leptospirosis in 
animals is done by three different methods which include 
the isolation from samples, detection of leptospiral DNA 
by real time polymerase chain reaction and detection 
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of anti- leptospiral antibodies. Isolation by culture is 
very time consuming, laborious and depends upon the 
presence of live leptospira in sample, so PCR and serology 
are the only method used for diagnosis. The detection 
of antileptospiral antibodies can be done with MAT 
(Microscopic Agglutination Test) and ELISA (enzyme 
linked immunosorbent assay). [11] MAT test can be used 
qualitatively and quantitatively to detect infecting serovars 
as well as give the titer of individual serovars. Furthermore 
the sensitivity and specificity of MAT in reported study 
were 91.94% and 73.77% respectively. [12]It is therefore 
important to have knowledge of the serovars present and 
their reservoir host. 

Surat district and area around Surat district including 
neighbouring districts like Valsad and Navsari are 
considered as endemic area of leptosprirosis. Reporting of 
cases coincide with the rainy season as well as amount of 
rainfall. Case fatality due to leptospirosis in Surat district 
remains below 15% except in 1996 and 2006 when it was 
22% and 28% respectively. As the leptospirosis is common 
in this area, present study was designed to establish the 
transmission cycle of leprospirosis. Types of serovars 
are depending on geographical area so it is important to 
find serovars which are predominant in humans, animals 
and environment (soil, water) of this area. Understanding 
serovar host dynamics and transmission cycle may help 
in better designing of preventive and treatment strategies 
so that mortality and complications of this infection can 
be decreased.

Materials and Methods
A retrospective study was conducted during the period of 
July 2008 to November 2008.207 samples were collected 
from suspected leptospirosis patients admitted in New 
Civil Hospital, Surat, South Gujarat. Serum samples were 
subjected MAT and PCR. The informed consent was taken 
from all suspected leptospirosis patients. Clinical suspicion 
of acute Leptospirosis was defined as fever and/or myalgia, 
tender liver, jaundice, acute renal failure, bleeding tendency, 
meningism and radiological lung infiltrates which accounted 
in the first week of fever. Patients confirmed for other 
diseases like hepatitis, malaria, dengue etc. were excluded 
from the study. Cattle (n=258) and rodents (n=92) serum 
samples were received at Microbiology laboratory in cold 
chain from different endemic areas of south Gujarat region 
and tested by Microscopic Agglutination Test and PCR for 
leptospirosis. The cattle included in present study were 
from various sources representing the diverse livestock 
production system e.g. rural subsistence, periurban, semi 
commercial and organized commercial dairy farms, where 
human leptospirosis cases were known to occur. 550 cattle 

urine and 7 rodents’ urine samples were also received to 
the laboratory and were subjected to PCR. In addition, 19 
cattle kidney and 571 rat kidney samples were screened 
by PCR. 

Microscopic Agglutination Tests (MAT): The MAT test 
was performed using standard procedure.[13]Serogroups 
included in the antigen panel L. australis, L. autumnalis, 
L. grippotyphosa, L. canicola, L. hebdomadis, L. pomona, 
L. semeranga (patoc), L. pyrogen (Pyrogen) and L. 
icterohaemorrhagiea. All the strains were obtained from 
the National Leptospirosis Reference Centre, Regional 
Medical Research Centre (World Health Organization 
collaborating centre for diagnosis in leptospirosis, ICMR) 
in Port Blair, Andaman and Nicobar islands. The cultures 
used as antigens should be checked by MAT against 
homologous antisera frequently for quality control. These 
serovars were maintained in 0.1% semisolid EMJH agar 
by using Leptospira medium base supplemented with 
10% enrichment (Diffco, USA) at 28-30°C in screw-
capped test tubes. 

Preparation of antigens: A 0.5 ml of each representative 
strain from the panel of 12serovars was inoculated into 
10 ml of liquid EMJH medium. A loopful of culture 
was checked under dark field microscopy to confirm the 
absence of contamination or clumps and presence of viable 
leptospires. Incubation was done at 30°C for five to seven 
days. A density of approximately 2-3x 108leptospira/ml of 
media was used as an antigen.

Procedure: Doubling dilutions from 1 in 10 to 1 in 640were 
prepared by using phosphate buffer saline as a diluents. 
50ul of the specific serovar was added to all the wells. One 
of the wells included only the antigen without addition 
of antibody and served as the antigen control. The final 
dilutions after adding the antigen were from 1 in 20 to 1 
in 1280. The plates were covered with aluminum foil and 
incubated at 37 °C for 2 h. The highest serum dilution 
showing approximately 50% agglutinated leptospires or a 
reduction in the number of leptospiral cells as compared to 
the antigen control was taken as end point titer. A titer of 1 
in 80 or more was considered positive. 

Isolation Procedure of Leptospira Spp: Whole blood 
samples collected upon admission of patients were 
cultured in Ellinghausen-McCullough-Johnson-Harris 
liquid medium supplemented with enrichment medium 
and 5-fluorouracil (200µg/ml) and incubated aerobically at 
28°-30°C. A drop from each culture medium was examined 
weekly, for 3 months by dark field microscopy. In case of 
contamination, cultures were filtered through 0.22 um 
pores to remove contaminants. [14] 
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Serogrouping: Serological characterization of clinical 
isolates was performed at the National Reference Center 
ICMR, Portblair, India for Leptospira. A Microscopic 
agglutination test (MAT) was performed to determine 
the serogroup of Leptospira isolates using rabbit antisera 
against reference serovars representing a standard battery 
of 24 serogroups. High rates of agglutination of the serum 
with one particular antigen were used to identify the 
presumptive serogroup of the infecting bacterium. [15]

Real Time PCR Assay: Total DNA from cattle serum 
(200 μl) was prepared using QIAamp DNA Mini Kits 
(QIAGEN, USA) according to the manufacturer’s 
instructions. The primers and probes were designed from 
alignments of available Leptospira spp. LipL41 sequences 
obtained from the GenBank nucleotide sequence database. 
The program used was Primer Express™ (Applied 
Biosystems, USA). For real time PCR, 5 μl of DNA was 
added to the 45 μlTaqMan Universal PCR Master Mix 
(Applied Biosystems, USA) in final concentrations of 3 
pmol/μl of each primer and 2 pmol/μl of the FAM-TAMRA 
labelled probe. A negative control without added template 
in the above reaction mixture was used as a control to 
detect the presence of contaminating DNA. Amplification 
and fluorescence detection was conducted in an ABI 
Prism 7300 sequence detector (Applied Biosystems, 
USA) with a program of 40 cycles, each cycle consisting 
of 95°C for 15 seconds and 60°C for one minute as per the 
manufacturer’s instructions.

Result
Total 207 human cases of suspected leptospirosis were 
referred to New Civil Hospital, Surat for the treatment. 
Of 207 cases; 108 (52%) were from Surat district and 99 

(48%) were from neighboring Valsad district. Of the 207, 
108 (52%) of patients were of middle age group (20-39 
year), 79 (38%) were having age above 40 years and 20 
(10%) were below 19 years. Majority of cases were males 
as compared to females (82% versus 18%). Out of total 
207 suspected cases, 161 (77.7%) samples were positive 
by MAT and 94(45%) positive by Real time PCR. 51(24%) 
samples were positive by MAT and PCR both tests. 

Different samples from cattle [urine (n=550), serum 
(n=258), kidney (n=19)] and rodent [urine (n=7), 
serum (n=92), kidney (n=571)] were also received at 
Microbiology department. In cattle, 27 urine samples, 31 
serum and 2 kidney samples were positive by PCR for 
leptospirosis. In rodent, 36 kidney samples were positive 
by PCR for leptospirosis and all urine and serum samples 
were negative. In cattle, out of 258 serum samples, 65 
(25.1%, 95% CI 20.2% to 30.8%) were positive by MAT 
test for leptospirosis and out of 92 rodent serum samples 9 
(33.3%, 95% CI 18.6% to 52.1%) were positive by MAT 
test for leptospirosis. MAT and PCR results of different 
samples from cattle and rodent had also shown in table.1. 

Predominant serovars observed in human cases, cattle and 
rodents by doing MAT test are shown in table 2. Serovars 
common to all three species (Human, Cattle and rodent) 
were L. autumnalis, L. Canicola, L. Pomona and L. 
Icterohaemorrhagiea. Three other species L. Australis, L. 
Hebdomadis and L. Pyrogen were common only in human 
and cattle. 3 Leptospira species were isolated from three 
human patients in EMJH media with 10% rabbit sera. 
The results of serotyping from National Leptospirosis 
Reference Centre, Port Blair, suggested that two of the 
isolates belonged to serogroup Autumnalis and one was 
from Pomona.

Table 1: shows PCR and MAT results of different samples from Cattle and Rodents.

Test Cattle urine
(N= 550)

Cattle serum
(N= 258)

Cattle kidney
(N= 19)

Rodent urine
(N= 7)

Rodent Serum
(N= 92)

Rodent Kidney
(N= 571)

PCR Positive 27 31 2 0 0 36

PCR Negative 523 227 17 7 92 535

MAT positive -- 65 -- -- 9 --

MAT negative -- 193 -- -- 83 --

Table 2: Predominant serovars from serum of human, cattle and rodents by MAT test.

Serovars Human (n = 161) Cattle (n = 65) Rodent (n=9)

L. Pyrogen 32 (20) 1 (1) 0

L. Australis 31 (19) 2 (3) 0

L. Autumnalis 73 (45) 21 (34) 6 (66)
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Discussion
The present study was carried out to detect the presence 
of common serovars of leptospira infecting the cattle 
and human beings in South Gujarat region by MAT and 
culture methods and also to understand transmission cycle 
of leptospirosis in this geographical area. Heavy rainfall 
and flooding increase the risk of leptospirosis by bringing 
bacteria and their animal hosts into closer contact with 
humans. Numerous outbreaks of leptospirosis have been 
reported following extreme weather events around the 
world, in geographically diverse areas including India, 
Laos, Indonesia, Italy, Brazil, Guyana Nicaragua, Puerto 
Rico, the USA, New Caledonia and Australia. [16]

Surat district and area around Surat district including 
neighbouring districts like Valsad and Navsari in South 
Gujarat are considered as endemic areas for leptosprirosis. 
Each year the area from where the cases come is expanding. 
First case was reported in 1994 and peak was observed 
in 1998 with fluctuations thereafter. Reporting of cases 
coincide with the rainy season (Between June to October) 
as well as amount of rainfall (heavy rainfall more cases). 
Case fatality due to leptospirosis in Surat district remains 
below 15% except in 1996 and 2006 when it was 22% and 
28% respectively. Majority of cases came from laborers 
working in sugar cane and rice field. As transmission 
cycle varies with the host, agent and environment so it was 
necessary to explore transmission cycle in this area which 
was yet to be explored as done in the case of other areas of 
India and world. [6, 17, 18, 19]

In present study, 36 rodent kidney samples were PCR 
positive and in 9 rodent serum samples were showing 
agglutinating antibodies against different serovars of 
leptospira in MAT test. Rodents are susceptible to acute 
infection only in the early days of their life. Later, the 
immune system develops, and surviving ones become 
resistant to further infection. [20] This could be a probable 
reason for the low levels of antibodies detected in rodents. 
As the leptospires get lodged in the renal tubules of the 
rodents, rodent urine becomes a source of leptospiral 

infection in grazing animals like cattle, which in turn 
contribute to infection in human beings. [21]Leptospira 
could be isolated from three human patients in EMJH media 
with 10% rabbit sera. The inability to isolate Leptospira 
from other infected human beings could be attributed to 
administration of antibiotics by local practitioners before 
the patients were referred to the hospitals. [22] The results of 
serotyping from National Leptospirosis Reference Centre, 
Port Blair, suggested that two of the isolates belonged to 
serogroup L.Autumnalis and one was from L.Pomona. The 
MAT conducted on human, cattle and rodent’s sera also 
revealed that predominant serovars common to all three 
species were L. autumnalis, L. Canicola, L. Pomona and 
L. Icterohaemorrhagiea. L.Autumnalis and L.Pomona 
as the predominant serovars infecting man, cattle and 
rodents. These strains from domestic and peridomestic 
animals play a major role in the epidemiology of human 
leptospirosis. Similar observation was also found in other 
studies suggested the antileptospiral antibodies belonging 
to serovars L.Autumnalis. [23, 24, 25] As this serovar had 
been included as an antigen for MAT in this study, the 
possibility of L.Autumnalis being the predominant serovar 
in this region. MAT should ideally be done on paired sera 
samples, for detection of a fourfold rise in the antibody titer. 
Since agglutinins to MAT tend to remain in the body for a 
prolonged period of time following infection, detectable 
MAT titers may be present even in healthy animals and 
man. But in an acute infection, MAT titers develop very 
late in the body usually by the second to fourth week of 
infection. These two factors may account for the false 
Positive and the false negative results by MAT. [24] In 
present study, the cutoff titer for MAT in humans and cattle 
were kept at 1: 80 dilutions as per results cited by various 
authors. [13, 26, 27]

The MAT has many disadvantages which indicate the 
need for an alternative test for routine diagnosis of 
leptospirosis. One major problem with the MAT is its use 
of live organisms as antigens. This requires the continuous 
culture and handling of these hazardous bacteria in 
laboratories and the subjective assessment of results can 

Serovars Human (n = 161) Cattle (n = 65) Rodent (n=9)

L. Gripphotyphosa 2 (1) 0 0

L. Canicola 15 (9) 12 (18) 1 (11)

L. Pomona 3 (2) 7 (11) 1 (11)

L. Icterohaemorrahgiae 4 (2) 13 (20) 1 (11)

L. Hebdomadis 1 (0.6) 9 (14) 0
(Value in parenthesis is percentages)
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also make quality assurance of the MAT difficult. Another 
problem associated with the MAT is that it only detects 
agglutinating antibodies and non-agglutinating antibodies 
may go undetected.

Conclusion
Control measures for leptospirosis should begin from 
rodents, which are the main reservoir hosts of Leptospira, 
and domestic animals, which are the carrier hosts of 
the infection. The current study reveals the presence of 
common leptospiral serovars L.Autumnalis and L.Pomona 
infecting man, cattle and rodents, by serology and isolation. 
Hence this study reiterates the need for a strong and highly 
detailed control program for leptospirosis in this region, 
which should begin from the rodents and encompass the 
domestic animals as well.
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