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Abstract The anaphylactic reactions in cattle following
leptospira vaccination mostly booster dose in different parts
of Iran have been reported. The serum proteins as allergic
substances are components of liquid phase of the vaccine.
Therefore, the vaccine was modified by washing the whole
cultures by centrifugations. The modified vaccine was safe
in laboratory animals and cattle as well as under field
conditions. Microagglutination test revealed a similar
pattern of antibody response to the three Leptospira
interrogans serovars (Canicola, Grippotyphosa, and Sejro
hardjo) in all vaccinated cattle groups while was higher
than the response of control animals. The results of the
present investigation revealed that we can minimize
postvaccination shock in vaccinated cattle populations with
removing the shock proteins.
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Introduction

Leptospirosis is a zoonotic disease of global importance,

caused by spirochetes of the genus Leptospira, and a
variety of wild and domestic animals can be the natural
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reservoir for pathogenic leptospires (Adler and de la Pefia
Moctezuma 2010). Leptospirosis has recently been con-
sidered as a reemerging infectious disease, particularly in
tropical and subtropical regions (Meslin 1997). Two
strategies can be used for leptospirosis prevention includ-
ing exposure reduction and immunization (Levett 1999).
Vaccines are widely used in domestic animals, and the
transmission of leptospirosis to humans has become more
important in recent years (Jansen et al. 2005). Therefore,
developing and using canine vaccines that cover the
prevalent serovars should be encouraged. There are
different types of vaccines against leptospirosis including
recombinant outer membrane protein (OMP) vaccines (He
et al. 2008), lipopolysaccharide (LPS) vaccines (Wang et
al. 2007), inactivated vaccines (Minke et al. 2009),
attenuated vaccines, and DNA vaccines. The inactivated
and attenuated vaccines have been reported for more than
50 years. Some inactivated or attenuated leptospirosis
vaccines are successfully used in cattle (Morter 1980) and
dog (Andre-Fontaine 2006). Most of the commercial
leptospira vaccines available in many countries have
bacterins containing inactivated organisms by various
chemical means and heat (Srivastava 2006). In Iran, an
aluminum hydroxide gel vaccine prepared from three
serovars of Leptospira interrogans serovars including
Grippotyphosa, Canicola, and Sejro hardjo in Razi
Vaccine and Serum Research Institute is used. Postvacci-
nation shock in 10-20% of vaccinated cattle populations
occurs after booster vaccination per year, and serum
proteins especially heterologous proteins are the main
anaphylactic agents in leptospira vaccine (Rodostits et al.
2007; Koizumi and Watanabe 2005). The present study
was aimed to prepare the leptospira vaccine after separat-
ing the liquid phase containing serum proteins from
leptospira cells and to evaluate its safety.
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Materials and methods

The three different L. interrogans serovars (serovar Sejro
hardjo, Grippotyphosa, and Canicola) were cultured in
selective base media, enriched with 10% rabbit serum, and
after cultivation, formalin was added to each culture to
make a final concentration of 0.4% for inactivation of the
cultures (Venugopal and Ratnam 1991; OIE 2004; Zuo
1986). The whole cells of each culture of leptospira
serovars were separated by centrifugation at 12,000 rpm
for 30 min. The supernatants were discarded, and thin
pellets were resuspended in 0.9% sodium chloride solu-
tions. For preparation of trivalent vaccine, the density of
each suspension of respective serovars of the Grippoty-
phosa, Canicola, and Sejro hardjo was estimated, pooled,
and mixed in 0.9% sodium chloride solution such a way
that each milliliter contains at least 1x10° bacteria per
milliliter of 0.9% sodium chloride solution (Venugopal and
Ratnam 1991; Council of Europe 2002a, b). As adjuvant,
10% aluminum hydroxide gel was added slowly to the
mixed bacterial suspension and thoroughly mixed by
magnetic stirrer. The finished product was labeled as
modified aluminum hydroxide adjuvant vaccine and kept
at 4°C until use. Sterility and purity tests of this vaccine
were done routinely.

Safety trials in laboratory animals

Samples of the prepared product were tested for safety with
the vaccine which was made in Razi Vaccine and Serum
Research Institute. Total 20 healthy Balb/c mice, 20 healthy
white male New Zealand rabbits, 20 healthy white guinea
pigs, 20 healthy hamsters, and 20 healthy cattle were
delivered from Animal Production Department and housed
separately under clean conditions. All animals were fed ad
libitum. For safety trial, 10 mice, 10 rabbits, 10 hamsters,
and 10 guinea pigs each received vaccine intraperitoneally
(IP) and 10 mice, 10 rabbits, 10 hamsters, and 10 guinea
pigs subcutaneously. The dose for mice was 0.5 ml and for
others 2 ml. All the animals were observed 14 days for any
for adverse reaction attributable to the vaccine (OIE 2004;
British Pharmacopoeia (Veterinary) 1985a, b). For safety
trial in cattle, 20 animals were divided in two groups. Each
animal in the first group received two doses and two doses
in the second group subcutaneously.

All the animals were observed at least 3 h postvaccina-
tion for any sign of anaphylactic reaction. Booster was
given 3 months later to every cattle and observed for 2 h for
any anaphylactic reactions. The animals were also exam-
ined daily for any local reactions at the injection site and
death up to 1 week.

For any anaphylactic reactions, the safety trial under
field conditions was done on 1,300 cattle with the
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cooperation of experts of Iranian Veterinary Organization
and agreement of the clients in Bushehr province (marsh of
Heleh) and Ardebil province where the leptospirosis is
endemic. Most of the animals in these areas had been
vaccinated previously within 3—4-month intervals. The
animals were under direct observation at least for 3 h for
occurrence of any anaphylactic shock reaction.

MAT was performed according to the standard protocols
(Cole et al. 1973) on sera from groups vaccinated with
original and modified new vaccine as well as control group
1 month postvaccination. In this method, 4-7-day-old
cultures of leptospira grown in Stuart or polysorbate
medium were used. The antigen concentration was adjusted
to 100 to 200 organisms per high-power field (x450),
which is equivalent to a McFarland no. 0.5. One drop of
antigen (0.025 or 0.05 ml) was added to each serum
dilution. Each antigen was added in a separate column. The
plates were gently shaken to mix contents, covered, and
incubated at room temperature (25 C to 30 C) for 2 h. For
reading, the tests plates were placed on the stage of a dark-
field microscope, and the wells were examined for
agglutination with x10 objective and x10 eye lenses. The
end point in a positive test was the highest dilution in which
at least 50% of the leptospires were agglutinated. In this
test, degree of agglutination was recorded as 4+ when all
organisms appear clumped and the supernatant fluid was
clear, 3+ if approximately 75% of the leptospiras had
agglutinated, 2+ with 50% agglutination, and 1+ with 25%
agglutination. No agglutination was recorded negative.

Results and discussion

In the present study, the leptospira vaccine was modified
and improved by washing whole cultures by 0.9% sodium
chloride solutions and centrifugation based on separation
and removing the allergic component of the culture media
and reformulation. The safety of the vaccine in laboratory
animals (mouse, rabbit, guinea pig, and hamster) was
evaluated. All the laboratory animals were injected subcu-
taneously and intraparenterally with 0.5 ml for mouse and
2 ml for other animals, and none of them revealed local
reaction. The safety of the vaccine in farm animals was
demonstrated (Table 1). Shock reaction like severe saliva-
tion, severe lacrimal and nasal discharge, perennial conges-
tion, stiffness, strain, respiratory distress, and death were
not seen and considered negative shock reaction in farm
animals, and there was no local reaction like redness,
warmness, and inflation of the injection cite too.

The sterility and purity tests gave satisfactory results,
none of the cultured media showed any bacterial growth till
the 14th day of incubation, and no bacteria were observed
in Gram-stain slide. The leptospira cultures were also
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Table 1 Results of safety trials in cattle vaccinated with modified leptospira vaccine

Cattle origin No. of vaccinated cattle Dose (ml)
Razi Vaccine and Serum Research Institute (RVSIR) farm® 10 4
RVSIR farm®* 10 8
Bushehr province® 500 2
Ardebil province® 800 2

# Cattle received booster dose 3 months after first injection

® Cattle of different ages in different districts received booster dose 4—6 months after the first dose

completely inactivated, and there was no any growth of
leptospira in selective media.

In the safety tests, neither anaphylactic shock reaction a
few hours after vaccination nor noticeable local inflamma-
tions were noted in the laboratory and farm animals during
the 14-day observation period.

All vaccinated cattle sera in MAT displayed a similar
pattern of antibody response to each of three serovars from
1:320 to 1:1,280 which was higher than the response of control
animals (The cutoff of the MAT was considered 1:320).

It is well known that heterologous proteins could be able to
produce anaphylactic reactions in animals. The severity of the
shock reaction in response to a given dose of vaccine
containing abnormal sensitizing substance was related to the
degree of previous sensitization (Wray and Thomlinson 1972;
De shazo and kemp 1997). During centrifugation, the
supernatant liquid phase of the culture that consists of
unused nutrients including serum proteins could be easily
separated and discarded. There are several reports on
anaphylactic shock occurrence following use of the currently
leptospira vaccine in the cattle and buffaloes in different
parts of Iran such as Ardebil, Bushehr, and Kermanshah
provinces (Iranian Veterinary Organization Reports 2006).
The occurrence of shock ranged from 10% to 20% in
vaccinated animals after booster dose. On the basis of the
author’s information, the latest occurrence of shock reaction
following injection of booster dose 4—6 months after first
injection happened in May 2007 among 16 % (32 out of 200
cattle) of vaccinated animals in Ardebil province of Iran (no
published data). This shock was potentially fatal particularly
in animals that did not receive appropriate treatment.

The allergic shock and/or anaphylactic reactions in
humans following vaccination with leptospira vaccine
prepared in the same method using rabbit serum have been
reported in China (ZUO 1986) and in Japan (Koizumi and
Watanabe 2005). However, it is not well clear that why
some of the vaccinated animals react to the sensitizing
substance but others do not. In the farm conditions, it was
noticeable that shock reaction happened in animals that
received only booster dose. As a conception, it can be
imagined that exposure to proteins in the culture media at
first vaccination may play the role of sensitizing agents for

inducing the IgE production. These antibodies fix onto the
surface of mast cells, and basophiles. When the sensitized
animal is vaccinated for second time, the allergen induces
release of the anaphylactic mediators from provoked cells
(Morrison and Rayan 1987).

In a similar study, Koizumi and Watanabe (2005) in Japan
modified the human leptospira vaccine by removing serum
proteins (anaphylactic agents) from cultures with washing by
centrifugation and produced a safe vaccine. In Iran, Jabbari
and Moazenijula (2002) in another study removed the
anaphylactic agents from the hemorrhagic septicemia vac-
cine by two methods, centrifugation and precipitation by
aluminum potassium sulfate (alum) gel, and developed a
new vaccine which is safe for cattle and buffaloes.

Most commonly, severe anaphylactic reactions are seen in
farm animals following the potential administration of a drug
or biological product. In general, the reaction is due to
sensitization to a protein substance entering the blood stream
and a second exposure to the same substance. In veterinary
practice, such incidents are not uncommon, although the
sensitizing substance cannot always be isolated. Although
severe anaphylactic reactions occur usually after a second
exposure to sensitizing agents, reactions of similar severity
can occur with no known prior exposure. In large animal
work, this is most likely to occur after the injection of sera and
bacterins, particularly heterologous sera and bacterins in
which heterologous serum has been used in the culture
medium. Hypersensitivity reaction is sometimes observed at
a higher incidence than normal in certain families and herds of
cattle (Rodostits et al. 2000).

The improved vaccine prepared in the present study was
safe and potent in cattle receiving two injections in 3-month
interval. Although the shock reaction was removed by using
the new modified leptospira vaccine, the sera titers were the
same for animals belonging to both vaccinated groups. The
titer equal or higher than 1/320 by MAT was considered
protective. In this study, the titers of sera from both vaccinated
group were equal or higher than the mentioned cutoff ranging
from 1/320 to 1/1,280. Although there are variations among
the obtained titers, these discrepancies may be due to the
genetic variations, immune status, and pervious exposure of
individual animal to the disease agent (OIE 2004).
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Concluding remarks

The results of the present investigation revealed that we can
minimize postvaccination shock in vaccinated cattle pop-
ulations with removing the shock proteins. However, the
investigation has to be continued to optimize a large-scale
cultural conditions by using protein-free media for cultiva-
tion of leptospira in vaccine production. The advantage of
the protein-free medium over protein-containing is the
production of high yields of leptospires free from contam-
inating proteins for vaccines.
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