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Quality control of vaccine strains is directly associated with the safety and efficacy of inactivated whole bacterial
vaccines. The assessment of genetic stability is one of the essential elements to guarantee the quality of vaccine strains.
The multiple-valence inactivated leptospiral vaccine, comprising the main circulating serogroups, has played an
important role in the control of Leptospira infection in China. In the present study, to assess the genetic stability of
vaccine strains and develop novel quality control tests that enhance and extend the existing procedures, 7 Chinese
leptospiral vaccine strains were characterized during in vivo and in vitro passages by multilocus sequence typing (MLST)
and pulsed-field gel electrophoresis (PFGE) analysis. The seven vaccine strains were found to have distinct sequence
types (STs) and PFGE profiles. Further analysis showed that the ST and PFGE pattern of each vaccine strain, after in vivo
or serial in vitro passages (up to 20 passages), were identical to those of the initial strain, demonstrating that these
strains were genetically stable and homogeneous. Taken together, PFGE and MLST provide a reproducible and reliable
means for confirming the identity and genetic stability of vaccine seeds, suggesting that these approaches can be used
to evaluate the quality of leptospiral vaccine strains.

Leptospirosis is a global zoonotic disease caused by pathogenic
species of the Leptospira genus, which are most commonly found
in tropical and subtropical countries.1-4 At least 200 animal host
species have been identified for pathogenic Leptospira spp. Lepto-
spirosis can be maintained in chronic carrier mammalian hosts
(e.g., rats and dogs), and it is typically transmitted to humans by
direct or indirect contact with urine or body fluids from the reser-
voir hosts.2,4 Although this condition manifests relatively mild
symptoms in humans, some severe cases presenting with pulmo-
nary hemorrhage, jaundice, and meningitis have been
reported.5,6 According to World Health Organization (WHO)
estimates, the number of human leptospirosis cases averages over
500,000 annually, and the mortality rate can reach up to 25%.7

Most cases of leptospirosis occur in developing countries; how-
ever, globalization and international travel have led to an appar-
ent increase in its incidence in industrialized countries.4

Therefore, leptospirosis has the potential to become even more
prevalent and has recently been recognized as a re-emerging
infectious disease.

In China, leptospirosis is a nationally monitored infectious
disease. The first human leptospirosis case in mainland China
can be traced to the 1930s. To date, more than 2.5 million cases
and over 20,000 deaths due to leptospirosis have been reported

in China.8,9 An inactivated, whole leptospiral vaccine composed
of prevalent serovars was successfully developed in the 1950s,
and it has played a critical role in controlling Leptospira infections
in China.8-10 In 2007, the leptospiral vaccine was included in the
Chinese Expanded Program on Immunization (EPI), and it is
recommended for use in high-risk populations from leptospiro-
sis-endemic regions.11

Currently, the multiple-valence, inactivated leptospiral vac-
cine used in the EPI contains Icterohaemorragiae, Grippoty-
phosa, Autumnalis, Canicola, Pomona, Australis, and
Hebdomadis,12 which are the main circulating L. interrogans
serogroups in China. Quality control of vaccine strains is consid-
ered an important process in the production of vaccine, and it is
directly associated with the quality of the final product. Accord-
ing to Chinese Pharmacopoeia (2010 Edition),12 analyses of lep-
tospiral vaccine strains include physicochemical and
microbiological tests such as morphological and cultural charac-
teristics, serovars, virulence, immunity, and antigenicity. To pre-
serve the virulence of the leptospiral strains, it is also
recommended that the strain should be passaged in guinea pigs
after 3–6 passages in vitro.12 Bacterial adaptation to the animal
host and in vitro culture may lead to changes in the bacterial
genome.13 For example, it was determined that tandem

*Correspondence to: Junzhi Wang; Email: wangjz@nifdc.org.cn
Submitted: 12/26/2014; Revised: 01/29/2015; Accepted: 02/13/2015
http://dx.doi.org/10.1080/21645515.2015.1020266

1272 Volume 11 Issue 5Human Vaccines & Immunotherapeutics

Human Vaccines & Immunotherapeutics 11:5, 1272--1276; May 2015; © 2015 Taylor & Francis Group, LLC

SHORT REPORT



duplications varied between Bacille Calmette-Gu�erin (BCG) vac-
cine sub-strains after in vitro passages for vaccine production.14,15

Although the role of tandem duplications in attenuation and/or
altered immunogenicity of the BCG vaccine is yet unknown, it is
thought that knowledge of their existence will facilitate quality
control of the BCG vaccine lot.14,16 Therefore, to ensure appro-
priate quality control, the aforementioned criteria should be sup-
plemented with an evaluation of genetic homogeneity in vaccine
seeds. In this context, analysis of genetic stability may be an
essential element to guarantee the quality of a vaccine strain.

Recently, advances in science and technology have resulted in
the development of several techniques for investigating the
molecular epidemiology of Leptospira, such as pulsed-field gel
electrophoresis (PFGE) fingerprinting. PFGE is currently consid-
ered the gold standard in epidemiological analysis of pathogenic
organisms, and it has been applied to Leptospira studies since
1990s.17–19 In addition, multilocus sequence typing (MLST),
the most widespread genotyping methodology for bacterial
pathogens, is used to describe the molecular epidemiology of lep-
tospirosis in some countries or regions.20,21 These approaches
have potential to confirm the identity and genetic stability of bac-
terial strains over multiple vaccine seed passages. Therefore, the
aims of the present study were to assess the genetic stability of
leptospiral vaccine strains by using PFGE and MLST. Further-
more, we evaluated the ability of PFGE and MLST methodolo-
gies to be used as tools to facilitate the quality control of vaccine
strains.

The seven leptospiral vaccine strains used in this study were
from the Wuhan Institute of Biological Products Co., Ltd
(Table 1). To assess the genetic homogeneity of each strain, the
vaccine strains after animal passage (to preserve virulence) were
also included. Vaccine strains passaged before animal inoculation
were arbitrarily labeled as passage ¡1, while strains after passage
in animals were designated as passage 1. These strains were iden-
tified according to standard tests from Chinese Pharmacopoeia
(2010 Edition). To further determine the genetic stability of the
7 vaccine strains, 20 serial passages of each strain were performed
in vitro. All leptospiral strains were grown at 28�C on modified
TEPCKNN medium (10 mM Na2HPO4, 4 mM KH2PO4, pH
7.2) (NIFDC, Beijing) supplemented with 10% rabbit serum.
DNA was extracted using a Wizard Genomic DNA Purification
Kit (Promega, Southampton, UK) following the manufacturer’s
instructions. MLST was performed on 7 housekeeping genes
(including glmU, pntA, sucA, tpiA, pfkB, mreA, and caiB) as previ-
ously described.20 PCR amplification of MLST target genes was

performed in a volume of 50 ml and contained a final concentra-
tion of 1.5–3.5 mM MgCl2, 0.2 mM dNTP, 1 unit Taq DNA
polymerase (Takara, Dalian, China), 0.25 mM of each primer,
and 20–50 ng of Leptospira DNA. Amplification was performed
under the following thermocycler conditions: one cycle of 95�C
for 2 min, 30 cycles each of 95�C for 10 s; 46�C for 15 s; and
72�C for 30 s, followed by a final period of 72�C for 7 min. All
amplified fragments were visualized on 1.5% agarose gels by
Goldview staining, and the amplicons were sequenced by Taihe
Biotechnology Co., LTD. The sequence types (STs) were deter-
mined from the resulting allelic profiles and compared to an
established internet database (http://leptospira.mlst.net/). PFGE
analysis was performed as previously described18 with minor
modifications. Briefly, after the DNA plugs were treated with
10 U of NotI (Takara, Dalian, China), the cleaved DNA frag-
ments were separated by electrophoresis in a 1% agarose gel using
a Chef Mapper (Bio-Rad, Hercules, CA, USA) with pulse times
of 5–65 s for 20 h. The band patterns were analyzed with
BioNumerics software (Applied Maths, Kortrijk, Belgium). The
clustering method used was the unweighted pair group with
arithmetic averages (UPGMA).

The seven loci selected in MLST were successfully amplified
from all vaccine strains and then sequenced. The ST of house-
keeping gene from each isolate was queried against the Leptospira
sequence-type database, and 7 STs were detected. Each vaccine
strain harbored a different ST (Fig. 1). Furthermore, the genetic
stability of each vaccine strain was investigated by passaging the
strains in animals, in vivo, and in culture, in vitro, and then com-
paring the STs obtained at each passage. The results showed that
the ST of each strain had not changed after in vivo and in vitro
passages (up to 20 passages) (Fig. 1).

PFGE analysis showed that the 7 vaccine strains fell into dis-
tinct PFGE profiles (Fig. 1), indicating that these 7 serovars can
be differentiated by Not I restriction analysis.18,19 Consistent
with the MLST analysis, we found that PFGE profiles of the 7
vaccine stains, after serial passages, were 100% identical to the
initial strains, based on phylogenetic analysis with UPGMA
(Fig. 1). Moreover, the PFGE fingerprint of each serovar had
not changed after 3 replicates were performed at each passage,
suggesting that reproducibility of PFGE may represent a power-
ful technique for identifying Leptospira strains.

Since vaccination is one of the most effective measures to con-
trol Leptospira infection, the use of a high quality vaccine is essen-
tial for the success of leptospiral vaccination programs. Therefore,
to ensure the vaccine developed is of adequate quality, it is

Table 1. Information for 7 leptospiral vaccine strains used in this study

Species Serogroup Serovar Strain Host of Isolation Source of Isolation Year of Isolation

L. interrogans Icterohaemorragiae lai Lai Human Sichuan, China 1958
L. interrogans Autumnalis autumnalis Lin 4 Human Zhejiang, China 1954
L. interrogans Pomona pomona Luo Human Fujian, China 1958
L. interrogans Grippotyphosa linhai Lin 6 Human Zhejiang, China 1954
L. interrogans Australis australis Wo 34 Human China 1950s
L. interrogans Hebdomadis hebdomadis Guang 229 Human Guangdong, China 1950s
L. interrogans Canicola canicola 611 Human China 1950s
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important to strengthen quality control methodologies for testing
vaccine strains. In the present study, the nucleotide sequencing-
based MLST and PFGE techniques were used to characterize lep-
tospiral vaccine strains at the bacterial chromosomal level to eval-
uate genetic homogeneity. Although these vaccine seeds have
been used in China for leptospiral vaccine production since
1950s, the genetic stability of each vaccine seeds has not been ver-
ified. To our knowledge, this is the first report demonstrating the
genomic integrity and stability of vaccine seeds used for Chinese
leptospiral vaccine production.

MLST analysis for Leptospira spp has the advantage of direct
traceability and association with housekeeping gene polymor-
phisms because this analysis is sequence based. Housekeeping
genes are constitutively expressed, are essential for the mainte-
nance of basic cellular functions, and evolve more rapidly than
rRNA genes.22 Therefore, analysis of multiple housekeeping
genes by MLST may offer information about the genetic stability
of bacterial strains under different conditions. In this study, we

found that each housekeeping gene, from 7 different vaccine
strains, did not acquire any mutations during multiple in vivo
and in vitro passages. These results suggested that housekeeping
genes of the leptospiral vaccine strains studied were genetically
stable and homogeneous.

Many studies have demonstrated that PFGE permits a rapid
and detailed comparative analysis of chromosomes in bacterial
strains by exploiting restriction endonucleases that cut the chro-
mosome infrequently. The resulting restriction patterns are char-
acteristic of a particular vaccine strain, and this information can
be used to investigate the physical structure of the bacterial chro-
mosome.19,23 Reproducible PFGE profiles were found in 7 vac-
cine strains after in vitro and in vivo passage, further reflecting
the genetic stability of leptospiral vaccine strains at the whole
genome level. Previous studies have shown that repetitions of the
same serovar consistently produced reproducible patterns, and
the PFGE patterns of different strains of the same serovar are
closely related. This corresponds well to serologic classification,

Figure 1. Selected PFGE patterns and MLST types from 7 leptospiral vaccine strains during in vivo and in vitro passages. The unweighted pair group
method with arithmetic averages (UPGMA) was used as the clustering method for PFGE profiles. Number of passages: ¡1 represented vaccine strains
before inoculation in animals; 1, 10 and 20 represented the first, tenth, and twentieth passage of each strain in culture, respectively.
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suggesting that this method has the capability of rapidly identify-
ing the serovar of most clinical isolates.17,19 Furthermore, PFGE
also has the potential to determine the taxonomic status of iso-
lates in question due to mislabeling or contamination, as Cice-
rono et al. reported a case with strain 5621, the serovar mozdok
reference strain, and K1, formerly described as the serovar dania
reference strain, but was recognized to be a mozdok-like strain.24

Taken together, the generation of genomic restriction patterns by
PFGE may provide a comparatively reliable means of confirming
the identity and genetic stability of leptospiral vaccine strains.

Different from other bacterial pathogens, the virulence of
pathogenic Leptospira spp. is gradually lost after several passages
in culture media.25 Until now, lyophilization had also not been
developed successfully.26 Considering that the virulence of vac-
cine strains is associated with the efficacy of the vaccine product,
leptospiral vaccine seeds must be used to inoculate animal models
to preserve virulence.12 However, current existing procedures for
quality control of leptospiral vaccine strains are mainly based on
phenotypic and biological characterization.12 These methods are
insufficient to determine the identity of vaccine strains, especially
since they are poor indicators of strain identity at whole genome
level and cannot be used to evaluate genetic stability. The data
presented in this study show that molecular and genetic techni-
ques such as PFGE and MLST could be used not only for investi-
gating the chromosome structure and genetic stability of
leptospiral vaccine strains but also for controlling the consistency
of inactivated vaccines. These approaches are rapid and reproduc-
ible, as they conform well to standardization, thereby suggesting
that they should be applied to maintain quality control of lepto-
spiral vaccines. Currently, in China, there are some bacterial vac-
cine manufacturers who produce a single variety of vaccine on a
small scale, and with variable quality. Almost all of the vaccine-
producing bacteria are consistently provided by the Chinese
national regulatory authorities.12 Although these vaccine seeds
have been used to produce vaccines (such as the pertussis or BCG
vaccines) for many years by different manufactures, to date, the
genetic consistency among vaccine seed strains has not been veri-
fied. Therefore, the molecular approaches described in the pres-
ent study have the potential to be adopted for use in national
regulation of vaccine quality for many bacterial vaccines pro-
duced in China.

Recently, a pathogenomic approach was used to infer lepto-
spiral virulence genes by whole genome comparison of the cul-
ture-attenuated L. interrogans serovar Lai with its virulent parent.
A total of 45 non-synonymous, single nucleotide polymorphisms

(SNPs) in 35 protein-coding genes were discovered.27 Consis-
tently accumulating mutations confers higher fitness, and it was
assumed that some SNPs should occur in the bacterial genome
during the in vivo and in vitro passages in this study. However,
no nucleotide changes were found using PFGE and MLST analy-
sis. Although the exact cause is unknown, a possible explanation
for these results is that the assumed nucleotide changes do not
occur in the housekeeping genes analyzed by MLST or affect the
Not I restriction sites within the bacterial chromosome. In this
sense, whole-genome sequencing of leptospiral vaccine strains
would be the best way to confirm genomic stability in these vac-
cine strains. The cost, time, and standardization requirements for
this analysis preclude its use on a routine basis. However, if the
sequencing data on each strain after passage is made available, it
will provide adequate information to further assess the sensitivi-
ties of the methods described in the study. Collectively, the
molecular tools described in the study should be applied to qual-
ity control practices and combined with existing tests for a more
comprehensive evaluation of the biological quality and genetic
stability of leptospiral vaccine strains.

In summary, the 7 leptospiral vaccine strains examined proved
to be homogeneous and genetically stable after MLST and PFGE
analyses, even after multiple in vivo and in vitro passages. PFGE
and MLST provide a reproducible and reliable means for molec-
ular characterization of Leptospira spp, suggesting that these are
essential assays for evaluating the quality and stability of lepto-
spiral vaccine strains. Furthermore, the proposed methods have
potential for use in the quality control programs for other bacte-
rial vaccines, especially for assessing the genetic consistency of
vaccine seed strains between different manufacturers, when the
strains originate from a common source.
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