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ABSTRACT

The present incidence of leptospirosis in China is significantly lower than past rates, although small
localized outbreaks continue to occur in epidemic regions. Improvements in sanitation, as well as
vaccination of high-risk populations, have played crucial roles in reducing the disease burden. Several
types of human leptospirosis vaccines have been developed, including inactivated whole-cell, outer-
envelope, and recombinant vaccines. Of these, only a multivalent inactivated leptospirosis vaccine is
available in China, which was added to the Chinese Expanded Program on Immunization in 2007.
However, this vaccine elicits serogroup-specific immunity, and serogroup epidemiology should continue
to be monitored to enhance vaccine coverage and distribution. On the other hand, the efficiency of
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the inactivated vaccine should be further improved by optimizing the formulation, and by expanding the
target population. More importantly, additional investments should be made to develop universal

recombinant vaccines.

Introduction

Leptospirosis is a serious worldwide zoonotic disease caused
by pathogenic species of the genus Leptospira. Leptospires are
maintained in an array of wild and domestic animal hosts,
and survive for extended periods after being shed in the urine.
Consequently, humans are infected through contact with car-
rier animals or with contaminated soil, sewage, or water.'
Pathogenic leptospires then disseminate via the bloodstream,
and cause a range of clinical symptoms, including high fever,
headache, acute renal failure, and pulmonary hemorrhage.”
Although most patients recover well after treatment, some
rapidly develop severe disease with fatality rates exceeding
30%.” On the other hand, infection may present no other
symptoms except bacteriuria, and may then persist as a
chronic condition.”

Approximately 1.03 million human leptospirosis cases
and 58,900 deaths are reported worldwide each year, sug-
gesting that the disease has become a leading zoonotic cause
of morbidity and mortality.* Most cases occur in developing
and underdeveloped countries, but international travel and
global warming have led to an apparent surge in its inci-
dence in industrialized countries."* Furthermore, expanding
urban slum settlements have also created environmental
hotspots for Leptospira transmission.” Therefore, leptospiro-
sis may become even more prevalent, and it has been
recently recognized as a re-emerging infectious disease.*® In
China, leptospirosis is common and widespread, with more
than 2.4 million cases and over 20,000 deaths occuring
from 1955 to 2016 (Fig. 1).”” In this review, we briefly
describe the epidemiological characteristics of leptospirosis

and Leptospira spp., and summarize the development of var-
ious human leptospirosis vaccines in China. Quality control
assessments of inactivated whole-cell vaccines currently
used in the country are also reviewed.

Leptospirosis and Leptospira spp.

The first documented case of human leptospirosis in mainland
China can be traced to the 1930s.'" Leptospirosis became a
reportable disease in the country after 1955,” although the
reported annual incidence in the 1950s ranged only from 0.029
to 2.21 cases per 100,000 in 10 provinces.'® However, it is likely
that some cases were overlooked by physicians who were unfa-
miliar with the disease at the time. A severe epidemic broke out
in the 1960-1970s, with the average annual incidence spiking
to more than 10 cases per 100,000. During this period, more
than 10 large outbreaks also occurred following severe flooding
events. Such outbreaks seriously endangered public health, and
affected agricultural production and disaster relief. The epi-
demic area also expanded during this period, with cases spread-
ing to 26 provinces.'"’ In 1987, another large outbreak was
reported in Sichuan province in southwest China, with 102,872
cases and 419 fatalities (Fig. 1).”!" To prevent and control lep-
tospiral infections, several measures were implemented in the
past decades, including improvements in sanitation, water con-
servancy, reduction of leptospiral infection in animal hosts,
and vaccination of high-risk populations. As a result, the inci-
dence of leptospirosis has dropped to less than 1 per 100,000
since 1997, with only 355 and 354 cases reported in 2015 and
2016, respectively (Fig. 1).
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Figure 1. Reported leptospirosis cases and mortality in China in 1987-2016. The red columns and blue line represent the annual reported cases and disease mortality,

respectively.

In mainland China, the National Centers for Disease Con-
trol and Prevention and its provincial branches are legally
required to formally report human leptospirosis cases to the
Ministry of Health monthly. The provincial branches are also
responsible for testing suspected human patient and animal
sera, collecting infected animals, and identifying infectious iso-
lates by culture and microscopic agglutination test according to
the Diagnostic Criteria for Leptospirosis from Chinese Centers
for Disease Control and Prevention.'” Results are then verified
by the national agency, and finally reported to health authori-
ties. However, the disease prevalence in humans is likely to be
significantly underestimated, owing to the wide spectrum of
clinical symptoms and rare use of diagnostic methods in hospi-
tals such as the microscopic agglutination test, enzyme-linked
immunosorbent assay (ELISA), and polymerase chain reac-
tion.”'° Indeed, leptospirosis remains endemic in China with
local outbreaks still occurring in the southern provinces.”'>'*

Human leptospirosis has been reported in all provinces except
Gansu, Qinghai, Ningxia, Xinjiang, and Xizang (Fig. 2).”’ For
purposes of disease control, China has been subdivided into 4
regions, designated A, B, C, and D based on incidence and geo-
graphical location. The B region, in which the incidence is high-
est, encompasses 13 provinces such as Sichuan, Yunan, Zhejiang,
Jiangxi, and Anhui, and it is located in the middle and lower
Yangtze River region (Fig. 2).'"*"> Although leptospiral infections
occur throughout the year, most are reported in July-October,’
presumably because the temperatures in these months, typically
25°C to 30°C, are suitable for the survival and transmission of
leptospires.”” Furthermore, heavy rain and flooding are frequent
during this period, inevitably increasing the risk of human infec-
tion.'® Notably, the concentration of cases has shifted from
15-35-year-olds to > 35-year-olds in 2006-2010, with the gap
between these age groups continuing to increase gradually.” In
addition, 13.20% (13/98) and 13.51% (10/74) of patients more
than 60 years old resided in Sichuan in 2005-2011 and in
Guizhou in 2010-2014, respectively.'”'® These epidemiological

changes imply that the elderly in rural areas continue to be
more active in field work than in other areas, and are therefore
at a higher risk of infection.

Based on antigenic similarity, leptospires have been divided
into numerous servovars. Two strains are considered to belong
to different serovars if more than 10% of the homologous titer
remains in at least 1 of the 2 antisera in repeated tests following
the cross-absorption with adequate amounts of heterologous
antigen. Serovars that are antigenically related have tradition-
ally been grouped into serogroups.>'®'” Thus far,, more than
300 pathogenic serovars have been clustered into 24 serogroups
throughout the world."’ In China, existing and prevailing sero-
vars are far more diverse than in other countries due to the
variety of geographic and climatic conditions. More than 70
serovars in 18 serogroups of pathogenic Leptospira have been
isolated from and detected in different hosts, of which some
serogroups, e.g., Manhao, are only found in China.'>** Further-
more, 38 new serovars, e.g., serogroup Icterohaemorrhagiae
serovar lai, serogroup Canicola serovar dokou, and serogroup
Grippotyphosa serovar liangguang, have been reported in the
past fifty years.'>*° Serogroup Icterohaemorrhagiae is the most
predominant epidemic strain throughout China, and other pre-
vailing serogroups, e.g, Pomona, Canicola, Autumnalis,
Grippotyphosa, and Hebdomadis, are often found to be epi-
demic in some regions.'®'>*' The predominant serogroups
have also shifted in some areas. For example, serogroup Hebdo-
madis was predominant in 1988-1989 in Wuping county in
Fujian province, but it was replaced by serogroup Bataviae in
1990-1991.>' The shift was believed to be closely linked to sev-
eral local outbreaks,'”'® highlighting the need to monitor
serogroup epidemiology in humans and host animals.

Pathogenic Leptospira have been isolated from 67 species of
wild and domestic animals in China.'’ In earlier years, pigs
were reported to be the major animal host, although continu-
ous improvements in large-scale pig farming over the past
20 years has greatly reduced the risk of pig exposure to



986 Y. XU AND Q. YE
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Figure 2. Four regions with different leptospirosis incidence and geographical locations in China.'®'> The A region (pink) is located in tropical or subtropical areas, where
typhoons commonly occur, and it has moderate incidence. The B region (red), in which incidence is the highest, encompasses 13 provinces such as Sichuan, Yunan, Zhejiang,
Jiangxi, Fujian and Anhui, and is located in the middle and lower Yangtze River regions. The C region (gray) comprises the temperate region located in the middle and lower
areas of the Yellow River, with lower leptospirosis incidence. Meanwhile, no human leptospirosis has been reported in the D region (white), which has a dry climate.

contaminated water, and has decreased the infection rate
accordingly.'®"® At present, Apodemus agrarius, is the most
important carrier. For example, all 56 strains of spirochetes
were isolated from Apodemus agrarius in the epidemic area of
Guizhou province in 2011-2014."%*

Inactivated whole-cell vaccines

Vaccination of at-risk populations remains the most viable
strategy to control leptospirosis. An inactivated whole-cell vac-
cine was first used in the 1920s,> and it continues to be used in
humans and some animals in certain countries.**>® Available
literatures have shown that current human leptospirosis vac-
cines contain mono- or polyvalent inactivated whole-cell lepto-
spires (Table 1). For example, in France, the monovalent
vaccine contained the serogroup Icterohaemorrhagiae, have
been demonstrated to be well-tolerated and having a high sero-
conversion rate (95-100%).2° The Cuban vax-SPIRAL vaccine
containing serovars canicola, copenhageni and mozdok was
developed in 1998 and included within the Leptospirosis Pre-
vention and Control Program.”® It is estimated that as a result
of the administration of more than 8 million doses, the morbil-
ity due to leptospirosis has greatly diminished in Cuba.*

In China, a leptospirosis vaccine was successfully developed
in 1958, which has been used for immunization of risk popula-
tions of epidemic regions till now.>'*>! With advancements in
bio-technology, the vaccine production has gradually
improved.'® In 1958-1962, a trivalent inactivated vaccine con-
taining serogroups Icterohaemorrhagiae, Autumnalis, and
Pyrogenes was used for large-scale vaccination in epidemic

areas, and it greatly diminished morbidity. However, approxi-
mately 15% of vaccinees developed allergies, since 3% rabbit
serum was used to produce the vaccine.'® To address this issue,
a serum-free medium containing human placenta extract
was developed in 1963, and extensively used to produce
an equally effective, but nearly nonallergenic vaccine in
1965-1975.'° However, with the limited availability of human
placenta extract and the rapid development of chemically
defined media,***> the medium was again gradually replaced
with protein-free synthetic media in the 1970s. Other processes
were also improved; for example, large, deeply ventilated cul-
ture flasks and hollow fiber ultrafiltration have been used to
concentrate bacterial cells.'” In 2004, a concentrated pentava-
lent vaccine was tested for safety and immunogenicity in Fujian
province, and was found to elicit no systemic reactions after
immunization. However, 7.46% (15/201), 10.49% (17/162) and
24.63% (17/69) of subjects developed local reactions following
the first and second booster at 7 days and 1 year after the first
injection, respectively,”* suggesting that local reactions may
slowly intensify after booster doses. Nevertheless, these results
were consistent with other studies demonstrating good toler-
ance of and only low-grade local reactions from inactivated
leptospirosis vaccine produced in other countries.””** Serocon-
version rates were also as high as 95% and 100% after the first
and second booster, respectively.** Furthermore, a field trial in
epidemic areas in Hubei province in 1999 demonstrated that
tested vaccines were 85.34% effective by the end of surveil-
lance,” confirming the efficacy of leptospirosis vaccines.*”*’
However, immunity from inactivated leptospirosis vaccines
is serovar-specific, although potential cross-protection might
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be acquired from some serogroups or serovars.”**® Hence, a
universal inactivated vaccine is challenging to develop owing to
the large variability in local leptospiral strains in different coun-
tries or regions."**”*° Furthermore, protection from inacti-
vated vaccines lasts no longer than about 1 year*>**** when
administered in 2 doses 7 days apart,’* although strong and
specific antibody responses persisted for 2 years after primary
vaccination®*” with 2 doses 14 days apart and a booster after
6 months.”

Inactivated whole-cell leptospiral vaccines have been pro-
duced for many years in China at 5 mL per ampoule. However,
single-dose formulations have become standard for human vac-
cines to minimize waste and potential pollution. Thus, the for-
mulation of inactivated leptospiral vaccines remains to be
improved. On the other hand, clinical trials for these vaccines
were completed in the 1980-1990s.**°° As the average life
expectancy was 67.77 years in 1981 in China, individuals older
than 60 years old were not considered at-risk, and the vaccine
was indicated only for individuals aged 7-60 years. However,
the average life expectancy has risen to 76 years in 2013,* per-
haps coinciding with the gradual increase in incidence in peo-
ple over 60 years old, as noted earlier.'””'® Hence, the target
population for vaccination should be expanded to enhance
prevention.

Outer-envelope vaccines

Due to inherent side-reactions and short-lived protection from
inactivated vaccines, other potential vaccines have been devel-
oped in some countries.'”*>** For example, many studies dem-
onstrated that the leptospiral outer envelope is immunogenic
and protective, even in animal hosts such as dogs and cattle.*"”
** The outer envelope surrounds the slender, helically coiled
leptospires; is approximately 11 nm in width; and consists of
3-5 electron-dense layers** with a gross chemical composition
of 23% lipid, 47% protein, and 23% carbohydrate.”’

The development of human vaccines based on the outer
envelope can be traced to the 1970s in China.**** Of note,
comparative clinical trials in 1993 showed that bivalent
outer-envelope vaccines from the serogroups Icterohaemor-
rhagiae and Hebdomadis elicited fewer side-effects than
whole-cell vaccines. Importantly, immunity acquired from a
single dose of 100 ug outer envelope was comparable to
that acquired from 2 doses of whole-cell vaccines.*’ Large
phase III clinical trials further demonstrated that protection
from outer-envelope vaccines was 95.57% and 100% against
the serogroups Icterohaemorrhagiae and Hebdomadis
within 1 year, respectively. Accordingly, such vaccines were
licensed in China for immunization of at-risk populations
in epidemic regions with circulating serogroups Icterohae-
morrhagiae and Hebdomadis.*” Trivalent or pentavalent
outer-envelope vaccines, which should protect against more
serovars, have also been shown to be as well-tolerated and
immunogenic as the corresponding multivalent whole-cell
vaccines.”

Considering the chemical composition of the outer enve-
lope and the high titer of agglutinating antibodies induced,
the most immunodominant antigen is believed to be lipopoly-
saccharide.** However, lipopolysaccharide fractions were

found to protect against homologous, but not heterologous
serogroups,”* implying that immunity from outer-envelope
vaccines appears to also be serogroup-specific.”>>*

Recombinant vaccines

Advances in molecular techniques have enabled the search for
novel antigens, proteins, and genes that may better protect
against leptospirosis.”>*>>® Indeed, many studies have demon-
strated that recombinant antigens potently elicit protective
immunity. Such antigens include multiple leptospiral outer
membrane proteins and lipoproteins that play vital roles
in pathogenesis, such as OmpLl,” immunoglobulin-like
protein,”®*® LipL.21,°" LipL32,°* LipL36,% LipL 41,” and LipL
45

Researchers in China have also investigated the protective
characteristics of recombinant OmpL1, LipL21, LipL32, and
LipL41 in animal models, and identified conserved T and B cell
epitopes in these proteins.®>®” Recently, Lin et al. expressed
and purified a recombinant, chimeric protein containing multi-
ple epitopes from leptospiral OmpL1, LipL32, and LipL21,
and found that it induces wide-ranging protection against
Leptospira, suggesting that the recombinant antigens might
yield a universal cross-reactive vaccine.*®

The rapid development of high-throughput sequencing
has also enabled reverse vaccinology against many infec-
tious diseases.””" In 2005, Gamberini et al. identified
potential vaccine candidates from the genome of Leptospira
interrogans serovar Copenhageni using reverse vaccinology.
Accordingly, 150 coding sequences were cloned and
expressed in Escherichia coli, of which 16 reacted with sera
from infected patients, indicating that these proteins may
be useful as vaccine antigens.”” Similarly, 70% of 238
recombinant proteins identified by reverse vaccinology were
found to be immunogenic in hamsters, although none of 49
combinations of up to 5 antigens protected the animals
against infection.”> Recently, Zeng and colleagues imple-
mented a pan-genomic screening of surface-exposed pro-
teins from 17 representative L. interrogans strains covering
11 epidemic serovars and 17 multilocus sequence types
from around the world. In addition to several known outer
membrane proteins and lipoproteins, 118 new candidate
antigens were identified.”* To date, more than 300 genomes
from leptospiral strains isolated worldwide are available in
public databases,”””” and are anticipated to be a rich
resource for identifying potential vaccine antigens by
reverse vaccinology. Nevertheless, extensive studies remain
necessary to pinpoint potential vaccine components that are
actually protective.”

Although recombinant leptospirosis vaccines remain in pre-
clinical development stage, outer membrane proteins and lipo-
proteins are generally accepted to be among the most potent
immunogens that elicit remarkable immune responses during
infection,'®**”® and are thus currently considered leading can-
didate vaccine antigens.'®***164%9%% n addition, many of
these proteins, unlike lipopolysaccharides, are antigenically
conserved among many pathogenic Leptospira species regard-
less of the serovar or serogruop.®*>”**® A shortcoming associ-
ated with inactivated whole-cell vaccines is that the immune



response induced is mainly directed against leptospiral lipo-
polysaccharide, which protects against infection by closely
related serovars.>>*” In contrast, cross-species protection
induced recombinant protein vaccines confer protection
against many Leptospira species, implying that recombinant
vaccines may prove to be universal.*>*® Furthermore, recombi-
nant antigens can be easily combined in various configurations
to further improve cross-protective immunity,”*"** as is
achieved by a recently licensed Group B meningococcal vaccine
that contains a mix of the New Zealand vaccine, NadA, and the
recombinant  proteins NHBA-GNA1030 and fHbp-
GNA2091.”"% Haake et al. reported that a combination of
OmpLl and LipL41 provides significant levels of protection
28 days after challenge in comparison to OmpL1 alone.”” Simi-
larly, recombinant forms of the putative outer membrane pro-
teins Lp1454, rLp1118, and rMcell are also more protective
when administered together.>*

Importantly, the addition of adjuvants may also improve
the efficiency of multicomponent recombinant vaccines and
lower vaccination frequency.*>®*®  Although aluminum
hydroxide is the most commonly used adjuvant, Faisal and
colleagues reported that leptospiral LigA confers better pro-
tection when formulated with liposomes and microspheres
instead of aluminum hydroxide, as evidenced by enhanced
survival and reduced histopathological lesions in immunized
animals.”” Furthermore, a pool of LigA, LIC10009,
LIC10301, LIC10507, LIC10704, LIC11030, and LIC11087
adjuvanted with flagellin confers protection and significantly
inhibits renal colonization, while adjuvantation with alumi-
num hydroxide induces protection only, but does not
prevent renal colonization.*” In contrast, leptospiral immu-
noglobulin-like B protein adsorbed on aluminum hydroxide
confers sterile immunity against lethal challenge in

Table 2. Quality control tests for leptospiral vaccine strains used as vaccines in China.
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hamsters.*® Collectively, these observations suggest that
potential antigens and adjuvants should be carefully selected
in developing recombinant leptospirosis vaccines.

Quality control of leptospirosis vaccines

Only a single multivalent, inactivated leptospirosis vaccine
from a domestic manufacturer is currently available in China,
which was added to the Chinese Expanded Program on Immu-
nization in 2007. Three highly virulent (serogroups Icterohae-
morrhagiae, Grippotyphosa, and Autumnalis) and 4 low-
virulence strains (serogroups Canicola, Pomona, Australis, and
Hebdomadis) are used as vaccine strains, which are the major
L. interrogans serogroups and cover more than 80% serogroup
coverage of circulating strains in the country.”'® The vaccine is
recommended for at-risk populations during annual epidemic
periods.’’

Since the vaccines are used in healthy populations, it is
essential to ensure consistent quality in each vaccine lot
released to the market. Accordingly, the Chinese government
has required since January 1, 2006 that all marketed preventa-
tive vaccines be released lot by lot by the national regulatory
authority,*””® following review and independent testing.
The review evaluates whether critical raw materials and
manufacturing processes are consistent with approved parame-
ters, and whether the vaccine bulk and final product meet the
current national pharmaceutical criteria.’"*° Independent tests
include tests of identity and sterility.

Naturally, strain quality directly impacts the quality of
the final inactivated whole-cell vaccine.”’ Unlike other bac-
terial pathogens, the virulence of pathogenic Leptospira spp.
gradually diminishes after 3-6 passages in vitro.”> Hence,
strains are passaged in guinea pigs prior to production to

Test

Method and specification

Morphological and cultural
characteristics

regular shape and with both ends curved.

Serum agglutination

Leptospiral vaccine strains shall be inoculated into production medium at less than 5 %, and incubated at 28-32°C for 5-10 days.
The cultures shall contain more than 100 organisms per high-power field at 400 x. Leptospires appear as motile rods with

The microscopic agglutination test using serogroup reference serum shall be performed on leptospiral vaccine strains grown for 3—

10 days and adjusted to 50-100 organisms per high-power field at 400 x. The agglutination titer shall be no less than half of

the titer of the reference serum.
Virulence

Six guinea pigs (180-220 g), divided into 2 groups, are subcutaneously injected with 2 mL of leptospiral vaccine strains grown for

5-10 days and adjusted to 50-100 organisms per high-power field at 400 x. In 1 group, the blood shall be drawn from the
heart 48 h after injection, and inoculated into the production medium or other appropriate media, and incubated for 14 days.
The strain shall be considered low-virulence if growth is observed. In the other group, the guinea pigs are observed for up to
10 days after injection. The strain is considered highly virulent if at least 2 animals die of leptospirosis.

Immunogenicity

Three guinea pigs (120-220 g) are subcutaneously immunized with 0.5 mL leptospiral vaccine strains inactivated by heating at 56—

58°C for 1 h or by adding 3.0 g/L phenol, adjusted to 70-100 organisms per high-power field at 400 x, and diluted 3-fold with
saline. A boost of 1 mL inactivated culture is administered at 5-day intervals. Three control animals are injected with equal
volumes of saline. On days 10-12 after the last injection, the animals shall be challenged subcutaneously with 2 mL of the same
strain grown for 5-10 days and adjusted to 50-100 organisms per high-power field at 400 x. For highly virulent strains, the
animals shall be observed for up to 10 days after challenge. All immunized animals shall survive, and have normal appearance,
appetite, activity, and weight gain, but have no piloerection or jaundice. At least 2 control animals should die of leptospirosis.
For low-virulence strains, blood will be collected from the heart 24 h after challenge, inoculated at about 1 % into Leptospira
medium containing 5-8 % rabbit serum, and incubated for 14 days. The test shall be considered passed only if more than 2
cultures from immunized animals are negative, and all cultures from control animals are positive.

Antigenicity

Three healthy rabbits (2.0-2.5 kg) are intravenously immunized at 5-day intervals with 1, 2, and 5 mL leptospiral vaccine strains

inactivated by heating at 56-58°C for 1 h or by adding 3.0 g/L phenol, and adjusted to 70-100 organisms per high-power field
at 400 x. On days 10-15 after the last injection, rabbit sera are collected, and tested by the microscopic agglutination test
against the same strain. The test shall be considered passed if the serum titers of at least 2 rabbits are 1:10,000 or more.

“Three highly virulent (serogroups Icterohaemorrhagiae serovar lai, serogroup Grippotyphosa serovar linhai, and serogroup Autumnalis serovar autumnalis) and 4 low-vir-
ulence strains (serogroup Canicola serovar canicola, serogroup Pomona serovar pomona, serogroup Australis serovar australis, and serogroup Hebdomadis serovar

hebdomadis) are currently used.
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preserve virulence, which is closely associated with efficacy.
Accordingly, specific physicochemical and microbiological
parameters such as morphological and cultural characteris-
tics, virulence, immunogenicity, and antigenicity (Table 2)
are prescribed by the Chinese Pharmacopoeia (2015 Edi-
tion)*' for strains to be used as vaccines. Molecular tools
were also recently used to assess genetic stability and fur-
ther guarantee quality, in the light of possible bacterial
adaptation to the animal host and during in vitro cul-
ture.”>”* For example, pulsed-field gel electrophoresis and
multilocus sequence typing are reproducible and reliable
tests of identity and genetic stability,”’ and can be com-
bined with existing tests for a more comprehensive evalua-
tion of biological quality.

Bacterial culture bulks are inactivated with phenol or
other appropriate bactericides. According to the Chinese
pharmacopeia,3 ! a vaccine of < 5 or > 6 strains should
contain no less than 1.5 x 10° organisms/mL and 1.0 x
10° organisms/mL, respectively, but no more than 1.25 x
10° organisms/mL. The quality control tests required by the
Chinese pharmacopoeia® for the final leptospirosis vaccine
are listed in Table 3, along with specifications for safety
and potency. Of note, potency is tested in European and
North American countries by hamster vaccination and chal-
lenge,”>”® although both guinea pigs and hamsters were
instrumental in understanding the pathophysiology of lethal
leptospirosis.”” However, animal challenge method has been
heavily criticized on the grounds of animal welfare. Thus,
an alternative rabbit serological potency assay, which
avoided the use of challenge and decreased the number of
animals required, was validated and authorized for canine
Leptospira vaccines in the European Union.”® Furthermore,
in vitro ELISAs were also developed to test the potency of
US vaccines containing L. canicola, L. grippotyphosa, L.
icterohaemorrhagiae, and L. pomona.” Nevertheless, similar
or other alternative assays should still be revalidated in
China due to differences in vaccine production and desired
clinical outcomes. On the other hand, early biomarkers of
adaptive and protective immunity would be valuable, and
system immunology data from genomic and proteomic

Table 3. Quality control tests for the final leptospirosis vaccines used in China.

Test Specification

Identity The microscopic agglutination test shall be
performed on the final product using
serogroup reference sera, and specific
agglutination shall be observed.

The product is a slightly opalescent liquid free
of abnormal odor, foreign matter, or clumps
not dispersed on shaking.

pH 6.4-7.4

Sodium chloride content 7.5-95g/L

Phenol content Not more than 3.0 g/L

Physical inspection

Potency The final product is diluted with physiological
saline to 5 x 107 organisms/mL, and tested
by the immunogenicity test described in
Table 1.

Sterility Sterile

Abnormal toxicity Immunized animals should gain weight and

survive without abnormality.

studies may facilitate the development of alternative
assays.””

Conclusion

Although the incidence of leptospirosis has greatly diminished
in the past 20 years, small localized outbreaks continue to occur
in some regions in China due to the diversity of pathogenic
Leptospira species and animal hosts, as well as frequent flood-
ing and typhoons. This also implies that the burden of leptospi-
rosis likely continues to be substantial, but is unknown because
of limited deployment of diagnostic methods. Therefore, reduc-
ing infection in animal reservoirs should continue to be a top
priority. Similarly, immunization of high-risk populations in
epidemic regions, as well as those previously considered low-
risk, should also reduce the disease burden, as it has in the past
decades. However, serogroup epidemiology should also be
monitored to guide the production of appropriate inactivated
vaccines, which induce only serogroup-specific immunity. In
addition, the quality of inactivated leptospirosis vaccines should
be guaranteed by appropriate testing, or improved by optimiz-
ing formulations. Suitable tests to replace animal testing are
also urgently needed on grounds of animal welfare. Finally, the
availability of numerous genome sequences, combined with
advances in reverse vaccinology facilitate the high-throughput
screening and discovery of potential vaccine candidates, and
further investments are required to develop a universal recom-
binant leptospirosis vaccine, considering the short-lived
serogroup-specific immunity acquired from current vaccines.
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