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Abstract
Preservation of leptospiral cultures is tantamount to success in leptospiral diagnostics, research, and development of preventive
strategies. Each Leptospira isolate has imperative value not only in disease diagnosis but also in epidemiology, virulence,
pathogenesis, and drug development studies. As the number of circulating leptospires is continuously increasing and congruent
with the importance to retain their original characteristics and properties, an efficient long-term preservation is critically needed to
be well-established. However, the preservation of Leptospira is currently characterized by difficulties and conflicting results
mainly due to the biological nature of this organism. Hence, this review seeks to describe the efforts in developing efficient
preservation methods, to discover the challenges in preserving this organism and to identify the factors that can contribute to an
effective long-term preservation of Leptospira. Through the enlightenment of the previous studies, a potentially effective method
has been suggested. The article also attempts to evaluate novel strategies used in other industrial and biotechnological preserva-
tion efforts and consider their potential application to the conservation of Leptospira spp.
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Introduction

Leptospires, the etiologic agent of leptospirosis, are important
emerging bacterial pathogen causing a wide range of clinical
illness in both humans and animals. The disease is responsible
for high mortality in humans and susceptible animal species
especially in endemic tropical regions with high rainfall.
Leptospires are characterized by diversity in serovar distribu-
tion from region to region. To date, the genomospecies of the
genus Leptospira is divided into 23 species. Phylogenetic
analysis, based on 16S rRNA and whole-genome sequences,
has grouped the 23 leptospires species into three monophylet-
ic clusters: ten pathogenic species (L. interrogans,
L. kirschneri, L. borgpetersenii, L. santarosai, L. noguchii,
L. weilii, L. alexanderi, L. kmetyi, L. alstonii, and

L. mayottensis); six intermediate species (L. inadai, L. fainei,
L. broomii, L. wolffii, L. licerasiae, and L. venezuelensis); and
seven saprophytic species (L. biflexa, L. wolbachii, L. meyeri,
L. vanthielii, L. terpstrae, L. idonii, and L. yanagawae)
(Bourhy et al. 2014; Puche et al. 2017). Currently, over 300
serovars of Leptospira spp. have been identified with more
than 250 being pathogenic (Picardeau 2017; Thibeaux et al.
2018; Xu et al. 2017).

Each of the isolated and identified Leptospira serovars has
important value in epidemiological understanding and disease
diagnosis (Haake and Levett 2015). Furthermore, the current
reference standard for the diagnosis of leptospiral infection,
the microscopic agglutination test (MAT) also requires live
leptospires as antigens (Musso and La Scola 2013). Thus,
the continuous existence of the Leptospira isolates is of para-
mount importance. Besides, there is also the need to maintain
the different strains in order to address many research ques-
tions that may arise from pathogenicity studies to vaccine
development (Adler et al. 1986; Johnson and Rogers 1964;
Myers and Varela-Diaz 1973). Currently, in comparison to
other microorganisms, standard preservation protocols appear
to be less successful for Leptospira spp. The common main-
tenance method entails a periodic sub-culture into fresh media
either in liquid or semisolid Ellinghausen and McCullough
modified by Johnson and Harris (EMJH) and Fletcher media
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at intervals of 3 to 12weeks (Day and Stacey 2007; Faine et al.
1999; Rossetti and Auteri 2008; Samir and Wasfy 2013;
Wuthiekanun et al. 2014). However, this preservation method
is time-consuming and also associated with risk of infection
due to the need of handling live cultures, potentials for con-
tamination with fast-growing bacteria from the working envi-
ronment as well as the possibility of cross-contamination
among different strains and serovars. There is also a tendency
for loss of virulence due to repeated passages. These outcomes
can adversely affect both vaccine-related and diagnostic type
of research due to change in the integrity and conformation of
the surface exposed antigenic determinants. As a result, con-
siderable efforts have been devoted to searching for efficient
means of preserving and maintaining leptospiral cultures for
long periods without any deleterious consequence on the via-
bility and virulence of the bacteria.

This article attempts to provide an overview of the various
methods employed for the long-term preservation of lepto-
spires as well as their peculiar challenges. It also seeks to
address the prospects and way forward with regard to the
suitable methods to adopt especially in resource-limited en-
demic regions.

Survival of leptospires

Both pathogenic and saprophytic leptospires essentially re-
quire the same kind of nutrients and temperature to survive.
However, while saprophytic leptospires spend their entire life
in soil and water albeit rarely found in humans and animals,
pathogenic species require an animate object to complete their
life cycles. The possession of the corkscrew-shape and peri-
plasmic flagella are thought to aid the long-term survival of
leptospires both within the host and in the environment
(Mohammed et al. 2011). Nevertheless, survival and longev-
ity of leptospires depend mainly on the moisture, pH, and
temperature of the environment as well as essential nutrients
required for growth (Barragan et al. 2017; Garba et al. 2017a).
Leptospires are able to form biofilm with other microbes, and
this mechanism is thought as one of the factors for their per-
sistence and prolonged survival in the environment (Kumar
et al. 2015). Despite being able to survive in the environment
for longer periods, the ability of pathogenic leptospires to
replicate outside their animate host is hampered. Instead, they
exhibit limited instances of binary fission as an adaptation to
long-term absence of suitable host species, or in other cases
aggregating together to form a biofilm (Evangelista and
Coburn 2010).

Nonetheless, the factors that contribute to the long-term
survival, growth, and multiplication of leptospires in organs
and tissues as well as in the environment is poorly understood.
Continuous replenishment from the urine of infected animals
may be responsible for their persistence in the environment,

rather than long-term survival or binary fission as claimed by
some authors (Garba et al. 2017b).

Conventional methods for laboratory
maintenance of leptospires

Leptospiral isolates are usually maintained in the laboratory
by periodic sub-culturing in fresh media from the previous
stock culture. As a routine practice, leptospires are maintained
at room temperature either in the liquid or semisolid medium
by sub-culturing into fresh medium every 3 to 12 weeks and
the viability is monitored weekly by observing under a dark-
field microscope (Faine et al. 1999). The culture medium,
incubation temperature, shaking during incubation for aera-
tion and nutrient availability, the passage time interval, and
cultivation between passages are important for the efficient
growth of leptospires. However, the frequent passage can also
result in irreversible changes in strains due to the development
of variants and mutants (Kumar et al. 2013). Nevertheless, this
type of preservation is simple; it can pose significant risks to
personnel due to frequent handling of live leptospires. Other
factors bedeviling this method are as follows: high risk of
cross-contamination between the cultures during sub-cultur-
ing, possible loss of strain or its virulence properties in path-
ogenic strains, long-term incubation and labor intensive as
well as the requirement for biosafety level 2 facilities and
skilled staff (Reed et al. 2000; Wuthiekanun et al. 2014).

Medium for the cultivation of leptospires

Although simple, the nutritional requirement of leptospires is
unique and specific. Up to date, only vitamin B1, vitamin
B12, and long-chain fatty acids are known to be required.
Several types of media have been described and developed
for cultivation of leptospires. First is the traditional media:
Noguchi, Korthof, Vervoort, Fletcher, and Stuart (Fletcher
1928; Korthof 1928; Noguchi 1918; Stuart 1946; Vervoort
1923). These media contain approximately 8–10% rabbit se-
rum as a source of vitamin B12, which is necessary for the
multiplication of leptospires. However, all these media are not
widely used due to their low content of organic nitrogenous
molecules, which is essential for the growth of leptospires
(Czekalowski et al. 1954). Secondly and the most commonly
used medium is the oleic-acid-albumin media of EMJH
(Ellinghausen and McCullough 1965). EMJH is composed
of a basic medium which includes disodium phosphate,
monopotassium phosphate, ammonium chloride, and thia-
mine as well as enrichment factors such as albumin and
Tween 80. EMJHmedium is prepared either without antibiotic
(non-selective) or with the addition of 5-fluorouracil and
nalidixic acid (selective), which inhibit the growth of
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microbial contaminants (Miraglia et al. 2009). EMJHmedium
can be prepared in liquid, semisolid, or solid form. In addition
to the aforementioned, a low or protein-free medium has also
been demonstrated to exhibit excellent cultural properties in-
cluding retention of virulence and antigenicity of cultured
pathogenic strains (Beyt and Johnson 1978). The medium is
composed of polysorbates, vitamins B12 and B1, and inor-
ganic salts. Due to these properties, it is considered suitable for
culturing leptospires for application in the preparation of vac-
cines. Cultivation of leptospires requires the incubation of the
culture in dark at 28–30 °C. Positive growth is usually ob-
served after several weeks depending on the species and
serovars, the source of culture, initial inoculum, and the nutri-
ent composition of the media (Adler and Pena Moctezuma
2010; Levett 2001). Pathogenic species take longer time to
grow than the non-pathogenic and intermediate strains
(Cameron 2015). Sub-cultures from pure stock grow faster
than primary isolation from the source (Levett 2001).

Long-term preservation and storage methods
for Leptospira spp.

Freezing

Preservation by freezing is the simplest method of storing
bacteria and other organisms (Kumar et al. 2013). Freezing
temperature induces a state of dormancy within the cells that
completely halt all cellular and metabolic activities without
any adverse physiological and genetic alteration of the micro-
organisms (Coghlan et al. 1967). Prolonged storage of
Leptospira by freezing has been demonstrated since 1939.
Turner and Fleming showed that the viabili ty of
L. icterohemorrhagiae was retained after 5, 6, and 10 months
of storage at − 78 °C in gallon insulated container partly filled
with 95% alcohol (Turner and Fleming 1939). While the per-
centage of leptospires survived was not available, this study
reported that a large proportion of the preserved leptospires
exhibit activemotility. The limitation of freezingmethod is the
unavoidable occurrence of ice formation that will result in
dehydration and denaturation of biomolecules leading to the
death of the bacteria (Coghlan et al. 1967). To minimize the
negative effects of freezing, cryoprotectants in the form of
dimethyl sulfoxide or glycerol were tested. Coghlan et al.
(1967) preserved leptospires in culture media containing
7.5% glycerol and stored at − 79 °C in dry ice cabinet for
27 months. Unfortunately, only about half (96) of 177 cultures
resulted in satisfactory growth. This led them to investigate
other factors that may play role in the long-term survival of
leptospires such as the age of the culture when preserved and
the quality of the sub-culture medium used (Coghlan et al.
1967). As observed in their study, leptospires cultures of 3,
4, and 5 weeks old did not recover after periods of 5–

19 months of storage while growth was still observed in cul-
tures of 5–7 days old. The size of the inoculum also plays an
important role in isolation or recovery. For example, lepto-
spires could be isolated from frozen kidneys of hamsters ex-
perimentally infected with 107–109 cells but not from those
infected with 103–l04 bacteria (Miller et al. 1990). This find-
ing was acknowledged by Samir and Wasfy (2013) who
showed the complete recovery of all tested serovars
(L . b a t a v i a e , L . c an i c o l a , L . g r i p po t y pho sa ,
L. icterohemorrhagiae,L. pomona,L. pyrogenes) of 7–14days
old culture at a concentration of 3 × 108 cells/ml frozen (−
70 °C) in EMJH liquid media even after 20 months. The
outcome of the above studies underscores the beneficial role
of suitable media, age, and inoculum size of culture in the
long-term preservation of leptospires.

Liquid nitrogen

Preservation in liquid nitrogen has been a preferred method
for long-term storage of Leptospira organism (Rossetti and
Auteri 2008). The reports on its suitability in Leptospira re-
search is dated almost half a century ago when Torney and
Bordt (1969) observed the viability of three Leptospira strains
(L. canicola, L. icterohemorrhagiae, L. pomona) that was
maintained over 22-month period storage in liquid nitrogen
with very minimal drops in viability titers (1 to 2 logs, base
10). Their initial effort was followed up by Stalheim 2 years
later; where he demonstrated that the addition of 10% glycerol
as cryoprotective agent results in minimal reduction in the
viability titers of pomona vaccine stored in liquid nitrogen in
comparison to the other cryoprotective agents such as ascorbic
acid, dextrin, dimethyl sulfoxide, and albumin (Stalheim
1971). The protective activity of 10% glycerol was further
demonstrated by Alexander et al. (1972) where the leptospires
cultured in EMJH medium and Stuart medium and cryopre-
served in liquid nitrogen were recovered after 16 months and
5 years of storage respectively. The effectiveness of dimethyl
sulfoxide (2.5%) as the cryoprotective agent in the preserva-
tion of leptospires in liquid nitrogen tested a decade later
showed complete viability of the test strains throughout the
22 months storage period (Palit et al. 1986). In contrary to the
effective protection of glycerol reported by Stalheim (1971)
and Alexander et al. (1972), this study showed glycerol as
toxic to the leptospires. Reed et al. (2000) evaluated the effect
of different concentrations of glycerol and dimethyl sulfoxide
on the recovery of virulent strains of L. canicola and
L. icterohemorrhagiae, affirmed that concentration above
5% prolongs the recovery time of the leptospires after storage
in liquid nitrogen. Years later, a more standardized protocol
for storage of leptospires in liquid nitrogen was described by
Rossetti and Auteri (Rossetti and Auteri 2008). In this study,
an inoculum of 109 cells of 43 leptospires grown in EMJH
medium for 7 days was rapidly frozen using 10% glycerol as
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the protectant and stored in liquid nitrogen for 54 months.
Although all isolates could be recovered after 6 months, the
recovery rates dropped to 93 and 83% after 18 and 54 months.
Despite these flaws, liquid nitrogen preservation is still con-
sidered the most viable choice for preserving leptospires.

Preservation by drying

Preservation of Leptospira by freeze-drying or vacuum drying
of liquid cultures showed varying results (Annear 1974;
Otsuka and Manako 1961; Stavitsky 1945). Freeze-drying
reported no growth of leptospires (Stavitsky 1945) and suc-
cessful preservation up to only 2 years (Otsuka and Manako
1961), while by vacuum drying bacteria could be recovered
even after 10 years of storage respectively Annear (1974).
While it is not clear whether the recovery of leptospires was
influenced by the technique of drying either from the liquid
state (Annear 1974) or frozen state (Otsuka and Manako
1961), the storage condition after drying affects the viability.
Both studies reported storage at 4 °C yielded good recovery
compared to the storage at room temperature. Freeze-drying
and vacuum drying undoubtedly offer a convenient storage
and transport; however, for leptospires, concern for operator’s
risk of infection might limit the utility of these methods
(Annear 1974).

Leptospira Vanaporn Wuthiekanun agar

Despite the prospects and relative affordability of some of the
preservation techniques for Leptospira described above, it is
worthy to emphasize that their application is most suitable for
established laboratories with advanced equipment and well-
trained personnel. Unfortunately, most of the leptospirosis en-
demic countries are impoverished with a limited financial re-
source to conduct cutting-edge researches including long-term
preservation of organisms for future use. As a result, efforts
are being put to developmore affordable and cheap techniques
that can be applicable in resource-poor settings. This search
has led Wuthiekanun and colleagues to develop a relatively
economical method of preservation of leptospires
(Wuthiekanun et al. 2014). They showed that modification
of EMJH medium from semisolid and liquid to solid medium
was able to preserve leptospiral isolates for 12 months at room
temperature with very minimal contamination (3%). This new
medium was named as Leptospira Vanaporn Wuthiekanun
(LVW) agar. The medium contained three core ingredients
such as the Leptospira Medium Base EMJH, Leptospira
Enrichment EMJH, and sodium pyruvate (Wuthiekanun
et al. 2013). Sodium pyruvate was used to promote a faster
growth of leptospires by reducing the extended lag periods of
small inoculum during incubation (Johnson et al. 1973;
Staneck et al. 1973). To the core components, bacteriological
agar or Noble agar (a refined solidifying agar) and rabbit

serum are added. The growth of Leptospira in EMJH solid
media containing 1% Noble agar and 10% rabbit serum was
faster (6.2 times higher rate) than the baseline condition (bac-
teriological agar with 3% rabbit serum) (Wuthiekanun et al.
2013). While a high percentage of rabbit serum had been
associated with the stimulation of Leptospira growth, the con-
tribution of Noble agar in the rapid growth of Leptospira is not
clearly defined. However, in comparison to the bacteriological
agar, Noble agar has a low percentage of calcium, ash, potas-
sium, sodium, magnesium, sulfate and sulfur and it had been
suggested that any of these variables might contribute to the
growth of Leptospira (Wuthiekanun et al. 2013). LVWagar is
a simple method for preservation of leptospires, yet not suit-
able for a long-term preservation as the dryness of agar was
observed after the 12-month period (Wuthiekanun et al.
2014). Nonetheless, the method is simple and affordable and
requires less time and human labor to accomplish.

Biological characteristics of Leptospira
as a major challenge

Although previous studies showed the practicability of pres-
ervation of leptospires either by freezing, liquid nitrogen, ly-
ophilization, or storage in a solid medium, the different and
inconsistent protocol leads to the difficulty in the standardiza-
tion of effective method and hard to be implemented as a
routine practice. Despite the efforts to develop a standardized
protocol for the preservation of leptospires, it needs to be
understood that the inherent biologic characteristics of the
organism itself contribute to a large degree on the success of
preservation. Leptospires are motile spirochetes that can move
individually. Motile organisms have been reported to have
lower survival rate after preservation by lyophilization
(Miyamoto-Shinohara et al. 2008). Although poorly ex-
plained, the possible reason for the low survival rate of motile
organisms compared to the non-motile bacteria could be the
higher exposure to the ice formed surrounding the cells during
freezing. Non-motile bacteria usually form cluster and this can
help the bacteria protecting each other from the detrimental
effect of the surrounding ice. The mechanism of cell aggrega-
tion as a survival method of leptospires was observed by
Trueba et al. (2004). In their study, the Leptospira that was
incubated in a viscous environment (a semisolid medium
composed of distilled water and 0.5% purified agarose) pro-
duced cell aggregations and the survival of the Leptospira
increased more than threefold (347 days) compared to free-
swimming incubated in distilled water (110 days). The mech-
anism of cell aggregation may help the bacteria to endure
harsh condition, either in low temperature or in a nutrient-
poor environment by accumulating enzymes and nutrients
from the lysing cells (Blat and Eisenbach 1995; Crespi
2001). This leptospiral aggregation property may also explain

5430 Appl Microbiol Biotechnol (2018) 102:5427–5435



why leptospires survive longer in a semisolid medium than in
liquid medium.

The membrane structure of leptospires shares both of the
Gram-negative and Gram-positive bacteria. The membrane of
leptospires is homologous to Gram-negative by having a
double-membrane and presence of lipopolysaccharide (LPS),
while the close association of the peptidoglycan cell wall with
the cytoplasmic membrane is a resemblance of the Gram-
positive envelope architecture (Mohammed et al. 2011).
However, similar to other Gram-negative bacteria,
Leptospira has a thin peptidoglycan cell wall. The thin cell
wall has a greater tendency to rupture when exposed to the
harsh environment during freezing, desiccation, and rehydra-
tion (Miyamoto-Shinohara et al. 2008). The thickness of cell
walls undoubtedly influences the survival rate of bacteria as
observed by Miyamoto-Shinohara et al. (2008), where Gram-
positive bacteria exhibited higher survival rate than the Gram-
negative bacteria after preservation by freeze-drying.

Another feature of Leptospira spp. is the presence of LPS.
LPS helps bacteria to survive in the desiccant environment by
retaining water in the cells (Billi and Potts 2002; Potts 1994;
Schnider-Keel et al. 2001). During freezing and lyophiliza-
tion, a complete removal of water from the cell is required to
prevent the formation of ice inside the cells and occurrence of
moisture during storage of dried culture. The LPS prevents the
removal of water molecules from inside the cells during
freeze-drying (Miyamoto-Shinohara et al. 2008).

The fastidious nature of the Leptospira spp. challenges
their primary isolation, routine propagation, and storage
(Zuerner, 2005). Generally, for fastidious microorganisms,
preservation by lyophilization is less successful and cryopres-
ervation is usually useful only for the short-term period
(Hoefman et al. 2012). This explains the reason for the critical
need of periodic sub-culture for maintenance of many fastid-
ious microorganisms including leptospires.

Toward a more standardized preservation
method

Due to the large number of Leptospira isolates, preservation
by freezing and liquid nitrogen offers a more efficient method
of storing leptospires as it saves storage space and time as well
as a reduction in workload and risk of infection to the opera-
tors in a routine sub-culture. The success of preservation either
by freezing or in liquid nitrogen depends on several factors
and each of these factors is interdependent. These factors in-
clude age and concentration of organisms, freezing and
thawing rate as well as the type of cryoprotectants. The culture
at log-phase, from 4 to 14 days with a concentration of more
than 3 × 108 cells per milliliter showed a high survival rate
(Rossetti and Auteri 2008; Samir and Wasfy 2013). A rapid
cooling showed a more consistent recovery compared to slow

cooling (Alexander et al. 1972; Coghlan et al. 1967; Rossetti
and Auteri 2008). Glycerol and dimethyl sulfoxide at a con-
centration of 10% or lower showed a better protective activity
than the concentration of more than 10% (Reed et al. 2000).
An optimized condition for all these factors showed full re-
covery for a period of 6, 16, and 20 months (Alexander et al.
1972; Rossetti and Auteri 2008; Samir and Wasfy 2013).
However, extended storage period showed a consistent reduc-
tion in the recovery of leptospires (Alexander et al. 1972;
Rossetti and Auteri 2008). This occurrence suggested that
apart from injury during freezing and thawing process, there
is an appreciable, continuous damage during the storage peri-
od which will eventually lead to the death of the organisms.
Despite the mechanism is poorly understood, earlier studies
have shown that the viability and recovery of microorganisms
are reduced in an extended storage period at low temperature
(Reed et al. 2000; Straka and Stokes 1959). As shown in
Fig. 1, there are three states of cells after freezing, which are
non-injured, sub-lethally injured, and killed. The sub-lethally
injured cells are grouped into two: structurally and metaboli-
cally injured. Although preserved in optimized conditions, it
will never be possible to eliminate the occurrence of injury
and death of organisms while freezing, during the storage and
thawing. More attention should be given to the sub-lethally
injured cells, as these cells are still viable and can be recovered
if grown in an appropriate and suitable condition (Straka and
Stokes 1959; Wu 2008). The structurally injured cells are
prone to death due to the inhibitory substances that are present
in the selective medium, hence need to be cultured first on
non-selective medium to allow repair before their selective
enumeration. The damage in structurally injured cells can be
more extensive as the metabolic systems are damaged thus
requiring more complex medium to support their growth.
Studies on structural and metabolic injury in other microor-
ganisms such as Shigella sonnei and Escherichia coli have
shown to grow well in non-selective medium and required a
more complex medium for recovery (Nakamura and Dawson
1962; Ray and Speck 1972). For leptospires, in addition to the
factors listed above, a modification in medium composition to
sub-culture the leptospires after storage at low temperature is
suggested for a better recovery of the cells. Although actively
motile upon thawing after long-term storage in liquid nitro-
gen, recovery rates are lower during sub-culturing. This could
be overcome by the addition of growth factors in the sub-
culture media that stimulate the multiplication of the organ-
isms devitalized during the freezing process (Coghlan et al.
1967). An enriched and non-selective medium is suggested to
allow the repair of the injured leptospires before being enu-
merated in selective medium. Repair methods also include the
addition of compounds that contributes in the resynthesizing
of cellular components or removal of inhibitors that may affect
the mechanism of repair. For example, the presence of hydro-
gen peroxide (H2O2) produced in culture media is toxic to the
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injured leptospires and this product could be removed by the
addition of compounds that decompose H2O2 such as the en-
zyme catalase or pyruvate (Staneck et al. 1973). To date, very
limited studies are available on the media composition for
sub-culture or retrieval post preservation. Hence, we empha-
size to evaluate more sub-culture media compositions for
complete retrieval of cells, which is very important for the
effective long-term preservation of leptospires.

Prospects and emerging preservation
techniques

Unlike plants and animal species, little attention has been de-
voted to the conservation of microbial diversity despite their
enormous benefits and applications in biological processes,
industrial revolutions, and preservation of the ecosystems

(Cockell and Jones 2009). Recent investigations in the long-
term survival of leptospires based on bioinformatic, genetic,
and biochemical evidence has demonstrated the presence of
the EbpA-RpoN pathway whereby Leptospira bacterial
enhancer-binding protein EbpA and the sigma factor 54 inter-
act synergistically to activate a number of genes that play
important role in the long-term survival of L. interrogans
(Hu et al. 2016). However, due to the lack of robust tools for
genetic manipulation of this spirochete, knowledge about their
long-term survival is still vague. The accurate estimation of
survival time and preservation of virulence by pathogenic
Leptospira spp. has equally become crucial in the determina-
tion of the environmental risk it poses upon excretion in the
environment as well as the adoption of appropriate preventive
measures (Thibeaux et al. 2017). As highlighted earlier, long-
term preservation in artificial media may depend on their ge-
netic heterogeneity which still remains to be unraveled.

+220C

-50C

Formation of
intracellular ice

Dehydration by high

concentration of solute

<-300C

+220CDead cell

Recovery states of cell

Non-injured cell Sub-lethally injured

Structurally injured cell Structurally and metabolically

injured cell

Rapid
cooling

Optimal

cooling

Slow

cooling

Fig. 1 Cell exposed to low
temperature subjected to damage
by formation of ice and
dehydration. The occurrence of
both effects depends on the
cooling rate and can be prevented
by addition of cryoprotectants.
However, successful freezing still
does not eliminate the possibility
of injury to the cells due to the
prolonged storage in low
temperature
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Due to the importance of long-term preservation of
these microbial populations, newer technologies have
emerged in part to complement the already established
protocols. These include the following: microencapsula-
tion using novel high-voltage electrohydrodynamic pro-
cesses like electrospinning and electrospraying which per-
mits the shielding of the cells thereby protecting it from
the adverse effect of freezing, at the same time increasing
the stability of the cell during storage. Microencapsulation
shields biological cells against adverse surrounding envi-
ronment which destruct their core. It protects the bacteria
from heat, oxygen, and moisture as well as pH fluctua-
tions for which leptospires are known to be susceptible
(Kala et al. 2014). The microcapsules are usually formed
using natural materials such as sugar, gums, protein, lipid,
and synthetic or modified polymers, which are used to
formulate gel beads. Microencapsulation has proven to
be useful in the development and delivery of Leptospira
vaccine antigens (Inanlou et al. 2015). Several particulate
antigens have been embedded in biodegradable polymers
like poly-lactic-coglycolic acid (PLGA), poly-L-lactid
(PLLA) and alginate and used for immunization studies
with the outcome indicating promising results (Faisal
et al. 2009). This technology has also shown promise
particularly in the probiotics field, where it serves to pro-
vide a controlled release of probiotic cells in the human
gut under favorable conditions (Aldabran et al. 2015).

In addition, cellular immobilization during cultivation
as against the harsh effect of freezing and drying that can
result in irreversible denaturation of membrane proteins
and other cellular components of the organism can be
viewed as a good alternative, especially as it can lead to
increase the stability of the microorganisms (Carvalho
et al. 2004). It entails the retention of viable cells in a
discrete spatial location in order to achieve high cell con-
centration. The technique has been shown to be useful in
the biomass and metabolite production in comparison
with free cell systems (Flickinger et al. 2010). Cell immo-
bilization is regarded as a convenient method due to its
low cost and improved stability. Successfully immobilized
cells have been used in the areas of biotechnology and
industrial production (Elakkiya et al. 2016). It is regarded
as a novel microbial preservation technique that permits
entrapment of cells in water-soluble polymers (acacia gum
or pullulan) via a polymerization and water replacement
process that results in the formation of a protective stable
film which confers protection to the microorganisms dur-
ing exposure to unfavorable conditions (Krummow et al.
2009; Sorokulova et al. 2015). In this way, the polymer
traps the water, thereby preventing the complete dehydra-
tion of the cell cytoplasm, maintaining the water balance
of live cells and also increasing their viability (Krummow
et al. 2009). Furthermore, the application of sub-lethal

stresses as simple and effective strategies to improve cel-
lular properties while preserving the cellular functionality
during subsequent processing and storage has recently
been given due consideration (Alonso 2016). An essential
component of successful preservation protocol is to en-
sure cellular robustness. The application of sub-lethal
stress bioprocessing strategies has lately emerged as an
effective approach to enhance cellular robustness during
cultivation and prior to downstream processing.

The major concerns in preservation of leptospires should
be to develop affordable and less labor-intensive protocols,
optimize the EMJH media for longer storage of leptospires,
develop suitable cryoprotectants and unraveling the ambigu-
ous molecular mechanisms responsible for the induction of
morphological, physiological, and genetic alterations that oc-
cur during preservation (Prakash et al. 2013; Trivedi et al.
2012). Moreover, research on the effect of different preserva-
tion techniques to different phases of the cultures as well as the
optimization of leptospiral densities for preservation is neces-
sary in order to provide and achieve more viability. In this
regard, development of alternative strategies rather than the
established conventional methods is essential so as to reduce
the cost of preservation, extend the shelf-life of the bacteria,
and provide less expensive storage especially in resource-poor
settings (Trivedi et al. 2012).

Conclusion

The need to sustain and preserve microbes while retaining
their cellular viability still remains an elution. The preserva-
tion of leptospires is critical for ensuring the existence of the
important strains and for future research. Novel methods, with
the ability to retain leptospiral viability as well as the stability
of the genetic material after long-term storage, will immensely
benefit the scientific community. Development of easy, con-
venient, and yet still conserving the viability, physiology, mor-
phology, and genetics of pure strains as well as the ability to
allow the maximum recovery after storage is paramount.
However, it is also important to preserve the leptospires in
as many as different forms possible to save these delicate
organisms.
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