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ABSTRACT

Leptospirosis is a neglected emerging zoonosis occurring both in urban environments and rural regions
worldwide. During occupational and recreational activities, individuals who directly or indirectly contact
the urine of infected animals are at a high risk of infection. Southeast Asia is reported to have the highest
incidence of leptospirosis in the world. The disease is endemic in Malaysia and has consistently caused
outbreaks among humans with severe outcomes. Early diagnosis is vital for commence treatment thereby
minimizing the harmful effects of the disease. It also allows the implementation of measures to control
the spread to humans and the environment. In this article, an attempt was made to review the current
diagnostic methods including challenges faced by healthcare service providers during the diagnosis of
acute cases, as well as the emerging technologies used for early and accurate diagnosis. The review also
highlighted innovative ideas that can be integrated into developing practical solutions, including the
crucial roles of the patients, reservoir hosts, and the environments that harbor the bacteria.
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INTRODUCTION

Leptospirosis is an endemic bacterial infection affecting predominantly tropical and subtropical regions of the world,
particularly those living in rural areas and urban slums (Hagan et al., 2016; Sukeri et al., 2018). The incidence of the
disease is at the highest rate in the Southeast Asia region and major outbreaks were currently recorded in Indonesia,
Malaysia, and India (Garba et al., 2017; Boey et al., 2019). Pathogenic leptospires have become widespread as a result of
the persistent colonization of the renal tubules of reservoir hosts, which constitute a serious public health problem
(Haake and Levett, 2015). The bacteria is a spirochaete belonging to the Leptospiraceae family. It is mostly transmitted
to humans when they directly or indirectly have contact with the urine of infected domestic or wild animal reservoirs, as
well as environments contaminated with the urine of the rats as reservoir hosts (Rattus rattus and Rattus norvegicus
species).

The first human case of severe leptospirosis in Malaysia was diagnosed in 1927 (El Jalii and Bahaman, 2004). In
recent years, an increase in the incidence of human leptospirosis in Malaysia has been observed to coincide with severe
flooding in some major states, including Kelantan and Selangor (Garba et al., 2018). Similarly, over 18 antigenically
distinct serovars have been identified among humans and animals in Malaysia based on the gold standard microscopic
agglutination tests (Daud et al., 2018; Rahman et al., 2018).

Generally, diagnosis is based on laboratory results. However, the laboratory diagnosis on its own may face some
challenges due to the non-specific clinical presentation of the disease (Kishimoto et al., 2004). This frequent
misdiagnosis and the lack of highly competent diagnostics is an important contributor to the under-reporting of the
burden of leptospirosis including death, ill-health due to diseases, cost of treatment, and prevention among others. This
under-reporting has serious implications on the planning and evaluation of disease prevention and control programs.
leptospiral culture and the microscopic agglutination test (MAT) are two of the most reliable confirmatory tests for
detection and identification of infecting serovar (Miotto et al., 2018). However, MAT is less sensitive in the early phase
of the disease, it is time-consuming and difficult to perform due to the large number of live antigens required (19
recommended by the WHO), it requires a high level of technical expertise to conduct and interpret the result, as well as
the potential risk of infection during handling of live antigens/leptospires (Picardeau et al., 2014). Therefore, the only
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sensitive and specific test suitable for the diagnosis of acute infection is the polymerase chain reaction (PCR) (Musso and
La Scola, 2013). Unfortunately, the PCR is not readily available in most of the highly endemic areas, while the
serological reference method by MAT is restricted to reference laboratories (Picardeau, 2013).

Similar to most tropical diseases, early diagnosis of leptospirosis is essential before the commencement of
treatment (Jesse et al., 2018; Alia et al., 2019; Garba et al., 2019). This is important because Leptospira infections are
characterized by high morbidity and mortality. So using initial and fast diagnostic tests for detection of leptospirosis
beside disease surveillance and case confirmation can be more notable than ever. While testing of symptomatic
individuals is paramount for the detection of active cases to guide public health agencies to strengthen their surveillance
systems, the need for routine diagnosis should not be limited to only symptomatic infections. This is because a high
proportion of individuals infected with leptospirosis are asymptomatic while some may develop chronic renal
colonization characterized by tubulointerstitial nephritis and kidney fibrosis with transient leptospiral shedding that may
continue to serve as a source of contamination to the environment (Haake and Levett, 2015; Yang et al., 2015; Riefkohl
etal., 2017).

Current guidelines according to the Malaysian Ministry of Health recommends screening for leptospirosis in all
individuals presenting fever and history of exposure or suspected exposure to any potential risk factor for leptospirosis
(Lim et al., 2011; Rafizah et al., 2013). The Ministry of Health guidance also emphasizes the need to educate individuals
on the transmission mode of the disease, particularly with regards to job-related precautionary measures and the
importance of hygiene and sanitation. However, recommendations by public health authorities in different countries may
vary according to the predominant serovars and their virulence, prevalence of the disease, and availability or lack of
laboratory capacity (sensitive PCR detection is lacking in resource-limited endemic countries). This review is undertaken
to highlight the common challenges encountered during the laboratory diagnosis of leptospirosis in Malaysia. The article
emphasizes the need for early diagnosis of leptospirosis, which usually guides chemotherapeutic intervention to reduce
the burden of illness and the financial cost incurred as a result of long-term hospitalization.

Epidemiology and burden of leptospirosis

The global distribution and incidence of leptospirosis have dramatically increased in recent years. Ironically, the
actual numbers of leptospirosis cases are grossly under-reported due to frequent misdiagnosis. The recent estimate
indicates that in every 100,000 population, there is annual morbidity of 14.77 cases and mortality of 0.84 (Costa et al.,
2015). However, the World Health Organization Leptospirosis Burden Epidemiology Reference Group (LERG)
estimates that during an epidemic cases can soar to 100 or more per 100,000 individuals while acknowledging that the
disease is grossly under-reported due to the lack of appropriate diagnostic laboratory services especially because the
reference serological method (Microscopic Agglutinination Test MAT) is only restricted to reference laboratories
(Musso and La Scola, 2013). Similarly, extreme weather events associated with global climate change (such as torrential
rainfall leading to flooding) are also fueling the incidence rate and have resulted in an upsurge in the number of cases, as
well as the magnitude of the outbreaks. Leptospirosis has been reported in most parts of the world, however, the disease
is mostly endemic in humid subtropical and tropical countries and outbreaks often follow heavy rainfall or flooding.

In the year 2014, Malaysia experienced the highest number of reported leptospirosis cases due to the devastating
flood that affected most of the states (Benacer et al., 2016; Garba et al., 2017). The number of reported cases not only
increased but also explosive outbreaks occurred as the disease spread to new areas (Neela et al., 2019). Although the
exact pathogenic serovars causing the disease in humans in Malaysia are yet to be ascertained, the number of cases and
sporadic outbreaks are all indicative of the persistence of the bacteria.

The increase in the number of cases is thought to be linked to indirect transmission following flooding or exposure
to contaminated water during recreational activities, that are caused by animal reservoirs inhabiting forested areas,
recreational parks, and households (Azhari et al., 2018). The persistent excretion of viable leptospires in the
environment, as well as the warm humid weather in Malaysia, are thought to be responsible for the survival of these
pathogens in the environment.

The transmission cycle of Leptospira

As earlier highlighted, the most important source of human infection with pathogenic Leptospira is the rodent
reservoirs (Hasoun et al., 2017; Boey et al., 2019). However, other domestic and wild canine species and herbivores also
harbor certain pathogenic serovars, that can contaminate the living environment, thereby predisposing humans to
possible infection (Haake and Levett, 2015). These mammals harbor the bacteria in their kidneys for long periods
without showing visible signs of ill health. Out of these species, the primary reservoir hosts in Malaysia are the Rattus
rattus and Rattus norvegicus. They are considered the principal vector responsible for Leptospira transmission and
epidemics. Other important reservoirs in Malaysia are squirrels, shrews, dogs, and buffaloes (Hartskeerl and Terpstra,
1996; Ellis, 2015; Azhari et al., 2018).
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The majority of human cases follow indirect exposure to soil and water contaminated with infected urine (Benacer
et al., 2016; Neela et al., 2019). This usually follows heavy rainfall or flooding, particularly in endemic countries like
Malaysia. Other important ways through which humans acquire infection are direct contact with mucous membranes or
abraded skin as well as prolonged stay in contaminated water.

Clinical features

Generally, the clinical course of leptospirosis is variable with severity depending on the virulence of the infecting
serovar, the dose of the inoculum, and the immune competence of the patient (Vitale et al., 2017). The majority of
patients suffer from only mild self-limiting or subclinical illness. However, severe and potentially fatal leptospirosis can
occur in rare cases with complications (Haake and Levett, 2015). The signs of illness that manifest after an incubation
period of 2-10 days are characterized by abrupt onset of fever, myalgia, and headache (Laras et al., 2002). Other
generalized signs of illness are ocular infection which has been reported in 55% of patients (Vanasco et al., 2008), non-
productive cough, nausea, vomiting, and diarrhea in rare cases (Katz et al., 2001). Leptospirosis occurs in two forms with
acute bacteremia in the initial phase followed by an immune phase (Levett, 2001). The disease can occasionally become
complicated with jaundice as a result of degenerative changes in the liver and renal failure due to a dysfunctional kidney.
This is referred to as Weil’s disease, which is a severe form of leptospirosis affecting multiple organs. Potentially fatal
leptospirosis characterized by pulmonary hemorrhagic syndrome is common among some patients with a mortality rate
of up to 70%.

Diagnosis of leptospirosis

When Leptospires invade the human body, the immune system comprising of an innate arm responds immediately
while an adaptive component develops much later (Garba et al., 2018). Immunity against Leptospira infection is thought
to be humoral based. However, studies have also demonstrated the involvement of the long-term cell-mediated immune
response. The diagnosis of leptospirosis is essential not only for the clinical management of patients, but also for
intervention, especially during outbreaks, epidemiological surveillance, and monitoring (McBride et al., 2005).
Laboratory confirmation has become a vital part of diagnosing leptospirosis and the most reliable means of determining
the prevalence of the disease. Early laboratory confirmation of leptospirosis before the onset of antibodies is challenging
and often depends on the detection or isolation of the bacteria or its polysaccharide antigens. One of the major barriers to
the early diagnosis of leptospirosis is the misconception and incomplete knowledge of the pathogenesis of the disease
(Bharti et al., 2003). The multiplicity of serovars, variability in virulence, and distribution from region to region, also
constitute a significant drawback.

Considerable resources have been deployed in leptospirosis research to fully understand the pathogenomics of
leptospirosis with the aim of developing effective vaccines and diagnostics. Nevertheless, efficacious vaccines that can
render protection against multiple serovars have proven to be elusive. In the absence of effective vaccines, a
breakthrough in diagnosis at an early stage is desired for timely etiological investigation, clinical intervention, and
disease control.

Methods used for routine diagnosis of leptospirosis

Due to the non-specific nature of clinical leptospirosis and the full range of signs associated with acute infection, as
well as the generalized nature of laboratory findings, confirmatory diagnosis of leptospirosis is based on specific
laboratory tests. However, other routine blood tests, including renal and liver function tests, and x-ray are conducted
because of the multiple organ system involvements (Russell et al., 2018).

Dark field microscopic demonstration

Viable Leptospira can be detected by dark-field microscopic examination using blood or urine samples from sick
patients, including the early phase of the disease (Levett, 2001). However, the sensitivity is generally low and an
erroneous conclusion can be made due to misconception about the difference between leptospires and fibrin threads.
Additionally, leptospires can only be found in the blood smears for short periods after infection. Hence, considerable
expertise is needed in terms of sampling and examination of the specimen using the microscope.

Bacterial isolation

Leptospiral isolation using clinical samples like blood, urine, and kidney tissues is considered one of the most
reliable methods of diagnosis. However, this approach is not suitable for the clinical purpose during hospitalization,
rather for surveillance and epidemiological studies. Blood samples for culture are better collected during the
leptospiremia stage after the onset of infection. Successful isolation of leptospires from clinical samples depends on the
quality of the samples and the time of collection. Because leptospires persist in the blood for short periods, blood
sampling a few days (1-7 days) after the commencement of infection is the most ideal (Bourhy et al., 2010). In this
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regard, blood plasma with anticoagulant can be used for isolation on the Ellinghausen, McCullough, Johnson and Harris
EMJH medium, or the Wuthiekanun media (Wuthiekanun et al., 2007). Moreover, due to frequent kidney colonization
by leptospires, urine is the most suitable specimen for the isolation of leptospires during the leptospiruria phase.
Although the acidic nature of urine tends to affect the viability of the bacteria, hence, the need for centrifugation at room
temperature and re-suspension of sediment with media is recommended for successful isolation.

Serological testing

Serological assays refer to the diagnostic identification of circulating antibodies present in the serum and other
body fluids. For the most part, IgM antibodies are used to indicate early infection while long-term infection is identified
based on 1gG detection. For Leptospira infection, the immune response commences by the fifth or seventh day following
infection, and it is evidenced by a slow, low-titer increase in the IgM antibody, which is subsequently replaced by the
IgG as the disease progress (Levett, 2001). IgG levels rise rapidly during the secondary infection and can persist for long
periods while IgM titers rise very slowly and it is generally short-lived (Adler and Faine, 1978).

Traditionally, the microscopic agglutination test MAT is still considered the standard test for a definitive diagnosis
of Leptospira infection in Malaysia (Brandao et al., 1998; Benacer et al., 2016). Unfortunately, MAT is laborious and
has low sensitivity, especially in acute infection (Toyokawa et al., 2011). The low sensitivity of MAT, when diagnosing
infection during the first week is because the circulating (IgM) antibodies are only detectable one week post-infection,
thereby giving false-negative results. In addition, paired sera collected at different time intervals from patients are also
required for accurate interpretation of results (Niloofa et al., 2015). Besides, the complete serovars profile has not been
established in Malaysia. Moreover, the continuous isolation of environmental strains in Malaysia whose pathogenicity
has not been ascertained constitutes a challenge in understanding the circulating serovars in Malaysia. Therefore,
confirmatory diagnosis can only be made when paired serum samples indicate a four-fold rise in antibody titer between
the acute and convalescent sera. Besides, commercially available tests, such as antibody-based ELISA, dipstick, lateral
flow, indirect hemagglutination assay, and latex agglutination test are routinely used in some hospitals (Goris et al.,
2013; Picardeau et al., 2014; Tan et al., 2014). Despite the potentials of these assays to detect acute Leptospira infection,
they are still not reliable due to the false-positive result and cross-reactivity with other infectious agents (Toyokawa et
al., 2011).

Nucleic acid detection

Polymerase chain reaction assay has been developed globally for robust, sensitive detection of pathogenic
Leptospira and other infectious diseases. The method is highly sensitive, rapid, and if optimized can be used for the
detection of genetic materials in human clinical samples without the need for isolation of leptospires from clinical
specimens, which usually require a couple of weeks to grow (Budihal and Perwez, 2014).

The PCR can be used to detect leptospira using the 16s rRNA gene, which is genus-specific and can detect
pathogenic serovars based on the outer membrane protein (LipL32) which is commonly found in all pathogenic strains
(Mohd Radi et al., 2018).

Leptospiral DNA can be amplified from the blood, urine, and other body fluids of infected patients. However, the
sensitivity of PCR in detecting leptospires from patients’ blood during the early stage of the disease is limited because
the bacteria are cleared in the blood within 4-7 days following the production of leptospir-specific antibodies (Budihal
and Perwez, 2014). As a result, Quantitative real-time PCR is recommended due to its superior sensitivity in the
diagnosis of early clinical infection compared to conventional PCR (Rawlins et al., 2014). Real-time PCR (qRT-PCR), is
a highly sensitive method for the clinical diagnosis of leptospirosis (Esteves et al., 2018). The assay is based on the
generation of different melting curve profiles in the presence of variability in the double-stranded DNA sequence of
pathogens (Wittwer et al., 2003). The method has a rapid turnaround time, is relatively inexpensive, exhibits high
sensitivity and specificity, and significantly reduces the risk of contamination (Tong and Giffard, 2012). Moreover, high
resolution melting (HRM) analysis, which is based on the SYBR green chemistries has become the preferred method for
clinical diagnosis of leptospirosis. The technique has the potential to significantly reduce the risk of contamination, has
high sensitivity and specificity, and with a rapid turnaround time (less than 2 hours) (Esteves et al., 2018).

Early clinical diagnosis of leptospirosis

The traditional practice in most laboratories during the diagnosis of leptospirosis is the combination of PCR and
MAT. After the manifestation of clinical signs, the bacteria can be detected in serum and plasma for 4-5 days (De Brito
et al., 2018). During this early stage, nucleic acid amplification can be used to diagnose the infection while at the end of
the acute phase of infection serology using MAT can be employed as the method of choice for diagnosis. Molecular
diagnosis based on quantitative PCR gPCR has gradually become popular, especially during the acute stage of
leptospirosis. The technique is highly sensitive with a reasonable turnaround time. Studies have also reported that the
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period within which the bacteria remains in blood circulation is longer (15 days) than initial thought, hence higher
chances of detection (Agampodi et al., 2012).

Diagnostic challenges

Due to the non-specific clinical presentation of leptospirosis, accurate and early diagnosis is imperative as a means
of differentiating it from other diseases, such as dengue and malaria. This is essential for the clinical management of the
disease, as well as surveillance. Currently, symptomatic and supportive management of infection is dependent on
accurate diagnostics. Hence, once the diagnosis is performed unsuccessfully, problems ensue. Since most Leptospira
infections are mild and asymptomatic, the majority of the patients do not visit the hospital, which accounts for the severe
neglect the disease suffers (Cosson et al., 2014). In Malaysia, the Ministry of Health recommends that patients having a
MAT titer of 1:400 with a history of exposure to the risk factors should be considered positive. However, the consensus
for confirmatory diagnosis based on MAT is a four-fold rise in antibody titer between the initial samples and
convalescent serum which signifies seroconversion. However, the unavailability of patients for the collection of second
serum samples in hospitals for evaluation has proven to be a stumbling block. Most of the patients, once they recover and
are discharged from the hospital, they hardly avail themselves of the further test.

Moreover, the sensitivity of MAT is affected by the loss of antigenicity of the serovars used for the test due to
repeated passage over a long period (Levett, 2001). There is also a need to increase the panel of serovars (19
recommended by the WHO) traditionally included in the MAT test in all hospitals (Musso and La Scola, 2013). This is
important because newer serovars are being discovered, especially among rodents and environmental samples. The early
and accurate diagnosis of leptospirosis is essential because successful antibiotic treatment is most effective when
treatment is initiated early in the course of the disease (Haake and Levett, 2015). The urgency for early diagnosis is
supported by the fact that severe and fatal multi-organ disease can develop when intervention is not instituted at the
appropriate time (Haake and Levett, 2015; Niloofa et al., 2015).

Moreover, delayed diagnosis is synonymous with a more severe, problematic presentation for case management. It
should also be noted that there is a possibility of concomitant infection with leptospirosis, which can increase the
difficulty of diagnosis. Some of the factors that are presently hampering the diagnosis of leptospirosis in Malaysia are
components of the epidemiological triad, including a large number of serovars in circulation, high number of rodent
reservoirs, and the wet humid environment that allow survival of the bacteria in the environment.

Patient

It is important for individuals living in leptospirosis endemic regions to have a good knowledge of the disease
transmission routes, factors that predispose to infection, and clinical signs indicative of leptospirosis (Monahan et al.,
2009). During clinical investigations, the patient's history, including the occupation (paddy farmers, abattoir workers,
and sewage workers) is very important. The clinical history is important because in most cases individuals are ignorant
of the modes of transmission of leptospirosis, and hardly witness rodent activity due to their nocturnal nature. Upon
admission, obtaining detailed history is sometimes difficult when the patients are debilitated. In other instances, patients
hardly visit the hospital until the infection has advanced, which will make treatment very difficult. Therefore, adequate
enlightenment to the risk-prone population is essential.

Pathogen

Pathogenic Leptospira exhibits variable pathogenicity depending on the dose of the inoculum and the immune
status of the patient (Bharti et al., 2003). Although the bacteria can easily be seen under darkfield microscopy, presence
of contaminants and other spirochaetes can lead to erroneous conclusions. To make matters worse, studies indicate the
existence of new serovars in Malaysia which were previously not known (Zamri et al., 2012). Widely used tests, such as
MAT may lack the complete panel of serovars circulating in the population, as well as unavailability of paired serum
samples in most cases. Bacterial isolation is challenging due to the fastidious nature of the growth of leptospires and in
most cases, not suitable for clinical diagnosis. Moreover, while molecular diagnostic test seems to be highly sensitive
and specific, is usually expensive, and hence cannot be accessible in the majority of the endemic areas (Victoriano et al.,
2009; Torgerson et al., 2015).

Environment

Environmental factors cause difficulty in leptospirosis infection diagnosis. The climatic environment and global
climate changes seem to be playing significant roles in epidemiological changes of bacteria. This has resulted in the
introduction of new strains into human habitation and the multiplying of existing ones. Although isolation of Leptospira
from environmental samples is always difficult due to the presence of contaminants, many studies have shown that
treatment of the media with 5-fluorouracil has made it possible. The studies also reported that pathogenic leptospires can
remain viable in soils many weeks after the infecting event. Similarly, molecular typing of leptospiral DNA from the
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environment specimens revealed similarities between environmental pathogenic Leptospira and the strains incriminated
in human clinical infection.

Prospects for the diagnosis of leptospirosis

In the coming years, leptospirosis will continue to be an important public health problem worldwide. The diagnosis
of leptospirosis will equally remain as the most critical issue in the clinical management of leptospirosis cases as the
need for the development of highly effective polyvalent vaccines. Researchers tireless efforts are geared toward the
development of cost-effective, portable, easy-to-use, and efficient diagnostic tools corresponding to the expanding
importance of the disease. In this regard, the efforts of the Ministry of Health Malaysia should be commendable. Due to
the understanding that leptospirosis occurs as a result of the complex interactions existing between humans, animals, and
their environment, the government has encouraged the health sector to collaborate with other institutions like the
veterinary services department, as well as the ministry of environment in a multisectoral engagement based on the one-
health approach to surmount this challenge. The Malaysian government has also developed a national strategy for the
control of leptospirosis, which identified a lack of information about leptospirosis as an important factor that is limiting
stakeholders’ ability to make significant commitments to the national strategy. Similarly, a review of the epidemiology
of leptospirosis in Malaysia and recommending priorities for the control of rodent reservoirs and other environmental
risk factors were emphasized.

The Malaysian government has also established quality management for control of the disease by monitoring
patients' progress, holistic rodent control, improving laboratory investigation, and creating awareness on the importance
of the disease. Nevertheless, more still need to be done, especially with too many false-positive results observed in
hospitals and other health institutions.

To overcome these challenges, developing cost-effective diagnostic tools suitable for use as the bedside test is
important. Similarly, increasing the number of serovars included during MAT will also make serological detection more
robust. Furthermore, there is also a need for modifications of existing protocols, especially with regards to the nature and
time of collection of specimen, inoculation of available MAT serovars into animal models to re-acquire their virulence,
as well as exploring the potentials of recombinant antigens for application in early diagnosis.

CONCLUSION

To date, the most popular method for the clinical diagnosis the leptospirosis is the MAT, followed by culture, serology,
and molecular detections. These methods are fraught with inconsistencies and require a high level of expertise, as well as
a significant amount of time to produce a reliable result. Similarly, the real-time polymerase chain reaction method,
though very sensitive and specific for diagnosis in the early stage, requires high technical skills. Nevertheless, recent
advances in molecular and serological diagnostic techniques have shown great promise, as evidenced by the improved
sensitivity and specificity of many diagnostic tests for other diseases.
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