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ABSTRACT 

Leptospira spp. is a pathogenic bacteria that causes leptospirosis in humans and cattle. The World Health 

Organization (WHO) recommends the microscopic agglutination test (MAT) as the laboratory gold standard in the 

detection of leptospirosis. However, the limitation of MAT triggers the laboratory technicians to develop alternative 

laboratory tests against leptospirosis. The current study aimed to compare the sensitivity and specificity of 

histopathology special stain using modified Gram staining (MGS) and molecular test using reverse transcriptase-

polymerase chain reaction (RT-PCR), compared to the MAT for Leptospira spp. detection in cattle. This study used 

a total of 38 serum and 38 kidney samples from the cattle slaughtered in the Sidoarjo slaughterhouse, Indonesia. The 

collected serum samples were tested against MAT and RT-PCR. The kidneys were processed for histopathology 

using MGS. The result indicated that 16 (42.10%) of the tested samples were positive against MAT, 6 (15.78%) 

were positive against MGS, and 18 (47.36%) were positive against RT-PCR. The RT-PCR indicated better 

sensitivity and lower specificity, compared to MAT and MGS. The findings revealed that the RT-PCR is an 

appropriate laboratory test for detecting cattle leptospirosis with better sensitivity and specificity. Therefore, this 

method can be suggested to substitute MAT and overcome its limitations. 
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INTRODUCTION 

  

Leptospirosis in humans and animal is induced by Leptospira spp., a pathogenic bacteria which transmit from animal to 

human and vice versa  (Haake and Levett, 2015). The rat’s urine is the main source of transmission since the shedding of 

bacteria can be found until several days after excretion (Pui et al., 2017). The occurrence of leptospirosis has been 

mainly reported at low sanitary levels in urban areas and rural environments (Galan et al., 2021). However, it has 

become a neglected disease worldwide in the past few years (Roqueplo et al., 2019). 

In Indonesia, rural areas are the main producers of daily products, such as milk, lamb, egg, and meat (Paul et al., 

2019). Although cattle meat is the primary product monitored by food securities in Indonesia the majority of the cattle 

industries in Indonesia still have a conventional management system with poor sanitation. Poor sanitation triggers the 

presence of rats, and the presence of rats in the cattle industry can lead to the involvement of leptospirosis, which 

interferes with meat production industries (Daud et al., 2018). The prevalence of cattle leptospirosis in Indonesia is still 

limited and there are few reports related to leptospirosis (Widiasih et al., 2021).  

The World Health Organization (WHO) recommends the microscopic agglutination test (MAT) as the laboratory 

gold standard in the detection of leptospirosis (Hartskeerl and Smythe, 2015). The MAT is the serology test that detects 

the antibody from the serum samples. However, it can not detect the disease in an early stage of Leptospira spp. infection 

either within the serum or tissue samples (Philip et al., 2020). Therefore, alternative laboratory tests are developed to 

overcome the MAT weakness. 

Several studies have been conducted to cover the MAT limitation. The previous studies used immunoglobulin-M 

(IgM) as the target of detection. The IgM against Leptospira spp. is detected using several laboratory tests, including 

immune-chromatography (ICT, Niloofa et al., 2015; Rao et al., 2019), latex agglutination (LAT), and enzyme-linked 

immunosorbent assay (ELISA, Zin et al., 2019). Those tests generate varied sensitivity and specificity, compared to the 

gold standard. The ICT and ELISA generate similar results but with less sensitivity and specificity, compared to MAT 

(Niloofa et al., 2015; Rao et al., 2019). The LAT has better results, compared to ELISA, however, it is not applicable to 

the diagnosis of the early stage of infection (Zin et al., 2019). The instability of result in using an antibody as the target 

occurs because the antibody is not always produced in the first lineage of infection.  
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The current study compared the obtained results with MGS and RT-PCR to those of MAT. The MGS can express 

the presence of bacteria within the tissue (Prakoso et al., 2020) and the RT-PCR elaborates the gene expression of the 

infectious agent from the samples (Zubach et al., 2020). The MGS and RT-PCR can similarly detect the agent directly 

within the samples and generate higher sensitivity and specificity. This study aimed to compare the sensitivity and 

specificity of histopathology special stain using MGS and molecular method using RT-PCR, compared to MAT for 

detection of Leptospira spp. in cattle. 

 

MATERIALS AND METHODS 

 

Ethical approval  

The ethics for this study has been validated by the ethical clearance committee from the Faculty of Veterinary 

Medicine, University of Gadjah Mada, Yogyakarta, Indonesia (No. 045/EC-FKH/Int./2020). All the animal procedures 

during samples collection were monitored by the committee.  

 

Time and place of study  

All the research procedures have been conducted from November 2020 to April 2021. The samples of kidneys and 

serums were taken from Krian Slaughterhouse, Sidoarjo, East Java, Indonesia. The MAT and MGS were performed in 

the Integrated Laboratory, Faculty of Health Science, University of Muhammadiyah Sidoarjo, East Java, Indonesia. The 

RT-PCR was performed in the Station of Fish Quarantine for Quality Control and Safety of Fishery Product, 

Yogyakarta, Indonesia.  

 

Sample collection  

A total of 38 kidney and serum samples were collected from the operated slaughterhouse in Sidoarjo. The blood 

samples were taken through the jugular vein of the cattle and the kidney was taken after the cattle were slaughtered. The 

blood was stored inside a sterile serum tube. Further, the organ was fixed using 10% neutral buffer formalin. The serum 

samples were divided into two parts for the MAT and RT-PCR investigations. In contrast, the kidney tissue was 

processed for histopathology using MGS.  

 

Microscopic agglutination test procedure   

The MAT procedure was performed using the guideline in the previous study by Chirathaworn et al. (2014). The 

result of the test was described qualitatively as seropositive (for positive sample) and seronegative (for negative sample).  

 

Reverse transcriptase-polymerase chain reaction  

Lip132 was used as the primer for RT-PCR. The designed primer was forward 5’ GGACGGTTTAGTCGATGGAA 

3’ and reverse 5’ GGGAAAAGCAGACCAACAGA 3’. The RT-PCR was conducted following the demonstrated 

procedure in a previous study (Waggoner et al., 2014).  

 

Modified gram staining  

Before the MGS was performed, the kidney was dehydrated using xylene and graded alcohol (70%, 80%, 90% of 

concentration). The sample was then blocked using paraffin. Further, the kidney was sectioned using a microtome 

(Leica, RM2235, China) in 5 µm of thickness. The procedure of MGS was performed following the previous study 

(Becerra et al., 2016).   

 

Data analysis  

The data was recorded as positive and negative. The score 1 was given to the positive sample, and score 2 was for 

the negative sample. The statistical analysis was conducted using SPSS version 16 and Fisher’s exact test. At last, the 

sensitivity and specificity were calculated using the following formulae of sensitivity = (number of positive 

samples/number of positive samples + number of false-positive samples) × 100%; specificity = (number of negative 

samples/number of negative samples + number of false-negative samples) × 100%. 

 

RESULTS AND DISCUSSION 
 

From a total of 38 collected samples, 16 (42.10%) were positive against MAT, 6 (15.78%) were positive against MGS, 

and 18 (47.36%) were positive against RT-PCR. The percentages of the positive and negative samples are presented in 

Table 1. Further, it was indicated that the result of each test in the current study varied based on the types and targets of 

the laboratory test. 
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The data was then analyzed comparing the sensitivity of the MGS and RT-PCR to that of MAT. The reason for 

comparing the results to MAT is the fact that MAT is considered the gold standard for the detection of leptospirosis 

(Philip et al., 2020). The MGS showed the lowest sensitivity, compared to the other tests (Tables 2 and 3). While the 

specificity and sensitivity of MGS and RT-PCR have been compared with each other, it was indicated that there was a 

wide gap between the result of these tests. The wide gap in the present study showed that the RT-PCR had great 

sensitivity and low specificity, compared to the MGS (Table 4). 

 

Table 1. Positive and negative results against Leptospira spp. from serum and kidney samples tested using several 

laboratory tests in Indonesia 

Test Positive Negative Total 

Microscopic agglutination test 16 (42.10%) 22 (57.89%) 38 (100%) 

Modified Gram staining 6 (15.78%) 32 (84.21%) 38 (100%) 

Reverse transcriptase-polymerase chain reaction 18 (47.36%) 20 (52.63%) 38 (100%) 

 
Table 2. Results of laboratory test using modified Gram staining and RT-PCR, compared to microscopic agglutination test for 

the detection of leptospirosis in cattle 

Test 
Microscopic agglutination test 

X2 r Significance 
+ - 

Modified Gram staining 
+ 6 0 

9.797 0.508 0.003 
- 10 22 

Reverse transcriptase-polymerase chain 

reaction 

+ 16 2 
30.707 0.899 0.000 

- 0 20 

 
Table 3. Results of laboratory test using modified Gram staining, compared to RT-PCR for detection of leptospirosis in 

cattle 

Test 

Reverse transcriptase-polymerase 

chain reaction X2 r Significance 

+ - 

Modified Gram staining 
+ 6 0 

7.917 0.456 0.007 
- 12 20 

 
Table 4. Sensitivity and specificity of modified Gram staining and RT-PCR compared to microscopic agglutination test for 

detection of leptospirosis in cattle 

Test Sensitivity Specificity 

Modified Gram staining 37.50 % 100.00 % 

Reverse transcriptase-polymerase chain reaction 100.00 % 90.90 % 

 

The variability of the clinical signs in the host infected by Leptospira spp. triggers the development of new 

laboratory tools to enhance the diagnosis of this disease. The unintentional Leptospira spp. infection in humans generates 

common clinical signs, such as fever, which is similar to the common tropical diseases (De Brito et al., 2018). However, 

the cattle leptospirosis does not cause any clinical signs (asymptomatic) (Rajeev et al., 2014). The representation of 

asymptomatic clinical signs in cattle leptospirosis triggers the development of the other diagnostic tools. In the current 

study, the MAT was compared to the RT-PCR and MGS. All those methods have different targets of detection.  

The MAT is a cheap detection method with high specificity, however, it is time-consuming with high cross-

reactivity, can neither detect limited antibodies within sera nor the early stage of leptospirosis. Besides, this method 

requires culture facilities (Budihal and Perwez, 2014). The other method used in this study is MGS, which is primarily 

used to detect the appearance of Leptospira spp. within the kidney tissue (Prakoso et al., 2020). The MGS can detect the 

Leptospira bacteria inside the tissue section. Unfortunately, it needs more time and has low sensitivity, it sometimes 

causes false-negative in case the observation is not conducted by the expert pathologist. As an invasive procedure, the 

MGS can only be performed in animals after death and cannot be used for detection at the early phase of leptospirosis 

(Prakoso et al., 2020). The molecular test used in the present study is RT-PCR. The RT-PCR generates high sensitivity 

and specificity, which rapidly confirm the result and can be used to detect the early phase of infection. Nevertheless, the 

RT-PCR still has some limitations, such as high cost, special laboratory equipment, qualified personnel, DNA extraction, 

which is the reason for not being used widely in the conventional laboratory (Budihal and Perwez, 2014). 
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The study of leptospirosis from slaughtered cattle in the abattoir is necessary because the abattoir is the source of 

Leptospira and other zoonotic diseases transmission. The comparison of several laboratory tests in the current study 

intends to find out an appropriate method for the detection of leptospirosis that asymptomatically occurs in cattle. 

Furthermore, the findings of the present study indicated a high prevalence of leptospirosis in Sidoarjo slaughterhouse 

during six months. This study is eminent to be performed not only to observe the sensitivity and specificity of detection 

tools in the laboratory but also to observe the prevalence of this disease in the abattoir.  

Furthermore, the MGS is less applicable as a detection method for leptospirosis since it has similar limitations 

regarding the result and interpretation to those of histopathological tests for the detection of Leptospira spp. infection. 

Another limitation is the deficiency in collected tissues which causes inappropriate reports in histopathological 

examinations (Jahn et al., 2020). The MGS is quite different from RT-PCR which generates better sensitivity for the 

detection of cattle leptospirosis. The RT-PCR has high specificity because it can be used to detect the soluble DNA 

within the plasma, either less or high in concentration (Compton, 2020). This method is applicable to express the 

presence of infection during the early active infection (Pellizzaro et al., 2019), and it does not need the culture in advance 

detection (Liu et al., 2019). Different from MGS and RT-PCR, the MAT catch the representation of antibody against 

Leptospira spp. within the serum (Chen et al., 2018), however, the presence of antibody cannot be used to describe the 

pathogenesis of disease clearly (Lessa-Aquino et al., 2017), and it sometimes causes cross-reactivity between various 

serovars (Andre-Fontaine and Triger, 2018).  

The current study indicated different results of detection using the RT-PCR and MAT. The differences in results 

were due to the representation of detection limit between those tests. RT-PCR generates greater sensitivity than MAT. 

Redefining a new detection tool as the gold standard for leptospirosis examination is essential due to the limitations of 

MAT. According to the findings of the current study, RT-PCR is the most sensitive test in diagnosing cattle 

leptospirosis. However, the use of MAT as a gold standard may be caused by some reasons (Agampodi et al., 2016). 

Besides, the specificity of MAT is higher than the MGS. The other study supported the present finding regarding the 

specificity of MAT reaching 97.6%, compared to others (Niloofa et al., 2015). Nevertheless, the MAT can produce false-

positive results while it is being used in an acute phase of infection. Present findings have indicated that MAT has lower 

sensitivity and specificity, compared to the RT-PCR that is similar to the previous report by Woods et al. (2018). Woods 

et al. (2018) described that the RT-PCR produces better sensitivity of reach 53.9%, specificity of 99.6%, and the MAT 

has sensitivity and specificity of 16%. Accordingly, MGS has the lowest sensitivity due to the limitation of the 

observation area of analysis. None of the previous studies has described the sensitivity and specificity of the MGS and 

maybe this is the first exploration addressing the role of MGS in cattle leptospirosis detection.  

The different detection methods have different targets which can cause greater gaps in the result. The RT-PCR is 

still considered the most sensitive and exact method. Furthermore, the minimum differences between MAT and RT-PCR 

regarding its sensitivity indicate that the MAT is still applicable as the laboratory test in diagnosing cattle leptospirosis 

and is cheaper than the RT-PCR. In addition, this study is not trying to introduce the best laboratory tools but justifies 

that the laboratory procedures employed in diagnosing the disease should be combined to overcome the limitations of 

each test.  

 

CONCLUSION  

 

All the laboratory tests used in the current study can be applied as the detection methods for leptospirosis in cattle. 

Further, the RT-PCR is the best alternative laboratory test with high sensitivity and specificity which can substitute the 

MAT. Each laboratory test has its own limitations and it is recommended to use a combination of tests to increase the 

accuracy and precision. In the future, it is necessary to develop other laboratory tests that are fast, cheap, and sensitive 

for Leptospira spp. detection. Finally, sequential monitoring regarding the cattle leptospirosis should be performed by 

the stakeholder to prevent zoonotic transmission of Leptospira spp. 
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