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Abstract | Leptospirosis is one of the neglected diseases distributed worldwide. Leptospirosis causes severe infection
in cattle. A total of four male cattle were found dead in the cowshed during July 2019 — April 2020. The necropsy
procedure was conducted, and various macroscopic lesions were identified. Further, several fresh and fixed specimens
were collected and transported to the laboratory for ELISA and histopathology. The qualitative ELISA showed that
all kidney samples were positive against Leptospira IgG. The histopathology showed that the lung specimens were
suffering from pneumonia (3/4), the liver congestion (2/4), liver fatty degeneration (1/4), and chronic nephritis and
glomerulonephritis (4/4). Based on the Gram staining, all kidney samples showed the appearance of slender form
bacteria that may belong to Leptospira sp in the lumen of tubules. All dead cattle showed moderate and minimal
expression of CD4+ and CD8+ in the lung and liver concomitantly. In contrast, there is no expression of CD4+, and a
high expression of CD8+ was observed from the kidneys. This study demonstrated that leptospirosis in cattle impacts
several organs with severe manifestation occurs on the kidneys.
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INTRODUCTION

Leptospirosis is one of the neglected diseases distrib-
uted worldwide. Leptospirosis is caused by the bac-
teria from a genus of Leptospira sp. Leptospira sp. has been
reported as a zoonotic bacteria that can be transmitted
from animal to human or vice versa. Moreover, leptospi-
rosis does not only occur in the rural but also in the ur-
ban area. It because rodents act as the primary reservoir of
this disease (Boey et al., 2019). Rodent spread the bacteria
through the urine to the environment. The presence of the
bacteria in the environment promotes direct and indirect
exposure that leads to an infection to humans with various
clinical manifestations (Goarant, 2016).

Leptospirosis can cause systemic infection as acute and
chronic types in cattle (Zarantonelli et al., 2018). The

pathogenic impact of leptospirosis in cattle is severe repro

ductive disorders, abortion (FFavero et al., 2017), stillbirth,
and weak off-spring (Suwancharoen et al., 2016). Further,
it promotes the economic losses in the livestock industry.
In this case, we reported the untypical histopathology and
immunohistochemistry of several organs from the cattle
with leptospirosis.

CASE PRESENTATION

ANAMNESIS AND NECROPSY

Four male cattle were found dead in the local cowshed,
sub-district Krembung, East Java, on July 2019 — April
2020. Further, the disinfection was conducted in the cow-
shed area, and the necropsy was performed. Various gross
lesions were found from the dead cattle. The details of the
case history of the dead cattle were embedded in Table 1.
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Table 1: Case history of dead cattle with leptospirosis

Casecode  Breed Sex, age Obit Clinical signs Gross lesions
C1 Bali cattle M, 2y 18 July 2019 Anorexia Redness in lung
Hematuria Adhesion of renal capsule
C2 Limousine M,3y 26 July 2019 Hematuria Redness in lung
Liver enlargement
Paleness of kidney
C3 Bali cattle M,2y 8 August 2019 No clinical signs Paleness of kidney
C4 Cross breed M,2y5m 1 April 2020 No clinical signs Redness in lung
Adhesion of renal capsule
Asymmetric size of kidney
M = male, y = year, m = month.
Table 2: Histopathology scoring system
Score H&E Gram and IHC
Severity Duration Distribution Exudate
0 NHC NHC NHC NHC NI
1 Minimal Acute Focal Suppurative Minimal
2 Mild Chronic Multifocal Fibrinous Mild
3 Moderate Chronic active Locally extensive Necrotizing Moderate
4 Severe = Diffuse Fibrinopurulent Severe
5 - - - Granulomatous -

NHC = no histopathological changes, NI = not identified, - = not categorized.

SamPLES COLLECTION

The lung, liver, and kidney were collected and separated
into two parts. The first part was stored inside the sterile
plastic bag and cooled at 4° C.The second part was stored
using 10% neutral buffer formalin (NBF). The specimens
were transported to the Integrated Laboratory, University
of Muhammadiyah Sidoarjo, East Java, Indonesia.

ENzZYME-LINKED IMMUNOSORBENT AssAYS (ELISA)

The fresh specimens were tested using ELISA against Lep-
tospira IgG (LEBTOSPIRA IgG ELISA kit, Cat. No:
MBS036135, MyBioSource). Before the ELISA, the or-
gans were mashed up using the mortar and mixed with
sterile distilled water. The mixture was then centrifuged at
3000 rpm for 5 minutes, and it repeated three times. The
ELISA was performed following the provided procedure
by the manufacturer. The optical density (OD) was read
using an ELISA reader at 450 nm of wavelength. The sam-

ples were categorized as positive (OD 2 1.1) and negative

(OD < 1.0).

HisTOPATHOLOGY AND IMMUNOHISTOCHEMISTRY

'The fixed specimens were processed for histopathology us-
ing several staining, including hematoxylin (Harris Hema-
toxylin Nuclear Stain, Cat. No: 3801560, Leica) and eosin
(Eosin Secondary Counter Stains, Cat.No: 3801600, Leica)
staining, Gram (Remel Gram stain kit, Cat. No: R40080,

Thermo Fisher Scientific), and immunohistochemistry

against CD4+ (RTU-CD4-1F6, Cat. No: PA0427, Lei-
ca),and CD8+ (RTU-CD8-295, Cat. No: PA0183, Leica).
'The H&E was used as routine staining, Gram used to stain
bacteria, and IHC used to express the immunoreactivity of
CD4+ and CD8+. The H&E and IHC staining were con-
ducted following the procedure provided by manufacturer.
However, the Gram staining was performed following the
previous study (Becerra et al., 2016).

MORPHOMETRY

The H&E slide was analyzed by a single pathologist using
the scoring system. The score was calculated based on the
addition of scores from several parameters include severity,
duration, distribution, and types of exudation. The Gram
and IHC staining slide was scored based on the distribu-
tion of the staining target (Table 2).

RESULT'S AND DISCUSSION

'The result showed that all the kidney specimens were pos-
itive against Leptospira IgG (Table 3). The kidney samples
were tested against Leprospira IgG because these are the
predilection of the Leprospira sp. 'The appearance of IgG
from the kidneys indicated that all cattle infected by Lep-
tospira sp. Further laboratory tests revealed various histo-

pathological changes of the lung, liver, and kidney.
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Table 3: ELISA of Leptospira IgG of kidney from dead cattle with leptospirosis

Organ Case code
C1 C2 C3 C4
Kidney + + + +

Table 4: Histopathology of lung, liver and kidney from dead cattle with leptospirosis

Organ Parameter Case code
C1 C2 C3 C4
Lung H&E score 10 3 2 13
Gram score 0 0 0 0
CD4+ score 2 1 3 2
CD8+ score 1 1 2 4
Morphologic  Severe chronic diffuse Minimal acute focal Pulmonary con-  Severe chronic active diffuse
diagnosis pneumonia pneumonia gestion fibrinous pleuro-pneumonia
Liver H&E score 0 4 0 3
Gram score 0 0 0 0
CD4+ score 0 0 1 0
CD8+ score 0 2 0 0
Morphologic NHC Congestion, Fatty  NHC Liver congestion
diagnosis liver degeneration
Kidney H&E score 10 7 5 14
Gram score 4 2 3 4
CDA4+ score 0 0 0 0
CD8+ score 4 4 4 3
Morphologic ~ Severe chronic diffuse Moderate chronic ~ Mild chronic Severe chronic active diffuse
diagnosis interstitial nephritis ~ multifocal glomeru- focal interstitial ~ necrotizing glomerulo-ne-
lo-nephritis nephritis phritis

NT = not tested, + = positive, - = negative, NHC = no histopathological changes.
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Figure 1: Histopathology of lung from case C1 showed
predominantly infiltration of neutrophil (ni) and
lymphocytes (li) within the pulmonary interstitial. H&E,
10x.

The H&E score showed the severity of histopathology. A
higher score indicated increasingly severe histopathologi-
cal changes (Table 4). The lung showed pneumonia with
various manifestations that belong to acute (C2), chronic
(C1), and chronic active (C4). It was suspected that tissue
destruction of the lung in C1, C2, and C4 reflected grad

Figure 2: Histopathology of lung from case C4 showed
the thickening of the pleural wall (p) and congestion
within the venous (c). H&E, 10x.

ual pathogenesis in leptospirosis (Figures 1 and 2). How-
ever, the liver did not show significant histopathological
changes (Figure 3). Further, the kidney from C1 and C3
showed chronic interstitial nephritis with diffuse and focal
distribution, respectively. Besides, the C2 and C4 showed
chronic glomerulonephritis (Table 4, Figure 4, and 5).
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Flgure 3: Histopathology of liver from case C2 showed
sinusoidal congestion (c) with a moderate fatty degeneration
(fd) in the cytoplasm of hepatocytes. H&E, 40x.

Figure 4: Histopathology of kidney from case C4 showed
moderate cystic dilation of tubules (cy) and tubular necrosis

(tn). H&E, 4x.

Flgure 5: H1stopathology of kidney from case C4 showed
the deposit of pinkish homogenous (pc) within the lumen
that may belong to amyloid, the thickening of fibrous
tissue (fb) and infiltration of neutrophil (ni) within the
interstitial. H&E, 20x.

Gram staining of lung and liver did not show the pres-
ence of slender form bacteria that may belong to Lepzospi-

ra sp. In contrast, the kidney showed a high presentation
of slender form bacteria within the lumen (Table 4 and
Figure 6). Surprisingly, it is synergistic to the immunohis-
tochemistry score. The zero scores of Gram staining in the
lung showed the appearance of CD4+ and CD8+ as nor-
mal lymphocytes within the nodular lymphoid tissue. It
was different from the kidney samples. The kidney showed
a high expression of CD8+ as the compensatory impacts

of Leptospira sp infection (Table 4).
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Flgure 6 Hlstopathology of kidney from case C1 showed
the slender form bacteria in the lumen that may belong to

Leptospira sp. (bc). Gram, 1000x.

Leptospira sp. is a pathogenic bacteria that can survive in
the environment for prolonged periods. The ability of Lep-
tospira sp. to survive in the environment enables this bacte-
ria to cause direct and indirect infection in humans and an-
imals. Leptospirosis commonly occurs and spreads in the
unsanitary area with a high population of rats. Wild rats
act as the main reservoirs of Leptospira sp. that promote
freshwater contamination through its urine (Pellizzaro et
al., 2019). Furthermore, it enables the waterborne disease
in cattle.

Leptospira sp. is utilizing its virulence factors such as sur-
face protein TlyC to bind the extracellular matrix of host
tissue and erythrocytes (Evangelista and Coburn, 2010).
In advances, this bacteria circulates through the blood-
stream and releases sphingomyelinase C gene A (sphA)
that induces endothelial and membrane cell damage
(Narayanavari et al., 2015). In a healthy immunological
response, the host body releases T-lymphocytes (CD4+
and CD8+) to eliminate the circulatory antigen. However,
both CD4+ and CD8+ are suppressed during leptospirosis
because leptospirosis can depress innate immune response
associated with a decrease in NK cell, and adaptive im-
mune response associated with an inhibition of CD4+ and
CD8+ lymphocytes (Duarte-Neto et al., 2019).

'The synergic mechanism between Leprospira virulence fac-
tors and its ability to inhibit immune response generates
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severe multisystem infection, including hepatic dysfunc-
tion, pulmonary lesion, and renal failure (De Brito et al.,
2018). All those histopathological changes are similar to
this study. The chronic pathogenesis of cattle leptospiro-
sis in this study may be due to the presence of circulatory
IgG. However, the IgG protection status in this study can-
not be concluded because it only used qualitative ELISA.

Significantly, this study demonstrated that modified tis-
sue Gram staining could be used as a diagnostic tool to
stain the presence of slender form bacteria that may belong
to Leptospira sp. In this study, Leptospira sp. stained purple
that similar to the Gram-positive bacteria because it has
a surface membrane that shares a feature of Gram-posi-
tive and Gram-negative bacteria such as the murein cell
wall and lipopolysaccharides, respectively (Ko et al., 2009).
Unfortunately, this study only used qualitative ELISA as a
comparison against Gram staining. Further study is neces-
sary to be performed to compare the sensitivity and speci-
ficity of Gram staining between the existence of Leprospi-
ra sp. within the tissue using a more considerable number
of specimens and a more sophisticated laboratory test.

CONCLUSIONS

'This study demonstrated that leptospirosis in cattle impacts
on the lung, liver, and kidney with various manifestations.
'The significance of this study is that we found the modified
Gram staining could be used to stain the slender form bac-
teria that may belong to Leptospira sp. even though further
exploration must be conducted.
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