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Leptospirosis associated AKI:

Clinical Challenges and
Public Health Perspectives
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TABLE 1 Specific causes of acute kidney injury in the tropics

Tropical infection Toxins Environment
Bacterial infection Animal toxins Heat stroke
e Leptospirosis ¢ Snake
* Rickettsial disease envenomation
+ Enteric fever: » Arthropods
salmonellosis, o Bee, wasp,
Shigelost nomet sting Specific Etiologies of CA  -AKI
+ Melioidosis o Caterpillars
o Spider bite
o Scorpion eview arricis INEPHROLOGYINEE] WiLEY
sting

= Jellyfish sting
Acute kidney injury in the tropics

Viral infection Plant toxins Chemical
« Dengue virus * Dijenkol beans e Paraquat
e Hantavirus = Starfruit e Ethylene Prit Kusirisin»?3* | Geraldo Bezerra da Silva Junior®® | Visith Sitprija®’ |
¢ Chikungunya virus e Mushroom glycol Nattachai Srisawat™**®
¢ Marking nut e Ethylene
dibromide
e Copper
sulfate

o Chromic acid
¢ Formic acid

Parasitic infection Herbs Miscellaneous

¢ Malaria * |mpila food o Natural

+ Filariasis plants disasters

e Leishmaniasis e Carp e Obstetric
gallbladder complications

or bile Kusirisin et al, Nephrology. 2022;171 16.
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THE ETIOLOGY, MODE OF INFECTION, AND SPECIFIC
THERAPY OF WEIL’S DISEASE (SPIROCHAETOSIS
ICTEROHAMORRHAGICA).

By RYOKICHI INADA, M.D., YUTAKA IDO, M.D,, ROKURO HOKI, M.D.,
RENJIRO KANEKO, M.D., anp HIRQSHI 1TO, M.D.
(From the First Medical Clinic of the Imperial University in Kyushu, Fukuoka.)

PrATES 56 TO 62.

(Received for publication, December 1, 1915.)
INTRODUCTION.

In this communication we have summarized and in some details
extended the publications on this subject which have appeared in the
Japanese literature.! In the course of our investigations of that en-
demic disease of portions of Japan, which agrees clinically with Weil’s
disease, so called, we discovered a spirochatal microorganism which
is now believed to be the cause of the disease. In the experiments

The first isolation of_eptospirain 1916. In Japan,
where Weil 6s di sease was ¢
injected guineaigs intraperitoneally with the blood

o f

Weil 6s di sease pati

ents

reproducing typical, acute leptospirosis in the animals

upscrveu i villd, 1 UIE ©adteill pail Ul japall, ucdl 1 UVUKYyOU, WIICIC L paucuLS
numbered 178. Thus this disease appears to be prevalent in various parts of
Japan, although to a small extent.

We have been interested in Weil’s disease in Kyushu for many years, and at
the end of November, 1914, we detected a spirochzta in the liver of a guinea
pig injected with the blood of a patient suffering from Weil’s disease. Wecame
to the conclusion, in January, 1915, that this spirochata is the pathogenic cause of
Weil’s disease, and we named it Spirocketa icterohemorrhagie. At Chiba, a dis-
tance of more than 700 miles from Kyushu, we detected in the blood of five out of

1 A full bibliography is appended.
377
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Jal Yunibandhu

First report of Well's disease

In Thailand.(1942)
J Med Assoc Thail 1943: 26:

83-139
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Renal Involvement in Human Leptospirosis

VISITH SITPRIJA,* M.D., PH.D.

Brit. med. J. 1968, 2, 656-658

Renal involvement is common in leptospirosis. Azotaemia and
proteinuria with abnormal urinary sediment are frequently
noted. While definite pathological changes of acute tubular
necrosis and interstitial nephritis have been described (Gsell,
1952, Areén, 1962), it has been stated that temporary azotaemia
and oliguria may occur in the absence of significant renal
damage (Edwards, 1959). Clinical improvement after intra-
venous fluid administration, along with the increase in urinary
output, suggests that azotaemia is secondary to deficiency in
volume. In one report the decreased renal function was men-
tioned (Cora, 1956). The glomerular filtration rate was
markedly reduced, and the excretion of para-aminohippurate
(P.A.H.) was almost negligible. Because of the discrepancy in
the clinical data this investigation was undertaken to clarify the
clinical patterns of renal function disturbances encountered in
leptospirosis.

Materials and Methods

A study was made of 10 patients aged from 24 to 63 years,
with leptospirosis proved by haemoculture or serology, whose
blood urea nitrogen was over 40 mg./100 ml. Eight were males
and two were females. In all cases the causative micro-organ-
isms were Leptospira bataviae. They were admitted to hospital
on the fifth to the seventh day of illness. Immediately after
admission the blood volume was measured by the summation
method with both %'I-labelled albumin and 5'Cr-tagged red
blood cells (Moore et al., 1963). Endogenous creatinine and
P.A.H. clearances were ascertained by the standard technique
(Smith, 1956) before antibiotic therapy. Blood chemistry,
including blood urea nitrogen (B.U.N.), serum creatinine, elec-
trolytes, and osmolality, was determined every other day until

* Senior Lecturer in Medicine, Chulalongkorn Hospital Medical School,
Bangkok, Thailand.

the return to normal. Urinalysis was performed at two-day
intervals until no abnormal finding was noted. Twenty-four-
hour urine was collected on alternate days for determination
of urea nitrogen, creatinine, sodium, and osmolality.

Results

Clinical Observations.—Body temperature ranged from 37.3 to
39.2° C., and usually subsided three to four days after penicillin
administration. All patients had stable vital signs. Jaundice
was present in five patients whose total bilirubin varied from
5 to 24 mg./100 ml. The liver-function test showed only a
minimal degree of parenchymal hepatic damage. The patients
are classified into two groups according to the serum creatinine.
Group 1 comprises five patients with levels above 2 mg./100
ml. ; the other five (group 2) had levels below 2 mg./100 ml
The pertinent clinical data are shown in Table I.

Blood Chemistry.—Serum sodium and potassium were with-
in normal limits. Six patients had a CO, content below 20
mEq/l., probably indicating metabolic acidosis. Five of these
patients were in group 1. The average B.U.N. and creatinine
in group 1 were 105.2 and 4.9 mg./100 ml. respectively, in
contrast with the values of 54.2 and 1.6 mg. in group 2 (Table I).
The association between jaundice and impaired renal function
was striking in group 1, and this might reflect the more severe
form of infection. The elevated B.U.N. and creatinine returned
to normal within 7 to 10 days in group 1 and within 24 to
48 hours in group 2.

Urinary Output and Sediment—The urine volume on the
first hospital day ranged from 180 to 890 ml./24 hours, with
an average of 485 ml.,, in group 1. There was only a slight
increase in urine flow after fluid load during the clearance
study. In group 2 the urinary output varied from 235 to
700 ml./24 hours, with a mean of 463 ml. (Table I). After
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Leptospiral Outer Membrane Protein Induces Extracellular
Matrix Accumulation through a TGF-f1/Smad-Dependent
Pathway

Ya-Chung Tian,* Yung-Chang Chen,* Cheng-Chieh Hung,* Chiz-Tzung Chang,*

Mai-Szu Wu,* Aled O. Phillips,* Chih-Wei Yang*

*Kidney Institute, Department of Nephrology, Chang Gung Memorial Hospital, Taipei, and Chang Gung University,
Tao Yuan, Taiwan; and *Institute of Nephrology, Cardiff University, Wales, United Kingdom

Leptospirosis is an underestimated cause of renal failure in Taiwan and elsewhere. The consequence of leptospira-induced
acute tubulointerstitial nephritis is tubulointerstitial fibrosis if left untreated. The aim of the study was to examine the effect
of an outer membrane protein (OMP) of Leptospira santarosai serovar Shermani on extracellular matrix (ECM) accumulation
in proximal tubular cells, HK-2 cells. The addition of Leptospira santarosai serovar Shermani OMP for 72 h led to an increase
of type I and type IV collagens, measured by real-time PCR and Western blot analysis in a dose-response manner. After
addition of Leptospira santarosai serovar Shermani OMP, active TGF-f1 secretion was increased by nearly two-fold. The
addition of anti-TGF-Bl-neutralizing antibodies attenuated the Leptospira santarosai serovar Shermani OMP-induced type
I and type IV collagen production, implicating TGF-B1 in this process. Overexpression of the dominant negative Smad3
prevented the Leptospira santarosai serovar Shermani OMP-induced increase of type I or type IV collagen production. In
conclusion, this study clearly demonstrated the stimulatory effect of Leptospira santarosai serovar Shermani OMP on ECM
production by enhancing ECM synthesis, which was mediated by a TGF-B1/Smad-dependent pathway.

J Am Soc Nephrol 17: 2792-2798, 2006. doi: 10.1681/ASN.2006020159

IOMEDICAL JOURNAL 46 (2023) 100595
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World Leptospirosis Incidence

Table 2 Selected regions, districts, and provinces with a
high human leptospirosis incidence®
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Hat Yai, a major transport and trade
hub in Thail andds
saw floodwaters as high as eight feet
surge through its streets.

A drone view shows cars parked in a flooded area in
Hat Yai district, in Songkhla province, Thailand, November 25. REUTERS/Tannarin Suchipong
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P ath Og e n eS I S A Poorly understood

A Incubation period 7-14 days, disseminate to different organs
A Gram negative bacteria, with helical shape

Uveitis a b

Outer
membrane Inner membrane
N Diirection of the Flagellar |
Meningitis translational motor et
maavement } / \
Anticlockwize rotation F”f - ;; ——

: My ocarditis \ of the endoflagellum & - 2 :
Asymptomatic | NG g e T [spiral shaped-end) i \.'\.__ ‘;: .
rodent carriers L . =

----------------------- Cap 'MmCP

Pulmonary
haemorrhage

armrays Endoflagellum

syndrome
Soilandwater [ Ly | AN wm Sl ;
S Hepatic :
—_— sfunction !
" | o | RRR BARERAM o
Renal dysfunction Outer !
nm ] membrane '
_______ I
Wild animals 18 nm | Peptidoglycan !
I
Inner i
4nm | membrans _E

0.15 um

Clockwise rotation
of the endoflagellum
(hook-shaped end)

Livestock and domestic animals Figure 1| Cell morphology and envelope architecture of L. interrogans.




Clinical manifestation of Leptospirosis

No good biomarkers to
predict severe leptospirosis

Meningoencepahalitis

| | - . Acute Liver
infll\lﬂellf?za - Weil Acute Kidney Injury _
like illness syndrome Failure
85-90% 5-10%

Pulmonary
hemorrhage




Conjunctival suffusion/nemorrhage
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Different stage of leptospirosis

L eptospiraemia

Le :
IP First Week Second Week Third Week Fourth week
Septicemic phase Immune phase
Detection with culture, PCR, Detection with Antibody (  IgM, IgG)
Leptospirosis Antigen (not :
PIOSp gen ( Rapid test

available)



Kusirisin et al, Nephrology. 2022;1i 16. Indirect toxicity
Direct toxicity * Hemodynamic instability
Acute tubulointerstitial nephritis * Hyperbilirubinemia
Tubular cell apoptosis & necrosis *Rhatdomyn ysis

® e QTQ)

Tubular epithelial cell injury

Leptospirosis
’louooo

Leptosplral outer i
membrane protein ) D 7 . . ‘
such as LipL32 i &

Specific tubular protein expression
such as NGAL, KIM-1

Severity of
leptospirosis-associated AKI
Disease factor Patient factor
* Species: L. Interrogans, L. Borgpetersenii / \ *Age
* Risk: hypotension, dehydration, * Co-morbidity: CKD, DM

rhabdomyolysis, hyperbilirubinemia * Immune status

Fig. 1 Pathogenesis of leptospirosis-associated AKI



RESEARCH ARTICLE

Leptospirosis cases (n=113)

Neutrophil Gelatinase Associated Lipocalin
(NGAL) in Leptospirosis Acute Kidney Injury:
A Multicenter Study in Thailand .
=
Nattachai Srisawat’-2*, Kearkiat Praditpornsilpa’, Kanitha Patarakul?, ‘% '
Malee Techapornrung®, Tinnapop Daraswang®, Theerapon Sukmark®, 8 ; MODEL AUC(95%C1)
Kamol Khositrangsikun’, Apinya Fakthongyoo®, Petchdee Oranrigsupak®, v o4
Laksamon Praderm'®, Ummarit Suwattanasilpa'’, Sadudee Peerapornratana’, —— uNGAL + pNGAL 0.912(0.855,0.969)
Passisd Loahaveer:lavai‘-, Nattachai Suw1achi11=-inoni‘-, Thaksa-on erotwan", i AR
Chayanat Phonork’, Sarinya Kumpunya', Khajohn Tiranathanagul’, 55
Chintana Chirathaworn®, Somchai Eiam-ong', Kriang Tungsanga', Visith Sitprija"'2,Jobn " |¢ ki 0.873(0.795,0.951)
A.Kellum?, Natavudh Townamchai', Thai Lepto-AKI study group
00 T T T T
. . . . 00 02 04 06 08 1.0
N = 200 leptospirosis suspicious cases
1-specificity
P =0.021
L
r 1
6000+ P =0.088 Biomarkers and Leptospirosis AKI
i r " )
E 4000- ) ) e
5 * P<0.001 P <0.001 * P <0.001 @ -PLOS ‘ ONE
&I - «* *
2 2000- - . .
: -
'2:..' " i:f::l - . u
ol === set T L T Spa PR —
AKI Non-AKI AKI Non-AKI AKI Non-AKI
All cases (n=206) Leptospirosis (N=113) Non-Leptospirosis (N=93) PL0oS ONE 10(12):e0143367.



TABLE 2

Disease Leptospirosis

Incidence of 10%-87%
AKI

Endemic area Caribbean islands, LA, SA, SEA,

Oceania

Genus/species Spirochetes Leptospira: L
cause AKI interrogans, L. borgpetersenii

Reservoirs/ Rodents, cattle, horses, pigs,
vectors dogs

ATIN, hemodynamic alteration

Pathogenesis

of AKI
Characteristics | ATN, AIN, vasculitis,

of AKI hypokalemia
Treatment Penicillin G, ceftriaxone,

cefotaxime

Scrub typhus
10%-60%

SA, SEA, LA

Orientia tsutsugamushi

Leptotrombidium deliense
(chigger) mite larva

ATHN, hemodynamic
alteration

ATN, AIN, GN, TMA

Doxycycline

Comparison clinical features of common tropical infections causing AKI

Dengue
0.2%-35.7%

LA, Caribbean islands, SA,
SEA

Dengue virus type 1-4

Aedes mosquitoes: A.
aegypti, A albopictus
Hemodynamic alteration,

hypercytokinemia

ATN, proteinuria, GN,
atypical HUS

Supportive care

Malaria
1%-60%

Sub-Saharan Africa, SEA, SA, LA

Parasite Plasmodium: P. falciparum, P.
vivax, P. knowlesi

Anopheles mosquitoes

Hemodynamic alteration,
cytoadherence of RBCs,

hy percytokinemia
ATN, TMA, GN, hyponatremia,
hy po/hyperkalemia

Artesunate, quinine

Abbreviations: AlN, acute interstitial nephritis; AKI, acute kidney injury; ATIN, acute tubulointerstitial nephritis; ATN, acute tubular necrosis; GN,
glomerulonephritis; HUS, hemolytic uremic syndrome; LA, Latin America; SA, South Asia; SEA, Southeast Asia; TMA, thrombotic microangiopathy.

Kusirisin et al, Nephrology. 2022;1i 16.



Cli nical Chall enges: L a

Zero Death for Leptospirosis

The public

Early awareness s oniam who are living in places

A Self/public awareness

) with high amounts of rain [~
| y 7/ ways to be wary about 9/\\3%
A Health care prOVIderS Contrl pesfs.; to prevent LeptOSpirOSiS d e
IGPS | leptospirosis —
ntemists R, infection Auis ) Wommniiodo o
Use water proof . @g@;ﬁg on 4 \)/ N from touch thewategr. =
The Department of Disease Control, MOPH has “,« N s
warned members of the public who are livingin =~ > M A ot e S
places with high amounts of rain to be wary about P T

Leptospirosis {PRD



Why we need to increase lepto awareness ?

AL ack of clinical experience: Village health volunteers (VHV), general
practitioners, internists

AMany similar infectious diseases with similar presentation such as
dengue, melioidosis, influenza, malaria, scrub typhus, etc

AEarly refer to higher level care for confirm diagnosis and treatment

AMitigate organ injury especially AKI, severe liver dysnfunction and
pulmonary hemorrhage



Thal Leptospirosis Networking: 12 years cohort

2012 2014

s ¥ Nakhon Si ’
., ¥ Thammarat

2015

2017 018

YIS VY VY Ve

20192 Present

1st cohort: Inpatients

A Periods: June 2012 to
April 2014.

A 9 centers around
Thailand

A N = 221 suspected
leptospirosis cases

2"d cohort: Inpatients
(Relationship between
Leptospires species and
severity of disease: RLSS)

A Periods: November 2015
to October 2017

A 15 centers at Sisaket
province

A N =330 suspected
leptospirosis cases

3 cohort: Outpatients
(Leptospirosis at outpatient
departments: OPD)

A Periods: December 2017 to
November 2018

A 4 centers at Sisaket
province

A N= 260 suspected
leptospirosis cases

4t cohort: Inpatients
(Care bundle)

A Periods: October 2019 to
Present

A 6 centers at Sisaket
province and 6 centers at
Nakhon Si Thammarat

A Ongoing

1000 cases




Early awareness of leptospirosis suspicious cases

U This study developed and internally validated the OPD Lepto Score, a practical clinical risk score for the diagnosis of leptospirosis
In suspected patients with acute undifferentiated fever who presented to the outpatient clinics in high endemic areas.

@PLOS | TROFICAL DISEASES 2020 = |
RESEARCH ARTICLE
Development and Validation of a simple score
for diagnosis of Leptospirosis at outpatient S
departments £
OPD score & |
23.5 £°
g
Parameter Score E
1. Wet ground at workplace 2 Presumptive <5
, : diagnosis of y
2. Contact animal water reservoir 1 .. _
Ieptu5p|rc|5|5 ——=—— OPD Score (5 predictors) AUROC=0.7187
3. Urine protein positive l sls === WHO score (10 predictors) AuROC=0.6227
- Urine blood positive AuROC: 0.72 0.00 0.5 False positiv%%cl)-Speciﬂcity) 0.7 100
5. Mgutrg phil munt :_:l-m 1.5 S-EI"‘ISiﬁ"I.I"iW: ?2.4:""& iﬁioie“:i‘\:“;?::mgchmamﬂﬂkcmind.iagmsl.icpmd.icﬁanaflepmsphmi&.mmpnrisanal'DPDscareandsmchrdWHDsmre within
' Specificity: 61.7%
PPV{ 45'2?“ >With 5 predictors, the score was more practical for outpatient setting
NPV: 83.1% than the conventional WHO score with 10 predictors.




Implementation to Leptospirosis Guideline by DDC, MOPH, Thailand

. 2022
:

THAI-LEPTO Score Lﬂus-'uumi'lm..uwnﬂ'm Tagldormsmendiin Usvindesomsinide iwnumidmswmmawgunmmg'm
(Cllnlcal prediction score) mu‘lun'ﬁ'zusmuwamu (presumptive diagnosis) 'luuﬂ'w'naaauismaﬂ‘laa‘lﬂk%a Lwam..‘lmiun’ﬁsnu'mﬂ'w
*‘«\0 ii = Aoufian1sns9BuduarsIBIna (confirmatory test)
€

TEMPERATU%E D) @ THAI'LEPTO SCOI'e°
Jedunune AlluU
Rec,

" o a & de v S '
1. Clinical hypotension: anusulafinafisndudesliarsuietnesnga 3
(volume resuscitation) %38 vasopressors (nauthdslsswenuavisalasumsineuda)

Village health volunteers (VHV

e\e

2. Clinical Jaundice: §Uaeiinnazauvisuaz/vieAdimwaes 2
: & o = & 7 o
3. Muscle pain: Yanndaiilajuuss wisnadumundaiile Tngiawizndaniiavas 2

4. Acute kidney injury: creatinine = 0.3 mg/dL %38 1.5 Whanvaudu (flifideyaifu 1.5
e OCICIAT ua.,ml'w'lm'i'[m'lnéaﬂmnau Wiszanadn eGFR Un@ift 75 mL/min/1.73m?)

HiEAETE OFRICE 5. Hemoglobin < 12 g/dL 3
6. Serum sodium < 135 mEg/L 24U serum potassium < 3.5 mEq/L 3

7. gtheil PMN 2 80 % $7uffu White Blood Count < 10,000 cell/mcL 1

-

* It lamawglsraUlnalulsdasinquusiiinasulsmenua nsusnlsaldfanlutana 3-4 fu ndwnGudly

®luanaz pretest probability = 0.5

VHV'’s role durin g COVID-19 in Thailand winiifoasdengananne: naslsainravialy nsuntugulsa Tns. 02-590-3177-8




Who will perform Thal lepto score ?
- VHVs



