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Introduction

e Scrub typhus, Murine typhus and Spotted fever group rickettsioses re-emerging
causes of acute febrile illness in south and southeast Asia

* Obligate intracellular bacteria that comprise a large group of

tick-, mite-, and flea borne zoonotic infections that are caused by
closely related rickettsiae

* High morbidity and mortality: ST>SF>MT
* low index of suspicion
e underdiagnosis
* untreated cases



Generic Characteristics Used for Classification of Rickettsiae

Impact

e Louse-borne e Typhus e Epidemic
e Flea-borne e Spotted fever e Endemic
e Mite-borne e Scrub typhus e Sporadic
e Tick-borne

Syndromic classification



axonomy
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Rickettsiaceae

Anaplasmataceae

Family
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O. tsutsugamushi Typhus group Spotted fever group
. O. chuto (Dubai)
Species

O. Chiloe (HM155110)
O. sp isolate 116 (SA)




Taxonomy

—

Kingdom: Bacteria
Phylum: Protecbactena
Class: Alphaprotecbactena
Order: Rickettsiales

Rickettsiales

Family: Rickettsiaceas

Genus: Rickettsia
Species: Rickettsiarickettsii

T

Rickettsiaceae

Family |
Genus Orientia
16s rRNA
Typhus grou
Species 239/5/ 9 P {
DNA (G+C) content 0

Rickettsia prowazekii
Rickettsia typhi

Rickettsia

Anaplasmataceae

Spotted fever group
32-33%

R.rickettsii ,R. conorii, R. africae

R. sibirica , R. slovaca, R. honei
R.japonica, R.australi
R.aeschlimannii, R.helvetica,

R. massiliae R. rhipicephali
R. montanensi R.parkeri,R. peacockii




Laboratory diagnosis:
Rickettsioses



Laboratory Diagnosis

Presence of the typical clinical findings,
epidemiological background, raise the suspicion
of the disease, while awaiting laboratory
confirmation.

Early diagnosis of Rickettsioses
Chiefly on clinical suspicion

No reliable diagnostic test is available
on the early phase of the illness.




Clinical clue for diagnosis
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 Painless (cigarette burn)

* Not always present (7-97%)

* Thorough examination: Needed

* Our eschar rate: =60%

 When present: Appears before disease manifests
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Clinical clue for diagnosis

Parameters compatible with
a diagnosis

e Eschar
* Regional lymphadenopathy
*Total fever 28 days

Parameters incompatible
with a diagnosis

* Bone pain (dengue)
* Bleeding manifestations (dengue)
* Loose stools (enteric fever)
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Time course of rickettsial infection
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Confirmation of diagnosis

e Definitive methodsS

* |solation of agent: Cell culture or animals
* Antigen detection
* Molecular assays: PCR & LAMP

e Serological assays:
* Four fold rise in titre

e Seroconversion



Alternate: More practical

e Acute undifferentiated febrile illness

(Malaria negative & blood culture negative)

* Eschar/rash

* Defervescence of fever within 48 hours of
therapy

and

* Detection of significant level of IgM antibodies: ELISA/IFA
/RDT



Stains



G|m|niz stain — r|ckett5|a (CDC)
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Culture

Most definitive diagnostic method: Gold std

BSL Il facilities required: Under query by experts
Cell lines: Vero, HEL, MRCS5, L929

Embryonated egg: Yolk sac inoculation

Animals: mice/ guinea pigs

Culture: Reference labs

* Time to positivity: days to weeks/months

* Note: Ultimate method for diaghosis & detection of new species
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> Specimens: Human blood & Skin biopsy SheH Vial CcCu ‘tu e

Inoculate

» Detection of the rickettsiae - cell staining @ with specimen
and immune and molecular Detection
N———
o . o . . ba
» Faster isolation of rickettsiae using 5
L929 and Vero cells in comparison to HEL — Goverslip with tissue
@ -~ CUIture monolayer
or MRC5 inshellvial
Centrifuge to enhance
Y infection of monolayer

» Centrifugation determines sensitivity
Sensitivity - 35-50% ' REREE .
Time taken: 48-72 hours

Stain with
V fluorescent monoclonal antibodies
» Drawback: Non-viable on subsequent = — S5 > Mountcoverslip on siide

passage l
Read with fluorescent microscope
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Shell vial culture

FIG. 3. Indirect immunofluorescence staining of R. conorii in HEL cells by using the shell vial assay. Bar, 4 pum. Magnification, x400.
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IFA

Antigen source:

Ref labs/commercial

Commercial kits:

Very expensive

Results:

Subjective

COV

No consensus

True accuracy:

Imperfect




lgM ELISA

* Advantages:
* Less expensive

Reliable automation available
Values objective (OD)
Uses recombinant antigens: Cocktail

Large numbers of sera can be screened

* Disadvantages:
Cut off value has to be determined
* Sero-conversion more reliably demonstrated

 Cross reactions
 Commercially obtained



RDTs

* Rapid
* POCT
* Currently more expensive than ELISA (Cost/test)

Test Sens |Spec |Reference
(%) (%)

lgM ICT Lim C 2015
lgM Dot EIA 129 100 94 Prakash JA 2006



STIC (Scrub typhus Infection criteria)

* Proposed and used by Blacksell, Paris, et al

*STIC components

* O tsutsugamushi isolation

* Two of three PCRS positive (56 kDa, 47 kDa & groEL)
 Admission IFA titre is 212,800

* Rise in titre (4 fold admission vs convalescence)

* STIC positive: Any one criteria positive



Assessment of STIC & components

* Lim C 2015
* Low specificity of STIC due to low specificity of IFA IgM

* Bayesian LCM analysis:
e STIC & IFA IgM: Poor reference standards

* Estimation of accuracy of diagnostic tests
* Bayesian LCM recommended: Why

* Note: Eschar & scrub typhus: Sens: 43%; Spec: 99%



Scrub typhus diagnostics sSummary (ks o)

Type of assay Sensitivity (%) Specificity(%)

Cell culture 5-56 100
Antigen detection 65- 100 100
lgM IFA 70-100 84-100
lgM ELISA 70-100 87-100
IgM ICT 47-99 95- 100
56 kDa Conventional: 0-96 Conventional: 100
Nested: 16-100 Nested: 88-100
gPCR: 65-73 qPCR: 100

47 KDa Conventional: 3-7 Conventional: 100

Nested: 81-85 Nested:100
gPCR: 63-81 gPCR: 90-100



Co-infections described in scrub typhus

(Prakash JA, 2017)

[ Sensitivity | Specificity Diseases /
pathogens described

Culture, NAATs Poor Best TB, Malaria, leptospirosis,
& dengue, murine typhus,
antigen spotted fever & typhoid,
detection
2  Seroconversion Good Good Leptospirosis, dengue, JEV
Rise in titre & Q fever
WB positive
3 Single Best Poor Malaria (smear)
serological Dengue (NS1 Ag)
value >COV Leptospira (MAT)

Spotted fever (IFA)
Murine typhus (IFA)



Differential diagnosis: Spotted fever

Bacterial diseases Other condition

v" Meningococcemia v' Measles v’ Kawasaki disease
Leptospirosis v'  Dengue v’ Vasculitis

v' Typhoid fever Chikungunya v" Thrombotic thrombocytopenic

purpura
Secondary syphilis v'Infectious v Adverse drug reactions
mononucleosis
v" Infective endocarditis v'Varicella v’ Steven- Johnson syndrome
v" Scrub typhus Viral haemorrhagic fever v° Henoch- schonlein purpura

Protozoal diseases
Malaria

Modified from MMWR / May 13, 2016 Centers for Disease Control and Prevention 27



Differential diagnosis: Murine typhus

. . ) (" . . ) (" Lo )
e Epidemic typhus * Meningococcemia e Kawasaki disease
e Spotted fever e Typhoid fever e Autoimmune vasculitis
@ Secondary syphilis e Malaria

® Leptospirosis,
e Toxic shock syndrome

Rickettsial :
: . Bacterial
infection

-
* Measles

¢ Viral meningitis

e Viral hemorrhagic fever




Vellore case definition: Scrub typhus

ST case: If any one of the following observed
e ST gPCR (47kDa) positive
e Eschar positive and ST IgM ELISA positive (0D>1.0)

e Eschar negative, ST IgM ELISA positive (OD>1.0) and defervescence
of fever within 72 hours of initiation of therapy.

* Sensitivity & specificity: 100 % (BLCM analysis)

* Note:

e ST IgM ELISA pos * eschar + Rx response detects 90% cases
* ST IgM ELISA positive after 5t day
* ST gqPCR positives: Majority before 10t day (whole blood)



Spotted fever diagnostic algorithm: Vellore

* Suspected case:

* AUFI with rash * eschar; fever < 20 days

* Probable case:
* AUFI + rash + eschar

* Negative for drug rash & viral exanthem

* Confirmed case: Either one of the following

* Probable case + ompA gPCR positive

* Probable case + SF IgM ELISA positive with fever defervescence (<72
days)

* Note: This is the current algorithm is subject to change with new knowledge



Epidemiology of Rickettsioses
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Current epidemiology e s 2os

O  Antibodies against Onentio sp. antigers - Fuma
O tissues with Orientia sp. gene fragment sequences W Animy
Y Antibodies against Onentia 5p. and tissee sequences of Onentio sp.




Fig 1. Epidemiological trends of scrub typhus incidence in several endemic countries from 2000 to 2014.
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https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0005408

Fig 2. Phylogenetic analysis of 206 tsa56 genes and their classification into genotypes and genogroups.
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https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0005408

Rickettsial epidemiology: India

* Evidence of disease present (India & TN)
e Seasonal variation well documented (vathai )
* In TN: Cooler months (August-February)

Weekly Average of Positive/Negative Tests 2009-2014
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Murine typhus -2014

Manson tropical disease pg no 285 -Courtesy of the Department of Entomology, London School of Hygiene and Tropical Medicine




Epidemiology

Seroprevalence before 1997

Seroprevalence after 1997




Epidemiology - India
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Thimothy et al systematic review of murine typhus - 2015



Spotted fever group rickettsia (SFGR)

 Currently 30 Rickettsia species in nomenclature
( 21 of them are pathogenic in humans)

* Genus level

> 16S rRNA gene (rrs)

> Citrate synthase gene (gltA) Murine typhus: R. typhi
» 17 kDa protein gene

* Species level

» OmpA protein gene(ompA)
» OmpB protein gene (ompB)
» Sca4 protein gene (sca4)

* |solate level

» Intergenic regions (http://www.bacterio.net).



Global epidemiology: Spotted fever  pierrsour 201

A. sibirica mongolitimonae R. helvetica R. slovaca R. conorii caspia R. sibirica mongolotimonae
R. sibirica sibirica

b .\
R. conori israeli

/
R. conorii conorii. P ' '\?’-
v

R. australis ¥

R. honei ———&/ /
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Distribution of spotted fever group in Asia

IND1LA
- K. conorif

CHINA
- R, aeschiimanmniri
- R. conorif
- . felis
- R. heilongjiiangii
= R heilongjiiangensis
- R, halfini
- R japonica
- R.massifliae
- R. morracensis
- R. raowltii
- R. sibirica
- R. slowvaca
- R sp. XY99
- R.sp. TO0CYF
= Candidatus
R. gannanii
- Candidatus
R. barbariae
- Candidatus
R. ribetamni

SRI LAMNKAA
- R. conorii
- R. felis

- R. honei

CAMBODIA
-~ R. felis

LAO PDR

- R. conorii

- R osp. AT1

R felis

R, helvetica

R. japonica

R, ftamurae

- R sp.
Kagoshima &

- R sp. TwkhiOo1

- Candidatus
R. lacensis

- Candidatus
R. mahosotii

- Candidatus R.
kKharm—

bodo

rmouanansis

MALAYS LA

- R. felis

- R. honeis

- B osp LOMN-TF
- R spp. TCAM1

i

FHILIPPIMES
- R. japomricea

TADNAAMN

- R. conorif

- R. japornica

. rickettsi

L raro i

sp. 1G-1

s Twr kMO
sp. TwkKMO2Z2
sp. TwkKMhMO3

RARAIDA

INDOMNESLA
- R. conorii

- R. felis

- R. rickettsii

HOMNG KOMNG
- /. felis
- A japonica

KOREA

- R, akari

-~ R. conoarii

- R. felis

R. japonica

- R. monacensis
R. rickettsii

- R. sp. FUJog
R.sp. HIS50
R.sp. HIR/D91
- Rosp. IRS3

JAPAMN

- R. helvetica
= R. japorica
- Rl tamuras

Intensity of Rickettsia species
present in each country
ranked from 1-18

B 6ois
[ ] 13215
B 012
7
[ ] a6
(1123

Ref: Satjanadumrong J et al Distribution and Ecological Drivers of Spotted Fever Group Rickettsia in Asia — Ecohealth 2019
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Rickettsioses India

e E. Mathai et al (2001)

PUO: 1996 - 1998, tested using the WF test
N=475, 21 titre >1:160
SF & MT: Each 6 & ST by IHAT

 Spot the spotted fever (1996-2000)

Fever with rash: 57 children

SF: 12 by WF test

 Somasekar et al (CMC, Vellore): November 2003 to November 2004

N= 180; Initial screen by WF
ST: 27; SF; 14 & MT: 2 (confirmed by IFA)
21 of 31 children: Afebrile with Doxy (<24 hours)



Potentially novel rickettsia

» “Candidatus Rickettsia kelly1," India (rolain Jm et al 2006)

 Reported in a 1-year-old boy with fever and maculopapular rash who
presented to CMC, Vellore

» Diagnosis: Serology, PCR & immunohistochemicstry

« Skin biopsy specimen sent to Professor Didier Raoult at the Universite de la Mediterranee, Marseille,
France

 Further evidence; 5 of 6 ompA genes similar to “Candidatus Rickettsia
kellyi," India (Prakash JA et al 2012)

 Not yet isolated in culture



Candidatus Rickettsia kellyi

100

76— Rickelisia sibinca sensu siricto

[

as|
51 82
Hﬂ I
r R. aeschiimanmni
a8 | R rhipicephali
91 R. massiiae

R montanensis
John A.J. Prakash and Didier Raoult- Emerging Infectious Diseases ®
www.cdc.gov/eid ¢ Vol. 12, No. 3, March 2006
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Jammu &

\ Kashmir 2 Himachal Pradhesh

L 2000- 2011 - 12 cases
ch

Spotted fever in India

2009 — 1 case

Arunachal

nchal Pradesh

Uttar Pradhesh im

Rajasthan

- T
o <

4 Madhya Pradesh

Central India

2009 — 52 cases
. Maharastra

/V" North — East India

Andhra Pradhesh

2007 - 2008 - 32 cases |

1996-1998 - 6 cases

2016- 2017 —

61 cases

Karnataka

2010-2012- 23 cases 1996-2000 - 12 cases

2013- 2014 - 8 cases

Kerala

| 2004- 2 cases

Pond| 2003—2004 — 14 cases

I 2006 — 2008 - 38 cases

2007 — 2008 - 7 cases

Pondicherry 2012- 2015 — 72 cases

Pubmed — Advanced search data for spotted fever prevalence in India
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CMC SF data from 2007-18
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A NE India
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MURINE TYPHUS : AFORGOTTEN CAUSE OF FEBRILE
ILLNESS IN SINGAPORE

K C Loh, Y S Leo, M K Heng, B C Goh

ABSTRACT
We report 6 cases of murine typhus presented to us within a period of 3 months. The diagnoses were made based on the Weil-

Felix reaction in the context of supportive clinical and epidemiological features, and response to appropriate antimicrobial
therapy. This review serves to remind us that murine (yphus is still an important cause of acute febrile illness in Singapore,
especially among the migrant Indian workers.

Keywords: endemic iyphus, Rickettsia typhi, clinical features, evaluation, treatment.

SINGAPORE MED J 1996; Vel 37: 39-43

Murine Typhus in Returned Travelers: A Report of Thirty-Two Cases

Gatlle Walter, Elisabeth Botelho-Nevers, Cristina Socolovschi, Didier Raoult, and Phulippe Parola*®

Uniré de Recherche en Maladies Infectieuses et Tropicales Emergentes (URMITE), UMR CNRS-IRD,
WHO Collaborative Center for Rickerisial Diseases and Other Arthropod-borne Bacterial Diseases, Marseille, France;
Service Maladies Infectieuses et Tropicales, Hopital Nord, Marseille, France

Abstract.  Murine typhus, caused by Rickettsia ryphi and transmitted mainly by the rat fleas, Xenopsvylla cheopis, has
emerged in the field of travel medicine. We analyzed retrospectively the epidemiological, clinical, and biological
characteristics of the 32 murine typhus cases that were diagnosed during the past 3 years at the World Health Organiza-
tton Collaborative Center for Rickettsial diseases, Marseille, France. All of the cases occurred 1n travelers and most of
them had returned from Africa (N =13 of 32) and South-east Asia (N =12 of 32). Exposure to rats was reported only in a
few (N = 2 of 32) patients. Almost half of the cases were diagnosed in August and September. Only four patients
presented the classic triad: fever, rash, and headache. Moreover, we report the first known cases of a hemophagocytic
syndrome associated with this disease. Murine typhus must be considered as an etiologic agent of febrile illness in
returning travelers, particularly in those with unspecific symptoms.




Ped ST serology vs time



Qb

25

1.5

0.5

months

g (5

g IZ V]

10

12

14



TAMIL NADU Y

KARNATAKA

T annamalai At
DI" rmapuri@ Fe ) vild
- p ppurami’),
;. DHARM, UR} ’

trnmuvl
ARATKAL
PUDUCHERRY)

inam

NAGAPATTINAM

Bay of
Bengal

URAW -°

Palk Strait

Laccadive ;
Sea

LEGEND

== State Boundary
---- District Boundary

R ® state Headquarter
Copyright © 2018 www. @ District Headquarter . URBAN
® RURAL
@©® PERI FOREST




RiQVest study: Prelim results (Serosurvey)

For exposure positive: IgG ELISA OD 21.5

Districts: Vellore & Tiruvannamalai (urban & rural)

Periforested: Palamathi, Jawadhi & Kalrayan Hills

Locality (n) ST IgG ELISA (%) | MT IgG ELISA (%) |SF IgG ELISA (%)

Urban (427)

Rural (576) 28.7 8.7 12.7

Peri-forested (350) 13.7 0.0 14.9



- Scrub typhus Spotted fever Murine typhus

Etiological
agent

Vector

Prevalence

Clinical
presentation

Investigation

Prognosis
(untreated)

O. Tsutsugamushi
O.chuto

Chigger (mite) borne

More common
(tsutsugamushi triangle)

AFl with eschar
+ Rash

Weil felix- OX K Positive
ST IgM ELISA
gPCR—47 kda

Mortality rate - high(ARDS)

Spotted Fever group rickettsiae

Mite/Tick/Flea borne

Less common

AFl with Rash + Eschar

WEF (OX 2/19-positive)
SF IgM ELISA
gPCR- OMP A

Mortality rate: moderate

R.typhi

Flea borne

Least common

AFl with Rash
No eschar

WEF OX 19- positive
MT IgM ELISA
gPCR-OMP B/gltA/17kDa

Less



Lacunae in knowledge

* Community prevalence: Not clearly known

* Vectors: Identified for scrub typhus only

* Reservoir of infection: No definite idea

* Risk factors for rickettsioses: Needs further study
* Role of climate & environment: Not well studied
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