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— Sérologie
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INTRODUCTION

U

Maladies infectieuses reémergentes

Répandues dans le monde entier

Causées par des micro-organismes pathogenes

Rickettsia

Transmises par une diversité d’arthropodes hématophages



Rickettsia

«Des petits coccobacilles a Gram
négatif

#coloration de Gimenez a la fuchsine
basique

+Se divisent par scission binaire

+Se cultivent sur des tissus

INTRODUCTION

Figure 1 : Rickettsia a
I'intérieur d’une cellule
endothéliale humaine.
Coloration de Gimenez.



INTRODUCTION

Rickettsia

SFG

TG

Vecteurs

Tigues+++
Puces (R. felis)

Mites (R. akari)

Poux (R. prowazekii)

Puces (R. typhi)

T° de croissance 35° 32°
%GC 32-33 29
Mobilité intracellulaire +




Rickettsiaceae

Rickettsiales

Anaplasma

Anaplasmataceae

eorickettsic

Wolbachia

Figure 2 : Classification de I'ordre des Rickettsiales. 9




** Fievre 100%
«* Eruption cutanée
**Incubation 1-16 jours

Eruption cutanée
maculopapuleuse

INTRODUCTION

R. Conorii conorii

Escarre, tache noire
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Typhus murin

INTRODUCTION

Tableau 1 : Fréquence des différents signes cliniques au cours du typhus murin

Singes cliniques

Fréquence (%)

Fievre

Céphalées

Rash

Arthralgies
Hépatomeégalie

Toux

Diarrhée
Splénomégalie

Piqure d’insecte
Nausées/ vomissements
Douleurs abdominales

Confusion

98-100
41-90
20-80
40-77
24-29
15-40

5-40
5-24
0-39
3-48
11-60
2-13
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) INTRODUCTION

Les autres rickettsioses

Tableau 2 : Caractéristiques cliniques de certaines especes de rickettsies

R. conorii subsp la fievre boutonneuse . Ly
. . e Rh. sanguineus Formes séveres
israelensis d’Israél
. . N , Rhipicephalus Conjonctivites,
R. conorii subsp caspia la fievre d’Astrakhan P p . , ,J .
pumilio céphalées et myalgies
. . du typhus a tique : .
R. conorii subsp indica yF;l’in de G Rh. sanguineus Rash purpurique
. La fievre boutonneuse a . . :
R. felis S Ctenocephalides felis Rash maculopapulaire
. La fievre a tique :
R. africae . Amblyomma Escarres multiple
africaine
Escarre du cuir
R. slovaca SENLAT Dermacentor , :
chevelu+ adénopathie
R. helvetica Fievre non éruptive Ixodes

Fievre pourprée des

Dermacentor Formes séveres
montagnes rocheuses

R. rickettsii

. . g Pediculus humanis , .
R. prowazekii Typhus épidémique S Formes séveres



\ INTRODUCTION

Epidémiologie

= Maladies vectorielles:

Fréquence et transmission 4mmm) Activite et répartition des vecteurs

« Reéservoir:
@ Animaux : rongeurs, mammiferes, oiseaux
@ Vecteurs: TIFetTTO

o Homme: hote accidentel

13



INTRODUCTION
S

Repas sanguin
Petits rongeurs

sauvages
Repas sanguin
Cycle =) ﬁ

transovarien

Tique adulte A
infectée
o

D Hote infecte
> &>
4\6‘ @®@@® . l
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\ -
Petits rongeurs (Eufsinfectés
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LD
TN,

—F

Larves infectées

Figure 3 : Cycle de transmission et de maintien de lI'infection a Rickettsia dans la nature



INTRODUCTION

@ R, parkeri m R. conorii subsp conorii
A Rickettsia strain Bahia % R, conorii subsp israelensis

@ Rickettsia philipii (364D)  *R. conorii subsp caspia

* R. africae © R. conorii subsp indica

® R, heilongjangensis ¥ R. sibirica mongolotimonae N
T R. japonica % R. sibirica sibirica

I R. helvetica @ R. aeschlimannii () 9,

IR, honei < R. slovaca .6" [,;?
IR, qustralis AR, raoulti

6 candidatus R. kellyi <R massiliae
© R. honei strain « marmionii » *R, rickettsii
@R, felis ¥ R. monacensis

15
Figure 5 : Répartition mondiale des différentes especes de rickettsies du SFG décrites comme pathogenes pour I’'Homme.



INTRODUCTION

Répartition des rickettsies
en Tunisie
Vecteur Homme

B A R. conorii conorii

L1 A\ R. conorii israelensis

] A R. felis
A R. aeschlimannii
A R typhi

| R. massiliae

| R. helvetica

w R. monacensis

Figure 6: répartition des différentes espéce de Rickettsia rapportées chez les patients et les
vvorctorire
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Diagnhostic microbiologique

Diagnostic
biologique
directe

Diagnostic

biologique

La sérologie

P
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t‘-; Sérologie
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La méthode de référence

Une méthode sensible et
spécifique

Accessible aux laboratoires de
routines

Le manque de standardisation

Les réactions croisées
observées entre les différentes
especes de rickettsies

Sérologie

20



Serologie
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Sérum du patient




Sérologie

seuils de positivite

o IlgM =1/32
o IgG =1/128

Criteres de positivitée

e [es IgM sont positives a des taux supérieurs
al/32

® séroconversion entre deux sérums
e Elévation significative des IgG




Sérologie

Diagnostic d’espece

Titres (IgM +IgG)espece A
>
2 Titres (IgM +IgG)espéce B



Sérologie

TransacTions oF THE Rovar SocieTy OF Trorical MEDICINE AND 1-11.-{:151489, 266-268

Seroepidemiological survey of rickettsial infections among blood donors in
central Tunisia

Amel Omezzine Letaief'**, Saloua Yacoub?, Hervé Tissot Dllpntlta Christine Le Cam?, Liliane Ghachem?, Letaief
Jemni! and Didier Rauulﬁ* IService de Ma!adtes Infecrieuses and *Cenire de Transfusion Sanguine, CHU F. Hached,
4000 Sousse, Tunisie; 3Unité des Rickeutsies, CNRS EP F00S54, Faculté de Médecine, 27 Boulevard Moulin, 13385

Marseille, France

Abstract
In this report we attempt to evaluate the prevalence of antibodies against Rickertsia conorit, R. typhi, Coxiella
burnens, and Ehrlichia chaffeensis in central Tunisia. Five hundred sera from blood dunurs, cull:cted I:le-
tween March and June 1993, were tested for these 4 antibodies using an indirect immunofluorescen
body assay (IFA). Nine the sera had antibodies against R. conorii (IgG>1:32) by IFA, an
Western blotting; with IF mhad antibodies to R. typhi, 26% to C. bumem (>1:50 and non

chaffeensis. Infection rates witir K. conorti and R. typhi did not differ significantl between the sexes, bul:
tewer young people had antibodies to K. typhi. A s1gmhcanﬂy higher prevalence ‘antibodies to C. burneni

was noted for males with no difference between age classes. No significant difference was detected between
urban and rural areas. This study confirmed the endemicity of rickettsioses, and revealed a high seropre-
valence of Q fever, in central Tunisia.

Keywords: Mediterranean spotted fever, typhus, Q fever, ehrlichiosis, Rickettsia conorti, Rickeitsia typhi, Coxiella burnerii,
Ehrhichia chaffeensis, seroprevalence, T'unisia
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Sérologie

International Journal of Infectious Diseases (2005) 9, 331-334

FOR INFECTIOUS DISEASES ||

http:/ /intl.elsevierhealth.com/journals/ijid

Clinical and laboratory features of murine typhus
in central Tunisia: a report of seven cases

A. Omezzine Letaief>*, N. Kaabia?, M. Chakroun®,
M. Khalifa?, N. Bouzouaia®, L. Jemni?

? Infectious Diseases Unit, F. Hached University Hospital, Sousse, Tunisia
blnfectfous Diseases Unit, F. Bourguiba University Hospital, Monastir, Tunisia

Received 3 January 2004; received in revised form 11 August 2004; accepted 14 September 2004
Corresponding Editor: Jon Cohen, Brighton, UK
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Serologie

Disponible en ligne sur Elsevier Masson France

SciVerse ScienceDirect EM|consulte Médepin_e et .
www.sciencedirect.com WWw,em-=con EUItE. com maladles lnf%ueuses

Médecine et maladies infectieuses 43 (2013) 226-229

Original article

Murine typhus in Tunisia: A neglected cause of fever as a single symptom™

Le typhus murin en Tunisie : cause négligée de fievre isolée

A. Znazen®*, B. Hammami®, A. Ben Mustapha®, S. Chaari®, D. Lahiani®, I. Maaloul °,
M. Ben Jemaa®, A. Hammami?

¥ Laboratory of Microbiology, Habib Bowrguiba University Hospital, Sfax, Tunisia
b Infectious Diseases Department, Hedi Chaker University Hospital, Sfax, Tunisia
® Infectious Diseases Department, Diebeniana Regional Hospital, Sfax, Tunisia

Received 24 October 2012; received in revised form 17 December 2012; accepted 15 February 2013
Available online 22 April 2013
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Sérologie

Tableau 3: Concordance entre la clinique et la sérologie chez les patients
ayant eu un 2¢me sérum (les données de I'étude multicentrique Tunisie
2012-2014).

Diagnostic clinique

FBM/RICK

. Virose Autre
/Intracellulaire

Nombre

serologle 121 (61%) 116 (71,2%) 5 (14,3%)

positive

serologle 74 (39%) 47(28,8%)  30(85,7%) 1

négative

199 163 35 1




l Sérologie

La sérologie

34 56

THiCray

Western blot avant (1,2) et aprés adsorption croisée avec R.
typhi (3, 4) et R. felis (5, 6). Pistes 1, 3, 5 : antigéne R. typhi;
pistes 2, 4, 6 : antigene R. felis.
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Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 12, No. 1, January 2006

DISPATCHES

Rickettsia felis
Infection, Tunisia

Abir Znazen,*t Jean-Marc Rolain,*
Nader Hammami,t Adnane Hammami,t
Mounir Ben Jemaa, and Didier Raoult*

We report, for the first time, serologic evidence of
Ricketisia felis and R. aeschlimannii infections acquired in
Tunisia from 1998 to 2003. We found that most patients
with antibodies against both_R, _conorii and R_typhi had
serologic evidence of R. felis infection.

Problématique
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ANNALS 5 2 aitces

RICKETTSIOLOGY AMND RICKETTSIAL DISEASES-FIFTH IMTERMNATIONAL COMNFEREMCE

Characterization of Rickettsial Diseases in a
Hospital-Based Population in Central Tunisia

Naoufel Kaabia and Amel Letaief
Infectious Diseases Unit, Farhat Hached, University Hospital Sousse — Tunisia

In Tunisia, 2 richettsial groups, spotted fever gronp and typhus group, have been de-
also known as Boutonneuse fever, cansed by Rickettsia conorii and transmitted by the
dog tick Rhipicephalus sangumens, is the most frequent rickettsial infection ohserved.
Its seroprevalence n our region is 9% among blood donors and 23% in hospitalized
febrile patients. Typhus group rickettsinses, cansed by R typhi and R prowazekd, are
less frequently reported than in the 1970s. Only sporadic cases of typhus were reported
in the last decade. However, R #yphi antibodies were present in 3.6% among healthy
people and 40°% I patients with acute fever of undetermined origin, In the unit of In-
fectious DMseases at Farhat Hached University Hospital in Sousse, dormg 2007, 5% of
hospitalized patients had eruptive fever, and half of the cases met clinical criteria of
MSF and/or were confirmed by rickettsial serology. The majority of cases (90%) were
noted in hot seasons, and contact with domestic animals was found in 76%. The most
common symptoms were fever (present in all cases), skin rash (in 85% to 98% of cases),
and headache (in 69.5% of cases). The dinical triad (fever + rash 4 “tache noire”) was
noted m 32 to 61%. Ncn'nmlb]ﬂndceﬂsnrleukﬂpen:a,c}rtd}ms,andthﬂmb&penl&m

Tasiel mnsm:.dnm]:.gnmtﬁ&rnjs&fmk—

conort MﬂhmﬂenuﬁgdbyERmshnbmpmﬁDmF}rdJnemth nu'bu.&ucnf
choice for rickettsial infections; it was prescribed in the majority of patients, assodated
with fever defervescence, in a mean of 72 hours. The mean length of stay among hos-
pitalized patients with rickettsial infections was 5.9 days. In conclusion, in our region,
MSF and murine typlns are endemic. Doxycycline should be prescribed in patients
with acute fever and skin rash, especially in hot seasons These rickettsioses were char-
acterized by benign prognosis. More skin hopsies are needed to identify other SFG
rickettsies,

Keys words: Rickettsia conoril; Reickettsia typhs; Rickettsia prowazekis; Rickettsia felis;
idemiology; Tanisi
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Diagnostic biologique direct

Biopsies cutanées

—_— —

{ Sang EDTA J

_—

e
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Différentes Techniques de détection des Rickettsies

{ Culture cellulaire }

{ Immunohistochimie }

PCR en

Biologie moléculaire
temps réel

33




Biologie moléculaire
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Biologie moléculaire

Genes cibles

+ qltA, ompB, ompA, 16S rRNA et 17kD

Roux V 1997, Roux V2000, Fournier PE 1998, Tzianabos T 1989.
» ldentification d’especes apres séquencage

permettra de faire un diagnostic d’especes.



New bacterial isolate

v

Biologie moléculaire

rrs > 98.1% (97.7 — 98.1)
AND

gltA > 86.5 % (84.4 - 88.6)

with at least one
Rickettsia species

Other genus

Presence of the ompB gene and gene D

The isolate does
not belong to
any of the two
groups, like
R. canadensis
and R. bellii

Yes

Member of the
typhus group

No

Yes

Member of the Rickettsia

genus

"

Presence of the ompA gene

No

Yes

Yes

Member of the spotted

fever group

YV

> 2 of these 4 criteria
rrs > 98.8 % (98.7 — 98.9 %)
gltA > 92.7 % (91.9 — 93.4 %)
ompB > 85.8 (84.1 — 87.7 %)
Gene D > 82.2 % (80.9 - 83.5 %

with at least one member
of the spotted fever group

| No

> 2 of these 4 criteria
rrs > 98.8 % (98.7 — 98.9 %)
gltA>92.7% (91.9 —93.4 %)
ompB > 85.8 (84.1 — 87.7 %)
Gene D > 82.2 % (80.9 — 83.5 %

with either R. typhi
and/or R. prowazekii

Figure 4: les recommandations de la taxonomie poly-phasique pour la classification des rickettsies (Fournier et al., 2003)



Biologie moléculaire

Sfax 2008-2012

Tableau 4 : PCR conventionnelles chez des patients ayant une rickettsiose

BCU (n=44)

5 5 5 7

Positivité (11,3%) (11,3%) (11,3%) (16%)

R. conorii subs conorii (2)

Séquengage R. conorii subsp israelensis (3) R. conorii subsp israelensis (3) >FG

Sang-EDTA (n=101)

Positivité 5 ; ) ;
(1%) (1%) (1%) (1%)

Séquencage R. conorii subsp israelensis R. conorii subsp israelensis - -



Biologie moleculaire
PCR en temps réel (qPCR)

+ Sensibilité
» Spécificité (TagMan)
+ Rapidité

# Utilisation de sonde spécifique d’espece++

38



Biologie moléculaire

Assessment of Real-Time PCR Assay for Detection of Rickettsia spp.
and Rickettsia rickettsii in Banked Clinical Samples

Cecilia Y. Kato,? Ida H. Chung,® Lauren K. Robinson,® Amy L. Austin,®" Gregory A. Dasch,® Robert F. Massung?

Centers for Disease Control and Preventicn, Rickettsial Zoonoses Branch,® and Laboratory Preparedness and Response Branch,” Atlanta, Georgia, USA
Two novel real-time PCR assays were developed for the detection of Rickettsia spp. One assay detects all tested Rickettsia spp.;

the other is specific for Rickettsia rickettsii. Evaluation using DNA from human blood and tissue samples showed both assays to
be more sensitive than nested PCR assays currently in use at the CD/C.

January 2013 Volume 51 Number 1

% Sensibilité > Nested PCR

» Diagnostic rapide de la RMSF (R. rickettsii)



Biologie moléculaire

FEMS),
""‘--4)
SHOEBRT COMMUNICATION

Widespread use of real-time PCR for rickettsial diagnosis

Aurelie Renvoise, Jean-Marc Rolain, Cristina Socolovschi & Didier Raoult

Unité de Recherche an Maladies Infectiouses ot Tropicales Emergentes CMRS-IRD UMREZ3IE-198, Facultd de Médeana, Univarsité da la
Mediteranada, Marsaille, Franoe
FENS immunol hed Microbiol 68 (2012) 126129

e 29PCR: SFG et TG
* 643 échantillons testés: 45 positifs
* 31/45: BCU ou ECU



Biologie moléculaire
@.PLOS ‘ TROPICAL DISEASES

RESEARCH ARTICLE

Comparison of Two Quantitative Real Time
PCR Assays for Rickettsia Detection in
Patients from Tunisia

Abir Znazen'*, Hanen Sellami', Emna Elleuch?, Zouhour Hattab®, Laroussi Ben Sassi®,
Fatma Khrouf®, Hassen Dammak®, Amel Letaief’, Mounir Ben JemaaZ?, Adnene Hammami'

2 duplex de gPCR:
— SFG (RC0338) et TG (Rp278)
— Toute rickettsies (16s rDNA) puis Rtt (TG)

February 23, 2015



Biologie moléculaire

Table 1. Positivity of qPCR according to serologic status among patients with confirmed diagnosis.

Total Serology (+) on first serum (N = 66) Serology (-) on first serum (N = 16) p
Skin biopsies 44 29 1
PanRick 24(54.5%) 12(80%) 0.03
Rit 3% 2(6.9%) 1(6.7%) 0.7
RC00338 19(43.2%) 10(34.5%) 9(60%) 0.1
Rp278 2(4.5%) 1(3.4%) 1(6.7%) 05
Whole blood samples 79 63 16
PanRick 2(3.1%) 3(18.7%) 0.05
Rit 2(2.5%) 2(3.1%) 0 0.7
RC00338 3(3.8%) 0 3(18.7%) 0.007
Rp278 1(1.2%) 1(1.6%) 0 08

doi:10.1371/journal pntd.0003487.4001

42



Biologie moléculaire

@% I]LU - NEGLECTED

OPEN a ACCESS Freely available online TROPICAL DISEASES

Comparison of Real-Time Quantitative PCR and Culture
for the Diagnosis of Emerging Rickettsioses

Emmanouil Angelakis, Herve Richet, Jean-Marc Rolain, Bernard La Scola, Didier Raoult*

URMITE UMR 6236, CNRSIRD, Faculte de Medecine et de Pharmacie, Marseille, France
March 2012

Table 3. Results for the 26 patients with suspected rickettsiosis who had an acute and a convalescent-phase serum sample.

Positive Serology RickettsiapositivePCR  Culture positive  Total positive
Acute sample  Convalescent-phase sample

Patients with skin biopsies 2 (7% 17 (65%) 14 (53%) 5 (19%; 17 (65%)

doc10.1371/joumnalpntd 0001540.£003
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Figure 1. Comparison between the cycles and log10 values of the number of hypothetical protein copies/ml for R. afficae.
doi:10.1371/journal.pntd.0001 540.g001

Angelakis, 2012
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Ecouvillonnage de I'escarre

FIG 16 Use of swabs of skin eschar in the diagnosis of a case of Rickettsia
sibirica mongolitimonae by qPCR.



Biologie moléculaire

Tableau 5: positivité des PCR dans I’écouvillonnage de
I'escarre et la biopsie cutanée

Wang 2009 4/4 (100%) -
(escarre+pustules)

Bechah 2011* 8/9(88,9%) 5/5 (100%)

Mouffok 2011 26/41 (63,4%) 4/4 (100%)

Tunisie 2012-2104 10/13 (77%) 42/53 (79,2%)

* . étude expérimentale



Autres méthodes
% diagnostiques:

entomologie ig :




Enquéte entomologique

LJ o M January 2014 Volume 52 Mumber 1

Jourmaks AShMarg

Detection of Rickettsia in Rhipicephalus sanguineus Ticks _and
Crenocephalides felis Fleas from Southeastern Tunisia(@Reverse Line)

Blot Assay

Fatma Khrouf,® Yoummna M Ghirbi,®? Abir Znazen,” Mounir Ben Jemaa,” Adnene Hammami,® Ali Bouattour®
Institut Pasteur de Tunis, Universite Tunis El Manar, Tunis, Tunisia®; Hapital Habib Bourguiba®™ and Hepital Hadi Chaker,” Universite de Sfax, Sfax, Tunisia

icks (m = 663) and fleas (n = 470) dollected from domestic animals from southeastern Tunisia were screened for Rickefrsia in-
fec - 2 say. Evidence of spotted fever group Rickettsia was obtained. We detected Rickertsia felis in fleas,
Rickettsin massiline Bar 29 and the Rickeftsia conorii Israeli spotted fever strain in ticks, and Rickettsia conorii subsp. conorii
and Rickettsia spp. in both arthropods. The sensitivity of the adopted technigue allowed the identification of a new association
between fleas and R. conorii subsp. conorii species. The presence of these vector-borne Rickerfsia infections should be considered
when diagnosing this disease in humans in Tunisia.

s Taux d’infection:
v'Rh. sanguineus: 37,4%
v'C. felis: 8,3%

**R. conorii dans les puces

48



AJCM

Jourmals ASh.org

Matrix-Assisted Laser Desorption Ionization—Time of Flight Mass
Spectrometry for Rapid Identification of Tick Vectors

Amina Yssouf,® Christophe Flaudrops,® Rezak Drali,* Tahar Kernif,? Cristina Socolovschi,® Jean-Michel Berenger,® Didier Raoult,?
Philippe Parola®

Aix Marseille Université, Unité de Recherche en Maladies Infectieuses et Tropicales Emergentes, UM63, CNRS 7278, IRD 198, Inserm 1095, WHO Collaborative Center for
Rickettsioses and Other Arthropod Borne Bacterial Diseases, Faculté de Médecine, Marseille, France®; Assistance Publique des Hopitaux de Marseille, CHU Timone, Péle

@ PLOS | TRGeicat biseases

Detection of Rickettsia spp in Ticks by
MALDI-TOF MS

Amina Yssouf', Lionel Almeras', Jéréme Terras', Cristina Socolovschi, Didier Raoult’,
Philippe Parola*

1 Aix Marseille Université, Unité de Recherche en Maladies Infectieuses et Tropicales Emergentes
(URMITE), UME3, CNRS 7278, IRD 198 (Dakar, Sénégal), Inserm 1085, WHO Collaborative Center for
Rickettsioses and Other Arthropod-Borne Bacterial Diseases, Faculté de Medecine, Marseile, France,
2 Hopital Saint Joseph 26, Marseille, France

* philippe.parola @ univ-amu.fr




Patient™ : Conclusion
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Figure 21 : Algorithme de diagnostic biologique lors d’'une suspicion de rickettsiose
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Conclusion

+ Sérologie:
+ Diagnostic rétrospectif
+ De routine +++

+ Biologie moléculaire
o Diagnostic plus accessible
o Prélevements plus simples
o Techniques moins couteuses

+ Nouvelles technologies
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