*QKT2i2M+2 Q7 *BK2t H2+imH "Bmb "2/ "m;

h MbKBbbBQM Q7 " "iQM2HH [mMBMi M - i-
h"2M+? 62p2°

> Kx G2mHKB- A/B" "Bi K- C2 MJB+?2H "2 2M;2 - >m;

_QH BM-GBQM2H HK2" b-.B/B2° _ QmHi- S?B

hQ +Bi2 i?Bb p2° bBQM,

> Kx G2mHKB- A/B” "Bi K- C2 M JB+?2H "2°2M;2 - >m#2°i G2TB/B- C2
T2i2M+2 Q7 *BK2t H2+imH "Bmb "2/ "m;b 7Q" i?2 h> MbKBbbBQM Q7 "
h"2M+? 62p2 X SGQa L2;H2+i2/ h"QTB+ H .Bb2 b2b- Sm#HB+ GB# v
? H@yRkRje3e

> G A/, ? H@yRKkRje3e
21iTbh,ff? H@ KmX "+?Bp2b@Qmp2 i2bX7°f? H@Yy
am#KBii2/ QM 3 P+i kyR8

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X


https://hal-amu.archives-ouvertes.fr/hal-01213686
https://hal.archives-ouvertes.fr

RESEARCH ARTICLE

Competence ofCimex lectulariu$ed Bugs
for the Transmission oBartonella quintana
the Agent of Trench Fever

Hamza Leulmi *, Idir Bitam 2%, Jean Michel Berenger *, Hubert Lepidi *, Jean Marc Rolain *,
Lionel Almeras *, Didier Raoult *, Philippe Parola *

1 Aix Marseille Université, Unité de Recherche en Maladies Infectieuses et Tropicales Emergentes
(URMITE), UM63, CNRS 7278, IRD 198 (Dakar), Inserm 1095, World Health Organization (WHO)
Collaborative Center for Rickettsioses and Other Arthropod-Borne Bacterial Diseases, Marseille, France,

2 Ecole Nationale Supérieure Vétérinaire dAlger, Alger, Algérie, 3 Université de Boumerdes, Laboratoire
VALCORE, Faculté des Sciences, Boumerdes, Algérie,4 Université de Bab Ezzouar, Laboratoire dEcologie
et Environnement, Alger, Algérie

* philippe.parola@univ-amu.fr

CrossMark
click for updates
' Abstract
Background
OPEN ACCESS

Bartonella quintana, the etiologic agent of trench fever and other human diseases, is transmit-
CitationLeulmi H, Bitam |, Berenger JM, Lepidi tked by the feces of body lice. Recently, this bacterium has been detected in other arthropod
Rolain JM, Almeras L, etal. (2015) Competencggyijias such as bed bugs, which begs the question of their involvement inB. quintana trans-
Cimex lectulariBed Bugs for the Transmission of | . i

Bartonella quintatie Agent of Trench Fever. PLEBISSION. Although several infectious pathogens have been reported and are suggested to be
Negl Trop Dis 9(5): e€0003789. doi:10.137L/jourtr@nsmitted by bed bugs, the evidence regarding their competence as vectors is unclear.
pntd.0003789

Editor:Michael J Turell, United States Army Med¥@thodology/Principal Findings

Ei;?g;h Institute of Infectious Diseases, UNITER bugs at the adult and instar developmental stages were fed three successive human
blood meals inoculated with B. quintana bacterium from day one (D1) to D5; subsequently
they were fed with pathogen-free human blood until the end of the experiment. Bed bugs
AcceptedApril 25, 2015 and feces were collected in time series, to evaluate their capacities to acquire, multiply and
PublishedMay 22, 2015 expel viable B. quintana using molecular biology, immunohistochemistry and cultures as-
Copyright© 2015 Leulmi et al. This is an open  S&YS- B. quintana was detected molecularly in 100% of randomly selected experimentally
access article distributed under the terms of theinfected bed bug specimens (D3). The monitoring ofB. quintana in bed bug feces showed
Creative Commons Altribution L iwdisk permits that the bacterium was detectable starting on the 39 day post-infection (pi) and persisted
unres tricted use, dlsmbu.m_)n’ and reproduction 'ﬂr?t?P’day 18+1 pi. Although immunohistochemistry assays localized the bacteria to the gas-
medium, provided the original author and source are . . . . . )
credited. trointestinal bed bug gut, the detection ofB. quintana in the first and second instar larva
stages suggested a vertical non-transovarial transmission of the bacterium.

ReceivedDecember 29, 2014

Data Availability Statemehl:relevant data are
within the paper and its Supporting Information files.

Conclusion
FundingThe authors received no specific funding

for this work. The present work demonstrated for the first time that bed bugs can acquire, maintain for
Competing Interesthe authors have declared MOre than 2 weeks and release viable B. quintana organisms following a stercorarial shed-
that no competing interests exist. ding. We also observed the vertical transmission of the bacterium to their progeny. Although

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0003789 May 22, 2015 1/12


http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0003789&domain=pdf
http://creativecommons.org/licenses/by/4.0/

Transmission of Bartonella quintanaby Cimex lectularius

the biological role of bed bugs in the transmission ofB. quintana under natural conditions
has yet to be confirmed, the present work highlights the need to reconsider monitoring of
these arthropods for the transmission of human pathogens.

Author Summary

Bartonella quintanathe etiologic agent of trench fever and other human diseases, is
known to be transmitted by the feces of body lice. Recently, the DNA of this bacterium has
been detected in bed bugs. Several pathogens have been associated and suggested to be
transmitted by bed bugs, despite the insufficient evidence to support this vector role. The
aim of the present study was to assess the competence of bed bugs in the transmission of
B. quintanausing an experimental artificial model of infection. To this end, bed bugs were
fed with human infected blood meals. On th&@&ay post-infection (dpiB. quintanawas
detected molecularly in 100% of experimentally infected bed bug. The bacterium was also
detectable in bed bug feces starting on fAelBi and persisted until 18+1 dpi. Although
immunohistochemistry assays localized the bacteria to the gastrointestinal bed Bug gut,
guintanawas also detected in the first and second instars larva. The present work high-
lights the need to reconsider monitoring of bed bugs for the transmission of pathogens.

Introduction

Bartonella quintanés a fastidious gram-negative bacterium that is regarded as a re-emerging
human pathogenl]]. B. quintanaDNA has been detected in the dental pulp of a 4000-year-old
man [2] and in lice found in a mass grave of Napolasoldiers in Lithuania, which suggests
that many of the soldiers were affected by trench fe&le fench fever was the first described
clinical manifestation dB. quintanainfection, and it affected thousands of soldiers during
World Wars | and Il [3]. Subsequenth\B. quintanahas been identified as an agent of bacillary
angiomatosis in AIDS patients][ endocarditis $,6], chronic bacteremia/[8], and chronic
lymphadenopathyq]. The severity oBartonellanfection correlates with the immune status

of the patient; the clinical manifestations can range from benign and self-limited to severe and
life-threatening diseas&(]. Although body lice are considered as the main vect&r gfiin-
tana[11], this bacterium has also been found in other arthropods such as heatJicg,[

ticks [14] and mites [L5]. Recently, after the detection®fquintanaDNA in fleas [L€], it was
experimentally demonstrated that the cat flegenocephalides felisuld acquire and excrete
viableB. quintanain their feces17]. These results supported the likely vector role of fleas in
trench fever or other clinical manifestations causeB.lgwintana [17].

The recent detection & quintanaDNA in Cimex hemipterugropical bed bugs) collected
from two prisons in Rwanda indicated that bed bugs could be involved in the transmission of
B. quintana[18§]. This raises the question of whettl@&idectulariugcommon bed bug) could
acquire and excrete vialiBequintanaand thus constitute a potential competent vector. For
this purpose, we used an experimental model infecti@ lefctulariuded bugs using three
different approaches: gPCR, culture and immunohistochemistry.
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Materials and Methods
Bacterial strain

B. quintanastrain Oklahoma (ATCC 49793} 1] was used to infect the blood used to feed the
bed bugs. The use, culturing and all procedures involving experimental infecti®iogiof-
tanawere conducted in a Biosafety Level 2 room.

Medium and growth condition

B. quintanastrain was grown as described previou$t pn 5% Columbia sheep blood agar
plates (BioMerieux, MarciHtoile, France) in a humidified atmosphere at 37°C supplemented
with 5% carbon dioxide (C&using the pouch of atmosphere generation system@h

(Oxoid Ltd by Mitsubishi Gas chemical Company Inc, Japan). After 8 to 10 days of culture, the
bacteria were harvested by adding four-hundredf phosphate buffered saline (PBS), pH 7.2
(BioMerieux, Craponne, France). Two-hundred microliters of the pure bacterial suspension
were mixed with 2 mL of whole blood, and this was used as the blood meal to infect the bed
bugs. The remaining 20Q of the bacterial suspension were diluted up t48and cultured

to estimate the number of colony-forming units (CFU) per microliter.

Bed bugs maintenance and supply

Since 2012, bed bugsifnex lectularigshave been maintained in a laboratory insectarium by
our team at the WHO collaborative center for rickettsioses and other arthropod borne bacterial
diseases in Marseille, France. This colony originated from bed bugs collected at the adult and
the five instar stages from an infested apartment (Aix-en-Provence, France) using a modified
Dyson DC34 hand vacuum system. They were maintained in containers kept in incubator at
60% humidity and 22°C. The bed bugs were fed once a week using citrated human blood ob-
tained from the French Blood Establishment. Ethical approval for the use of in vitro human
blood was obtained from the laboratory research ethics board of Molecular Hematology,
French Blood Establishment. Two mL of blood was placed in a Hemotek artificial feeder ma-
chine (Hemotek 5W1; Discovery Workshops, Accrington, UK) covered by an artificial mem-
brane of Parafilm M (Sigma-Aldrich, Saint-Louis, Missouri, USA) that was stretched to the
twice of its length and width?[]. To prevent contamination during the experimental infection
model, the Hemotek feeder and the recipignbntainers of bed bugs were introduced in a

clear acrylic box.

Bed bug infections

Two separate trials were conducted usnigctulariusdrawn from the same colony at the
same age. Prior to initiation of the infection, the bed bugs and their feces were shown to be free
from B. quintanausing qPCR.

We formed 4 groups for each trial including 2 infected (1 adults and 1 larva group) and 2
control groups (1 adults and 1 larva group); each group consisted of 30 bed bugs. In the adult
vials we used 10 males and 20 females, and also larval group was composed of 30 Larva 1 (L1
bed bugs.

The concentration dB. quintanain the infected suspension composed by the bacterial sus-
pension and the blood meal was 6 £ OFU/mL bacteria in trial 1 and 8 x YCFU/ mL in
trial 2. Each group of bed bugs was fed 3 times in 5 days (every other day) with &Gbe
bacterial suspension mixed with 2 mL of blood meal. The control groups were fed with 2 mL of
uninfected blood mixed with 20Q of PBS. Subsequently, all bed bug groups were fed with
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uninfected blood every other day starting on tffedly post-infection (dpi) until the end of
the experiment.

We tested 200L of the infected inoculum (the infected blood suspension that the bed bugs
fed on) to ensure the presenceBofjuintanain the infected blood meal using qPCR. We cul-
tured 150 L of the inoculum and plated dilutions up to #8to ensure the viability and to de-
termine the concentration d&. quintanain the infected inoculum.

Sampling strategy

At the 39 dpi, five viable bed bugs and approximately 20 mg of feces from each grouB(from
quintanaexposed group of adults and instars and also from the control groups) were recovered
for analysis by qPCR. Feces were collected from a sheet of paper placed on the bottom of the
bed bugs containers. Culture analysis of feces and two bed bugs were also performed; both tes
were used to determine the acquisition and viabilitg.afuintanain bed bugs and in their

feces. Four adu@. lectulariufrom theB. quintanaexposed group were immunohistochemi-

cally analyzed to determine the bacterial localization. Four bed bugs from the control group
were also analyzed and served as controls. Starting off tthei Swve recovered two adults and

feces every 48 h to monitor the excretiomBofjuintanathrough the end of the experiment

(21°'dpi). We screened five eggs from the container housing the infected adults by gPCR at the
3 dpi to determine if the eggs were infected. Simultaneously, we recovered ten eggs to be
reared in separate vials to obtain L1 and L2 larvae. The larvae were analyzed by qPCR to deter
mine if anyB. quintanaacquisition occurred.

DNA extraction

The DNA of individual bed bugs and their feces were extracted using an automatic EZ1 robot
(QIAGEN-BioRobot_ EZ1, Tokyo, Japan) according to the manufattunstructions (EZ1

DNA Tissue Kit, QIAGEN, Hilden, Germany). First, we decontaminated the surface of the bed
bugs by 5 min immersion in ethanol alcohol (COOPER, Paris, France), followed by three 5
minutes immersions in sterile PBS as described previct§lyHach bed bug was incubated
overnight at 56°C in 180L of buffer G2 and 20L of proteinase K for pre-lysis followed by ex-
traction using EZ1 robot. For all samples, the final elution volume wasl100

Real time PCR amplification

Template DNA was used in the gPCR assays targeting two sjBegtiintanagenes that en-

coded 3oxoacyl-[acyl-carrier-protein] synthafsdE3) and a hypothetical intracellular effector
(yopB [13], which are bottB. quintanaspecific genes. The CFX96 (Bio-Rad, France) was used
to perform each real time PCR. The gPCR was considered positive when the cycle threshold
(Ct) was lower than 36L[7]. The number oB. quintanain each sample was calculated based

on the DNA copy numbers. A gPCR standard curve was obtained by analyziiagE3and
yopPsystems in serial dilutions Bf quintanaculture, and the standard value was determined

for duplicate trials]7]. TheB. quintanainfection density was quantified as the ratio of the log

of the transformedabF3andyopPcopy numbers per individual bed bug, feces, and blood

meal. The cycle thresholds (Ct) values of [12.9; 14.5; 17.8; 22.0; 25.7; 28.9; 30.9; 34.3 and 36.(
correspond, respectively, to [4 X18x 1¢; 4 x 10 4 x 10 4 x 1¢%; 4 x 163; 4 x 10 and 4]

CFU/mL. Regressions formula was realized as following: Y =-0.377X + 14.236 (R =0.996) for
fabR3 gene and Y =-0.372X + 14.158 (R =0.996y&pPgene.
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Culture sampling

Approximately 500 L of homogenized feces (20 mg in 5Q0of PBS) from groups of infected
and uninfected bed bugs with 5% shsdgood were filtered using a 0.8 filter (Millex @

33 mm, Dominique Dutscher) and were cultured on agar platdsThe bodies of the bed
bugs were also cultured using the same method described for the culturing of feces.

Immunohistological analysis

Immunohistochemistry was performed on®-thick, paraffin-embedded sections of forma-
lin-fixed bed bugs using the Ventana Benchmark autostainer (Ventana Medical Systems, Inc.)
[17]. Four infected bed bugs (2 from each trial) and 4 uninfected bed bugs were analyzed (2
from each trial). After deparaffinization, each tissue section was incubated with polyclonal rab-
bit anti-B. quintanaantibody, which was diluted 1:5000 as previously descrifid [

Results
Acquisition of B. quintana by bed bugs

In the two trials, adults and L1 bed bugs were exposBdduintanathree times in 5 days
usingB. quintanainfected blood meal. On thé*dpi, we individually analyzed five adults and
five L1C. lectulariudy qPCR. The control groups (fed on blood meal with 200f PBS)

were negative by qPCR for the presence of the bacterium in both trials.Bnghimtana-ex-
posed groups, we detectddjuintanain 100% (5/5) of the adult bed bugs and in 100% (5/5)
of the L1 bed bugs in both trials. The quantitie®afuintanain each individual bed bug sam-
ple per trial as determined by qPCR of fabF3andyopPgenes are given in Tableand2.
Bacterial quantities ranged between 5.8%QBU/ mL and 4.8 x 1CFU/ mL in trial 1 and

from 2.8 x 16 CFU/ mL to 6 x 10 CFU/ mL in trial 2. Feces of adults and larva bed bugs were
also tested by gPCR to evaluate the preserBegointana and to confirm the route of way

of elimination. The results indicated the presence of the bacterium in the feces in both trials

Table 1. Cycle threshold (Ct) and copy number of  Bartonella quintana detected by targeting fabF3 and yopP genes in individual bed bugs per
group at the 3 " day post-infection in trial 1.

Bed bugs fabF3 gene G1 G2 G3 G4
Ct Copy Ct Copy Ct Ct

Bed bug 1 18.7 1.5 x 107 22.0 8.5 x 10° >36 >36

Bed bug 2 20.2 4.1 x10° 21.3 1.6 x 10° >36 >36

Bed bug 3 17.2 5.8 x 10’ 215 1.3x10° >36 >36

Bed bug 4 17.8 3.5x 10’ 27.8 5.7 x 10° >36 >36

Bed bug 5 21.0 2.2 x10° 30.6 4.8 x 107 >36 >36

Feces 15.4 2.8x10° 18.2 5.5x 107 >36 >36
Bed bugs yopP gene Ct Copy Ct Copy Ct Ct

Bed bug 1 18.3 2.2x10° 22.4 6.9 x 10° >36 >36

Bed bug 2 21.1 2.0x 10° 22.8 45x10° >36 >36

Bed bug 3 17.5 4.3x 10’ 20.2 4.0x 10° >36 >36

Bed bug 4 16.4 1.2 x10° 27.7 6.2 x 10° >36 >36

Bed bug 5 20.5 3.2x10° 305 5.2 x 10° >36 >36

Feces 15.6 2.3x10° 18.3 2.2 x107 >36 >36

G1: group of infected bed bugs adult, G2: group of infected bed bugs instar, G3: group of bed bugs adults control, G4: group of bed bugs instar control.
The conversion of Ct to bacteria number in positive samples was realized by the regression formula followingy = -0.377x + 14.236 (R = 0.996) for fabF3
gene andy =-0.372x + 14.158 (R = 0.996) for yopP gene, Ct > 36: sample considered to be negative.

doi:10.1371/journal.pntd.0003789.t001
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Table 2. Cycle threshold (Ct) and copy number of ~ Bartonella quintana detected by targeting fabF3 and yopP genes in individual bed bugs per
group at the 3rd day post-infection in trial 2.

Bed bugs fabF3 gene G1 G2 G3 G4
Ct Copy Ct Copy Ct Ct

Bed bug 1 21.4 1.4 x 10° 215 1.3x 10° >36 >36

Bed bug 2 20.7 2.8 x10° 25.1 5.8 x 10* >36 >36

Bed bug 3 27.5 7.3x10° 225 5.6 x 10° >36 >36

Bed bug 4 21.6 1.2 x 10° 23.8 1.9x 10° >36 >36

Bed bug 5 27.0 1.2 x 10* 33.0 6.0 x10 >36 >36

Feces 27.3 9.1x10° 20.6 2.8x 10° >36 >36
Bed bugs yopP gene Ct Copy Ct Copy Ct Ct

Bed bug 1 225 5.8 x 10° 22.0 8.7 x 10° >36 >36

Bed bug 2 20.5 3.3x10° 24.6 9.3 x 10 >36 >36

Bed bug 3 27.5 7.3x10° 21.0 2.1x10° >36 >36

Bed bug 4 21,7 1.1x10° 23.7 2x10° >36 >36

Bed bug 5 26.9 1.2 x 10* 34.2 2.3x10 >36 >36

Feces 27.2 5.5 x 10* 22.2 7.4 x10° >36 >36

G1: group of infected bed bugs adult, G2: group of infected bed bugs instar, G3: group of bed bugs adult control, G4: group of bed bugs instar control.
The conversion of Ct to bacteria number in positive samples was realized by the regression formula followingy = -0.377x + 14.236 (R = 0.996) for fabF3
gene andy =-0.372x + 14.158 (R = 0.996) for yopP gene, Ct > 36: sample considered to be negative.

doi:10.1371/journal.pntd.0003789.t002

with 2.8 x 16 CFU/ mL in the adult feces and 5.5 X’XOFU/ mL in the L1 feces in trial 1 and
9.1 x 18 CFU/ mL in the adult feces and 2.8 X*I0FU/ mL in the L1 feces in trial Z@ble 3.

Localization of B. quintana in the bodies of bed bugs

Immunohistochemical analysis of the 4 tesBetictulariugfrom the 39 dpi) from trial 1 and
trial 2 demonstrated the presenceBofjuintanaas dense clusters of immunopositive microor-
ganisms in the midgut and hindgut of the gut traletq 1, Table J.

Evolution of B. quintanain bed bugs and their feces

Viability of B. quintanain bed bugs and in their feces.Cultures of homogenized and fil-
tered feces and whole organisms from the infected adult and L1 bed bug groups were positive
on the 3% dpi in both two trials. The presence of viaBlejuintanawas confirmed using a sec-
ond culture (direct and indirect culture) and was corroborated by gPGRI¢ J.

Persistence oB. quintanain the body of bed bugs. Using qPCR, we followed the pres-
ence of the bacterium in adult bed bugs from tffedpi until the end of the experiment. The
results reported ifrig 2demonstrate that the average numbeBafuintanain the bed bugs
decreased during both trials. In trial 1 (bed bugs fed with 6XCFU/mL),B. quintanapersist
up to the 19" dpi; however, in trial 2 (bed bugs fed with 8 X GFU/mL),B. quintanawas de-
tected until the 1% dpi. We analyzed 5 eggs (recovered fronBhguintanaexposed group of
adult bed bugs) at thé®dpi and found that 2 of them were positive by qPCR (Ct [24.4,
+/-2.2]). Culture analysis of the egg suspension was also positive. Ten L1 stage larvae were ob
tained after incubation of the eggs for 6 days; five were analyzed by gPCR and all were positive
for B. quintanain both trials (the mean Ctin trial 1 was [24.4, +/-3] and [29.4, +/-1.1] in trial
2). We maintained the five remaining L1 larvae (they molt to L2 after 10 days of incubation),
and one was positive in each of the trials (Ct =21.6 in trial 1 and Ct = 31.6 in trial 2).
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Table 3. Molecular, culture, and immunohistologic methods for detection and isolation of

Trials Group of

bed bugs (n)

Trial 1 G 1(30)

G 2(30)

G3
Control
(30)
G4
Control
(80)
Trial 2 G1
(30)

G 2 (30)

G3
Control
(30)
G4
Control
(30)

Sampling
(Quantity)

Blood meal* (2ml)
Bed bugs (5)
Feces ( 30mg)
Blood meal* (2ml)
Bed bugs (5)
Feces ( 30mg)
Blood meal* (2ml)
Bed bugs (5)
Feces ( 30mg)
Blood meal* (2ml)
Bed bugs (5)
Feces ( 30mg)
Blood meal* (2ml)
Bed bugs (5)
Feces ( 50mg)
Blood meal* (2ml)
Bed bugs (5)
Feces ( 50mgQ)
Blood meal* (2ml)
Bed bugs (5)
Feces ( 50mgQ)
Blood meal* (2ml)
Bed bugs (5)
Feces ( 50mg)

gPCR

Ct/Bacteria( )

11.4 6 x 10%CFU
19.0
15.4
11.4 6 x 108CFU
24.6
18.2

22.9 8x10° CFU
23.6
27.3
22.9 8x10° CFU
25.0
20.6

0 (0%)
0 (0%)

Day 3 Post-Infection (P.1.)

No. positive (%)

5 (100%)

5 (100%)

0 (0%)

0 (0%)

5 (100%)

5 (100%)

0 (0%)

0 (0%)

Culture

49
A

ND
ND

ND
ND

o)
+0

+ 0

L™

Immunohisto

-chemistry

+(*)

+()

+(*)

+(*)

B. quintana in blood meals, bed bugs, and their feces.

Day 21 P.1.
qPCR
( fabF3)

Group 1: 30 infected bed bugs adults; Group 2: 30 infected bed bugs instars L1; Group Control 1: 30 uninfected bed bugs adults; Control 2: 30

uninfected bed bugs instars L1

No: number of bed bugs; (+) positive ; (-) negative
ND: Not Done (because we haven't enough feces to be cultured), ( ): approximately

gPCR: Quantitative real-time polymerase chain reaction

® Infected or uninfected blood
(*) observed in gut
®) Con rmation by gPCR

doi:10.1371/journal.pntd.0003789.t003

Persistence oB. quintana elimination in the feces of bed bugs.Using qPCR, we deter-
mined the presence of the bacterium in feces of adult bed bugs. The results repitedi in
demonstrate that the average numbeBafuintanabacteria in the bed bugs decreased in trial
1 up to the 18 dpi and up to the 1% dpi in the second trial. In addition, we noted a decreasing
Ctvalue on the 18 dpi and 15" dpi compared to the .dpi, which indicates bacterial multi-
plication inside the body of the bed bugs resulting in elimination at a high concentration.

Discussion

Here, we report two experimental trials to investigate potential acquisition and transmission of
B. quintana(the agent of trench fever and other diseases) by bed Guigsfulariu3. The

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0003789 May 22, 2015
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Fig 1. Immunohistochemistry localization of ~ B. quintana inside the digestive tract of infected bed
bugs.

doi:10.1371/journal.pntd.0003789.g001

results show that bed bugs (adults and larva) exposBdjuintanacan acquire the bacterium
and eliminate it in feces. The bed bugs maintain and shed stercorBriallintanafor up to
17" or 19" dpi depending on the inoculum concentration. Howe®eguintanawas detected
viable in feces and was shown to be alive inside the body of the bed bugsadfiiel3sing
immunohistochemistry, the bacterium was localized in the midgut and hindgut of the bed bugs
digestive tract. Surprisingl§, quintanawas detected in eggs, L1 and L2 larvae.

In this study, we used three validated approaches. First, qPCRs was perfomed to study the
acquisition and elimination of the bacterium Gylectularius This technique is reliable be-
cause we used a set of two qPCR systems targetfgandfabF3 which are known to be spe-
cific for B. quintanaDNA detection, and we used negative and positive controls. Second, we
cultivated the bacteria from the samples to determine if the eliminated bacteria were viable.
This approach was also a validated techniqugdontaining a negative and positive control.
The third method was immunohistochemistry, which was used to localize the bacterium inside

Fig 2. Persistence of Bartonella quintana in the bodies of bed bugs.

doi:10.1371/journal.pntd.0003789.g002
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Fig 3. Persistence of Bartonella quintana in the feces of bed bug.

doi:10.1371/journal.pntd.0003789.g003

the body of the bed bugs. The immunohistochemistry experiments were conducted in a blinded
fashion by one of us (HLi), and the results were concordant with the gPCRs results.

Cimex lectulariuand C. hemipterugCimicidae: Hemipetra), commonly called bed bugs,
continue to increase in scop&324). In recent years, these hematophagous arthropods have
undergone a major resurgence in frequency and in geographic distribution leading to clinical
problems. An increasing number of infestations have been reported in E@&pd [2327)]

America g, Australia 3, Asia [29,3(] [ 31,37 and Africa [L837].

A bite causing cutaneous lesions is the most common clinical consequence of bed bugs on
public health. In addition, mental health can be affected by knowledge of a bed bug infestation
in one's living environment]3. Bed bugs are suspected of transmitting infectious agents,
however there is little evidence that such transmission has ever occurred. More than 45 patho-
gens associated with human infection and disease have been suspected to be transmitted by
bed bugs34]. Older scientific literature cited by Goddard and de ShaSjsuggested that
bed bugs may be vectors of yellow fever, tuberculosis, relapsing fever, leprosy, filftiasis [
kala azar(leishmaniasis), smallpox and HI¥T,38]. Yersinia pestisas also noted to develop
inside the body of bed buds, lectulariug39,40. Verjbitzki [40 found with animal model in-
fection of bed bugs with high virulence strainvopestican induce death of the guinea-pigs.

They found also that three bed bugs are able to convey infeétight)]. Jordansky and Klod-

nitsky [41] found that the number o¥. pestidbacilli in the bed bug's stomach increased from

the third to the sixth day after the infected mezdfi1]. Throughout these animal models, it

may be appear that bed bugs can play an important role to convey infection of plague and per-
haps other pathogens. Hepatitis B virus has also been postulated as likely candidate for possib
transmission by bed bugé-45. Blow et al. 200145, offered evidence for stercorarial trans-
mission of Hepatitis B viral agents from bed bugs in a time series and with transtadial transmis-
sion. Recently Salazar etéfjJassessed the vector competende. tdctulariusagainst

Trypanosoma cruand it has been confirmed that cruziwas viable in bed bug feces. God-

dard et al 7] have experimentally infected bed bugs viRibkettsia parkeend found using
immunofluorescence that the bacterium was present in the salivary gland at 15 days post infec:
tion [47]. Moreover, our laboratory recently detec&djuintanaDNA in C. hemipterugol-

lected from two prisons in Rwandad]. The only confirmed and known vector Bf quintana

is body lice (spread through feces). However, several studies suggested that hematophagous :
thropods, such as flies, lice, fleas, or ticks can acquire or traBamdinellaspp. [L4]. Few

studies have described the kinetics of elimination and the details of transmission of

these bacteria.
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The results of our experiments are in agreement with many experimental infection models,
such as the experimental infection of fleas WBithuintana[48], where they found thas.
quintanawas detected in the beginning of tH& @pi, in fleas, as in our bed bug experimental
model,. We also found th& quintanawas viable in feces and decreased gradually afte’the 3
dpi, which was similarly observed using the experimental ceBftpantanainfection model
[17].

Concerning the detection & quintanain eggs, L1 and L2 larvae, the vertical transmission
of Bartonellaspecies was suggested to occur, but the transmission routes were un&gown |
Using IHC, in the four specimens we localized the bacterium to the digestive tract but not in
the ovary. The presencem®fquintanain eggs, L1 and L2 larvae may be, due to vertical non-
transovarial or horizontal transmission. In our context, the transmission may have occurred by
external contact of the eggs, L1 and L2 larvae with the Babjléntanareleased in adu#
feces which could be strongly considered as horizontal transmission. However Morick et al,
demonstrate that Bartonella-positive flea feces and gut voids are proper infection sources for
flea larvae and indicate that is considered as vertical non transovarial transmiskion |

In conclusion, we showed that the bed I&li¢ectulariuscan acquird. quintanaby feeding
and release viable organisms into their feces. Therefore, bed bugs may play a role as vectors o
trench fever or other diseases causeB.lopiintana Knowing that stringent criteria exist in
biomedical research for indicting the roles of living agents as biologically significant reservoirs
and/or vectors of pathogens(], more studies are required to better understBnguintana
persistence in both bed bugs and their feces and to understand the potential vector role of bed
bugs inB. quintanaother bacterial infections.
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