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Abstract. Rickettsiae, which are obligate intracellular bacterial parasites, have a life cycle commonly associated with
arthropod vectors and animal hosts. Rodents are recognized as their natural reservoir hosts and play a role in transmitting
the bacteria to humans through arthropod vectors. The true extent of rickettsial infections in Vietnam remains underesti-
mated due to a limited understanding of the disease’s epidemiology, resulting in a significant public health burden. The
aim of this investigation was to assess the prevalence of Rickettsia in wild-living rodents in Dien Bien, Son La, and Phu
Tho provinces of Northern Vietnam between 2020 and 2022. Materials and methods. A total of 396 wild-living rodents
were collected from the Northern provinces of Vietnam during 2020-2022. Real-time polymerase chain reaction (PCR)
was employed to detect the percentage of Rickettsia-positive specimens. Subsequently, the ompB and 17kDa genes were
extracted, amplified, and sequenced from the Rickettsia-positive rodents. Results and discussion. Among the 396 ro-
dents examined, the majority were Rattus norvegicus (56.1%), followed by R. tanezumi (37.4%), R. nitidus (2.5%), and
R. germaini (1.8%). R. korodentsensis and R. argentiverter constituted the remaining rodents, accounting for 2.2% of the
total. The real-time PCR analysis revealed that 27 blood samples out of the 396 rodent samples collected, tested positive
for Rickettsia (6.81%). R. germaini was shown to have the highest positive rate 1/8 (12.5%), followed by R. nitidus 1/10
(10.0%), R. tanezumi 14/149 (9.5%), and R. norvegicus 11/222 (4.9%). No other tick-borne pathogens were detected in
any of the provinces. Sequencing of the positive samples as regards the ompB and [ 7kDa genes revealed the closest rela-
tion to R. felis. These findings highlight the potentially high risk of R. felis infection in humans and animals within the
studied areas.
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O6HapyxeHne BuAoB Rickettsia y rpbi3yHOB, 4OOLITbIX B CeBePHbIX NPOBUHLMAX BbeTHama
B 2020-2022 rr.

! Hnemumym mponuyeckou meduyunvr Coemecmuoco Bvemnamcro-Poccuiickoeo Tponuuecko2o HayuHO-UCCTE008AMENLCKO2O

u mexuonoauueckozo yeumpa, Xanoi, Beemnam;

’HayuonansHslil uHCmuniym Maisapuoio2uu, napaumono2uu u sumomonoauu, Xanot, Boemnam; *Xanoiickuil ynueepcumem nayxku
Bvemnamckozo nayuonanvrnozo ynusepcumema, Xanou, Boemnam

Pukkercun, sBistomyecs OOIMIaTHBIMU BHYTPHUKICTOYHBIMH OAaKTEpHAIbHBIMU IApa3UTaMH, UMEIOT >KU3HEHHBIN
LUKJI, KaK TTPABUIIO, CBSI3aHHBIN C WICHHCTOHOTHMH TEPEHOCYNKAMH U JKUBOTHBIMH-XO035I€BaMH. | PBI3YHBI CUMTAIOTCS
X ECTECTBCHHBIMH pE3EpByapaMu-XO35€BaMH M HUTPAIOT OMNPENCICHHYIO pOJIb B Iepefade OakTepuil deIoBEeKy
4yepe3 YJICHHUCTOHOTMX-IIEPEHOCUMKOB. VCTHHHBIE MaciuTaObl PUKKETCHMO3HBIX HMH(peKkuuii Bo BberHame ocrarorcs
HEJIOOIIEHEHHBIMH HM3-32 OIPaHUYEHHOTO MOHUMAaHHS SITUIEMHOJIOTHU 3a00JIEBaHUS, YTO MPUBOANUT K 3HAYUTEIBHBIM
Harpy3kaM Ha oOIIecTBeHHOE 3/paBooxpaHeHue. Lleab ucciemoBaHusl cOCTOsIa B OLIEHKE PAcpOCTPAaHEHHOCTH
PHUKKETCHH Yy TUKHX T'pbI3yHOB B mpoBHHIMAX JpeHObeH, lllonna n dyrxo CeepHoro Brernama B mepuox c¢ 2020
mo 2022 . MaTtepuaabl U Metonbl. Becero B 2020-2022 1T B ceBepHBIX NMPOBHHINAX BheTHaMa m00BITO 396 MUKIX
rpe3yHOB. [lommmepasHas menHas peaknus B peanbHoMm BpeMenu (IIL[P) mcmonmpizoBamachk ans ompeneneHus: AOon
00pa3LoB, CoJepKaIUX PUKKeTCUH. B nanpHelem rewsl ompB u [7kDa Obutv n3BieYeHbl, aMILIM(UIMPOBAHBI U
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CeKBEeHUPOBaHEL. Pe3yibrarsl M o0cy:kaeHue. Cpemn 396 MCCIETOBAHHBIX TPHI3YHOB OOJBIIMHCTBO OTHOCHIIMCH K
BUAy Rattus norvegicus (56,1 %), Ha Bropom Mmecte BuI R. tanezumi (37,4 %), 3ateM R. nitidus (2,5 %) u R. germaini
(1,8 %). OcranbHble IPBI3yHBI OTHOCHJIHMCH K BUAaM R. korodentsensis n R. argentiverter, uro cocrasisiio 2,2 % ot
o6mero yucna. [1LIP-ananu3 B peabHOM BpeMEHH TOKa3all, 4To 27 00pa3oB KpoBU OT 396 HOOBITHIX TPHI3YHOB JIAlId
TIOJIOKUTENBHBIN pe3ynbrar Ha pukkercun (6,81 %). OOHapykeHo, uTo R. germaini IMEEeT caMblil BBICOKHH MOKa3aTellb
TTOJIOKUTENBHBIX pe3ynbTatoB — 1/8 (12,5 %), 3a Hum cnenyrot R. nitidus — 1/10 (10,0 %), R. tanezumi — 14/149 (9,5 %)
u R. norvegicus — 11/222 (4,9 %). Jdpyrux Bo3OynuTenel, MEpPEHOCHMBIX KIEIIAMH, HM B OAHOW W3 MPOBHHIMN HE
BBIsIBJIEHO. CEeKBEHUPOBAHUE TOJOKHUTEIHHBIX 00Pa3IoB 10 TeHaMm ompB u [ 7kDa BbIsSIBUIIO Hanboee OJIM3KOe POICTBO
¢ R. felis. DT naHHbBIe MOAYEPKUBAIOT MMOTEHIIMAIBLHO BBICOKUIT pHCK MHQUIIMpOBaHHUs R. felis 1uist moyeil v KUBOTHBIX,

HaxXoAAUXCs Ha UCCIIEAYEMbBIX TCPPUTOPUIX.

Kniouegvle cnoea: puKKeTcHO3HblE MH(EKINH, dNHUIEMUONOTHUs, Rickettsia felis, ceBepHbIE TOPHBIE NPOBUHIUH

BreTnama.

Kongpnuxm unmepecos. ABTOpbI MOATBEPIKAAIOT OTCYTCTBUE KOHIIMKTA (DUHAHCOBBIX/HE(UHAHCOBBIX HHTEPECOB, CBSI3aHHBIX C

HarmmCaHUuEM CTaTbU.

(DuHchupoeaHue.
HUCCIIC/I0OBAHUS.

ABTOpr 3asBISAIOT 00 OTCYTCTBHUU JIOIOJHUTEIbHOI'O (bl/IHaHCI/IpOBaHVIﬂ IIpu IMPOBCACHUU ITaHHOI'O

Buosmuxa. Vccnenosanue onodbpeno Komurerom mo stuke MHCTHTyTa Tpommueckoil meaniuHbl CoBMecTHOro BnerHamcko-
Poccuiickoro Tpornnieckoro Hay9HO-HCCIIEA0BATEILCKOTO M TeXHONIOTHYecKoro nentpa, Ne 20/2020/VREC ot 15 uromst 2020 T

FBnazooapnocmo. ABTOPBI BEIpaXKaloT OIAarofapHOCTh 3a TEXHUYECKYIO MOMOIIbL COTpyaHMKaM Jlaboparopuu 1o Mccie10BaHUIo
TOKCHYHOCTH U TponH4ecKux Oonesneit MucTntyTa Tponmyeckoit Mmeauuuasl CoBMecTHOr0 BreTHamMcko-Poccuiickoro Tponmyeckoro

HAy4YHO-UCCIEA0BATEIBCKOTO U TEXHOJIOTMYECKOTO LIEHTPA.

Koppecnordupyrowuti asmop: Toan Van Trinh, e-mail: tvtoan.210594@gmail.com.
[Ana yumuposaHus: Toan Van Trinh, Cuong Viet Vo, Dat Van Nguyen, Lan Anh Thi Phan, Tan Ngoc Nguyen, Hung Viet Pham, Lan Anh Thi Le. O6HapyxeHue
BMAOB Rickettsia y rpbl3yHOB, A06bITbIX B CEBEPHBIX MPOBUHLMSX BbeTHama B 20202022 rr. [Tpobnembl ocobo onacHbix uHgekyul. 2024; 1:162—167. (Ha anrn.) DOI:

10.21055/0370-1069-2024-1-162-167

IMocmynuna 26.06.2023. OmnpaeneHa Ha dopabomky 13.09.2023. MpuHsma K ny6n. 05.02.2024.

Rickettsial infections have been reported in vari-
ous regions of Vietnam [1]. These infections, caused by
Gram-negative obligate intracellular bacteria of the ge-
nus Rickettsia, are primarily transmitted through arthro-
pods associated with rodents [2]. The genus Rickettsia
comprises approximately 20 well-characterized species
that are pathogenic to humans [3]. Presently, Rickettsia
is categorized into four distinct groups: the spotted
fever group (SFGR), which includes species such as
R. conorii, R. rickettsii, and R. japonica; the typhus
group (TG), including R. typhi and R. prowazekii; the
ancestral group (AG) represented by species such as
R. bellii and R. canadensis; and the transitional group
(TRG) containing R. felis and R. akari[2]. Clinical
manifestations commonly associated with rickettsioses
include such symptoms as fever, headache, rash, and
occasional eschars at the tick bite sites [4]. PCR, DNA
sequencing, and genetic analysis are widely employed
techniques for Rickettsia detection. Commonly targeted
genes for detection and diagnosis include citrate syn-
thase (g/t4), the 17kDa lipoprotein precursor antigen
gene (/7kDa), and outer membrane proteins A and B
(ompA and ompB) [5].

Vietnam is considered a high-risk region for rick-
ettsial agents circulating in rodents and ectoparasites.
Numerous studies have elucidated the crucial role of ar-
thropod vectors in transmitting these bacteria between
animals, occasionally spilling over the infection to hu-
mans [6]. Among hosts, rodents are recognized as pivo-
tal in the transmission of Rickettsia from vectors to hu-
mans [3]. A study conducted to investigate the presence
of rickettsial pathogens in rodents in Ha Giang province,
northern Vietnam, found that 133 individuals (24.8%)

163

were positive for Rickettsia. Specifically, 5.3% were
positive for Rickettsia typhi, and 19.5% were infected
with the spotted fever group Rickettsia [7]. Despite these
findings, the extent of Rickettsia spp. occurrence in small
mammals and their precise role in disease transmission
remain unclear. Hence, this survey was undertaken to
explore the presence of Rickettsia spp. in wild-living
small rodents in the Northern provinces of Vietnam.

Materials and methods

Sample collection. Trap cages measuring
24x14x14 cm were utilized for the study. Approximately
100 traps were deployed at each site. The trapping pe-
riod spanned 2-3 days at each location, with morning
trap inspections. Captured animals were anesthetized for
blood collection. Whole blood was gathered in EDTA
anticoagulant tubes and stored at —80 °C before transpor-
tation to the laboratory at the Institute of Biomedicine,
Vietnam-Russia Tropical Center. Spleen tissues were
also collected from the same specimens and stored in
1x PBS buffer (pH 7.4) before being frozen for tissue
crushing.

A total of 396 wild-living rodents were collected
from the Northern mountainous provinces of Vietnam
between 2020 and 2022. Species identification of the ro-
dents was conducted using morphological keys [§8]. In
total, 370 blood samples and 396 tissue samples (spleen,
lung, liver, and brain) were collected and stored at —80 °C
for further analysis.

DNA extraction. Tissue samples were homogenized
to create a uniform solution using a TissueLyser LT
(Qiagen, Germany). Subsequently, DNA was extracted
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from 200 pl of rodent suspension (or blood) utilizing the
“AmpliSens® RIBO-sorb” (Amplisens, Russia) in ac-
cordance with the manufacturer’s instructions. The elu-
tion of DNA was carried out in 50 pl TE buffer and then
the product stored at -20°C until PCR amplification.

Real-time PCR detection. A genus-specific real-
time PCR targeting the Rickettsia genus was conducted
using primers and probes as outlined in Table 1. For
the Rickettsia qPCR assays, 8 ul of the template was
mixed with 0.5 pM of both forward and reverse primers,
0.25 uM of the probe (Pan-Rickettsia real-time PCR,
Table 1), and 10 pl of the pre-mixed GoTaq® qPCR and
RT-gPCR Systems (Promega, USA). The reaction mix-
ture was brought to a volume of 20 pl with the addition
of water. Amplification for the qPCR assay was carried
out using a CFX96 Touch Real-Time PCR Detection
System (Bio-Rad Laboratories, USA) taking into ac-
count the following temperature and cycle parameters:
an initial denaturation for 3 minutes at 95 °C followed
by 45 cycles of denaturation (95 °C for 10 s) and an-
nealing and elongation (60 °C for 30 s, FAM/Green).
The reaction exhibited logarithmic amplification, and all
controls were performed as references [5].

Direct amplification through nested PCR (nPCR)
was performed to identify target genes, utilizing par-

tial ompA, ompB, 17kDa, and gitA genes specific to
Rickettsia species. The PCR was carried out in a final
reaction volume of 20 pl, comprising 3 ul of DNA,
2.5 pmol of each primer, and the premix reagent (2X
PCR Master mix Solution, i-StarTaq, iNtRON, Korean).
The thermal cycling conditions are outlined in Table 1.

Electrophoresis and purification of PCR products.
The PCR products were visualized through 1.5% agarose
gel electrophoresis to determine their sizes (Table 1).
Subsequently, these PCR products underwent purifi-
cation using the Jenjet PCR purification kit (Thermo,
USA). The purified PCR products were then sent for se-
quencing using Sanger method.

Sequencing and phylogenetic analysis. Sequencing
of Rickettsia-positive nPCR amplicons was performed
by Macrogen Inc. (Daejeon, Korea). The obtained se-
quences were uniformly edited using Bioedit sequence
alignment editor software. To identify referenced spe-
cies, NCBI BLAST (National Center for Biotechnology
Information) — BLASTN, a nucleotide BLAST, was uti-
lized. Sequence alignment and column alignment were
carried out using ClustalX2 software. The phylogenetic
tree was constructed using MEGA-X software, employ-
ing the neighbor-joining method, bootstrap analysis
(1,000 reiterations) was also performed.

Table 1
Sequences of probes and primers used for detection of rickettsial DNA by real-time PCR and nested PCR
Product PCR profile (°C/s) Ref
Target Assay Primer name Nucleotide sequence (5’-3”) size  |Denatura- . . ele
b . Annealing| Extension| Cycles [ rence
(bp) tion
PanR8 F AGCTTGCTTTTGGATCATTTGG
All _ | PanR8_R TTCCTTGCCTTTTCATACATCTAGT
Rickertsia |- onRickesa 9510 min| 200 | - 45| 9
spp. real-time panpg p | Fam-CCTGCTTCTATTTGTCTTGCAGTA
- ACACGCCA-BHQI
Rr190k. 71p TGGCGAATATTTCTCCAAAA
All SFGR 650 95/30 | 42/35 | 60/120 35
except ompA Rr190k. 720n TGCATTTGTATTACCTATTGT (o]
Rickettsia nested Rr190k. 71p TGGCGAATATTTCTCCAAAA
helvetica 532 95/30 | 48/60 | 65/120 35
Rr190k. 602n AGTGCAGCATTCGCTCCCCCT
RC;;gggB' GTCAGCGTTACTTCTTCGATGC
475 95/15 54/15 72/30 35
Re.rompB. CCGTACTCCATCTTAGCATCAG
ompB 4836n
All SFGR [11]
nested Rec.rompB.
4496p CCAATGGCAGGACTTAGCTACT
267 95/15 56/15 72/30 35
RerompB. | ) GGCTGGCTGATACACGGAGTAA
4762n
R17122 CAGAGTGCTATGAACAAACAAGG
95/15 52/15 66/30 35
17kDa R17500 CTTGCCATTGCCCATCAGGTTG
All SFGR [12]
nested Tz 15 TTC TCA ATT CGG TAA GGG C
246 95/15 52/15 66/30 35
Tz 16 ATA TTG ACC AGT GCT ATT TC
RpCS.877p GGGGGCCTGCTCACGGCGG
381 95/15 54/15 72/30 35
Rickettsia gliA RpCS.1258n ATTGCAAAAAGTACAGTGAACA (10]
prowazekii nested RpCS.896p GGCTAATGAAGCAGTGATAA
337 95/15 54/15 72/30 35
RpCS.1233n GCGACGGTATACCCATAGC
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Results and discussion

Collection of ticks and rodents. A total of 396 ro-
dents were trapped in three provinces: Dien Bien, Son
La, and Phu Tho, between 2020 and 2022 (Fig. 1).
The rodent species distribution was as follows: 56.1%
R. norvegicus, 37.4% R. tanezumi, 2.5% R. nitidus,
and 1.8% R. germaini. The remaining rodents, accoun-
ting for 2.2%, were identified as R. korodentsensis and
R. argentiverter. During the ectoparasite census, four
different species of Trombiculidaec mites were disco-
vered: Gahrliepia (Walchia) lupella, G. (W.) chinen-
sis, G. (W.) micropelta, and Leptotrombidium deliense.
Additionally, a flea species, Xenopsylla cheopis, and two
gamaside species, Laelaps nuttali and L. sedlaceki, were
also identified.

The real-time PCR showed that, among the 396 ro-
dent samples collected, 27 blood samples were positive
for Rickettsia spp., accounting for 6.8%, with the in-
volvement of R. tanezumi (14/148, 9.5%), R. norvegicus
(11/222,4.9%), R. germaini (1/8, 12.5%), and R. nitidus
(1/10, 10.0%) rodents (Table 2).

Sequencing and phylogenetic analysis. All positive
samples were tested using nested PCR targeting rickett-
sial genus-specific genes (1 7kDa, ompA, ompB, and gltA
genes) (Table 2). The resulting high-fidelity PCR pro-
ducts were Sanger sequenced and aligned with known
sequences identified in the GenBank database, showing
a high degree of similarity using ClustalX. Finally, we
identified 10 positive specimens with sequences: 8 se-
quences from the ompB gene and 2 sequences from the
17kDa gene.

The amplicon sequences (8 samples) of the par-
tial ompB gene obtained from R. tanezumi, R. norvegi-
cus, R. germaini, and R. nitidus demonstrated 99—-100%
similarity to the sequences of the homologous genes
of R. felis through BLAST analysis. All the amplicons
obtained in the above PCRs had identical sequen-
ces to those of the R. felis type strain URRWXCal2
(CP000053). Additionally, those amplicons had iden-
tical sequences with other strains of R. felis, inclu-
ding those with GenBank sequences ON053303 (from
a tick, Biomedical Research Center Slovak Academy
of Sciences, Slovakia) and GU182892 (from two cases
with subacute meningitis, Sweden) (Fig. 2).

Fig. 1. Geographical locations of the rodent collection sites within
the framework of this study

Similarly, two sequences of the /7kDa gene from
R. tanezumi demonstrated 99-100% similarity to the
17kDa gene sequences of R. felis previously reported.
Case 149 and 174 had identical sequences with GenBank
sequences KX446946 (from Xenopsylla cheopis, Brazil)
and MH194356 (from Rhipicephalus microplus, Brazil),
respectively (Fig. 3).

Phylogenetic trees were generated based on ompB
and /7kDa gene sequences using MEGAX software,
employing the maximum-likelihood algorithm with
1000 replicates for bootstrap testing (Fig. 2 and Fig. 3).
The phylogenetic analysis showed that the causative
agent of spotted fever is most closely related to R. felis.

In this study, we present evidence regarding the mo-
lecular detection of R. felis in R. tanezumi and R. norvegi-
cus. R. tanezumi (Temminck, 1844), known as the Asian
house rat, is a prevalent commensal rat species in East and
Southeast Asia. It is commonly found in both indoor and
outdoor environments from South China to Southeastern
Asia. Due to its broad habitat range and seasonal migra-
tions, R. tanezumi can host various pathogens, including
zoonotic agents of public health concern [13].

We documented the prevalence of R. felis in Dien
Bien, Son La, and Phu Tho provinces. The first human
infection case with R. felis was reported in Thailand in
2003 [3]. The presence of R. felis in this study showed

Table 2

Rickettsial infection in rodents collected from three Northern provinces of Dien Bien, Son La, and Phu Tho in Vietnam

Species Number Detect Rickettssia spp.
of rodents Real-time PCR (Number, % positive) [ ompB gene PCR (No., % positive) 17kDa gene PCR (No., % positive)
R. tanezumi 148 14 (9.5%) 4(2.7%) 2 (1.4%)
R. norvegicus 222 11 (4.9%) 4 (1.8%) 0 (0%)
R. germaini 8 1(12.5%) 0 (0%) 0 (0%)
R. nitidus 10 1 (10.0%) 0 (0%) 0 (0%)
R. korodentsensis 4 0 (0%) 0 (0%) 0 (0%)
R. argentiverter 4 0 (0%) 0 (0%) 0 (0%)
Total 396 27 (6.8%) 8(2.0%) 2 (0.5%)

165
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Case 12 ompB gene partial
Case 18 ompB gene partial
Case 63 ompB gene partial
Case 86 ompB gene partial

Case 96 ompB gene partial
95

Case 179 ompB gene partial
Case 199 ompB gene partial
Case 299 ompB gene partial
2 CP 000053 Rickettsia felis strain URRWXCal2

ON 053303 Rickettsia felis strain Danube

40 GU 182892 Rickettsia felis strain SwCsv09

K 923741 Rickettsia asembonensis strain 8294D3

{

—— CP 003338 Rickettsia australis strain Cutlack

1 EF 629536 Rickettsia hoogstraalii strain RCCE3

CP 060138 Rickettsia tillamookensis strain Tillamook

57 CP 000847 Rickettsia akari strain Hartford

MF 163037 Rickettsia helvetica strain AS819

—— CP 003342 Rickettsia rhipicephali strain 3
73

53_ CP 019435 Rickettsia conorii strain IM16

91 | EU036984 Rickettsia raoultii strain Elanda

o

0.01

Fig. 2. Phylogenetic analysis of Rickettsia spp. obtained through this
study. Bootstrap consensus phylogenetic tree constructed based on
partial sequences of ompB gene by the neighbor-joining method with
1000 bootstrap replicates

100% similarity with the studied sequence [14]. The
geographic distribution of this disease might be linked
to multiple vectors and the extensive dissemination of
pathogens. Most reported patients had been in contact
with dogs and cats, with documented instances of flea
transmission from rodents being rare [5]. Despite this,
there have been no reports of direct R. felis detection
from rodents in this region. R. felis has been documen-
ted in dogs, displaying 100% similarity with the studi-
ed sequence [14]. While rickettsial diseases have been
reported in Vietnam, information regarding host infec-
tion remains limited. This study represents the initial re-
port of R. felis detection in rodents in northern Vietnam.
Alongside the results of this study, it is outlined that city-
dwelling rodents could potentially serve as a reservoir in
rickettsial epidemiology within the study areas.
However, this study has its limitations. Primarily,
R. felis was confirmed through PCR, and the sequenc-

166

MZ 720759 Rickettsia parkeri isolate 0605
KC464548 Rickettsia rickettsii strain Yucatan
84 | AY 281069 Rickettsia rickettsii strain Sheila

MK252673 Rickettsia paranaensis strain ApPR

58 KT 261760 Rickettsia raoultii strain Alashankou

OL 989931 Rickettsia conorii subsp raoultii

EU 503184 Rickettsia heilongjiangii strain 054
46

8 AY 737683 Rickettsia marmionii strain KB

86

75 ' MN 463687 Rickettsia jingxinensis MIVX8BNT1

91 L—— DQ 517291 Rickettsia amblyommii strain An13

L— DQ 865207 Rickettsia rhipicephali strain HJ5

KC 588968 Rickettsia akari 002

FJ 767736 Rickettsia hoogstraalii strain Croatica

4

— JN 315975 Rickettsia asemboensis isolate F82

EF 629538 Rickettsia hoogstraalii strain RCCE3

g6 | Case 149 17kDa protein htrA gene partial

o1 KX 446946 Rickettsia felis isolate A10

100 Case 174 17kDa protein htrA gene partial

64 | MH 194356 Rickettsia felis strain LIC5552C

0.01

Fig. 3. Phylogenetic analysis of Rickettsia spp. obtained through this
study. Bootstrap consensus phylogenetic tree constructed based on
partial sequences of the /7kD gene by the neighbor-joining method
with 1000 bootstrap replicates

ing result was based only on the ompb and [17kDa
genes. Additionally, although we collected ectoparasites
from captured small mammal hosts, we did not con-
duct rickettsial detection in these ectoparasites. Hence,
further investigations on Rickettsia in parasites are nee-
ded to elucidate disease transmission routes and gather
additional epidemiological information in the study
areas. Moreover, research on the influence of weather
and habitat conditions on host and parasite diversity and
development requires attention. While all positive sam-
ples were confirmed to be infected with Rickettsia spp.
by real-time PCR, the nested PCR method did not detect
nucleic acid fragments of pathogens in some rickettsial-
infected rodents due to low bacterial load. Further stu-
dies are necessary to ascertain the role of fleas and ticks
in the epidemiology of these Rickettsia in rodents and to
construct an epidemiological map for Rickettsia spp. in
Vietnam.
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