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ABSTRACT

The objective of the present trial was to characterize genetically strains of Campylobacter jejuni subsp.
jejuni isolated from humans and several animal sources (bovines, swine, dogs, primates, wild boars and
poultry). A total of 828 different animal samples (feces, carcass, aborted fetus and hysterectomized uterus)
were analysed by means of routine bacteriological methods, and 36 C. jejuni strains were isolated. Thirty
strains of human fecal origin were obtained in clinical analysislaboratoriesin the city of S&o Paulo. The 66
C. jejuni strainsisolated were submitted to genetic characterization. Primers based on fla A genewere used
in apolymerase chain reaction (PCR) and amplified afragment of the 702 bp. PCR productswere evaluated
by means of sequencing and genealogic analysis. Genetic variability analysis of 66 strains showed 44
different subtypes of C. jejuni. One subtype was identical to a C. jejuni strain of human origin with the
seguence in the GenBank (GENBANK — accession number AF050186). Subtyping analysis of C. jejuni
strains based on sequencing of the fla A gene variable region and analysis of sequence alignment by the
M aximum Parsimony method showed to be highly discriminatory, providing the best conditionsto differentiate
strainsinvolved in outbreaks from those sporadically isolated. Thisisthefirst study of molecular subtyping
analysis of human and animal C. jejuni strains using sequencing technique and genealogic analysisin the
state of S&o Paulo, Brazil.
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INTRODUCTION

Bacteriain the Campylobacter genusare widely distributed
and can beisolated from both domestic and wild animal species
(1,320).

Campylobacter jegjuni isthe most common cause of diarrhea
in children in developing countries, and it isthe primary cause
of enteritisinindustrialized regions (4). Adittionally, theinfection
caused by C. jejuni may lead to a form of neuromuscular
paralysiscalled Guillain-Barré syndrome (6).

Inthe United States, it is estimated that more than 2.5 milion
cases of enteritisayear are caused by C. jgjuni, aratethat isfar
over the number of salmonellosis and shigellosis cases (7).

In Brazil, the presence of Campylobacter spp. has been
reported in both asymptomatic individualsand cases of chronic
or acute diarrhea. Itsincidence in cases of diarrheain the state
of S&o Pauloisaround 25.9% (19).

Genotyping may enable adequate differentiation between
C. jgjuni strains, and the technique has been successfully used
in phylogenetic and epidemiological studies(7,11).
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Theability of PCR to amplify specific DNA regionshasheen
used to identify Campylobacter strains. Sequencing of specific
genes has shown to be highly efficient in the study of genetic
variability of C. jejuni, specially genefla A, which encodesthe
protein flagellin, the main monomeric subunit of the flagellum
(7,914,15,21).

The objective of the present trial was the genotyping of
Campylobacter jejuni subsp. jejuni strains isolated from
humans and different animal species (bovines, swine, dogs,
primates, wild boar and poultry) in the state of Sao Paulo, both
by means of sequencing gene fla A variable region, and of
genealogic anaysis.

MATERIALSAND METHODS

Samplesorigin

A total of 828 different animal samples were sent to the
L aboratorio de Doencas Bacterianas da Reproducéo at | nstituto
Biologico of Sao Paulo, and analysed by means of routine
bacteriological methods and 36 C. jejuni strains were isolated
(bovine, n=1/330; swine, n=1/24; dogs, n=4/26; non-human
primates, n=18/366; wild boar, n=1/27 and poultry, n=11/55).
Samples came from different cities of S0 Paulo state. Thirty
strains of human fecal origin were obtained in clinical analysis
|aboratories in city of S&o Paulo. The patients ages ranged
from 1 to 77 years with a 16 year-old average, and analysed in
the present study (Table 1).

DNA preparation and PCR of theflaA gene

C. jejuni strains were grown at 37°C for 48 h under
micraerophilic atmosphere (5% O., 10% CO-, 85% N,) on blood
BrucellaAgar (Difco). DNA wasextracted by boiling, according

Table 1. Sample sources and denomination of the 66
Campylaobacter jejuni strains analysed.

Sample  Number Type of Strains
source Samples denominations
Human 0 Feces H/1toH/30
Bovine 1 Feces B/1
Swine 1 Feces 91
Wild Boar 1 Feces W/l
Canine 2 Feces C/1,CI3
Canine 1 Aborted fetus* CI2
Canine 1  Hysterectomized Cl4
uterus*
Poultry 5 Carcass P/1toP/5
Poultry 6 Feces P/6toP/11
Monkey 18 Feces M/1toM/18

* Same Border Colliefemale, Monkey= Callithrix spp.

Molecular subtyping of C. jgjuni

to Nishimura et al. (16) and On et al. (17). Colonies obtained
from 2 to 3 day-old cultures were used to prepare C. jguni
suspensions in 1.0 mL of ultrapure water (Milli-Q, Millipore
Inc.), corresponding to areading of 8 onthe M cFarland turbidity
scale (2.3 x 10° bact/mL). These suspensions were heated at
100°Cfor 20 min. Fivemicroliters(0.1 ug DNA/uL) of suspension
supernatant were used as templates. The oligonucleotides used
asPCR primerswereforward flaA primer 5'-TA CTA CAG GAG
TTCAAG CTT-3 and reverse fla A primer 5'-GT TGA TGT
AACTTGATT TTG-3' that represented thevariable (V 1) region,
according to Nishimuraet al. (16). PCR was performed with 1 x
PCR buffer (Gibco- BRL), 200 uM dNTPs, 2.5 mM MgCl,, 40
pmol of each primer, and 2.5 u Tag DNA polymerase (Gibco-
BRL), and 5l of template DNA. A 30-cyclesreactionwasrunin
aPTC 200 thermocycler (MJResearch) with 48 sec denaturing
at 94°C, 36 sec annealing at 55°C, 2 min extensionat 72°C and 10
minfinal extensionat 72°C. Resulting product was approximately
702 bp. Analysis of the product amplified from gene fla A was
subjected in 2.0% agarose gel electrophoresis in 0.5 X TBE
buffer (0.045M TRIS-Borateand 1 mM EDTA, pH 8.0). Gel was
submitted to constant voltage equal to 5-6 V/cm, using as
standard marker a 100bp ladder (Gibco- BRL, Gaithersburg,
USA). Gel was stained by ethidium bromide 0.5 ug/mL, for 15
min and photographed under UV light (300-320 nm) using a
Kodak Digital CameraDC/120 Zoom. Imageswere analyzed by
1D ImageAnalysis software (Kodak Digital Science).

Sequencing

PCR products were purified using Concert Rapid PCR
Purification System (Gibco-Brl). Both DNA strands were
sequenced using fla A primers and Big Dye Terminator 2.0 kit
(Applied Biosystems). Sequencing reactions were conducted
in a PTC 200 thermocycler (MJ Research), using 25 cycles at
96°C for 10 sec, 50°C for 5 sec and 60°C for 4 min. Sequencing
reactions were analysed in an automatic sequencer ABI 377
(Applied Biosystems).

Alignment and trandation of thenucleotide sequences

Sequences were aligned with homologous C. jejuni
sequences available in the GenBank (Accession number
AF050186). Alignment was performed manually with theaid of
SeqPup v. 0.6f (8) and Sequence Navigator v. 1.0.1 software.
Trand ation was performed automatically with theaid of SeqPup
v. 0.6f software, considering the universal genetic code (8).

Genealogical analysis

Aligned sequences were compared and dendrograms were
generated by means of the Phylogenetic Analysis Using
Parsimony (PAUP*) software v. 4.0 (22), using criterion-based
heuristics with stepwise addition algorithm. The computation
of genetic distances was performed using the same software,
based on model TN93 (23). Bootstrap valueswere a so obtained
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with PAUP*, and consistency and retention indexes were
obtained with MacCladev. 3.0.3 software (13).

RESULTS

The sixty-six C. jejuni strains analysed in the present study
were grouped in 44 different subtypes (Table 2).

The Fig. 1 presents the dendrogram that was generated
based on the 44 subtypesof thevariableregionVV1inflagellinA
gene (flaA), obtained by PAUP* software (22).

Theaignment of the 66 sequencesof thegenefla A variable
region V1, presented identity of several strains. It isshowed in
Table 2, where the 66 sequences were grouped in 44 subtypes.

Fig. 1 and Table 2 show that in seven subtypes|[1, 2, 6, 7, 9,
10 and 11] were present in more than one animal species. In
subtypes 7 and 9, humans and poultry shared strains, and in
subtypes 1, 6, 10 and 11, human and primates shared them. In
three subtypes [4, 5 and 13] were found human strains. In
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Figure 1. Similarity PAUP* Dendrogram. Cluster analysis based on
comparison of flaA geneVV1 DNA sequencesfrom Campylobacter isolated
from different animal species. Numbersin each banch indicate Bootstrap

values.
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GENBANK (AF050186)

M/18 - M/13 - M/4 - M/10
M/ - M2 - M/3 - H/18 - M/12
M/16 - P/4 - M/14

H/9 - H19 - H/25
P/11-P/1-PI2-H20

subtype 3 was found primate strains, in the subtype 8 poultry
strains and in the subtype 12 canine strains.

Onesubtype (14) wasidentical toaC. jejuni strain of human
originwith the sequenceinthe GenBank (GENBANK —accession
number AF050186).

Subtypes 15 through 44 corresponded to unique sequences
of C. jegjuni strainsfrom different animal species

DISCUSSION

The Centers for Disease Control and Prevention estimate
that Campylobacter enteritisisamultibillion-dollar disease and
that the consumption of poultry meet is a primary source of
human infection (10).

Human infections caused by Campylobacter are far more
common than those caused by Salmonella spp (5). However,
few outbreaks could be traced to a particular foodstuff (5).
The frequent contamination of foods with different strains of
Campylobacter spp has made it difficult to
determine a route of infection and the recognition
even well characterized outbreaks (5,12).

Reproducible and discriminatory typing methods
are increasingly necessary to identify and trace the
routes of transmission of Campylobacter spp strains
in the food chain (5). Due to the fact that the
epidemiology of Campylobacter spp infectionsisnot
fully understood, new laboratory techniques are
needed to differentiate isolates involved or not in
outbreaks (7).

Serotyping is the best phenotypical method for
the epidemiological typing of Campylobacter spp
and has been available for many years. Althoughitis
still useful in the investigation of clinical cases and
outbreaks, results may be ambiguous, probably due
to the occurrence of non-typable strains or cross-
reactions between certain serotypes (18). Moreover,
it is an expensive and |aborious technique, demands
a large number of standard strains and constant
production of anti-serum. It also requires at least 5to
7 days to be completed and repetitive subculture of
the isolates before serological tests involving more
than 74 different serotypes of C. jejuni may be
performed (7,24).

Table 2 shows that the 66 C. jgjuni sequences
that came from state of S&o Paulo weregroupedin 44
subtypes identical by means of alignment and
trandation of nucleotide sequences.

The results show that one animal species can be
shared in the same subtype (subtypes 3, 4, 5, 8, 12
and 13). Table 2 also shows that 6 subtypes were
common both to human and animal strains. Subtypes
7 and 9, are shared by human and poultry strains, and



Table2. C. jguni sutypesand similarity in nucleotide sequence
alignment and translation among analyzed strains.

Subtype Animal species/ samplenumber

H/11=M/7

M/16 =Pl4=M/14
M/18 = M/13=M/4/=M/10
H/23=H/22
H/1=H/2
H/15=M/11
H/27=PI3
PO=P/7
P11=P/1=P/2=H/20
M/1=M/2=M/3=H/18=M/12
H/6=M/6
C2=Cl4
H/9=H/19=H/25
H/21= GENBANK
M/17

M/9

H/10

H/28

H/13

H/26

H/16

H/17

P8

C3

S1

Wi/l

P10

H/30

H/4

M/8

H/5

H/8

M/15

H/7

M/5

P/5

H/14

B/1

H/24

Pl6

H/12

H/29

H/3

c1

ROSPROBBUBSHRBEREBBNBRRBRNRBEENEEGER

B= Bovine, C= Canine, P= Poultry, H= Human, M= Monkey,
S= Swine, W=Wild boar.
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subtypes 1, 6, 10 and 11, by human and primates, suggesting
that these animal species might be apossible source of infection
for humans. Subtype 2 presented strains common to primates
and to poultry. It should be emphasized that similar to what
occurs with humans, poultry were part of the diet of primates
kept in captivity. Sequence homology observed between strain
isolated from a clinical case and a strain isolated from the
probable infection source may be strong evidence of the
participation of this source of infection in the enteritis case.

Subtypes 15 to 44 corresponded to individual sequences of
the other 30 samples of C. jegjuni analyzed. They corresponded
to most of the isolates studied, involving 16 of human origin
and 13 of animal origin. This extreme accuracy in the
individualization of strains in unique subtypes may be greatly
useful in the identification of strains or sources of infection
related to these strains in the state of Sao Paulo.

Although a few subtypes were found exclusively in one
animal specie, thelimited number of samples doesnot allow to
infer a host speciditation. In fact, subtypes grouping through
phylogenetic analyses suggests the opposite.

Genotypic methods have usually greater discriminatory
power than phenotypical methods, such as biotyping and
phagotyping. However, the combination of agenotypic method
with serotyping, may not lead only to a greater discriminating
power, but also to acomplete identification of the strain (24).

Subtyping of C. jejuni strains based on the sequencing of
fla A gene variable region (V1) and on analysis of sequence
alignment by means of the Maximum Parsimony method
produced a dendrogram that was highly discriminatory, as it
was observed by Meinersmann et al. (14) and Fitzgerald et al.
(5). This method may be a useful option on the differentiation
between strains related to outbreaks and those that are
sporadically isolated.

Thisreport describesthefirst study of molecular subtyping
of C. jgjuni strains obtained from human and animal sampleshby
means of sequencing and genealogic analysis in the state of
S&o Paulo. In Brazil, few studies on the epidemiol ogy of human
or animal campylobacteriosis using molecular techniques have
been published. It is urgent the stablishment of this kind of
methodology in order to support the investigation of foodborne
outbreaks caused by Campylobacter.

RESUMO

Subtipagem molecular de estirpes de Campylobacter
jejuni subsp. jejuni isoladas de difer entes espécies
animaisdo Estado de Sao Paulo, Brasil

O objetivo do presente trabalho foi caracterizar
geneticamente estirpes de Campylobacter jejuni subsp. jejuni
isoladas de humanos e de diferentes origens animais (bovinas,
suinas, caes, primatas, javalis, suinos e avesde corte). Um total
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de 828 amostras (fezes, carcagas, fetos abortados e Utero
histerectomizado) foram analisadas por métodos de rotina
bacteriol6gica e 36 estirpes de C. jgjuni foram isoladas. Trinta
estirpes de origem fecal humana foram obtidas de |aboratérios
deandlises clinicas dacidade de Sao Paulo. As 66 estirpesde C.
jejuni isoladas foram submetidas a caracterizacdo genética.
Oligonucleotideos baseados no gene fla A foram usados na
reacao de polimerase em cadeia(PCR) eamplificou um fragmento
de 702 pb. Os produtos obtidos pela PCR foram avaliados pelas
técnicas de seqiienciamento e andlise geneal égica. Andlise da
variabilidade genética das 66 estirpes revelou 44 diferentes
subtiposde C. jejuni. Um subtipo de origem humanaapresentou
seqliéncia idéntica a de C. jejuni depositada no GenBank
(GENBANK — acesso niumero AF050186). A subtipagem das
estirpes de C. jejuni baseadas no sequienciamento da regiéo
variavel do gene fla A e na andlise do alinhamento das
sequiéncias pelo método da M axima Parcimdnia, mostraram-se
altamente discriminatériosfornecendo melhores condicdes para
a correta diferenciacéo entre estirpes originarias de surto e as
isoladas esporadicamente. Este foi o primeiro estudo de
subtipagem mol ecular deestirpesde C. jegjuni de origem humana
e animal utilizando a técnica do segiienciamento com andlise
geneal 6gicarealizado no Estado de Sao Paulo, Brasil.

Palavras-chave: Campylobacter jejuni, subtipagem,
sequienciamento, flagelina
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