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Abstract: An outbreak of brucellosis occurred in students on field practice at sheep farm m 2005 at Shihezi,
Xinjiang Province, the North-West of China. Five of 7 (71.4%) students were seropositive, showing
titers 21:160 [U mL ™" in STAT and diagnosed as acute brucellosis with physical examination. To characterize
Brucella isolates from the outbrealk, the research including face to face investigation, Brucella isolation, multiple
locus VNTR-16 analysis (ML VA-16) and genome sequencing were carried out. The mvestigation showed 42.5%
(1,293/3,042) of ewes are sero-positive with RBPT and almost half of ewes aborted. Although, no bacteria were
isolated from student blood samples, five individual colonies were isolated from aborted sheep fetuses and were
identified as B. melitensis biovar 3 by conventional microbiological tests. MLV A-16 typing indicated that the
isolates were clustered in the East Mediterranean with genotype 42. They were similar to wild strains from
Guangdong 1 2008 and Inner Mongolia in 1994 and 1995. They were most close to stramn bru0261 from Pakistan
student studying in Germany. Genome sequence and phylogenomic tree showed that pathogen in this study
was close to Chinese wild and vaccine stramms such as B. melitensis M28, M5-90. Researchers first
report pathogens isolated in 1980 and 2005 are genotype 42 containing novel MLVA-16 patterns
(1-5-3-13-2-2-3-2-4-20-8-8-4-3-7-7) compared to that both in China and other countries.
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INTRODUCTION

Brucellosis is a worldwide zoonotic disease caused
by Brucella which infects a broad range of mammals
mcluding domestic and wild ammals as well as humans
(Corbel, 1997; Haque et eI, 2011). In China, approximately
30,000 human cases are reported annually over the
(Jiang et al, 2011). Since 1950,
Brucella melitensis, one of Brucella genus has been the

past 5 years

predominant species associated with human brucellosis
in China (Tiang et al., 2010, 2011).

Xinjiang, the North-Western part of China, an area
covering 1,600,000 kan’ where livestock is one of the most
important resources for the regional economy is one of
the areas with high prevalence of brucellosis (Wu et al.,
2013). In 2005, a rare human outbreak of brucellosis
occurred in college students who carried on a field study
at a sheep farm. In order to determine transmission
mode of B. melitensis from infected ewes to college
students and characterize the pathogen, a face to face
investigation, bacterial 1solation, MLVA-16 typing and
genome sequencing were carried out.
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MATERIALS AND METHODS

Epidemiologic investigation: Tn middle Tune 2005, two
of seven students participated m a field study at a
sheep farm complained of anorexia, fatigue and fever
(>38°C). They suspected they might be infected with
Brucella because of closely contacting with infected
sheep in practical research. All seven students were
examined by the Rose Bengal Plate Test (RBPT) and the
Standard Tube Agglutination Test (STAT) at the local
Center for Disease Control and Prevention (CDC).
Five students were seropositive for B. melitensis
(21:160TUmL™") and spleenmega by imaging examination.
They were diagnosed as acute brucellosis. An
epidemiologic survey was conducted by the face to face
interview.

Microbiologic identification: To identify the pathogen
involved in these human cases, bacterial isolation and
1dentification were carried out from aborted sheep fetuses
and students’ blood samples. The samples were streaked
onto the sheep whole blood agar media. The plates were
incubated in a 10% CO, incubator at 37°C. All colonies
were mcubated for 12, 24 or 82 h and then transferred to
duplicate plates and cultured again. The five pure
colonies suspicious for Brucella with red acid-fast
coccobacilli against a blue background by the modified
Ziehl-Neelsen staining method (Foster ef al., 1996) were
sent to the Chinese Center for Disease Control and
Prevention (CDC) for further conventional microbiological
tests (Alton et al., 1975).

ML VA-16 typing: To determine the phylogenic relation
between the five isolates in 2005 and other bacteria
mcluding domestic strains  described previously by
Tiang et al. (2010) abroad 529 worldwide strains registered
with the MVLA bank database and Brucella stramn 80/23
which is B. melitensis biovar 3 and was isolated from ram
semen in Shihezi in 1980, all isolates were investigated by
MLVA-16 typing described before (Al Dahouk et al.,
2007, Le Fleche et al., 2006).

Genomic sequencing: To further characterize the
isolates, the whole genome of Brucella strain 05/43
(also abbreviated as strain 043 1) was sequenced. The
genomic DNA of Brucella melitensis 043 was 1solated and
sequenced by the whole genome shotgun strategy using
TNumina Hiseq 2000 before constructing 500 bp library.
The coverage was more than 100 fold and the paired-end
reads (readl, 1-90 bp; read2, 1-70 bp) were assembled by
SOAPdenovo 1.05 (Wang et al., 2010) (K = 39). Open
Reading Frames (ORFs) were predicted by Glimmer 3.0
(Delcher et al., 2007). Furthermore, with the help of the
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genome database of 50 Brucella strains including 12
B. melitensis, 12 B. abortus, 9 Brucella strains from marine
mammals, 7 B. suis, 2 B. Canis, B. microti CCM4915,
B. neotomae SK33, B. ovis 63/290 and B. sp. NVSL-0027,
B. sp. BO1, B. sp. BO2, B. sp. NF 2653, B. sp. 83/13, the
phylogenomic tree was built according to the methods
from Audic et al. (2011). The multiple 2537 alignments
were concatenated into a single alignment of 2226048
bases (about 2/3 of the Brucella genome). At last, the
Phylogenetic tree was built by MEGA 5 (Tamwra et al.,
2011) wing ClustalW 2.0 (Thompson et of., 2002)
(Parameters Default) maximum likelihood tree.

RESULTS AND DISCUSSION

Investigation on the outbreak of brucellosis: In early
March 2005, seven college students went to a sheep farm
for a field study. The major task for the students was to
quarantine 3,042 ewes 1n collaboration with two sheep
farm workers. For the purpose of the RBPT analysis, the
whole blood samples were collected from 3,042 sheep
via the jugular vein with No. 12 gauge needles and
Cap-Transport Tubes (Cat. No. BT888-SR, Brussels,
Belgium) without any protective measure. Because the
students and farm workers did not use vacutainer tubes,
1t 18 likely that some blood contaimng Brucella splashed
onto their hands and faces, leading to an attendant risk of
infection. In addition, the president of the sheep farm hid
the fact that almost half of ewe had experienced abortion
about a month ago before the students went for field
practice. Subsequently, they found 42.5% (1,293/3,042) of
ewes are sero-positive with RBPT. Tn middle June 2005,
two of the seven students complamed of anorexia, fatigue
and fever. All the students were tested by RBPT and
STAT at Xinjiang CDC. The highest STAT titer was
1:800 TUmI. ™" in a student with severe arthralgia. During
the students’ hospitalization, a female sheep farm worker
who had worked together with the students also extubited
fever and malaise and was diagnosed with acute
brucellosis too.

The results of conventional microbiological tests: No
bacteria were 1solated from patient blood samples due to
antibiotic therapy. Five individual colonies suspected to
be Brucella were isolated from aborted sheep fetuses and
all identified as B. melitensis biovar 3 (Table 1).

The molecular features of Brucella isolates: MLVA-16
typing revealed that same to strain 80/23, the five isolates
in 2005 contained 16 1dentical loci and strain 05/43 was
one of the five isolates. These strains clustered inthe
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East Mediterranean with genotype 42 (1-5-3-13-2-2-3-2)
(Tiang et al.,, 2011). Compared with domestic Brucella
1solates described previously by Jiang ef al. (2011), strain
05/43, tsMLVA-1 6type (1-5-3-13-2-2-3-2-4-20-8-8-4-3-7-7)
was similar to three strains including strain GDOR-3
(Guangdong 1 2008), NM94-0705 (Immer Mongolia in
1994) and NM95-1462 (Inner Mongolia m 1995)
(Tiang et al., 2011) which harbored the same MLVA-16
type (1-5-3-13-2-2-3-2-4-20-8-5-4-3-7-7) and there was a
Single-Locus Variant (SLV) at the bruce04 locus between

Table 1: Biochemical features of wild Brucella sp. strains

strain 05/43 and GDO8-3. Compared to abroad 529
worldwide Brucella 1solates registered with the MVLA
bank database, although, strain 05/43 was most close to
the B. melitensis strain bru0261 from Pakistan student
studying in Germany (Fig. 1), its MLVA-16 type
(1-5-3-13-2-2-3-2-4-20-8-8-4-3-5-7) and there was a SLV at
the brucel 6 locus between strain 05/43 and bru0261.

Genome and genome analysis: The draft genome
sequences of Brucella melitensis 043 was about 3.29 Mb.

Standard strains

Original No. 05/02 05/32 05/24 05/43 05/48 16M S44A 1330
Isolation from host Sheep Sheep Sheep Sheep Sheep

CO, requirement - - - - - - - -
H,S production - - + ++ ++
Acriflavin - - - -

Dye inhihition

Thiohin + + + + + + +
Basic fuchsin + + + + + + +

Lysilic test of phage’

Tb RTD" - - - +

The10* RTD - - - + +

Iz + + + + +

BK2 + + + + + + + +
Agglutination test of serum

A + + + + + - + +

M + + + + + +

R - - -

Identical results

Species B. mel® B. mel B. mel B. mel B. mel B. mel B. abo’ B. suis'
Biovar 3 3 3 3 3 1 1 1

“Dye concentration of Brucella agar medium (20 pg mL™"; 1:50000); *RTD: The rate of Routine Test Dilution (the highest dilution rate at which the Tb phage
completely lyses Brucelia sp.);, °Tb: Tbilisi; Iz: Izanagar, BK2: Berkeley; A: A mono-specific serum; M: M mono-specific serurn; R: R mono-specific serurm;

Brucella melitensis; *Brucella abortus, ‘Brucella suis

20 6 i Ea iy, . e
N o

q Brucella ovis (19 genotypes) ‘
B. canis; B. suis biovar &
and 4 (15 genotypes)

Brucella suis biovar 1
(21 genotypes)

Brucella suis biovar
2 (100 genotypes)

Brucella melitensis East
mediterranean (120 genotypes)

Brucella abortus (45 genotypes)

Brucella melitensis West
mediterranean (35 genotypes)

Brucella melitensis Americas
(17 genotypes)

Fig. 1: Condensed dendrogram of clustered ML VA-16 genotypes obtained from 530 Brucella isolates (including Brucella
05/43) and corresponding to genotypes. This figure complies with data from MVLA database
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Assemble of the genome yielded 20 scaffolds and 480
contigs. A total of 3436 ORFs were predicted. The average
length of ORFs was 823 bp. All predicted ORFs
accounted for 86.12% of the whole genome sequence of
Brucella melitensis 043 (Sequenced, assembled and
annotated by Shenzhen BGT in China).

Phylogenomic tree showed that stram 05/43 was
more close to Chinese wild or vaccine Brucella
straing such as B. melitensis M111 vaccine strain
(Accession No. AFFBO000000D), B. melitensis NI wild
strain (Accession No. CP002931, CPO02932), B. melitensis
M28 (Accession No. CP002459, CP002460) and its
derivative strains including M28-12  wild  strain
(Accession No. AFFAQ0000000), M5 and M5-90 vaccine
strains (Accession No. AFEZ00000000, CP001851 and
CP0O01852) (Fig. 2).

Brucellosis 1s a highly contagious zoonotic disease.
Almost all of human brucelosis cases are directly or
indirectly associated with contacting the infected arumals
(Luna-Martinez and Mejia-Teran, 2002). Furthermore,
B. melitensis is highly contagious, laboratory workers
could be infected by aerozolization (Fiori et al, 2000,

® Brucella melitensis M28

® Brucella melitensis M5-90

® Brucella melitensis bv. 1 str. M5

® Brucella melitensis bv. 1 str. M111

® Brucella melitensis bv. 1 str. M28-12
® Brucella melitensis 043 _1

® Brucella melitensis N1

® Brucella melitensis ATCC 23457

® Brucella melitensis bv. 2 str. 63/9

® Brucella melitensis bv. 1 str. Rev.1
—| E.Br‘ucel[a melitensis bv. 1 str. 16M
® Brucella melitensis bv. 1 str. 16M

® Brucella melitensis bv. 3 str. Ether
B Brucella abortus bv. 3 str. Tulya
W Brucella abortus bv. 5 str. B3196
W Brucella abortus bv. 9 str. C68
B Brucella abortus bv. 6 str. 870
W Brucella abortus bv. 4 str. 292
B Brucella abortus bv. 1 str. 9-9-41
W Brucella abortus bv. 2 str. 86/8/59
B Brucella melitensis blovar Abortus 2308
M Brucella abortus str. 2308 A
B Brucella abortus A13334
B Brucella abortus NCTC 8038
B Brucella abortus S19
I:‘Br‘ucella ovis ATCC 25840
A Brucella sp. NVSL 07-0026
EQBrucella ceti M644/93/1
® Brucella ceti M13/05/1
® Brucella pinnipedialis B2/94
® Brucella pinnipedialis M292/94/1
® Brucella pinnipedialis M163/99/10
® Brucella ceti M490/95/1
® Brucella ceti B1/94
® Brucella sp. F5/99
#Brucella_ceti_Cudo
VY Brucella suis bv. 5 str. 513
¥ Brucella suis ATCC 23445
VY Brucella suis 1330
V¥ Brucella suis bv. 1 str. S2
'V Brucella suis VB122
'V Brucella suis bv. 3 str. 686
V¥ Brucella suis bv. 4 str. 40
V¥ Brucella canis HSK A52141
V Brucella canis ATCC 23365
V¥ Brucella neotomae 5K33
Y Brucella microti CCM 4915
—O Brucella sp. NF 2653
=0 Brucella sp. 83/13
r—O Brucella sp. BO1
0 Brucella sp. BO2

Fig. 2: Phylogenic tree is based on 51 Brucella whole
genome sequences
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Robichaud et al, 2004; Staszkiewicz et al, 1991,
Zervos and Bostic, 1997). Brucellosis has been an
occupational risk for farmers, veterinarians and employees
in the livestock business (Young, 1995). Nonoccupational
sources of mfection include consumption of fresh,
unpasteurized raw fresh milk and milk products
(Palencia and Sinovas, 1997). In human, brucellosis can
cause multisystemic disease with varying spectrum of
symptoms. In this investigation, researchers found that
this sheep farm was newly built and all the ewes were
collected from markets. To quarantine these ewes, the
president of this sheep farm offered the practice field for
college students. When 7 college students found the
sero-positive rate was 42.5%, they were informed that
about 50% of these ewes aborted 4 months ago. To
ensure whether they were infected, serological tests and
imaging examination were carried out. It was found five of
seven students had been infected with Brucella combined
with the bacterial tests. The report highlights the
importance of personal protection from brucellosis when
contacting with Brucella-infected or animals suspected of
infection in the course of their occupational duties.
MLVA typing popularly used study
evolutionary model of pathogens or trace back the
source of infection such as Streptococcus agalactiae,

is to

Staphylococcus  aureus,  Yersinia  pestis  and
(Haguenoer et al., 2011; Riehm et af., 2012, Sobral et af.,
2012). In this study, it was found there were identical
MLVA-16 data between Brucella 05/43 stramn and 80/23
strain isolated in 1980 and 2005, respectively. This result
suggested that 1solated 05/43 strain should be a local
outbreak and
researchers speculate that they might settle n Shihez at

pathogen responsible for brucellosis

least 25 years. In addition, as far as the regional
distribution of Brucella 05/53 strain and its close isolates
15 concerned, they are located between North latitude
30°-65° around Hast Mediteranean region (Fig. 3). Tt was
suggested that distribution of B. melitensis might be
influenced by the geographical factors.
With the genome sequencing
development, new sight into biology has been available.
To investigate clearly the evolution of the isolates, the

technology

genome of B. melitensis 043 was sequenced and
phylogenomic tree was built. It was clear that strain
043 was clustered in the clade of B. melitensis and
it was close to wild and vaccine B. melitensis stramns in
China. The finding suggested that vaccine strains from
local wild isolates may provide more protection
compared with abroad vaccines because of more close

relationship.
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Fig. 3: B. melitensis 05/43 strain and its close homologs 1dentified in regions of Northern latitude 30°-65°

CONCLUSION

Here, researchers describe the tragic case of outbreak
from a brucellosis involved in 5 college students and a
sheep farm worker in Shihezi, Xinjiang. Researchers first
report pathogens isolated in 1980 and 2005 are genotype
42 containing novel MLVA-16 patterns compared to that
both in China and other countries. The pathogen such as
strain 05/43 1s more close to Clinese wild or vaccine
Brucella strains. The whole-genome shotgun sequences
(contigs) of B. melitensis 05/43 have been submitted at
GenBank under the accession numbers: ANODOO000000.
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