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Haemophilus parasuis is a gram-negative bacillus and the causative 
agent of Glässer’s disease, which affects swine worldwide and is 
characterized by fibrinous polyserositis, polyarthritis, or meningitis 
(1,2). Recently H. parasuis was described as one of the most infectious 
agents affecting swine populations in the world (3).

Traditionally, strains of H. parasuis have been classified by serotyp-
ing (4), and most epidemiologic studies of H. parasuis infection have 
been based on serotyping information (5–8). The currently available 
H. parasuis vaccines are based on certain serovars. Therefore, knowl-
edge of serovar distribution is essential in evaluating the possible 
benefits of vaccination, although cross-protection between some 
serovars of H. parasuis has been demonstrated (9–11). In addition, 
approximately 15% to 41% of field isolates of H. parasuis are untype-
able by current serotyping methods (5,8,12).

To overcome the limitations of serotyping in epidemiologic studies 
of H. parasuis infection, many molecular-based methods have been 

developed to assess the heterogeneity of H. parasuis isolates by geno-
typing (13–17). Pulsed-field gel electrophoresis (PFGE) is a widely 
used and highly discriminatory molecular typing method based on 
comparison of patterns of fragments of chromosomal DNA generated 
by digestion with restriction enzymes (18). It is often considered the 
gold standard of genomic methods for subtyping many bacterial 
species owing to its high discriminatory power and reproducibility 
between laboratories (19–21). Also, this technique has been used to 
evaluate the genetic relationship between isolates suspected to be 
epidemiologically related (22–24). We previously developed a modi-
fied PFGE method for characterizing H. parasuis isolates (25) and 
used it to analyze the genetic relatedness of 20 antimicrobial-resistant 
strains and 6 strains positive for plasmid-mediated quinolone resis-
tance (PMQR) (26). Therefore, PFGE is an excellent approach for 
epidemiologic studies of H. parasuis outbreaks in addition to being 
suitable for characterizing unrelated H. parasuis strains.
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A b s t r a c t
From September 2008 to December 2010, 112 Haemophilus parasuis strains were isolated from 536 pigs with clinical signs of 
Glässer’s disease in South China, for a frequency of 21%. The 112 strains were subjected to serovar analysis by gel diffusion (GD) 
and indirect hemagglutination (IHA) tests and to genotype analysis by means of pulsed-field gel electrophoresis (PFGE). With 
a combination of the GD and IHA results, serovars 5 and 4 were found to be the most prevalent, at 23% and 17%, respectively, 
followed by serovars 2 (8%), 15 (7%), 13 (6%), and 12 (5%); 20% of the strains were nontypeable. The 112 strains were genetically 
diverse, with 85 genotypes identified (discriminatory index 0.992). The 89 typeable isolates belonged to 15 H. parasuis serovars 
displaying 63 different PFGE profiles. The 23 nontypeable strains displayed 22 different PFGE profiles. These findings confirmed 
that 15 serovars and diverse genotypes of H. parasuis were widely distributed in southern China.

R é s u m é
Entre septembre 2008 et décembre 2010, 112 isolats d’Haemophilus parasuis ont été obtenus à partir de 536 porcs (21 %) provenant 
du sud de la Chine et présentant des signes cliniques de maladie de Glässer. Les 112 isolats ont été sérotypés par diffusion en gel (GD) et 
hémagglutination indirecte (IHA) et génotypés par électrophorèse en champs pulsés (PFGE). En combinant les résultats de GD et d’IHA, les 
sérovars 5 et 4 sont apparus comme les plus prévalents, représentant respectivement 23 % et 17 % des isolats, suivis des sérovars 2 (8 %), 
15 (7 %), 13 (6 %), et 12 (5 %); 20 % des isolats étaient non-typables. Les 112 isolats étaient génétiquement diversifiés, avec 85 génotypes 
identifiés (index de discrimination de 0,992). Les 89 isolats typables appartenaient à 15 sérovars d’H. parasuis et présentaient 63 profiles 
différent par PFGE. Les 23 isolats non-typables présentaient 22 profiles différents par PFGE. Ces résultats confirment que 15 sérovars et 
divers génotypes d’H. parasuis sont largement distribués dans le sud de la Chine.
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In the current study the serovars of 112 H. parasuis isolates from 
pigs in 5 provinces of southern China with clinical signs of Glässer’s 
disease were defined and the genotypes characterized by means 
of PFGE. In addition, the serotyping and molecular subtyping 
approaches were compared.

All the field isolates (Table I) were derived in our diagnostic labo-
ratory between September 2008 and December 2010 from lung, heart, 
brain, nasal, and synovial samples from the thorax, pericardial sac, 
peritoneum, and joints of 536 pigs that had presented with fibrin-
ous polyserositis, arthritis, or meningitis characteristic of Glässer’s 
disease. The samples were cultured on tryptic soy agar (TSA; Difco 
Laboratories, Detroit, Michigan, USA) containing 10 mg/mL of 
nicotinamide adenine dinucleotide and 5% bovine serum. The 
isolates were identified by biochemical tests (27) and diagnostic 
analysis of fragments of the 16S ribosomal RNA gene amplified by 
polymerase chain reaction (28). Used as positive controls were 15 
H. parasuis strains representing all known serovars kindly provided 

by Professor Huanchun Chen, College of Veterinary Medicine, 
Huazhong Agricultural University, Wuhan, Hubei Province, China.

For serotyping, hyperimmune antiserum reactive to H. parasuis 
was generated in rabbits as previously described (8), with use of 
H. parasuis serovar strains 1 to 15. Adsorbed antiserum was then 
used, in combination with indirect hemagglutination (IHA) testing, 
to serotype the field isolates (29). Autoclaved antigen for the gel dif-
fusion (GD) test was prepared as described by Turni and Blackall (30) 
except that the agar used was TSA. For the IHA test, saline extracts 
were used as the antigen source (29). The GD and IHA tests were 
conducted as previously described (30), the GD test being done first; 
if a definitive serovar could not be determined for an isolate, the IHA 
test was then done. Isolates that could not be identified by either test 
were defined as nontypeable (NT).

For genotyping, the PFGE method (25) was used. Briefly, agarose 
blocks containing H. parasuis DNA were digested with 40 units of 
CpoI (TaKaRa, Dalian, Liaoning Province, China) for 2 h at 30°C. 

Table I. Source of the 112 isolates of Haemophilus parasuis from pigs in southern China with clinical signs 
of Glässer’s disease

 Number of
Province and district isolates Isolate name Clinical source
Guangdong
 TaiShan City  4 SC001–SC004 Lung, liver, nose
 Meizhou City  7 SC005–SC011 Lung, synovium, nose
 Sanshui City 10 SC0012–SC0021 Lung, synovium, brain, heart
 Shenzhen City  7 SC0067–SC0073 Lung, synovium, brain
 Zhongshan City  6 SC0074–SC0079 Lung, heart, nose
 Sihui City  7 SC0080–SC0086 Lung, synovium
 Guangzhou City  7 SC0027–SC0033 Lung, synovium
 Huizhou City  6 SC0045, SC0049–SC0053 Lung, synovium
 Heyuan City  2 SC0091, SC0092 Lung, brain
 Jiangmen City  2 SC0106, SC0107 Lung, synovium
 Yunfu City  5 SC0096–SC0100 Lung, synovium, heart
 Zengcheng City  1 SC0116 Lung
 Dongguan City  2 SC0022, SC0023 Lung, brain

Hunan
 Changsha City  3 SC0024–SC0026 Lung, synovium, brain, heart, nose
 Hengyang City  4 SC0037–SC0040 Lung, synovium, heart
 Chenzhou City  7 SC0054–SC0057, SC0034–SC0036 Lung, synovium, heart, nose
 Zhuzhou City  4 SC0058–SC0061 Lung, synovium, heart

Jiangxi
 Nanchang City  4 SC0041–SC0044 Lung, synovium, heart
 Jiujiang City  3 SC0046–SC0048 Lung, synovium, brain
 Yingtan City  3 SC0064–SC0066 Lung, synovium
 Longyan City  2 SC0062, SC0063 Lung

Guangxi
 Nanning City  4 SC0087–SC0090 Lung, synovium, brain, heart
 Baise City  3 SC0093–SC0095 Lung, synovium, brain, nose

Fujian
 Fuzhou City  5 SC00101–SC0105 Lung, synovium, heart, nose
 Longyan City  4 SC0108, SC0110, SC0111, SC0114 Lung, synovium
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Digested slices were then electrophoresed in a CHEF-Mapper system 
(Bio-Rad Laboratories, Hercules, California, USA) in 1% SeaKem 
Gold Agarose (FMC, Bioproducts, Rockland, ME, USA) in 0.5 3 
Tris-borate and ethylene diamine tetraacetic acid as the running 
buffer at 14°C and 6 V/cm for 21 h, the pulse time ramping up from 
2.16 to 63.8 s. Salmonella enterica serovar Braenderup H9812 standards 
served as size standards after digestion with Xba I (TaKaRa).

The banding patterns were analyzed with Molecular Analyst 
Fingerprinting Plus software (Bio-Rad) with 1.5% tolerance for frag-
ment shifts. Similarities between banding patterns corresponding to 
respective strains were determined by means of the Dice coefficient 
(Dice coefficient according to the manufacturer’s instructions.). 
All digestion patterns were evaluated visually by generation of a 
dendrogram. The discriminatory ability of the 2 typing methods 
was determined with the use of Simpson’s index of diversity (31).

The serovar distribution of the 112 H. parasuis isolates, determined 
by combining the GD and IHA data, is shown in Figure 1; 23 (20%) of 
the isolates could not be assigned to a serovar. All 15 serovars were 
identified. Serovars 5 and 4 were the most prevalent, accounting 
for 23% and 17%, respectively. Serovars 2, 15, 13, and 12 were next 
most common, with frequencies of 8%, 7%, 6%, and 5%, respectively. 
Serovars 1, 3, 6, 7, 8, 9, 10, 11, and 14 were also identified but in low 
numbers.

All 112 isolates were typeable by the PFGE method previously 
established by our laboratory, and great genetic diversity was 
observed: 85 different PFGE patterns were obtained (Figure 2). The 
discriminatory ability of PFGE, calculated with Simpson’s index of 
diversity, was 0.992. The 89 isolates typeable by GD and IHA testing 
and belonging to the 15 H. parasuis serovars displayed 63 different 
PFGE profiles. The 23 H. parasuis isolates that could not be assigned 
to a serovar displayed 22 different PFGE profiles.

Analysis of the correlation between serovar and PFGE profile 
showed a relatively high diversity index for all 112 H. parasuis field 
isolates, including the nontypeable group (Table II): strains belong-
ing to the same serovar showed various distinctive PFGE patterns. 
Comparison of the genomic DNA fingerprints of all the isolates 
yielded no defined correlations between serovar and PFGE profile.

Distinctive restriction patterns were identified: 21 among the 26 
H. parasuis isolates in serovar 5, 15 among the 19 isolates in serovar 4, 
and 22 among the 23 nontypeable isolates. Some field strains that 
belonged to different serovars had similar PFGE patterns. The 
variations in PFGE patterns between the serovars are illustrated in 
Figure 2.

It is essential to know the prevalent H. parasuis serovars in a given 
area to control Glässer’s disease since vaccination confers only lim-
ited protection across certain serovars (32). However, the distribution 
and prevalence of serovars and genotypes can vary considerably 
from region to region and over time within a region. Thus, local 
epidemiologic study can determine if 1 or more strains are causing 
an outbreak or, in the case of persistent infection, if treatment has 
failed or a new virulent strain has been introduced.

This study of 112 H. parasuis isolates obtained from pigs with 
clinical signs of Glässer’s disease between 2008 and 2010 has demon-
strated that H. parasuis strains were widely prevalent in pig farms in 
southern China and that all 15 serovars could be identified. The dis-
tribution of serovars was similar to the distributions described by Cai 
et al (33) and Zhou et al (34) in China and by investigators in various 
countries (4–7,29,35,36). However, there was a slight difference. We 
found the H. parasuis serovars identified to be diverse, including all 
15 known H. parasuis serovars, and we therefore hypothesized that 
this was a potential reason for the elevated mortality rates associated 
with H. parasuis infection in this geographic location and the dif-
ficulty in controlling the infections. Serovars 5 and 4 were the most 
prevalent in our study, with the number of serovar 5 isolates some-
what higher than the number of serovar 4 isolates. In contrast, the 
studies by Cai et al (33) and Zhou et al (34) found serovar 5 strains 
to account for a great proportion of all H. parasuis isolates identified 
and to be highly virulent, which made this serovar the most danger-
ous to the swine industry in southern China. We found nontypeable 
isolates to represent a large proportion of all field isolates, which 
suggests that significant genetic changes are taking place among the 
H. parasuis strains in this geographic location. Therefore, it is of great 
importance to study the effect of vaccines used in the prevention of 
infections caused by typeable strains in the context of infections with 
nontypeable H. parasuis.

This study also confirmed that serotyping alone does not pro-
vide sufficient discrimination between isolates for epidemiologic 
studies: 20% of the isolates could not be serotyped. Molecular 
techniques represent a major advance for epidemiologic studies 
since they allow unambiguous identification of every isolate in 
a timely manner. Widely used and highly discriminatory, PFGE 
is a molecular typing technique based on comparing patterns of 
chromosomal DNA fragments obtained by digestion with restric-
tion enzymes. In recent years, PFGE has become a useful tool for 
typing, differentiating, and classifying bacterial strains in epide-
miologic studies (37–40). In the current study, all 112 H. parasuis 
isolates, including those nontypeable by serotyping, were geno-
typed by PFGE, which confirmed that PFGE analysis is useful for 
conducting epidemiologic studies of Glässer’s disease. The present 
study also showed that isolates of 2 different serovars could be 
classified into the same group by genotyping, indicating a lack of 
correlation between serotyping and PFGE typing. The high diver-
sity of the H. parasuis field isolates as well as the poor correlation 

Figure 1. Percentage of each serovar among 112 Haemophilus parasuis 
isolates from clinical samples collected from pigs with Glässer’s disease 
in southern China.
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Figure 2. Dendrogram analysis of banding patterns obtained by pulsed-field gel electrophoresis of digested DNA from the isolates. The serovars are 
indicated on the right.
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between serotyping and PFGE profiling is similar to previous  
findings (41).

Our previous research demonstrated that the PFGE method is 
rapid and easy to do for molecular subtyping of H. parasuis (25). 
Furthermore, this study not only provided prevalence data and 
characterized the genotypic diversity of H. parasuis in southern China 
but also validated PFGE as an excellent approach to studying the 
molecular epidemiology of H. parasuis, all practical information that 
could be of great value in implementing effective prevention and con-
trol programs. Also, the PFGE method established by our laboratory 
provides a high level of discrimination, which has allowed investi-
gation of the spread of mechanisms of antibiotic resistance between 
strains of H. parasuis. We observed great genetic diversity among 
20 antimicrobial-resistant and 6 PMQR-positive isolates; as well, 
we found 3 isolates from different farms to be clonally related (26).

Our study has shown that H. parasuis infection is widespread in 
southern China. Therefore, more attention should be paid to diagno-
sis and infection control. In addition, since infection in this region is 
caused by numerous serovars and genotypes, further studies need 
to be done to investigate use of the PFGE technique in finding cor-
relations between virulence, cross-immunity, and genotype.
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