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Transmission identification of Escherichia coli aerosol
in chicken houses to their environments using ERIC-PCR

DUAN HuiYong, CHAI TongJie’, CAl YuMei, ZHONG ZhaoBing, YAO MeiLing & ZHANG XingXiao

College of Animal Husbandry and Veterinary Medicine, Shandong Agricultural University, Tai’'an 271018, China

In order to study E. coli aerosol spreading from chicken houses to their surrounding air, air samples,
including indoor and outdoor air (upwind 10 and 50 m as well as downwind 10, 50, 100, 200 and 400 m
away) of 5 chicken houses were collected using six-stage Andersen microbial samplers and
Reuter-Centrifugal samplers (RCS). E. coli concentrations (CFU/m® air) collected from different sam-
pling sites were calculated. E. coli strains from chicken feces samples were also isolated. Furthermore,
the enterobacterial repetitive intergenic consensus (ERIC)-PCR method was applied to amplify the
isolated E. coli strain DNA samples. Through the genetic similarity analyses of the E. coli obtained from
different sampling sites, the spreading of bioaerosol from animal houses to the ambient air was char-
acterized. The results showed that the isolated E. coli concentrations in indoor air (9—63 CFU/m®) in 5
chicken houses were higher than those in upwind and downwind air, but there were no significant dif-
ferences between the indoor and downwind sites 10 m away from all the 5 houses (P>0.05). The phy-
logenetic tree indicated that a part of the E. coli (34.1%) isolated from indoor air had 100% similarity
with those isolated from feces, and that most of E. coli isolated (54.5%) from downwind at 10, 50, 100 or
even 200 m had 100% similarity with those isolated from indoor air or feces too. But those isolated from
upwind air had a lower similarity (73%—92%) with corresponding strains isolated from indoor air or
feces. Our results suggested that some strains isolated from downwind air and indoor air originated in
the chicken feces, but most of isolates obtained from upwind air samples did not come from the
chicken feces or indoor air. Effective hygienic measures should be taken in animal farms to prevent or
minimize downwind spreading of microorganism aerosol.
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Microorganisms and their products in bioaerosol from tory tract”-.

animal houses can cause serious air pollution. They may
also affect the health and the production capability of the
animals'" and induce prevalence of aerosol infectious
diseases. The polluted air in livestock farms is often as-
sociated with the outbreak of the epidemic diseases and
the environmental problems. Some airborne bacteria in
animal houses, including pathogenic bacteria, selective
pathogenic bacteria and nonpathogenic bacteria™, can
cause diseases not only to animals but also to human
beings™™*. Even a very limited number of pathogenic
microorganisms in the atmosphere can cause direct res-
piratory tract infection, especially in the down-respira-

It is known that many airborne pathogen microorgan-
isms, including viruses and bacteria, can spread over a
large area through the airl®’, Examples of the potential
threat of airborne pathogenic spreading include the foot
and mouth disease!™, severe acute respiratory syndrome
(SARS)®' pandemic measles in the pre-vaccination
era[“], airborne anthrax in the USA in 2001[12], and the
spread of Klebsiella pneumonia'™. All those highly
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pathogenic viruses, including some pandemic pathogens,
serve as timely reminders that airborne infectious dis-
eases remain a serious threat to human health.

Bioaerosol disseminated from animal houses to their
environments has been studied with an emphasis on total
bacterium amount!'*'”), pathogenic bacteria and antibi-
otic resistances of the bacteria in animal houses and their
ambient air!'®'".

It is difficult to differentiate between two strains that
have very close genetic relationship using traditional
bacterial taxonomy. However, ERIC sequences are 126
bp long and appear to be restricted to transcribed regions
of the genome in Enterobacteriaceae species, either in
intergenic regions of polycistronic operons or in untran-
slated regions upstream or downstream of open reading
frames. The ERIC sequences are highly conserved at the
nucleotide sequence level but their chromosomal loca-
tions and numbers differ among species!'™. So the
ERIC-PCR method can serve as a valuable and sensitive
tool for genetic differentiation of E. coli isolated from
different sites'"**%),

It is interesting to further identify the bioaerosol
source around animal houses and their spreading ways
to the ambient air. In this study, the concentrations of
airborne E. coli cells at different locations in chicken
houses were measured and the genetic diversity of E.
coli isolates obtained from every chicken house was
analyzed using the ERIC-PCR method™". The degree of
similarity between isolated strains was assessed by con-
struction of a dendrogram. Our results indicated that the
airborne E. coli in indoor air of chicken houses could
spread to their ambient air via air exchange.

1 Materials and methods

1.1 Animal houses studied

Five chicken houses investigated in Tai’an, Shandong,
China, between April and August 2006 were located

outside of the villages in the city suburb, where there
were no buildings or tall plants around the chicken
houses. Chicken house A, at the foot of a hill, had a dis-
tance of more than 3000 m to the nearest village.
Chicken house B, C, D and E were located to the east of
the villages with distances ranging from 500 to 1000 m
from the nearest village and had the same geographical
characteristics. As the air samplers were collected, the
meteorological conditions were recorded simultaneously.
A description of these chicken houses is given in Table 1.

1.2 Airborne Escherichia coli

221 \were used to collect

Six-stage Andersen samplers
airborne E. coli in the indoor air of the animal houses.
The samplers were placed near the middle of the stable
about 1 m above the ground. The RCS was used to col-
lect airborne E. coli from the outdoor air at different
sites of upwind (10 and 50 m away from the chicken
houses) and downwind (10, 50, 100, 200 and 400 m
away from the chicken houses). Airflow rates for the
Andersen sampler and RCS were 28.3 and 40 L/min,
respectively. The Andersen sampler was equipped with
MacConkey agar No.3 (Oxoid) plates and operated for 1
to 8 min and the RCS was equipped with MacConkey
agar strips and operated for 0.5 to 8 min according to the
sanitation condition. At each sampling site, five air sam-
ples were collected. The exposed agar plates and agar
strips were incubated at 37°C for 48 h. Then all the
colonies appearing in the plates and strips were screened
based on their Gram reactions using the “KOH assay”.
Gram-negative colonies were subcultured in MacCon-
key agar and their species were then identified by using
the API 20 E system (Bio Merieux, Marcy-I’Etoile,
France). The number of colonies was counted and the
positive-hole correction was applied®. Counts were
expressed as CFU/m’ air. All isolates were stored at

—20°C with 20% glycerine.

Table 1 Description of the five chicken houses
Chicken house Chicken Layout Inside Ouiside

T(C) RH (%) WS (mv/s) T(C) RH (%) WS (mv/s)

A 6000 floor unit 26 40 0 21 50 1.0—3.0

B 2200 cage unit 26 34 0 29 50 1.0—3.1

C 3000 cage unit 31 44 0 35 36 1.5—3.0

D 3500 cage unit 31 60 0 32 75 0—1.5

E 4500 cage unit 30 70 0 31 65 0—2.0

RH, relative humidity; WS, wind speed.
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1.3 Escherichia coli in feces

Fresh fecal samples from healthy broiler or layer were
collected aseptically on 5 feedlots and the samples were
immediately transported to the laboratory in ice-cooled
containers and analyzed within 24 h of collection.

Approximately 1 g of feces was transferred to a ster-
ilized glass homogenizer containing 9 mL of 0.9% so-
dium chloride solution. The diluted samples were spread
onto the surface of eosin methylene blue (EMB) agar
(Tianhe, Hangzhou, China) which were incubated at
37°C for 18 to 20 h. Colonies with a metallic sheen on
EMB agar were picked and streaked onto MacConkey
agar NO.3 (Oxoid). After overnight incubation at 37°C,
one or two typical pink colonies were selected from each
MacConkey agar plate and the isolates were tested based
on the above-mentioned method in section 2.2.

1.4 DNA extraction

All E. coli strains were grown in 5 mL of Luria-Bertani
(LB) broth (Oxoid) with moderate shaking for 18 h at
37°C. Then, 1.5 mL LB broth was taken out and centri-
fuged at 10000xg for 2 min. The cell pellet was resus-
pended in 100 pL of sterile double distilled water and
kept in boiling water for 10 min. The culture was then
cooled down by putting on ice for 5 min. The mixture
was centrifuged at 12000xg for 2 min. The supernatant
was removed and stored at —20°C and used as the DNA

templates for PCR analysis later™.

1.5 ERIC-PCR

The primers ERIC1 (3'-CACTTAGGGGTCCTCGAA-
TGTA-5") and ERIC2 (5'-AAGTAAGTGACTGGGGT-
GAGCG-3")*" were synthesized by TaKaRa (Dalian,
China). The PCR reaction mixture (25 pL) contained 1.5
U Taq DNA polymerase (TaKaRa), 300 ng/uL of each
primer, 0.875 mmol/uL of each dANTP, 1xreaction buffer
and 1.5 mmol/L MgCl, (TaKaRa). PCR amplification
was performed in a thermocycler (Eppendorf, Germany)
as follows: an initial denaturation (95°C, 5 min) fol-
lowed by 32 cycles of denaturation (94°C, 1 min), an-
nealing (51°C, 1 min), and extension (72°C, 3 min) with
a single final extension (72°C, 16 min). The reaction
products were stored at 4°C until they were electropho-
resed in a 1.2%—1.5% agarose gel with DL2000 DNA
markers (TaKaRa).

1.6 ERIC fingerprints analysis
ERIC fingerprints of amplified DNA fragments resolved

by electrophoresis were recorded. The PCR product
band patterns in the gel were evaluated based on the
presence (coded 1) or absence (coded 0) of polymorphic
fragments amplified with the ERIC primers. Cluster
analysis was performed with software package of
NTSYS-pc (Version 2.10) for taxonomy and multivari-
ate analyses®", using an unweighted pair-group method,
arithmetic average (UPGMA). In addition, each isolate
was considered as an operational taxonomic unit (OTU).
In order to reduce the number of OTUs in the dendro-
gram and facilitate interpretation, isolates of =90%

similarity were treated as a single isolate!*.

1.7 Data analysis

Statistical analysis was carried out using the SPSS for
windows (English version 13.0). The significant differ-
ences in airborne bacterial concentrations among differ-
ent sampling locations in chicken houses were analyzed
using Student’s ¢-test.

2 Results

2.1 Concentrations of airborne Escherichia coli at
the different sampling sites

Median concentrations of airborne E. coli measured by
an Andersen sampler in the indoor air samples for the 5
different chicken houses were 37, 13, 14, 63 and 9
CFU/m’ air. At the upwind sites 10 and 50 m away from
the chicken houses the concentrations of airborne E. coli
were 2 and 1 CFU/m’ (for House A), 7 and 2 CFU/m’
(for House D), respectively. The concentrations of air-
borne E. coli from downwind sites 10 m away from the
5 chicken houses ranged from 3 to 24 CFU/m’. Those
from downwind sites 50 m away from the houses ranged
from 0 to 16 CFU/m’. The E. coli concentrations at the
downwind sites 100 and 200 m away from the houses
were 3 and 1 CFU/m’ (for House A), and 2 and 2
CFU/m’ (for House D), respectively. No airborne E. coli
was found from the downwind sites 400 m away from
the 5 chicken houses (Table 2).

The difference in the airborne E. coli concentration
between indoor and upwind sites (10 and 50 m away)
was significant for both house A and D (P<0.05). There
was no significant difference in the airborne E. coli
concentrations between the indoor and downwind sites
10 m away from all the 5 chicken houses (P>0.05). A
significant difference was found not only between the
indoor and downwind sites 50 m away from houses C
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Table 2 Concentrations of airborne E. coli in the five chicken houses (CFU/m? air) (n = 5)

Chicken house UW 50 m UW 10 m Indoor DW 10 m DW 50 m DW 100 m DW 200 m DW 400 m

Max. 7 11 134 49 24 11 3 0
A Min. 0 0 7 0 0 0 0 0
Median 1 2 37 12 6 3 1 0
Max. 0 0 59 35 12 0 0 -
B Min. 0 0 3 0 0 0 0 -
Median 0 0 13 8 2 0 0 -
Max. 0 0 71 12 0 0 0 -
C Min. 0 0 0 0 0 0 0 -
Median 0 0 14 3 0 0 0 -
Max. 10 27 236 80 40 10 10 0
D Min. 0 0 11 0 0 0 0 0
Median 2 7 63 24 16 2 2 0
Max. 0 0 35 18 0 0 0 0
E Min. 0 0 0 0 0 0 0 0
Median 0 0 9 5 0 0 0 0

CFU, colony forming units; UW, upwind; DW, downwind; “-”, air samples were not collected at this site.

and E but also between the indoor and downwind sites
100 and 200 m away from all the 5 chicken houses
(P<0.05).

2.2 ERIC-PCR analysis

The electrophoretic profiles of the ERIC-PCR products
were determined for the E. coli strains isolated from in-
door air, outdoor air and feces. The data matrix based on
the DNA fragments and the dendrogram using the
NTSYS-pc software were constructed, grouping all the
E. coli isolates obtained in this study into different clus-
ters or branches based on the ERIC-PCR pattern similar-
ity. Furthermore, The ERIC DNA fragments from the
isolates obtained from the same animal house were am-
plified in one PCR reaction and loaded on the same gel
for a better comparison.

As shown in the UPGMA dendrogram for chicken
house A (Figure 1), 28 E. coli isolates were grouped into
2 main clusters. Feces-6 compared to Indoor-6, -7 and
Downwind10m-1, had 100% similarity. Indoor-1 and -2
had 100% similarity with Downwind10m-3, Down-
wind50m-1 and Downwind200m-1. Additionally, Fe-
ces-9 also had 100% similarity with Downwind100m-1.
But the isolates from upwind air had low similarity with
corresponding strains isolated from indoor air or feces,
ranging from 73% to 91%. The similarity between Fe-
ces-3 and Upwind10m-1, Feces-3 and Upwind50m-1/2
was 77% and 73%, respectively. However, Up-
wind50m-1, -2 and Downwind10m-2 shared 91% simi-

larity, indicating that the 3 strains belonged to the single
isolate!*],

Our results showed that Feces-2, -3 had 100% simi-
larity with Indoor-1, -3 and Downwind50m-1 in House
B (Figure 2). Feces-10, -11 also had 100% similarity
with Indoor-5, Downwind10m-2, -3. But Down-
wind10m-1 had only 83% similarity with corresponding
strains isolated from feces (e.g. Feces-2) or indoor air
(e.g. Indoor-1).

In house C (Figure 3), the following strains shared
100% similarity: Feces-2 with Indoor-2; Feces-3 with
Indoor-4 and Downwind10m-1; Feces-4, -6 and -7 with
Indoor-1. However, Downwind10m-2 had a lower simi-
larity (44%—80%) with all the strains isolated from the
feces and indoor air.

In House D (Figure 4), 100% similarity was found
among the following samples: Feces-8 with Down-
wind100m-2; Feces-10 with Indoor-11; Feces-11, -12
with Indoor-4; Indoor-1, -5 with Downwind10m-2. A
similarity of 92% between Feces-9 and Upwind50m-2
indicated that the 2 strains belong to the single isolate
too™!. The same degree of similarity was also found in
the following two pairs: Feces-3 and Downwind200m-1;
Feces-6 and Downwind50m-3. Nevertheless, a lower
similarity (79%) existed among Feces-10, -11, -12 and
Upwind50m-1.

In House E (Figure 5), Feces-2, -4, -8 and Indoor-4
shared 100% similarity. The same results were also ob-
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Figure 1 Dendrogram of E. coli strains in chicken house A based on ERIC-PCR analysis. Feces-1 means the first E. coli strain isolated from feces; In-
door-2 means the second E. coli strain isolated from indoor air; Upwind50m-1 means the first £. coli strain isolated from upwind at 50 m; Down-
wind100m-1 means the first £. coli strain isolated from downwind at 100 m.
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Figure 2 Dendrogram of E. coli strains in chicken house B based on ERIC-PCR analysis.
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Figure 4 Dendrogram of E. coli strains in chicken house D based on ERIC-PCR analysis.
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Figure 5 Dendrogram of E. coli strains in chicken house E based on ERIC-PCR analysis.

served when comparing the following samples: Feces-5
with Indoor-5; Feces-6 with Indoor-1 and -3; Indoor-2
with Downwind10m-1. Airborne E. coli was not isolated
from upwind (10 and 50 m away from the house) or
downwind sites (=50 m away from the house).

3 Discussion

E. coli, a member of the family Enterobacteriaceae, is
present as normal flora in the lower intestine of both
human beings and animals””. Under special conditions,
it can cause colibacilosis and be discharged with feces.
Thereby, E. coli is often used as an indicator to trace the
source of environmental, water and food pollution®” 2",
The ambient air of animal houses is often polluted with
airborne E. coli®™", Hojovec et al. (1977) evaluated the
air quality in poultry house using E. coli as an indica-
tor®?. It is well known that out of many different types
and strains of E. coli, a few are potentially pathogenic.
Most enteropathogenic E. coli strains infect animals or
human beings through the alimentary tract, contagions
and respiratory system' ). They cause illness by a vari-
ety of infective and toxin-producing mechanisms. In
poultry, E. coli can cause many diseases such as septi-
cemia, swollen head syndrome, omphalitis, cellulitis,
yolk-sack infection and respiratory tract infections**".
The resultant morbidity and mortality have led to serious
economic losses to the poultry industry!'!. In human be-
ings, it can cause many diseases such as hemolytic ure-
mic syndrome (HUS), haemorrhagic colitis (HC), neo-

natal meningitis and bloody diarrhea®®**7).

In the present study, E. coli was used as an indicator
to study possible air pollution caused by chickens be-
cause of a lot of concerns on the public hygiene and
epidemiology related to these animal houses. Our results
showed that the difference in the E. coli concentrations
between indoor and upwind air (sampled at the distances
of 10 and 50 m from the houses) was significant for the
house A and D (P<0.05), and the same results were also
found between indoor air and downwind air at the sites
>50 m away from the houses. However, the difference in
the E. coli concentrations among indoor air and down-
wind air sampled at the sites 10 and 50 m away from the
houses A, B and D were not significant (P>0.05). All
these results indicated that concentrations of E. coli
aerosols in the houses were much high, and that it was
spread from indoor to outdoor through air exchange,
especially to the downwind sites (<50 m). In addition,
there was no significant difference (P>0.05) in the air-
borne E. coli concentrations among the different down-
wind sites (50, 100 and 200 m) of the houses B, C and E,
indicating airborne E. coli could be spread far away
(=200 m) based on the meteorological conditions. Air-
borne E. coli was not collected in the upwind air at the
sites 10 or 50 m away from the houses B, C or E and in
downwind air at the sites 400 m away from the chicken
houses A, D or E. It was probably because the following
reasons: (1) the concentrations of airborne E. coli were
very low in these sampling sites; (2) many environ-
mental factors such as relative humidity, temperature,
ultraviolet (UV) radiation, oxygen content, specific ions,
various pollutants and air-associated factors influenced
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the ability of microorganisms to survive in the air®; 3)
the aerosolization of microorganisms and sampling
stress could also lead to a loss of culture viability[39’40].

Bruijn (1992) found that the ERIC-PCR products
analyzed on agarose gels were highly specific for each
strain and ERIC-PCR patterns revealed their differences
more clearly, with a preliminary analysis of over 30
Rhizobium meliloti isolates'". Judd (1993) found that
the results obtained by restriction fragment length
polymorphism hybridization analyses were correlated
with the phylogenetic classification of B. japonicum se-
rocluster 123 strains obtained using ERIC-PCR™. The
ERIC-PCR has become a powerful tool for the molecu-
lar genetic analysis of bacteria and for bacterial taxon-
omy, for it allows the fingerprinting of individual genera,
species, and strains and can help to determine phyloge-
netic relationships. It also can be used as an effective
technique to trace the source pollution used in many
studies!!820:25:431

In this experiment, the degree of similarity among the
isolates was assessed as shown in the dendrogram tree,
which also enabled the comparison of different clusters
of the isolates collected from different sampling sites in
each chicken house. The ERIC-PCR results showed that
the E. coli isolates from different sites in 5 chicken
houses exhibited a high degree of polymorphism in their
DNA sequences (Figures 1—5). Out of 41, 14 strains
(34.1%) isolated from indoor air samples in the 5
chicken houses (2/9, 3/7, 3/4, 2/16 and 4/5 in the house
A, B, C, D and E, respectively) had 100% similarity
with the strains isolated from feces in all these chicken
houses, indicating that the same strains were isolated
from the indoor air and feces, namely the fecal strains
could be aerosolized and spread to the indoor air in
chicken houses. But some E. coli isolated from indoor
air have the far genetic distance (< 90% similarity) with
corresponding strains isolated from feces. For example,
in the house A the similarity between Indoor-4 and Fe-
ces-1 or Feces-7 was 82%; in the house B Indoor-6 and
Feces-6 shared 80% similarity. This observation might
result from the following reasons: (1) some strains iso-
lated from the indoor air might come from other sources

1 Gross W B. Diseases due to Escherichia coli in poultry. In: Gyles C
L, ed. Escherichia coli in Domestic Animals and Humans. Walling-
ford, UK: CAB International, 1994. 237—259

2 Douwes J, Thorne P, Pearce N, et al. Bioacrosol health effects and

exposure assessment: Progress and prospects. Ann Occup Hyg, 2003,

(e.g. feed, water, etc.); (2) these strains might originate
from the feces but our fecal sampling failed to isolate
these strains.

Similarly, 12 strains out of 22 in total (54.5%) (5/6,
3/4,1/2, 2/9 and 1/1 in the house A, B, C, D and E, re-
spectively) isolated from the air of the downwind sites
had 100% similarity with the strains isolated from feces
or indoor air in 5 chicken houses, indicating that the
strains in the feces or indoor air could spread to the out-
door air via air exchange. However, some strains iso-
lated from downwind air had < 90% similarity with the
strains isolated from feces or indoor air in 5 chicken
houses. For instance, Downwind10m-1 had only 83%
similarity with strain Feces-2 or Indoor-1 in house B;
Downwind10m-2 had <80% similarity with all strains
isolated from feces (e.g. Feces-3) or indoor air (e.g. In-
door-1) in house C, etc. These results indicated that
some strains isolated from downwind sites did not
originate from the stables. It is obvious that outdoor air
can be easily and quickly affected by anthropogenic ac-
tivities!*"! and other environmental factors.

Our results also showed low similarity between some
airborne E. coli strains at the upwind sites and the ones
in the feces in the house A and D, indicating that some
strains in the upwind air in the two chicken houses did
not come from the chicken feces or indoor air. Never-
theless, around house A, the strains Upwind50m-1 and
-2 had 91% similarity with the one of Downwind10m-2,
suggesting that the upwind airborne bacteria might
spread to the downwind air. And the isolates Feces-9
and Upwind50m-2 had 92% similarity in the chicken
house D, indicating that the 2 strains can be considered
as the same isolate®), namely, outdoor air and indoor air
could exchange each other.

Taken together, by using the accurate ERIC-PCR
technology E. coli in feces was found aerosolized and
spread to outdoor air, especially to downwind air of the
chicken houses via air exchange. This process, assuma-
bly affected by local micro-climate, can cause the am-
bient air outside of the animal houses polluted and fur-
ther threaten the neighboring inhabitants and the chick-
ens themselves.
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4 Fiegel J, Clarke R, Edwards D A. Airborne infectious disease and the
suppression of pulmonary bioaerosols. DDT, 2006, 11(1/2): 51—57

DUAN HuiYong et al. Sci China Ser C-Life Sci | Feb. 2008 | vol. 51 | no. 2 | 164-173 171



20

21

172

Donaldson A. Airborne spread of foot-and-mouth disease. Microbiol
Today, 1999, 26: 118—119

Mims S A, Mims III F M. Fungal spores are transported long dis-
tances in smoke from biomass fires. Atmos Environ, 2004, 38: 651 —
655

Lee AK Y, Lau AP S, Cheng J Y W, et al. Source identification
analysis for the airborne bacteria and fungi using a biomarker ap-
proach. Atmos Environ, 2007, 41: 2831 —2843

Donaldson A 1, Gloster J, Harvey L D, et al. Use of prediction mod-
els to forecast and analyse airborne spread during the foot-and-mouth
disease outbreaks in Brittany, Jersey and the Isle of Wight in 1981.
Vet Rec, 1982, 110(3): 53—57

Eubank S, Guclu H, Anil Kumar V S, et al. Modelling disease out-
breaks in realistic urban social networks. Nature, 2004, 429: 180—
184

Weiss R A, McMichael A J. Social and environmental risk factors in
the emergence of infectious diseases. Nat Med, 2004, 10: S70—S76
Riley E C, Murphy G, Riley R L. Airborne spread of measles in a
suburban elementary school. Am J Epidemiol, 1978, 107: 421 —432
Centers for Disease Control and Prevention (CDC). Follow-up of
deaths among U.S. Postal Service workers potentially exposed to
Bacillus anthracis-District of Columbia, 2001-2002. MMWR
Weekly, 2003, 52: 937—938

Prazmo Z, Dutkiewicz J, Skorska C, et al. Exposure to airborne
Gram-negative bacteria, dust, and endotoxin in paper factories. Ann
Agric Environ Med, 2003, 10(1): 93—100

Chai T J, Zhang J X, Hou Y P, et al. Spread of microorganism aero-
sol in animal house to its environments. Anim Husbandry Vet Med
(in Chinese), 2001, 33(14): 10—12

Kim K Y, Kim C N. Airborne microbiological characteristics in pub-
lic buildings of Korea. Build Environ, 2007, 42: 2188 —2196

Chai T J, Zhao Y L, Liu W B, et al. The resistance against antibiotics
of bacteria from a poultry house and their spreading to surroundings
of the house. Chin J Prevent Vet Med (in Chinese), 2003, 25(3):
209—214

Yao M L, Zhang B, Chai T J. Antibiotic resistance of airborne Es-
cherichia coli from hen houses and rabbitry and their spreading to
surroundings. J Northwest A&F Univ (Nat Sci Ed) (in Chinese),
2007, 35(8): 60—64

Hulton C S, Higgins C F, Sharp P M. ERIC sequences: a novel fam-
ily of repetitive elements in the genomes of Escherichia coli, Salmo-
nella typhimuirum and other enterobacteria. Mol Microbiol, 1991, 5:
825—834

McCartney A L, Wenzhi W, Tanock G W. Molecular analysis of the
composition of the bifidobacterial and lactobacillus microflora of
humans. Appl Environ Microbiol, 1996, 62: 4608 —4613

Jurkovi¢ D, Krizkova L, Sojka M, et al. Genetic diversity of Entero-
coccus faecium isolated from Bryndza cheese. Int J Food Microbiol,
2007, 116: 82—87

Versalovic J, Koeuth T, Lupski J R. Distribution of repetitive DNA

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

sequences in eubacteria and application to fingerprinting of bacterial
genomes. Nucleic Acids Res, 1991, 19: 6823 —6831

Andersen A. New sampler for the collection, sizing, and enumeration
of viable airborne particles. J Bacterial, 1958, 76: 471 —484

Cheng DR, Sun H C, XuJ S, et al. PCR detection of virulence factor
genes in Escherichia coli isolates from weaned piglets with edema
disease and/or diarrhea in China. Vet Microbiol, 2006, 115: 320—
328

Rohlf F J. NTSYS-pc. Numerical Taxonomy and Multi-variate
Analysis System. Ver. 2.1. Exeter Software, Setauket, New York,
2000

Borges L Gd A, Vechia V.n D, Cor¢a G.. Characterization and ge-
netic diversity via REP-PCR of Escherichia coli isolates from pol-
luted waters in southern Brazil. FEMS Microbiol Ecol, 2003, 45:
173—180

Schroeder C M, White D G, Meng J. Retail meat and poultry as a
reservoir of antimicrobial-resistant Escherichia coli. Food Microbiol,
2004, 21: 249—255

Somarelli J A, Makarewicz J C, Sia R, et al. Wildlife identified as
major source of Escherichia coli in agriculturally dominated water-
sheds by BOX A1R-derived genetic fingerprints. J Environ Manage,
2007, 82: 60— 65

Jackson V, Blair I S, McDowell D A, et al. The incidence of signifi-
cant foodborne pathogens in domestic refrigerators. Food Contr,
2007, 18: 346—351

Beutin L, Steinrlick H, Krause G, et al. Comparative evaluation of
the Ridascreen Verotoxin enzyme immunoassay for detection of
Shiga- toxin producing strains of Escherichia coli (STEC) from food
and other sources. J Appl Microbiol, 2007, 102: 630—639

Zucker B A, Trojan S, Muller W. Airborne gram-negative bacterial
flora in animal houses. J Vet Med B, 2000, 47(1): 37—46

Duan H Y, Chai T J, Wang Y X, et al. Concentration of airborne en-
dotoxins and airborne bacteria in Chinese rabbit houses. Berl Miinch
Tierdrztl Wochenschr, 2006, 119(1/2): 40—44

Hojovec J, Fiser A, Kubicek K Z. Die Rolle von Indikator keimen
fuer die Beurteilung der Stalluft. Mh Vet Med, 1977, 32: 766— 769
Mueller W, Dossow V A, Dinter P S. Die Tenazitaet von Bakterien
im luftgetragenen Zustand. V. Mitt.: Vergleich zwischen kaelber- und
ferkelpathogenen E.coli Staemmen. Tieraerztl Umschau, 1988, 4:
258—262

Dho-Moulin M, Fairbrother J M. Avian pathogenic Escherichia coli
(APEC). Vet Res, 1999, 30: 299—316

Xie Y, Kim K J, Kim K S. Current concepts on Escherichia coli K1
translocation of the blood-brain barrier. FEMS Immunol Med Mi-
crobiol, 2004, 42: 271—279

Strachan N J C, Doyle M P, Kasuga F, et al. Dose response modelling
of Escherichia coli O157 incorporating data from foodborne and
environmental outbreaks. Int J Food Microbiol, 2005, 103: 35—47
Vidotto M C, Queiroz M B, Lima N C S de, et al. Prevalence of ibeA
gene in avian pathogenic Escherichia coli (APEC). Vet Microbiol,
2007, 119: 88—89

DUAN HuiYong et al. Sci China Ser C-Life Sci | Feb. 2008 | vol. 51 | no. 2 | 164-173



38

39

40

41

Hermann J R, Hoff S J, Mufioz-Zanzi C, et al. Effect of temperature
and relative humidity on the stability of infectious porcine reproduc-
tive and respiratory syndrome virus in aerosols. Vet Res, 2007, 38:
81—93

Marthi B, Fieland V P, Walter M, et al. Survival of bacteria during
aerosolization. Appl Environ Microbiol, 1990, 56: 3463 —3467
Stewart S L, Grinshpun S A, Willeke K, et al. Effect of impact stress
on microbial recovery on an agar surface. Appl Environ Microbiol,
1995, 61: 1232—1239

Bruijn R J. Use of repetitive (repetitive extragenic palindromic and
enterobacterial repetitive intergeneric consensus) sequences and the
polymerase chain reaction to fingerprint the genomes of Rhizobium

meliloti isolates and other soil bacteria. Appl Environ Microbiol,

42

43

44

1992, 58(7): 2180—2187

Judd A K, Schneider M, Sadowsky M J, et al. Use of repetitive se-
quences and the polymerase chain reaction technique to classify Ge-
netically related Bradyrhizobium japonicum serocluster 123 strains.
Appl Environ Microbiol, 1993, 59(6): 1702—1708

Ibenyassine K, AitMhand R, Karamoko Y, et al. Use of repetitive
DNA sequences to determine the persistence of enteropathogenic
Escherichia coli in vegetables and in soil grown in fields treated with
contaminated irrigation water. Lett Appl Microbiol, 2006, 43: 528 —
533

Lighthart B. Microbial aerosols: Estimated contribution of combine
harvesting to an air shed. Appl Environ Microbiol, 1984, 47: 430—
432

DUAN HuiYong et al. Sci China Ser C-Life Sci | Feb. 2008 | vol. 51 | no. 2 | 164-173 173




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


