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Abstract The poultry red mite, D. gallinae has been involved in the transmission of
many pathogenic agents, responsible for serious diseases both in animals and humans.
Nowadays, few effective methods are available to control the ectoparasite in poultry farms.
Consequently, this is an emerging problem which must be taken into account to maintain
good health in commercial egg production. This paper addresses the vector capacity of the
ectoparasite with special emphasis on salmonellae, pathogenic agents responsible for many
of the most important outbreaks of food-borne diseases worlwide. It has been experi-
mentally shown that D. gallinae could act as a biological vector of S. enteritidis and natural
carriage of these bacteria by the mite on poultry premises has also been reported. It was
also found that D. gallinae carried other pathogens such as E. coli, Shigella sp., and
Staphylococcus, thus increasing the list of pathogenic agents potentially transmitted by the
mite.
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Introduction

It has been shown that Acari can be implicated in the vectorial transmission of diseases.
However, their role in the natural transmission cycles of pathogenic agents is poorly known
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and the Acari, particularly mites, are largely ignored as vectors of human or animal
diseases.

Within the order Acari, the Dermanyssoidea superfamily represents a vast group of
ubiquitous organisms, they also have a very broad range of hosts and they can easily
parasitise other species including farm animals and man. Among the superfamily, Der-
manyssus gallinae (the poultry red mite) and Ornithonyssus bacoti are the only two mites
for which the vectorial transmission of pathogens seems to be highly complex, i.e. not
limited simply to a mechanical role of a vector that simply carries a microorganism without
replication occurring (Valiente Moro et al. 2005). There are few reported studies which
deal with the vectorial role of D. gallinae and the studies which have been published are
often incomplete which could lead to an underestimation of the importance of this agent in
the transmission of bacteria and viruses, responsible for animal infections and zoonoses
(Table 1). For some of them, only the isolation of pathogens from field samples has been
reported. However, the simple detection of a vector-borne bacterial agent in an ectoparasite
does not demonstrate vector competence. It is the case for the bacteria Erysipelothrix
rhusiopathiae, Salmonella gallinarum and Listeria monocytogenes and the Newcastle
disease virus (NDV); (Grebenyuk et al. 1972; Zeman et al. 1982; Arzey 1990; Chirico et al.
2003; Valiente Moro et al. 2009). For other pathogens which have been associated with
D. gallinae, only experimental transmissions under laboratory conditions have been carried
out. Natural carriage of the pathogens by the mite was not investigated by the authors.

Table 1 Bacteria and viruses likely to be associated with D. gallinae

Pathogens Isolation Experimental Experimental Related
from transmission  transmission  references
mites not demonstrated
demonstrated
Virus Avian Paramyxovirus type 1 \/ Arzey (1990)
Newcastle disease
Saint-Louis Encephalitis N Chamberlain et al.
Virus (Flavivirus) (1957)
Tick-Borne encephalitis \/ Wegner (1976)

Virus (Flavivirus)

Shirinov et al.
(1972)

Durden et al. (1993)

Fowl Poxvirus Smallpox

Eastern Equine Encephalitis
Virus (Togavirus)

Chamberlain and
Sikes (1955)

Durden et al. (1992)

Western Equine Encephalitis
Virus (Togavirus)

S S

Venezualan Equine

Encephalitis
Virus (Togavirus)

Bacteria Pasteurella multocida \/ Petrov (1975)
Erysopelothrix rhusiopathiae \/ Chirico et al. (2003)
Salmonella gallinarum \/ Zeman et al. (1982)
Listeria monocytogenes \/ Grebenyuk et al.

(1972)
Coxiella burnetii J Zemskaya and
Pchelkina (1967)
Spirochetes J Ciolca et al. (1968)
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Some assays remained fruitless as D. gallinae was unable to be infected or to transmit the
pathogens, supporting the relative unimportance of this mite in the transmission of active
pathogen infection. This is the case for viruses responsible for tick-borne encephalitis and
Saint-Louis encephalitis (Chamberlain et al. 1957; Zemskaya and Pchelkina 1962; Wegner
1976). Concerning Pasteurella multocida, the bacterium causing pasteurellosis, microbi-
ological studies and biological experiments revealed that bacteria persisted in the body of
D. gallinae mites after they engorged on infected birds (Petrov 1975). For Coxiella bur-
netii, a bacterium responsible for Q fever, Zemskaya and Pchelkina (1967) showed that
D. gallinae could acquire infection, while feeding on infected animals. The rickettsiae
survived in the mites, which subsequently fed on healthy birds, for about 6 months, and for
about 1 year in dead mites. The role of the poultry red mite was also studied in the
transmission of spirochaetosis, a disease caused by the bacterium Borrelia anserine which
can infect chickens, turkeys, geese, ducks, pheasants, grouse and canaries with morbidity
and mortality up to 100%. It is usually transmitted by Argas persicus ticks and occasionally
by infected faeces. Ciolca et al. (1968) observed that spirochetes were regularly transmitted
to healthy hens, provided that the mites fed on the healthy hens within 48 h after the mites
had become infected. The spirochaetes were usually eliminated in the excreta shortly after
ingestion suggesting that the mite was only an occasional vector of them. With the species
Spirochaeta gallinarum, Reshetnikov (1967) observed similar results except that the
interval between blood meals should not exceed 48 h in order to reproduce the disease in
the host. Several laboratory studies have also concerned experimental transmissions with
equine encephalitis viruses. Chamberlain and Sikes (1955) and Durden et al. (1993)
showed that D. gallinae which engorged on chicks infected with east equine encephalitis
(EEE) virus remained carriers for at least a month. Given the chronology of mean viral
titres in the mite samples and the prolonged persistence of virus in the mites (30d), some
viral replication may have occurred at a low level. Moreover, authors showed that mites
were able to transmit the virus to other chicks by bite when taking a blood meal. Cockburn
et al. (1957) obtained an infestation from D. gallinae which had fed on chickens infected
with west equine encephalitis (WEE), but were not able to demonstrate either transmission
to healthy birds or transovarian transmission in the acarian. Interesting results were also
obtained by Shirinov et al. (1972), where samples of D. gallinae collected from poultry
farms known to have birds infected with fowl pox virus were also found to harbour the
virus. When naturally-infected mites were kept in the laboratory, the virus survived inside
them up to 300 days. Transovarian transmission was demonstrated and the disease was
transmitted to healthy fowl by the bite of infected mites.

As a result, the role of the poultry red mite as a potential mechanical vector has been
clearly shown for some pathogens even if its precise role in the epidemiology of the
associated pathology remains to be determined. Most of the studies are incomplete for
conclusions to be made about the precise role of D. gallinae in the circulation of pathogens,
as complete transmission ways remain to be proven as shown in Fig. 1. To compensate for
this lack, a complete study was recently undertaken, exploring in detail the role of
D. gallinae as a vector of Salmonella, responsible for the most often encountered zoonotic
diseases in man. In 2004, 192,703 salmonellosis cases were reported in the European
Union corresponding to an increase of 22% compared to 2003 and the most important
increase in incidence since 1999 (European Food Safety Autority 2005). Poultry products
are among the most important sources of Salmonella that can be transmitted through the
food chain to humans (Lacey 1993). This particular serovar, strongly associated with the
production of eggs for human consumption, has replaced S. typhimurium as the primary
cause of salmonellosis worlwide (Baumler et al. 2000). Consequently, many food safety
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Fig. 1 Schematic representation showing the typical transmission cycle of a vector-borne parasite or
pathogen between a human host and an arthropod vector, and potential steps for intervention. Different steps
of the vectorial transmission are shown in the case of a biological vector

laws and hygiene control methods are aimed at preventing its transmission (Rodrigue et al.
1990). A recent hypothesis suggests that the eradication of S. gallinarum, a bacterium
which does not affect man, would be the origin of the implantation of S. enteritidis in fowls
which can infect man (Velge et al. 2005). These Enterobacteriaceae take part from normal
flore within the chicken and, although not necessarily harmful for them, they are
responsible for some of the most widespread zoonoses in the world. They are particularly
resistant in the environment, probably due to their capacity to survive dessication better
than other coliforms (Morse and Duncan 1974). Salmonellas, and in particular the serotype
Enteritidis, survive in various wildlife reservoirs, and their presence in arthropods as litter
beetles, houseflies and cockroaches has been recorded and found to be of significant
importance in their transmission (Olsen and Hammack 2000; Davies and Breslin 2003;
Fischer et al. 2003; Skov et al. 2004). Zeman et al. (1982) have already shown that
D. gallinae could shelter salmonellas (serotype Gallinarum) for more than 4 months.
However, authors did not investigate further by evaluating vectorial competence from the
red mite for Salmonella. Consequently, these preliminary results raised the question of the
vectorial role of D. gallinae for salmonella. Indeed, D. gallinae often hide under the dry
droppings of the hens which are also frequently contaminated by the salmonellas (Morse
and Duncan 1974). Moreover, mites can feed several times in each life stage on birds
which increases the chance of exposure to blood-borne bacterial agents and it has been
observed that the birds ingest mites (Kilpinen 2005). So the recurring problems of sal-
monellosis in housing systems for laying hens associated with the simultaneous presence of
D. gallinae in these buildings, lead to a preliminary study of the role of D. gallinae in the
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transmission of salmonella, particularly S. enteritidis, serotype usually found in collective
alimentary toxi-infections (Valiente Moro et al. 2007a, b).

Due to their haematophagous behaviour and ability to fast for long periods of time,
these mites are particularly well adapted candidates for pathogen transmission. Moreover,
the current lack of effective measures to control this mite, partly due to increasing acaricide
resistance, causes reoccurring mite problems in poultry facilities once they have become
infested by this parasite. Consequently, mites can persist in the poultry house between
flock cycles and may also act as reservoir hosts for pathogenic agents such as bacteria
giving a source of infection for the replacement pullets. As a result, the ubiquitous presence
of D. gallinae in poultry breeding farms worldwide raises the question of their role in the
colonisation, survival and propagation of pathogenic agents.

Materials and methods
Dermanyssus gallinae as an experimental vector of Salmonella enteritidis

Dermanyssus gallinae populations were collected from laying hen breeding facilities
known to be free of Salmonella infection. Two methods of infecting the mites were tested:
infection via the blood meal and via cuticular contact. The methodology of Bruneau et al.
(2001) was modified slightly to create an in vitro feeding device to infect the mites during
the blood meal. To ensure that any bacteria subsequently detected were those located
inside the mite, we cleaned them following the protocol described by Zeman et al. (1982)
using 4% w/v paraformaldehyde followed by rinsing with sterile distilled water. A total of
50 mites were fed on blood containing 108 CFU/ml during 4 h feeding periods. Cuticular
infection of the mites was achieved by leaving them on a dry Salmonella coating for 48 h
at room temperature (by putting a Whatman paper in contact with a saturated salmonella
culture on a petri plate, then the mite was left on the contaminated paper). To test the
presence of Salmonella within the mites immediately after the infection, 100 and 40 mites
infected, respectively by the oral route and cuticular contact were individually washed as
described above and analysed by microbiological culture. To test whether Salmonella
survived and multiplied within D. gallinae, bacteria were counted overtime by analysing
mites at 1, 3, 7 and 14 days after infection. Concerning the infection through the blood
meal, we considered that all mites with a Salmonella count five times higher (statistically
determined) than the theoretical value of 20,000 bacteria proved bacterial multiplication.
This latter value was determined by considering that the number of enterobacteriaceae
inside freshly engorged mites was approximately 2 x 10* CFU, since a mite absorbs about
0.2 ul of blood, containing in our experiment a bacterial level of 10° CFU/ml. Similarly, to
have an idea of the threshold value in mites infected after cuticular contact, the average
population of salmonella inside the mites 1 day after the infection was estimated as equal
to 7.6 x 10> CFU/ml. All mites with a bacterial count five times higher than this threshold
value i.e. 3.8 x 10* CFU/ml proved bacterial multiplication. The effect of Salmonella on
mite oviposition, transovarial and transstadial passages was only tested for those mites,
which acquired Salmonella during the blood meal because it would have been necessary to
wash the cuticule of contaminated mites to avoid external contaminations. In this case, the
mites would have been killed during the washing process. To test whether the presence of
the pathogen inside engorged females reduced the number of laying females as well as
their fertility rate, comparisons of the number of eggs laid were made using 165 females
engorged on either infected or uninfected blood. Assessing how D. gallinae could
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contaminate birds has been investigated in two different ways. The possibility that
D. gallinae could contaminate the blood during a blood meal after acquiring the bacteria
during a previous blood meal or contact with Salmonella, was first tested using the in vitro
feeding device. As the ingestion of D. gallinae by birds has been frequently reported, the
assumption that hens become contaminated with S. enteritidis after ingesting infected mites
was also assessed (Valiente Moro et al. 2007b). In this aim, 98 1-day-old chicks were
inoculated orally by 10 mites: 34 chicks received mites contaminated during the blood
meal, 34 received mites contaminated by the cuticular route, and 30 received uncontam-
inated mites. Following oral administration of contaminated mites to chicks, the ability of
S. enteritidis to colonise the digestive tract and to invade the internal organs of the chicks
was investigated. Using direct plating, S. enteritidis was counted from the spleen and the
liver of all birds.

Natural carriage of Salmonella by Dermanyssus gallinae in poultry farms

The second step was to assess the natural carriage of Salmonella by D. gallinae in poultry
farms (Valiente Moro et al. 2007d). Preliminary field studies have been undertaken using a
molecular detection tool associating a simple filter-based DNA preparation with a specific
16S rDNA Salmonella sp. polymerase chain reaction (PCR) amplification (Desloire et al.
2006; Valiente Moro et al. 2007¢). The presence of Salmonella was tested in D. gallinae
collected in two types of laying farms: six farms were currently declared positive for
Salmonella by the French DSV (Direction des Services Vétérinaires) while 10 others had
been previously declared positive. For each farm, 6-20 pools of 15 mites (a total of 249
pools) were analysed for the presence of S. enteritidis as described above.

Dermanyssus gallinae as the carrier of other bacteria in poultry farms

Five samples of D. gallinae were collected from one farm in the north-east of UK, the
surface sterilised before the mites were crushed as described in De Luna et al. (2008).
Serial dilutions were performed up to 1072 and the dilutions were put directly into culture
on several non-specific media such as LB agar, blood sheep agar, and brain heart infusion
agar. Specific media for enterobacteria were also used (BPL agar and XLT-4 agar). Col-
onies were harvested directly and DNA was extracted using a tissue protocol of a
commercial kit following the manufacturer’s instructions (Qiagen, UK). This was used as
the template DNA for the subsequent PCR reactions. Partial amplification of the 16S rRNA
gene was undertaken using a universal primer pair: 27-F-AGAGTTTGATCMTGGCT
CAG-3, and 1513-R 5-AGGGYTACCTTGTTACGACTT-3' (Weisburg et al. 1991). PCR
products (of around 1,200 pb) obtained from specific PCR were sequenced by dye-label-
ling using the BigdyeTM dideoxy technique and either the forward or reverse primers of
the original PCR reactions were used. Sequences were run on an automated DNA sequence
system at the IRES Genomics service at Newcastle University, UK. The BLASTN (Basic
Local Alignment Search Tool) search option of the National Centre for Biotechnology
Information (NCBI) internet site (http://www.ncbi.nlm.nih.gov) was used to identify close
evolutionary relatives in the GenBank database. When the similarity percent between our
sequences and previously described sequences exceeded 97%, the sequences were con-
sidered as corresponding to the same species as that in the GenBank reference
(Stackebrandt and Goebel 1994).
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Results and discussion

The results showed that immediately after the experimental infection, Salmonella was
found in 29% of mites infected by a bloodmeal and in 55% of mites infected by cuticular
contact. Given the efficiency of paraformaldehyde in eliminating all external contamina-
tions (Zeman et al. 1982), two hypotheses can be proposed for cuticular infection: either
transcuticular passage of the bacteria and/or entry of the microorganisms through the
stigmata. By either infection route, a significant increase in the number of mites carrying
Salmonella was observed in comparison to day 0 (Fig. 2a). The fact that the number of
infected mites was greater 3 or 7 days after infection than the day after infection suggests
that the bacteria may multiply inside the mites. Regarding the oral route, bacterial mul-
tiplication was shown for 21 and 24% of mites at D7 and D14, respectively (Fig. 2b). For
the other mites, the population of bacterial was either stable or decreased over time.
Similarly, multiplication was demonstrated for mites infected by cuticular contact for 42
and 25% of mites, respectively, at D7 and D14 (Fig. 2c). Cases of decreasing number of
bacteria may result from an antibacterial response of mites similar to that observed for
ticks, or even from the destruction of bacteria by the digestive system of the mite (Weyer
1975; Nakajima et al. 2003). Effect of Salmonella on mite oviposition was also demon-
strated as the number of ovipositing females was significantly lower when mites were
engorged on contaminated blood than when they were fed on uncontaminated blood (31 vs.
68%, respectively, P < 0.05). Moreover, the fecundity rate was slightly lower for mites
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Fig. 2 a Detection of Salmonella enteritidis inside D. gallinae infected through a blood meal or cuticular
contact. Vertical bars are standard errors. Significance of difference between DO and others dates is
indicated (**P < 0.01, *P < 0.05). b S. enteritidis multiplication in infected D. gallinae after a blood meal
(theoretical value = 2.10* bacteria in freshly engorged mites and multiplication if the number of bacteria on
SMID = 5 x 2.10* equal to 1 x 10°). ¢ S. entetitidis multiplication in infected D. gallinae after cuticular
contact (theoretical value = average at DI = 7.6 x 10* and multiplication if the number of bacteria on SM
ID =5 x 7.6.10° equal to 3.8 x 10%
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engorged on contaminated blood (1.31 vs. 1.92 for uninfected blood) but this difference
was not significant. This decrease in fertility of D. gallinae could be explained by the
presence of enterobacteriaceae in the reproductive organs of the mites. Of the 74 ovi-
positing females, 37 showed transovarial passage: in vitro females engorged on
contaminated blood produced infected protonymphs. The transovarial passage has often
been reported for ticks (Macaluso et al. 2001; Rennie et al. 2001), although it is less
frequent in other mites. For example, Liponyssoides sanguineus, the main vector of
Rickettsia akari, the bacteria responsible for vesicular fever, can transmit the bacteria to its
progeny. Furthermore, out of a total of 22 N1 nymphs obtained from uncontaminated
females and subsequently fed on contaminated blood, three deutonymphs were detected as
positive for Salmonella demonstrating transstadial passage. Although passage between the
deutonymph and adult stages was not tested, we can assume that it does occur, allowing
bacteria to persist throughout the entire life cycle of the mite. Concerning Salmonella
retransmission to birds, D. gallinae was able to contaminate the blood during a blood meal
after acquiring the bacteria during a previous blood meal or contact with Salmonella. In
cases of oral acquisition, only one Salmonella transmission was observed among the 18
separate assays performed. In cases of cuticular contact, blood was infected in 5 cases out
of a total of 12 separate experiments. The blood on which uninfected mites were fed
remained negative in each experiment. Even if a few cases of salmonellosis were observed,
it may be noteworthy in infested poultry facilities due to the large number of D. gallinae
which are often present in commercial housing conditions (Nordenfors and Chirico 2001).
Concerning oral transmission of contaminated mites to chicks, faecal samples from both
sets of infected chicks were positive for Salmonella at 6 days after inoculation while the
control corresponding to chick inoculated with uncontaminated mites remained negative.
On D 12 post-inoculation, S. enteritidis was isolated from the caecum of all birds that had
received contaminated mites with an average number of S. enteritidis of above 8.5 x 10*
MNP Salmonellalg (Table 2). Statistical analysis did not show any significant differences
between the infection routes. The level of infection obtained in both the infection models
tested shows that previously infected mites could represent a source of Salmonella sp.
infection when eaten by 1-day-old chicks. The invasion of organs such as the liver and the
spleen is an indication of systemic infection. So the reproductive organs could be also
contaminated and thus it could introduce a risk for humans when eggs are consumed.
Presently, it is difficult to quantify how many D. gallinae are ingested by hens each day

Table 2 Isolation and enumeration of Salmonella enteritidis in spleen, liver and caecum on day 12 post-
inoculation

Spleen Liver Caecum®
(CFU/g tissue) (x5) (CFU/g tissue) (x5) (CFU/g tissue) (x1)
% Positive® CFU/g + S-D° % Positive® CFU/g + SD° % Positive® MPN
Salmonellalg®
Engorged 100 27+ 1.8 x 10° 100 1.9 £ 1.9 x 10> 100 >8.6 x 10*
mites
Cuticular 100 3.6 £3.5 x 10° 100 1.8 +£29 x 10° 100 >8.6 x 10*
mites

? Percentage of positive birds
® With the number of CFU per gram of tissue

¢ Caecal walls and contents estimated using MPN method
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and therefore it is difficult to assess the real impact of D. gallinae in laying hen system
facilities. However, it has been shown that this mode of infection is possible in 1-day-old
chicks, even if it would be interesting to confirm whether such infections takes place in
older birds. Although D. gallinae can both acquire S. enteritidis either by contaminating
the blood under experimental conditions or chicks by oral ingestion, this does not mean
that the mite is a natural vector. To rule out the possibility of this type of contamination in
the field, it was necessary to study the level of Salmonella sp. in poultry facilities both
before and after the arrival of a new flock. Of the six currently infected farms, only one
farm had four positive pools (out of six) for Salmonella sp. Of the 10 farms that had
previously been declared infected, only one farm had one positive pool (out of six). Thus,
despite limited sampling, we have demonstrated that D. gallinae can be naturally infected
in a contaminated poultry environment. Interestingly, Salmonella was detected in mites
collected from a farm that was not currently contaminated, which suggests that mites
infected during a previous outbreak survived the sanitation periods as well as the cleaning
and disinfection programmes and may be a source of infection for replacement birds.
D. gallinae could therefore act as a potential reservoir and will certainly play a role in the
epidemiology of avian salmonellosis, as previously suggested by Zeman et al. (1982). This
preliminary field study shows that D. gallinae can naturally harbour the pathogen and
allows its persistence between outbreaks. In order to accurately evaluate the prevalence of
D. gallinae carrying Salmonella in poultry farms on a national scale, much more wide-
spread testing of facilities would be required. Other data would need to be considered in
order to understand the role of D. gallinae in the epidemiology of avian salmonellosis, such
as the vectorial capacity or the extrinsic incubation. In an epidemiological context, it is
possible that infected mites crushed or eaten by chicks may be the main source of infection
rather than the mite blood meal. Carriage of Salmonella by arthropods has already been
reported in previous studies. Most recorded examples refer to litter beetles (Alphitobius
diaperinus) or cockroaches but their role in the transmission of infection remains unproven
(Davies and Wray 1955; McAllister et al. 1994; Gray et al. 1999). Ash and Greenberg
(1980) showed that the German cockroach, Blatella germanica, is an effective mechanical
transmitter of S. typhimurium via faeces, although the bacteria were recoverable from its
gut for about 10 days longer than from the faeces.

Finally it was also found that D. gallinae was carrying E. coli, Streptomyces sp. and
Staphyloccocus sp. (Table 3), the latter has been associated with infections in starlings
(Berger et al. 2003). E. coli has been associated with Avian Pathogenic E. coli and
Uropathogenic E. coli. However, there was no conclusive evidence of these organisms
acting as disease causing at the poultry farm at the moment the mites were sampled.

Conclusions

In view of these results, D. gallinae certainly plays an important role in the transmission of
salmonellosis and other diseases in poultry farms, particularly between successive flocks. It
would be of further interest to quantify the level of competence of D. gallinae for Sal-
monella and other bacterial genera and to assess the relationships between pathogen/vector.
Another perspective would be to analyse the development cycle of the pathogen within the
mite by studying the crossing of intestinal and salivary barriers. The nature of the immune
response of birds and its impact on the vectorial competence of mites would also be
interesting to aspects to investigate. The literature reviewed and the new data presented in
this paper suggest that effective control of D. gallinae during downtime sanitation periods
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Table 3 BLAST queries showing selected closest similarities for the bacteria isolated from the different
media

Media from which ~ Accession Organism Maximum
bacteria were number identity (%)
isolated

Brain Heart infusion EU289096.1  Uncultured Escherichia sp. clone 8817-D4-C-10B 99

CP000468.1  Escherichia coli APEC Ol1, complete genome 99
CP000243.1  Escherichia coli UTI89, complete genome 99
AEO014075.1  Escherichia coli CFT073, complete genome 99
AB269763.1  Escherichia coli gene for 16S rRNA, strain:AE1-2 99
Green Bromophenol EF560786.1  Escherichia coli strain BE45 99
(BPL)
CP000468.1  Escherichia coli APEC O1, complete genome 99
DQ683069.1  Escherichia coli strain ATCC 25922 99
CP000247.1  Escherichia coli 536, complete genome 99
CP000243.1  Escherichia coli UTI89, complete genome 99
XLT-4 EU289096.1  Uncultured Escherichia sp. clone 8817-D4-C-10B 99
EF560775.1  Escherichia coli strain 246 99
CP000468.1  Escherichia coli APEC O1, complete genome 99
CP000247.1  Escherichia coli 536, complete genome 99
CP000243.1  Escherichia coli UTI89, complete genome 99
Blood Sheep agar EU095643.1  Staphylococcus xylosus strain NT-W 100
AP008934.1  Staphylococcus saprophyticus subsp. 99
saprophyticus ATCC 15305
AF515587.1  Staphylococcus xylosus 99
AB166961.1  Staphylococcus sp. NT N1 99
EU430992.1  Staphylococcus saprophyticus isolate 23 99
EU095643.1  Staphylococcus xylosus strain NT-W 100
LB agar AB184106.1  Streptomyces brasiliensis 99
EU569313.1  Staphylococcus sp. LV 15 99
EU266748.1  Staphylococcus xylosus strain NY-5 99
AMS882700.1  Staphylococcus xylosus 99
AP008934.1  Staphylococcus saprophyticus subsp. 99

saprophyticus ATCC 15305

and before the introduction of new birds are key areas to target to reduce the persistence of
pathogens such as Salmonella between successive poultry flocks.
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