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A B S T R A C T
In this study, it was aimed to determine the resistance profile by examining the prevalence and species distribution of 
enterococci in rectal samples of healthy budgerigars and their susceptibility to antibiotics. 100 cloacal swab samples 
were used in the study. Identification and antibiotic resistance of Enterococcal isolates obtained by classical methods 
were determined with the automated identification system. The results showed that the bacteria isolated in this 
study were 22 (75.86%) E. faecalis, one S. uberis (3.44%), two of each (6.90%) E. faecium (6.90%), E. hirae (6.90%), 
and E. casseliflavus/gallinarum. In general, they were suspectible to amoxicillin clavunate (96.4%), ampicillin (100%), 
ciproflaxacin (54.2%), levoflaxacin (60.9%), gentamicin (syn) (82.1%), streptomycin (syn) (28.6%), tigecycline (80%), 
vancomycin (89.3%), teicoplanin (96.4%), linezolide (96.4%), and nitrofurontion (100%), and they showed 100% re-
sistance to cefoxitin, amikacin, gentamicin, tobramycin, clindamycin, erythromycin, trimethoprim-sulfamethoxazole 
(TMP-SXT), fusidic acid, and quinopuristin-dalfopuristin. The presence of Entrococcal species, which are very import-
ant in terms of zoonosis, in healthy budgerigars was revealed. In addition, the different types of antibiotic resistance 
found in the studies also reveal the necessity of performing antibiotic susceptibility tests in this type of infections. 
However, it has been demonstrated that which antibiotics will be effective in nosocomial and/or gastrointestinal 
infections of Enterococcal origin in budgerigars.
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Muhabbet Kuşlarında Enterokok Türlerinin Dağılımı ve Antibiyotik 
Dirençliliklerinin Belirlenmesi

Ö Z E T
Çalışmada sağlıklı muhabbet kuşlarının rektal örneklerinde enterokokların yaygınlığı ve tür dağılımı ile bu türlerin 
antibiyotiklere duyarlılıkların incelenerek direnç profilinin belirlenmesi amaçlanmıştır. Araştırmada 100 adet 
kloakal svab örneği kullanılmıştır. Klasik yöntemler ile elde edilen enterokok şüpheli izolatların identifikasyonları 
ve antibiyotik dirençlilikleri otomatize identifikasyon sistemi yardımı ile saptandı. Çalışma sonuçlarında 22 adet 
(%75.86) E. faecalis, 2’şer adet (%6.90) E. faecium, (%6.90) E. hirae, (%6.90) ve E. casseliflavus/gallinarum ve 1 adet 
de S. uberis (%3.44) elde edilmiştir. İzolatlar; amoksisilin klavunat (%96.4), ampisilin (%100), siproflaksasin (%54.2), 
levoflaksasin (%60.9), gentamisin (syn) (%82.1), streptomisin (syn) (%28.6), tigesiklin (%80), vankomisin (%89.3), te-
ikoplanin (%96.4), linezolide (%96.4) ve nitrofurontion’a (%100) oranlarında duyarlı, sefositin, amikasin, gentami-
sin, tobramisin, klindamisin, eritromisin, TMP-SXT, fusidik asid ve quinopuristin-dalfopuristine karşı ise %100 direnç 
göstermişlerdir. Araştırmada Zoonoz özelliği açısından oldukça önemli olan Entrokok türlerinin sağlıklı Muhabbet 
kuşlarındaki varlığı ortaya konmuştur. Ayrıca çalışmalarda rastlanan farklı antibiyotik dirençlilik tipleri de bu tip en-
feksiyonlarda antibiyotik duyarlılık testlerinin mutlaka yapılması gerekliliğini de ortaya koymaktadır. Bununla birlikte 
Muhabbet kuşlarında Enterokok kökenli nozokomiyal ve/veya gastrointestinal enfeksiyonlarda hangi antibiyotiklerin 
kullanılmasının etkili olacağı ortaya konulmuştur.
Anahtar kelimeler:  Antibiyotik dirençlilik, Enterococcus spp, muhabbet kuşu
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Introduction

Enterococci live commensally in the intestinal tract of 
animals and humans, soil and water (Nasiri and Hanifian, 
2022). These bacteria, which are zoonotic, gain pathoge-
nicity when the immune system of the living thing they 
live in is suppressed under various conditions.

These bacteria are opportunistic pathogens and part 
of intestinal microbiota. They may become pathogenic 
agents when the immune system of hosts is suppressed 
under various conditions (Huycke et al., 1998; Tran et al., 
2022). Enterococci can survive at salt concentrations as 
high as 6.5%, where Gram-positive streptococci cannot 
grow (Gaca and Lemos, 2019). Also, they can survive 
high temperatures; They can survive as high as 50 °C, or 
even up to 30 minutes at 60 °C. They can grow optimally 
at 37-40 °C depending on the medium. Enterococci can 
also survive in environments (with some strains based on 
pH 10.0) that thrive best at pH 7.5, but at pHs as high as 
4.8 and 9.6 (some strains based on pH 10.0) (Fisher and 
Phillips, 2009). They can live 40% (w/v) in bile salts that 
can remove other bacteria as Streptococcus pneumo-
niae (Murray et al., 2009; Teixeira et al., 2011). The ex-
treme conditions in which enterococci can survive allow 
them to colonize a wide variety of sites that may be of 
relevance to their clinical significance (Vu and Carvalho, 
2011). The ability of enterococci to withstand wide pH 
ranges is due to their membrane durability and imper-
meability to acids and alkalis, while their temperature re-
sistance is attributed to membrane lipids and fatty acids 
(Fisher and Phillips, 2009). Enterococci are known to be 
involved in the infections of poultry, canaries and par-
rots (Devriese et al., 1996). It is stated that these may be 
infections triggered by secondary infections, and under-
lying viral or bacterial infections. Six species of the genus 
Enterococcus (E. avium, E. cecorum, E. durans, E. faeca-
lis, E. faecium and E. hirae) have been associated with 
diseases in poultry (Christensen and Bisgaard, 2016). Of 
these species, Enterococcus faecalis is the most abun-
dant in humans and animals, including mammals and 
birds. This species (E. faecalis) is part of the normal in-
testinal microflora of mammals and has likewise been 
reported to be the predominant intestinal microflora in 
poultry (Devriese et al., 2006). However, this species (E. 
faecalis) is also recognized as an opportunistic pathogen 
with the potential to cause clinical infections. They are 
also resistant to a wide variety of antibiotics and may 
show zoonotic properties. Today, the genus Enterococ-
cus has been studied in detail from humans and animals 
and 38 species have been identified. Among these, the 
most important species as human and animal pathogens 
are Enterococcus faecalis and Enterococcus faecium. 
Researchs are also ongoing on Enterococcus gallinarum 
and Enterococcus casseliflavus because they are natu-
rally resistant to vancomycin and colonize the intestinal 
tract (Murray et al., 2009; Wada et al., 2022). Although 
enterococci are low virulence bacteria, they are import-
ant agents in community-acquired and especially hospi-
tal-acquired infections. Enterococci are intrinsically re-

sistant to many antibiotics, especially beta-lactams and 
aminoglycosides. They also develop resistance to some 
antibiotics very quickly (Franz et al., 2001). Enterococci 
have intrinsic resistance to many antibiotics. However, 
they can transfer multiple resistance to other bacteria 
with resistance genes in plasmids, transposons and chro-
mosomes (Aktaş and Derbentli, 2009). Enterococci are 
resistant to penicillins, cephalosporins, lincosamides, tri-
methoprim-sulfamethoxazole (TMP-SMX) and aminogly-
cosides at low levels, and to polymyxins, monobactams 
and quinopristin/dalfopristin (Çetinkaya et al., 2000).

In Türkiye, especially the most preferred cage birds, bud-
gerigars, the rate of being kept at home is increasing day 
by day. Pets are known to be able to transfer antimicro-
bial resistant bacteria to humans. Therefore, continuous 
studies are required to monitor antimicrobial resistance 
carried by zoonotic bacteria from the animals to human. 
This study was carried out to determine the resistance 
profile of enterococci in rectal samples of healthy bud-
gerigars by examining the presence, prevalence and spe-
cies distribution and the susceptibility of these species 
to antibiotics.

Materials and Methods

In our study, 100 cloacal swab samples collected from 
budgerigars bred or kept in cages as pet animals in Aydın 
province and Marmaris district of Muğla were used. Of 
the 100 samples collected, 50 were male and 50 were 
female birds. The swab samples were brought to the 
routine diagnosis laboratory of Aydın Adnan Menderes 
University Veterinary Faculty Microbiology Department 
under cold chain and used in the study. Since only swab 
samples were used in the study, an Ethics Committee De-
cision is not required.

Fenotypic identification

Cloacal swab samples were first subjected to the pre-en-
richment procedure at 37 °C for 24 hours in Enterococco-
sel™ Broth. After the pre-enrichment process, a loopful 
of broth was taken and inoculated on 7% sheep blood 
agar medium and incubated at 37 °C for 24 hours. At the 
end of this period, gram staining was performed on the 
breeding colonies and catalase test was applied on those 
with Gram positive cocci. For this purpose, 3-5 colonies 
from a 24-hour pure bacterial culture grown on blood 
agar medium were placed on the slide with a loop. A 
drop of 3% H2O2 (hydrogen peroxide) was dropped on 
the slide. Strains that did not form air bubbles were con-
sidered catalase negative (Koneman et al., 1997). Bac-
teria with negative catalase test results were defined as 
Streptococcus spp. In order to differentiate Enterococci 
from these samples, they were inoculated on Enterococ-
cocel AgarTM and incubated for 24 hours. Black colonies 
grown in this medium were selected and passaged on 
‘Tryptone soy agar’ medium and pure cultures were ob-
tained (Bilgehan, 1995). Obtained isolates were stored 
in Brain Heart Infusion Broth with 20% glycerol (Merck 
4094) until and after the study. In order to identify the 



Dolhan and Erbaş Enterococcus Species and Antibiotic Resistance in Budgerigars

.

40

isolated bacteria in the automated identification system, 
they were cultivated on Tryptone soy agar and they were 
grown purely. Purely obtained Enterococci suspected 
colonies were identified using the BD PhoenixTM fully 
automated identification system, Gram positive bacteria 
identification and PMIC/ID-87 cartridge, in which antibi-
otic susceptibility was determined. For this purpose, pu-
rified 24-hour fresh cultures on Tryptone soy agar were 
prepared in glass tubes with ID broth and a suspension 
according to McFarland 0.5 colony density. On-device di-
agnostics were performed using the BD Phoenix™ PMIC/
ID87 panel kit for each sample of Gram-positive bacterial 
isolates. Biochemical identification data obtained from 
the device were evaluated.

Antibiotic resistance studies

Antibiotic susceptibility tests were performed using the 
BD Phoenix™ PMIC/ID87 kit of the isolates that were 
bacterially identified with an automated device. Purified 
24-hour fresh cultures on Tryptic soy agar were suspend-
ed in glass tubes with readily available AST Broth at a 
McFarland colony density of 0.5. Minimal Inhibitory Con-
centration values were measured. In the antibiogram 
sensitivity profile made with the device; penicillin (P), 
oxacillin (OX), tobramycin (NN), cefoxitin (FOX), cipro-
floxacin (CIP), clindamycin (CC), streptomycin-synergy 
(STS), nitrofurantoin (FM), erythromycin (E), vancomycin 
(V), fosfomycin (FF), gentamicin (GM), levofloxacin (LVX), 
amoxicillin/clavulanate (AMC), quinupristin/dalfopristin 
(SYN), linezolid (LZD), rifampin (RA), teicoplanin (TEC), 
tetracycline (TE), daptomycin (DAP), tigecycline (TGC), 
ampicillin (AM), fusidic acid (FA), trimethoprim/sulfame-
thoxazole (SXT) antibiotics were used. These antibiotic 
strains are available in the packages of BD Phoenix™ kits 
for the diagnosis of Gram-positive (PMIC/ID87) bacteria 
and panels for antibiotic susceptibility. Panels contain-
ing bacterial suspensions were placed in the device and 
bacterial diagnosis was made as well as the detection of 
antibiograms and sensitivity/resistance data (MIC) were 
obtained via the electronic system.

Results

A total of 100 samples were taken from 100 healthy bud-
gerigars by cloacal route. Enterococcus spp. was isolated 

in 29 (29%) of 100 samples examined of these are, two 
(6.90%) E. casseliflavus/gallinarum, two (6.90%) E. hirae, 
two (6.90%) E. faecium, 22 (75.86%) E. faecalis, and one 
S. uberis (3.44%).

In this study, the distribution of 5 different species E. 
faecium, S. uberis, E. hirae, E. faecalis, E. casseliflavus/
gallinarum, by species and gender is as seen in Table 1.

E. faceium species; It shows 100% sensitivity to penicil-
lins (amoxicillin clavunate, ampicillin), fluoroquinolones 
(ciproflaxacin, levofloxocin), aminoglycosides [genta-
mycin (syn)], and streptomycin (syn) and oxazolidines 
(linezolid), while from gentamycin, cefhelosporins (ceph-
elosporins), were found to be 100% resistant to macro-
lides erythromycin, TMP-SXT, and fusidic acid.

E. faecalis was the most common species and con-
stituted 75.86% of the total isolates. From penicillin 
group antibiotics amoxicillin clavunate 95.5%, ampicillin 
100%, fluoroquinolones to ciproflaxacin 50%, levoflox-
acin 57.1%, gentamicin (syn) 77.3%, streptomycin (syn) 
13.6%, tigecycline 80%, vancomycin 95.5%, teicoplanine 
95.5%, linezolid 95.5% were found to be 100% sensitive 
to nitrofurantoin. These E. faecalis strains identified at 
the same time showed 100% resistance against fusidic 
acid, tobramycin, amikacin, cefoxitin, clindamycin, gen-
tamicin, erythromycin, TMP-SXT, and quinopuristin-dal-
fopuristin.

E. hirae strains showed 100% sensitivity to amoxicil-
lin clavunate, ampicillin, gentamicin (syn), streptomy-
cin (syn), vancomycin, teicoplanin, and linezolid. It was 
found to be 100% resistant to TMP-SXT.

E. casseliflavus/gallinorum strains showed 100% sen-
sitivity to amoxicillin clavunate, ampicillin, gentamicin 
(syn), teicoplanin, linezolid, and 50% sensitivity to strep-
tomycin (syn). They showed 100% resistance against 
erythromycin, gentamicin, fusidic acid, vancomycin, ami-
kacin, TMP-SXT and clindamycin. S. uberis showed 100% 
resistance to gentamicin, tobramycin, and fusidic acid.

According to the data we obtained in our study, all the 
isolates were sensitive to levofloxacin (60.9%), strep-
tomycin (syn) (28.6%), ampicillin (100%), ciproflaxacin 
(54.2%), gentamicin (syn) (82.1%), amoxicillin clavunate 

Table1. Distribution by species and gender (n=29).

Factors Gender/
Female

Gender/
Male Total Total %

S. uberis 1 - 1 3.44

E. hirae 2 - 2 6.90

E. faecium - 2 2 6.90

E.casseliflavus/
gallinarum 1 1 2 6.90

E. faecalis 7 15 22 75.86

Total 11 18 29 100
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(96.4%), vancomycin (89.3%), teicoplanin (96.4%), tige-
cycline (80%), linezolide (96.4%), and nitrofurontion 
(100%). However, they showed 100% resistance against 
gentamicin, cefoxitin, amikacin, clindamycin, erythromy-
cin, TMP-SXT, tobramycin, quinopuristin-dalfopuristine, 
and fusidic acid.

Discussion

In recent years, some studies have been carried out to 
determine the prevalence and antibiotic resistance of 
Enterococcal species. In Iran, Soodmand et al. (2018) 
investigated the prevalence and antibiotic susceptibili-
ty of Enterococcal species among poultry and domestic 
birds, they collected oral and cloacal swabs from 150 
caged birds and detected the presence of Enterococci in 
56 of these samples. When their rates were examined, 
6 Enterococci were isolated from 48 patients and 50 
(49%) Enterococci from 102 healthy birds. In this study, 
29 (29%) Enterococci species were isolated from 100 
healthy budgerigars. It is thought that this difference is 
due to the presence of commercial poultry in the sample 
made in Iran. While all oral swabs taken from healthy an-
imals were negative, all Enterococci growths were from 
cloacal swabs in parallel with our study. They empha-
sized that the highest Enterococcus species obtained in 
their research was Enterococcus faecalis, similar to our 
study. However, they identified E. faecium at a rate of 
6.66%, similar to our study (6.90%). When the antibiotic 
resistance results of their studies were examined, they 
found that all isolates were resistant to cephalosporins 
in parallel with our study. However, they found that all E. 
faecalis and E. faecium isolates were resistant to 5 differ-
ent antibiotic agents. When their sensitivity to amoxicil-
lin was examined, it was reported that 40% of E. faecalis 
isolates and 79% of E. faecium isolates were found to 
be susceptible. However, the sensitivity of E. faecalis to 
vancomycin was reported as 29%. 22 E. faecalis isolates 
obtained in our study were found to be sensitive to van-
comycin at a rate of 95.5%.

Cabral et al. (2020) investigated the distribution of En-
terococcus species, their resistance to gentamicin and 
vancomycin in their study on Psittacine (parrot-like, 
curved-billed birds) birds in Brazil. For this purpose, they 
took samples from 126 birds and isolated Enterococcus 
species (E. hirae, E. faecium, E. phoeniculicola, E. faeca-
lis, E casseliflavus and E. gallinarum) at a rate of 26.9%, 
similar to our study (29%). It was reported that the most 
dominant one (41.7%) among the isolated species was E. 
faecalis, similar to our study. They found high-level Gen-
tamsin resistance similar to our study in all E. faecalis 
strains they obtained in their study. Vancomycin suscepti-
bility was reported in two isolates (94.6%), similar to our 
study (95.8%). Ben Yahia et al. (2018) provide informa-
tion on the possible roles of Enterococcus species found 
in wild birds in the spread of VanA/VanB resistance genes 
in their study in Tunisia. As a result of their research, 
the most common species in wild birds was E. faecalis 
(67.1%) as in budgerigars (75.86% E. faecalis). This was 
followed by E. faecium 24% and E. casseliflavus 8.9%. At 

least one (68%) of the strains of Enterococci obtained 
were reported to have developed resistance to the anti-
biotics tested. It was observed that all species obtained 
in their research were sensitive to ampicillin, linezolid 
and rifampicin in parallel with our study. The highest re-
sistance level was found to be tetracycline (46.8%) and 
erythromycin (34.2%) similarly. These were followed by 
resistance to chloromphenicol (8.8%), gentamicin and 
streptomycin (2.5-3.8%), ciproflaxacin, trimethoprim sul-
famethoxazole and kanamycin (12.7-21%).

Freitas et al. (2018), in a study examining the fecal mi-
crobiota of 88 Amazona aestiva parrots found in zoos 
in Brazil and their antibiotic resistance, Enterococcus 
hermanniensis (0.9%), Enterococcus gallinarum (1.7%), 
Enterococcus casseliflavus. (4.8%), Enterococcus faecalis 
(17.3%) and Enterococcus hirae (75.3%) species were ob-
tained. All strains obtained were sensitive to linezoid and 
teicoplanin, similar to our study. However, susceptibility 
rates to the other 16 tested antimicrobials ranged from 
0.4% to 69.3%.

In the study of Akgül et al. (2016) in chickens and seagulls, 
in chickens; 57.3% E. faecium, 4.7% E. casseliflavus /
gallinarum, 4.1% E. hirae, 2.6% E. durans, 21.3% E. fe-
calis, in seagulls, 17.6% E. faecium, 8.4% E. hirae, 5.9% 
E. casseliflavus/gallinarum, 1.7% E. raffinosus, 0.8% E. 
durans and 65.5% E. fecalis were identified. In the study, 
it was found that the highest resistance in enterococci 
was against cefadroxil (99.5%), cefazolin (98.4%) and 
kanamycin (96.3%), the rate of resistance against tetra-
cycline (18.8%) was lower than in other countries, and 
streptomycin (83.3%) and gentamicin (64%) determined 
that the resistance rates were high.

It is reported that the probability of transmission of E. 
faecium from animals to humans is low. However, E. fae-
calis poses a greater risk due to the transfer of resistance 
genes to virulent enterococci. (Hammerum et al., 2010). 
E. faecalis causes urinary tract infections in humans who 
consume and/or work with pork or poultry meat (Abat et 
al., 2016; Larsen et al., 2010; Poulsen et al., 2012).

The gastrointestinal tract is known as a reservoir for the 
exchange of genetic material by horizontal gene trans-
fer, and the zoonotic potential of E. faecalis has been 
reported to be associated with horizontal gene transfer 
of genetic material encoding virulence factors and an-
timicrobial resistance (Werner et al., 2013). The viru-
lence characteristics of enterococci are very important 
in resistance to antibiotics. Stępień-Pyśniak et al. (2019) 
investigated the biofilm formation ability and virulence 
genes of enterococci in their study with cloacal samples 
taken from wild birds. In the study, they stated that the 
increase in the hydrophobicity of enterococci species 
increases the aggregation substance and the ability to 
form biofilms accordingly. It has been shown that the 
hydrophobicity of E. faecalis is higher than that of E. 
faecium species, resulting in increased biofilm produc-
tion and increased pathogenicity. In this case, it is one 
of the reasons explaining the high antibiotic resistance. 
Enterococci are intrinsically resistant to many antibiotics, 
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especially beta-lactams and aminoglycosides. They also 
develop resistance to some antibiotics very quickly. In 
addition to the intrinsic resistance of bacteria to many 
antibiotics, the acquired resistance due to resistance 
genes in plasmids, transposons and chromosomes and 
the transfer of resistance from one bacterium to another 
are effective in the increase of multi-resistance to anti-
microbials in enterococci (Aktaş and Derbentli, 2009). 
Enterococci are low-level resistant to penicillins, cepha-
losporins, lincosamides, trimethoprim-sulfamethoxazole 
(TMP-SMX) and aminoglycosides, and genetically resis-
tant to polymyxins, monobactams, and quinopristin/dal-
fopristin (Çetinkaya et al., 2000).

Enterococci obtained in our study were also 100% re-
sistant to tobramycin, cefoxitin, TMP-SXT, gentamicin, 
clindamycin, erythromycin, amikacin, quinopuristin-dal-
fopuristin and fusidic acid. In 1979, high levels of genta-
micin resistance began to appear in clinical isolates. This 
has created difficulties in the treatment of enterococcal 
infections. A new form of antibiotic, vancomycin, was de-
veloped in the 1990s. However, the incidence of vanco-
mycin-resistant Enterococci (VRE) has been increasing in 
recent years (Woodford et al., 1998). VRE is responsible 
for the deaths of approximately 25,000 people each year 
in the United States. VRE is reported as the second most 
common cause of nosocomial infections (McKinnell 
et al., 2012). However, the prevalence of VRE in South 
America and Turkey is still relatively low. (Çetinkaya et 
al., 2000; Panesso et al., 2010). In addition to the high 
gentamicin resistance obtained in our study, gentamicin 
synergetic sensitivity is also very important. Enterococci 
are inherently resistant to the inhibitory and bactericidal 
activities of the most commonly used agents. Therefore, 
the recommended treatment for serious infections (ie, 
endocarditis, meningitis, or other possible serious infec-
tions in immunocompromised patients) includes a cell 
wall active substance such as penicillin or vancomycin 
in combination with an aminoglycoside (usually genta-
micin) or sometimes streptomycin. These combinations 
overcome the intrinsic resistance exhibited by entero-
cocci and achieve synergistic elimination. Therefore, 
while gentamicin and streptomycin are 100% resistant in 
many isolates, Synergetic gentamicin and streptomycin 
(gentamicin (Syn) and streptomycin (Syn)) give high sus-
ceptibility results.

Conclusion

The presence of Entrococcal species, which are very 
important in terms of zoonotic feature, in healthy bud-
gerigars fed as pets in our homes has been revealed. 
Although they are harmless under normal conditions, it 
should be kept in mind that these bacteria can cause se-
rious infections such as endocarditis, septicemia, urinary 
system infections in humans. In addition, the different 
types of antibiotic resistance found in the studies also 
reveal the necessity of performing antibiotic suscepti-
bility tests in this type of infections. However, the data 
obtained in the research is also important in terms of the 

necessity of choosing which antibiotics in the treatment 
of nosocomial and/or gastrointestinal infections in bud-
gerigars.
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