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ABSTRACT 
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 This study examines prevalence of antibiotic resistant bacteria in Amazon parrots 

in three different groups, one wild and two captive.  Commensal bacteria were isolated 

from 24 parrots and screened for antibiotic resistance.  Culture-based and molecular 

methods were used and a total of 546 isolates from the genus Staphylococcus and Rothia 

were obtained.  Antibiotic resistance was found in all parrot groups in 161 isolates with 

48 having multi-drug resistance.  The highest frequency of resistance was found to 

Enrofloxacin and Amoxicillin/Clavulnate though all antibiotics tested were resisted by 

some bacterial isolates.  Both captive groups exhibited more resistant individuals than the 

wild.  This study concluded that antibiotic resistant commensal bacteria in Amazons are 

common; however, patterns found cannot be explained by antibiotic use.  A high rate of 

multi-drug resistance was detected in more common mannitol non-fermenting 

Staphylococcus spp., and drug resistant detected in Rothia spp. may indicate a future role 

in disease. 
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1.0 INTRODUCTION 

Infectious diseases dominated as the cause of death in hospitals during the 1920’s.  The 

discovery of antibiotics in the late 1930’s caused infectious disease-related mortality to 

decrease, leading certain scientists to an erroneous conclusion that the era of infectious 

disease was over (Koshland, 1992).  Since the discovery of antibiotics, their use has 

increased, prompting the emergence of resistance bacteria globally (Hawkey &  Jones, 

2009).  Today, bacteria have developed resistance to all licensed antibiotics (Woodford &  

Wareham, 2009), and the appearance of multi-drug resistant bacteria is commonplace 

(Hawkey &  Jones, 2009, Levy, 2002).  Human antibiotic use has been suggested as the 

major factor for the increase in resistant bacteria (Levy, 2002); however, antibiotic use in 

animal husbandry and agriculture, the presence of residual antibiotics in the environment, 

and the application of disinfectants are other factors playing roles in the development of 

microbial antibiotic resistance. 

1.1 Antibiotic agents 

Antibiotics are a group of compounds, which inhibit or kill bacteria with various 

mechanisms of action, including inhibiting cell wall synthesis, protein synthesis, and 

DNA replication (Neu, 1992).  While antibiotics originated naturally (e.g. penicillin and 

sulfonamides), chemists have created both semi-synthetic and synthetic antibiotics.  Even 

at the commencement of antibiotic use, evidence of resistance emerged, but new and 

altered antibiotics replaced older ones, causing society to become complacent about 
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antibiotic resistance.  At present, rapid development of antibiotics has passed, and 

bacterial resistance is a rising problem in the treatment of infectious diseases. 

1.1.1Resistance Mechanisms against Antibiotics 

Bacteria have developed three main mechanisms by which they inactivate antibiotic 

agents.  They destroy or modify the antibiotic, prevent access to the target, or alter the 

target site (Neu, 1992).  Bacteria with the enzyme β-lactamase are able to alter penicillin-

binding proteins and resist Β-lactam antibiotics (Neu, 1992).  Alteration of the DNA 

gyrase commonly inhibits fluoroquinolones (Neu, 1992).  Efflux pumps and alteration of 

ribosomal proteins are used to resist tetracyclines (Neu, 1992), and bacteria deactivate 

aminoglycosides by modifying enzymes, reduced uptake of the drug, or by decreased 

ribosomal binding (Neu, 1992).  In addition, bacteria transfer genes, carrying resistant 

mechanisms, between each other.  Contributing to the spread of antibiotic resistance, 

transmittance takes place through conjugation, transfer of plasmid DNA, and by 

transformation or transduction (Neu, 1992).  Horizontal gene transfer of plasmids can 

occur between strains and species (Levy, 2002 and Hawkey &  Jones, 2009), and gram-

positive bacteria are known to transfer resistant genes to gram-negative bacteria (Neu, 

1992).  Hawkey and Jones (2009) stated the most important acceleration mechanism for 

dispersal of resistant genes is plasmid transfer.  

1.2 Commensal Bacteria in Spread of Resistance 

The role of commensal bacteria in emergence and spread of antibiotic resistance has not 

been determined (Andremont, 2003 and Marshall, 2009).  Since commensal bacteria are 

considered harmless, posing a low health risk as pathogens, the examination of their role 
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has been limited (Marshall, 2009).  Since they constitute the majority of species in the 

environment, humans, and animals, commensal bacteria may experience greater selective 

pressures towards antibiotic resistance, later transferred to pathogens by horizontal gene 

transfer (Andremont, 2003).  Understanding their role in the perpetuation of antibiotic 

resistance may aid in developing control measures to reduce the spread. 

1.3 Antibiotic use in non-clinical areas 

As the number of antibiotic compounds increased, so did their use in non-clinical areas.  

Penicillins and tetracyclines are commonly used as growth promoters in animal feed 

(Levy, 2002), and the veterinarian and aquaculture industries use antibiotics for 

prevention and treatment of infections.  Additionally, antibiotics, like tetracycline and 

streptomycin, are exploited as pesticides and sprayed on fruit trees to prevent or treat 

diseases (Levy, 2002). 

These abundant uses and misuses of antibiotics are the main force behind the elevated 

antibiotic resistance seen worldwide (Barbosa &  Levy, 2000).  Therefore, application of 

antibiotics in low doses or for prolonged periods of time along with overuse favors the 

emergence of resistant bacteria (Andremont, 2003).  Non-clinical settings, where 

antibiotics are not as carefully regulated as in human medicine may serve as venues for 

the selective pressure of antibiotic resistance.  Since several studies have shown that the 

use of antibiotics in animals can lead to the transfer of resistance genes to human 

bacterial flora (Garau et al., 1999, Al-Ghamdi et al., 1999, Hummell et al., 1986, and 

Threlfall et al., 1997), studies that survey the prevalence of antibiotic resistance in 

different groups of animals are needed. 
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1.4 Antibiotic Resistance in Conservation Medicine  

Antibiotic resistance in human medicine is important, but conservation medicine should 

also be concerned.  With the significant destruction of wildlife habitat and increase in 

extinction rates, the number of endangered species, including parrots, raised in captivity 

for preservation or for the intention of release into the wild, increases steadily 

(Cunningham, 1996). 

Emerging infectious diseases in humans and animals, which affect biological diversity 

and extinction, are important considerations in maintaining captive endangered groups as 

well as in relocating and releasing animals ( Cunningham, 1996, Smith, 2009).  Exposed 

and treated individuals could potentially have negative effects on the environment and 

other species (Cunningham, 1996).  Knowing whether antibiotic resistant bacteria are 

present in endangered managed groups of animals could alter management practices 

aimed at preventing an outbreak or spread and guided by research data on the nature and 

pattern of resistance phenotypes. 

1.5 Commensal Bacterial Associated with Antibiotic Resistance and Possible 

Consequences to Human Health 

Staphylococcus spp.., Enterococci spp., and Escherichia coli are commensal bacteria in 

humans, which have developed resistance to several classes of antibiotics.  These three 

species are also found as commensals in parrots. 

Staphylococcus spp. are gram positive cocci found in pairs or clusters.  They are catalase 

positive facultative anaerobes and grow optimally at 37°C with a range from 18°C to 

40°C.  They endure in the presence of 10% sodium chloride, and are commonly 

associated with skin and mucous membranes of humans and other vertebrates.  They also 
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are found in food, water, and soil (Holt et al., 1994).  The species most commonly 

associated with disease in humans is Staphylococcus aureus, which can cause numerous 

diseases including food poisoning, bacteremia, endocarditis, and osteomyelitis (Murray et 

al., 2005). 

Enterococci spp.are gram positive cocci that usually occur in pairs.  These facultative 

anaerobes are catalase negative, partial or gamma hemolytic, with optimal growth 

temperature at 35°C, and a range from 10°C to 45°C.  They grow in the presence of 6.5% 

sodium chloride and 40% bile salts (Holt et al., 1994).  Commensal in humans, they are 

commonly found in the environment and vertebrate feces.  However, they have been 

known to cause bacteriemia, endocarditis, urinary tract and wound infections.(Murray et 

al., 2005). 

Escherichia coli are members of the Enterobacteriaceae family, found ubiquitously in 

soil, water, and vegetation.  These motile facultative anaerobes are gram-negative, 

oxidase negative, catalase positive, rods.  They ferment lactose, but do not consume 

citrate and grow optimally at 37°C (Holt et al., 1994).  They are common intestinal flora 

of humans and other vertebrates (Murray et al., 2005). 

1.6 Prevalence of Selected Commensal Bacteria in Parrots  

The target commensal bacteria selected in this study have been documented in parrots.  

Staphylococcus spp. comprises a portion of the normal respiratory (choanal), and 

intestinal (cloacal) flora of Amazon parrots (Bowman &   Jacobson, 1980 McDonald &  

Waters, 1981, Jesus& Correia, 1998 and Xenoulis et al., 2010).  Several studies have 

documented Enterococci spp. in parrots (Bangert et al., 1988, Bowman & Jacobson, 
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1980, Dorrestein et al., 1985, Pacheco et al., 2004, and  Xenoulis et al., 2010), 

specifically in Amazon parrots (McDonald & Waters, 1981).  Some of these studies 

found E. coli in choanal, and cloacal parrots samples (McDonald &   Waters, 1981, 

Bangert et al., 1988, Bowman & Jacobson, 1980, Dorrestein et al., 1985, Styles & 

Flammer, 1991 and Xenoulis et al 2010).  However, others failed to isolate E. coli  in 

parrot samples (Graham & Graham, 1978, Jesus & Correia, 1998, and Pacheco et al., 

2004). 

1. 7 Study Aims 

The National Antimicrobial Resistance Monitoring System tracks resistance in food 

borne bacteria from humans, animals, and retail meat, focusing on bacterial species 

Salmonella, Campylobacter, E. coli, and Enterococcus.  However, only agriculture 

poultry and livestock are monitored.  This study sampled three groups of Amazon parrots 

(Amazona spp.), two captive and one wild.  We, therefore, surveyed antibiotic resistant 

bacteria in non-food producing birds and included Staphylococcus spp. since current 

surveillance programs do not.  This study was designed to: (a) determine whether 

apparently healthy Amazon parrots harbor antibiotic resistant bacteria, (b) evaluate the 

prevalence of antibiotic resistance among selected commensal bacteria, (c) determine if 

there are any differences among isolates of the three groups and (d) determine which of 

the antibiotics tested were most frequently resisted in the Amazon parrots sampled.
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2.0 MATERIALS AND METHODS 

2.1 Antibiotics – Mechanisms of Action and Rationale for Selection 

Three main mechanisms of antimicrobial action in antibiotics have been identified: 

inhibition of cell wall assembly, inhibition of protein synthesis, and inhibition of nucleic 

acid synthesis (Prescott et al., 2002).  Several classes of antibacterial drugs employ these 

mechanisms to effectively kill or inhibit bacterial growth.  Aminoglycosides are semi-

synthetic irreversible inhibitors of protein synthesis, widely used against gram negative 

enteric bacteria (Katzung, 2007).  In this study, the aminoglycoside amikacin was chosen 

because it is the least nephrotoxic to parrots (Carpenter, 2005) and, therefore, the most 

commonly used in aviculture and avian medicine. 

Fluoroquinolones are broad-spectrum synthetic antibiotics that are active against both 

gram-negative and gram-positive bacteria.  They block DNA synthesis by inhibiting 

topoisomersae II (Katzung, 2007).  Enrofloxacin is a fluoroquinolone used exclusively in 

veterinary medicine.  Because of its broad spectrum capabilities, it is often a drug choice 

when treating bacterial infections in birds and is commonly administered in the drinking 

water (Carpenter, 2005). 

β-lactams interfere with the synthesis of bacterial cell walls.  They act on gram positives, 

but may exhibit activity against gram negatives with an extended spectrum (Katzung, 
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2007).  For instance, Amoxicillin and Clavulanate combination, marketed as Clavamox in 

veterinary medicine, is a β-lactam with extended spectrum (Carpenter, 2005). 

With a similar structure to β-lactams, Cephalosporins also inhibit cell wall synthesis but 

have a broader spectrum of activity (Prescott et al., 2002, Katzung, 2007).  Cefotaxime, a 

third-generation cephalosporin, can penetrate the blood-brain barrier (Carpenter, 2005).  

Tetracyclines are semi-synthetic protein-synthesis inhibitors and are active against both 

gram-negative and gram-positive bacteria (Katzung, 2007).  Doxycycline is a 

tetracycline, commonly used to treat Chlamydophila in aviculture and available in a 

powder form that can be added to food or drinking water (Carpenter, 2005).  

These five antibiotics represent the classes of drugs most commonly used in human and 

veterinarian medicine as well as aviculture.  

2.2 Amazon Parrot Groups Sampled 

Samples from the choana (mouth), cloaca (vent), or feces were collected from three 

groups of Amazon parrots with varying levels of exposure to antibiotics: 1) a wild flock 

of green-cheeked Amazons (Amazona veridigenalis) with no apparent exposure to 

antibiotics; 2) a captive group of endangered red-browed Amazons (Amazona 

rhodocorytha) in a managed recovery program with little use of antibiotics within the 

group – none of the parrots sampled had ever been given antibiotics – ; and 3) a group of 

mixed Amazon species in a high production breeding farm with regular use of antibiotics 

– all the parrots sampled had antibiotic therapy at some time during their lives. All three 

groups were located in Palm Beach County, Florida.  
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Besides the apparent use of antibiotics, the diets of the three groups varied.  The wild 

parrots’ food intake varies with availability, mainly palm fruits, which include queen, 

Christmas, areca, pindo, and date palms, along with ficus and mangos.  They also feed on 

backyard citrus, guavas, and Norfolk Island Pine shoots (Reillo, personal 

communication).  The managed group diet consists of 2/3 fruits and vegetables which 

include red-delicious apples, cantaloupe, broccoli, grapes, yellow corn, carrots, beets, 

mango, papaya, sweet potato, acorn squash, kale, and frozen vegetable mix.  The 

remaining 1/3 consists of parrot seed mix, monkey biscuit, and Zupreem Fruit Blend 

pellets (Reillo, 1993).  The farm group’s diet is parrot seed mixed with diced carrots, 

apple, and corn along with sprouted mung and lentil beans. 

Habitat and housing for the three groups is also different.  The wild flock forages 

throughout Palm Beach.  They roost and nest in Casuarina trees, but while foraging, they 

may spend time in any available trees.  The flock stays in Palm Beach County from 

February through August and then moves north and west to Indian River County.  Their 

exact movements are unknown (Reillo, personal communication).  The managed parrots 

are housed outdoors in flights, measuring 12 x 15 x 50 feet with 19-gauge ½” by ½” or 

16-gauge ½” by 1” wire mesh.  The cage floor is mesh or mounted on solid concrete 

slabs and the ground substrate is mixed with approximately 80% sterilized pine-bark 

nuggets and 20% eucalyptus nuggets.  The vegetation inside the flight consists of Ficus 

benjamina, F. nittita or F. alee, green maho, loquat, and guava trees with a variety of 

bromeliads.  Farm parrots are housed outdoors in 14 gauge wire mesh cages, measuring 

approximately 6 x 4 x 4 feet and 3.5 feet off the ground with wire bottoms. 
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2.2.1 Sampling of Amazon Parrots 

For all three groups, choanal and cloacal, or fecal, swabs were taken with sterile foam 

tipped applicators and placed in falcon tubes with 5ml of phosphate buffered saline (PBS) 

(3.2mM Na2HPO4, 0.5 mM KH2PO4, 1.3 mM KCL, 135 mM NaCl pH 7.4) at room 

temperature, and transported to the laboratory.  A total of 54 parrots from all three groups 

were sampled (details of the individual parrots are shown in Table 1).  Choanal and 

cloacal samples were taken from 15 parrots of the farm group and 13 from the managed 

group.  Choanal and cloacal samples from the wild group were taken from a total of four 

parrots; three baby parrots, approximately 6 weeks old, had been removed from their nest 

cavities in the breeding season in 2009.  They were sampled immediately and placed in 

the managed recovery program.  One other juvenile (approximately 9 weeks old) flew 

into a window and was recovered.  After sampling the bird, we treated and released it.  

Due to the difficulty of sampling wild parrots directly, we collected observed fecal 

samples from 22 wild parrots.  Preparing to roost at night, the parrots land on power lines 

directly above the sidewalk along Alternate A1A at the entrance to the Breakers Hotel in 

small groups (8 to 12) up to large groups of over 50.  When a parrot defecated we picked 

up the sample with a sterile plastic bag and took care to avoid contact with the sidewalk 

pavement.  A sterile foam-tip applicator was then placed in the bag to culture the sample, 

and immediately placed in a falcon tube with 5ml of PBS.  The samples were kept in a 

cooler at 4°C overnight and transported to the laboratory for analyses the following day. 
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2.3 Microbiological Media Employed  

2.3.1 Mannitol Salt Agar for Isolation of Staphylococcus species 

Mannitol Salt Agar (MSA) (Difco) was used for the isolation of Staphylococcus spp. 

MSA is a selective agar for the isolation of Staphylococcus spp. from both clinical and 

non-clinical sources.  It contains 7.5% sodium chloride, which makes it selective for salt- 

tolerant organisms, and D-mannitol along with phenol red indicator that differentiates 

between species that ferment mannitol and those that do not. 

2.3.2 MacConkey Agar for Isolation of Escherichia coli  

MacConkey Agar (MAC) (Difco) was used for the isolation of E. coli.  MAC is 

commonly used for clinical samples in avian medicine.  It contains bile salts and crystal 

violet, which inhibit the growth of gram-positive organisms, and lactose, which allows 

the differentiation of lactose fermenters from non-lactose fermenters.  E. coil, which are 

lactose fermenters, appear as bright pink colonies surrounded by a zone of precipitated 

bile.  

2.3.3 Bile Esculin Azide Agar for Isolation of Enterococci 

Bile Esculin Azide Agar (BEAz) (Difco) was used for the isolation of Enterococci spp. 

This media is highly specific for the isolation of Enterococci.  It contains azide, which 

inhibits the growth of gram-negative bacteria, 40% bile salts, which make it selective for 

Streptococci spp. and Enterococci spp., and esculin to detect if the organism can 

hydrolyze esculin.  Enterococci spp. appear as small brown colonies surrounded by a 

brown colored zone.  All media was prepared according to the manufacturer’s 

instructions. 
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2.4 Isolation, Characterization, and Identification of Bacterial Commensal Isolates 

2.4.1 Spread Plating for Isolation of Bacterial Commensals 

Aliquots of 100 to 500µl from the samples were top spread onto selective and differential 

media as described previously.  One replicate per sample on MSA and BEAz plates and 

three replicates per sample on MAC were incubated for 24 hours at 37°C.  If after 24 

hours a confluent growth was obtained, a lesser volume of aliquot was re-plated and 

incubated at 37°C for 24 hours.  Characteristic colonies were point inoculated onto 

Tryptic Soy Agar plates to create libraries for each group.  For plates with less than 100 

isolated colonies all were transferred to library plates.  For plates that had over 100 

isolated colonies, 50 representatives were randomly selected and transfer to library plates.  

Library plates were incubated at 37°C for 24 hours and then were used to confirm purity 

and to characterize the isolates. 

2.4.2 Initial Characterization of Bacterial Commensal Isolates 

Isolates were characterized based on microscopy, culture, and biochemical properties.  E. 

coli was the target representative of the Enterobacteriaceae family.  Any lactose-positive 

isolates with bile precipitate, obtained from the MAC plates, were tested for both citrate 

utilization and indole production.  Any isolate that was both citrate negative and indole 

positive was typed with the Enterotube® for identification as E. coli.  Isolates obtained 

from the MSA plates were gram stained, tested for the presence of catalase, and the 

absence of oxidase to presumptively identify them as Staphylococcus spp.  The esculin 

positive isolates found on the Bile Esculin Azide plates were gram stained and tested for 

the absence of catalase to presumptively identify them as Enterococci.spp.  
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To confirm purity, all isolates were examined microscopically.  Based on similar culture 

characteristics, source, and site of isolation, the bacteria were sorted into seven sub-

groups.  At least 15 isolates per parrot source were randomly picked for the biochemical 

identification of tests listed previously.  Isolates that were not pure or did not fit the 

characterization profile were eliminated from the study. 

2.4.3 Molecular Identification of Commensal Bacteria  

To confirm the identity of the isolates in the library, the 16S rRNA gene was sequenced 

from 50 representative isolates.  The goal was to sequence at least one isolate per parrot. 

Microscopy, culture characteristics, biochemical tests, and antibiotic-resistant profiles 

were used to select the representative isolates for sequencing. 

Genomic DNA was extracted with the QIAGEN DNeasy Blood and Tissue Kit following 

the manufacturer’s protocol (QIAGEN in USA).  Overnight bacterial cultures grown in 

Luria-Bertani broth were centrifuged for 10 minutes at 7500 rpms to harvest bacterial 

cells, modified lysis buffer with 20 mg/ml of lysozyme was added to the pelleted cells 

and samples were incubated at 37°C for 30 minutes.  Proteinase K and buffer AL 

(without alcohol) were added and the mixture was incubated at 56°C for 30 minutes.  

After adding 200µl of ethanol, the sample was vortexed and spun at 8000 rpms for 1 

minute.  Then 500µl of buffer AW1 (with alcohol), was added and centrifugation 

repeated, then 500µl of buffer AW2 was added and centrifuged for 3 minutes at 14,000 

rpms.  Finally, 100µl of buffer AE was added and incubated at room temperature for five 

minutes, after which the DNA was eluded by spinning the sample at 8000 rpms for 2 

minutes.  
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The 16S rRNA gene was amplified by polymerase chain reaction (PCR) using Universal 

Bacterial primers (Forward 27:5’-AGAGTTTGATCMTGGCTCAG-3’) and Reverse 

1492: 5’-TACGGYTACCTTGTTACGACT-3’).  A gradient Eppendorf thermocycler 

was used with the following program: 1) hot start at 94°C for four minutes, 2) 

denaturation for 30 seconds at 94°C , 3) annealing for 30 seconds at 55°C, and 4) 

extension for 1.5 minutes at 71°C.  Steps two through four were repeated for 36 cycles.  

The fifth and final step was the extension for four minutes at 71°C and then held at 4°C.  

PCR products were sent to the Laragen Inc. (Los Angeles, Ca, USA) for purification and 

sequencing. 

2.4.4 Sequence Analysis 

Sequences were edited using DNA baser version and were aligned using Mega 4.  

BLAST search was performed using the NCBI nucleotide blast. 

2.5 Determination of Antibiotic Resistance Isolates 

2.5.1 Media Preparation for Agar Dilution 

Agar dilution method was used for resistant screening on Mueller-Hinton agar (MH) 

supplemented with the recommended breakpoint concentrations of the antibiotic by the 

Clinical and Laboratory Standards Institute (CLSI) (2006).  MH plates were prepared 

according to the manufacturer’s recommendations and supplemented with one antibiotic 

each (Table 2).  A plate of MH with no antibiotic added was used as a control.  

2.5.2 Screening for Antibiotic Resistance  

All isolates obtained from the three groups of Amazon parrots were screened for 

antibiotic resistance against the five chosen antibiotics.  All isolates were transferred 
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from the library plates to the five antibiotic supplemented plates and the control plate at 

the same time by point inoculation and incubated at 37°C for 24 hours.  Any isolate that 

grew in the presence of the antibiotic was considered resistant. 

2.5.3 Determination of Minimum Inhibitory Concentrations of Representative Isolates 

The minimum inhibitory concentrations (MIC) of 50 representative isolates of the 161 

resistant isolates were determined by broth microdilution (CLSI, 2006).  Each bacterium 

was grown up in MH broth at 30°C for 16 to 20 hours.  Each sample was adjusted to an 

optical density (OD 590nm) of 0.1UNIT, which corresponds to approximately 0.5 

McFarland standard (CLSI, 2006), with fresh MH broth using a spectrophotometer 

(Genesy 20).  Then a 1:100 dilution of each sample was made in fresh MH broth.  Prior 

to each test each well of a 96-well microtiter plate received 100µl of sterile MH broth.  

The lowest concentration for each antibiotic was the breakpoint concentration used in the 

agar dilution method for resistance screening, and each additional concentration was 

doubled for a total of five increasing antibiotic concentrations.  100µl of the concentrated 

antibiotic stock solution was added to the first column of the microtiter plate and mixed.  

100µl was then removed from this column and transferred to the next column.  This was 

continued to produce five 2-fold dilutions of the antibiotic.  After preparing all the 

dilutions, 100µl of 1:100 diluted bacterial suspension was added to each well, halving the 

antibiotic concentration.  Final concentration of bacteria in each well was approximately 

5 x 10
4
 CFU.  Antibiotic was not added to the last column which was used as a positive 

growth control.  Two additional controls were done simultaneously.  ATCC 27661 non-

antibiotic resistant Staphylococcus aureus was used as the control organism in the top left 
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row, and the top right row of wells was used as a sterile broth control.  The microtiter 

plates were incubated in a plastic bag to prevent evaporation at 37°C for up to 20 hours.  

Before and after incubation, a microtiter plate reader (Labsystems Multiskan RC) 

measured absorbance at OD 590nm.  The MIC was calculated from the highest dilution 

showing no growth (OD 590nm equal to OD 590nm at time zero). 

2.6 Statistical Analysis 

Differences in the proportion of resistant isolates were analyzed by the chi-square test 

(using the program R-Project for statistical computing, version 2.10; http//cran.r-

project.org/).  P-values of 0.05 or less were considered significant.  
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3.0 RESULTS 

3.1 Isolates Obtained from Amazon Groups Sampled 

From the MSA plates, we obtained a total of 1525 isolates for the libraries from all 54 

parrot samples.  From the wild group a total of 325 isolates were obtained, 625 came 

from the managed group, and 575 were gathered from the farm group.  After 

characterizing the isolates a total of 546 isolates remained.  All other isolates were not 

used in the remainder of the study because they were not a pure culture, were identified 

as gram positive bacillus, or they did not grow on the control plate during antibiotic 

screening. 

3.2 Prevalence of Target Commensal Bacteria  

3.2.1 Enterococci 

No Enterococci were isolated from any of the 54 parrots sampled.  Of the few isolates 

obtained from the BEA plates, all were found to be esculin negative and gram-positive 

cocco-bacillus. 

3.2.2 Gram negative coliform bacteria 

Gram-negative coliforms were found in 28 of 54 (52%) parrot samples: 18 of 28 (69%) 

choanal samples; 17 of 33 (51.5%) cloacal samples; and 7 of 24 (29%) fecal samples.  All 

14 juvenile parrots (<1 year) and 14 of the 43 adult parrots (>1 year) exhibited coliforms.  

Gram negative coliforms that were identified by Enterotube®, included Enterobacter 
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cloacae, Klebsiella pneumonia, Providencia alcalfaciens, Kluyvera ascorbata, Yersinia 

pseudoturberculosis, and E. coli; quantification of these bacteria was not preformed. 

3.2.3 Escherichia coli  

E. coil was isolated from wild and farm parrots, but not from managed parrots.  Its 

occurrence was 13% (2 of 15) in the farm group and was limited to the baby parrots 

under 3 months of age.  No E. coli was isolated from the 22 fecal samples of wild parrots.  

However, it was obtained from the cloacal sample of a 9 week old juvenile.  In total 

E.coil was isolated from 3 of the 54 (5%) parrots, all of which were juveniles (< 6 

months). 

3.2.4 Staphylococci and other Catalase and Gram Positive Cocci 

Gram-positive cocci were discovered from10 (60%) parrots of the farm group, 8 (61.5%) 

from the managed, and 6 (23%) from the wild group. Of the 22 wild fecal samples, only 

three samples harbored the target organisms.  Gram-positive cocci were obtained from 

both the choanal and cloacal samples from the managed and wild groups. However, they 

were only present in the choanal samples of the farm group.  Since only gram-positive 

cocci were obtained in all three groups, the antibiotic resistance screening focused on 

gram-positive isolates. 

3.3 Identification of Gram Positive Cocci Isolated from Amazon Parrots 

3.3.1 Operational Taxonomic Units for Isolates Obtained from Mannitol Salt Agar Plates 

Concentrating on the gram-positive isolates from the MSA plates, they were grouped into 

operational taxonomic units (OTU), based on cultivable characteristics and mannitol 

fermentation.  All isolates were gram-positive cocci, catalase positive, and oxidase-
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negative.  Seven OTU’s were created: 1) white mannitol fermenters [totaling 143 

isolates], 2) white mannitol non-fermenters, [210 isolates], 3) white Mannitol 

intermediate fermenters [128 isolates], 4) cream spoke wheel textured mannitol non-

fermenters [2 isolates], 5) tan mannitol non-fermenters [10 isolates], 6) tan mannitol 

fermenters [18 isolates], and 7) yellow mannitol fermenters [35 isolates]. 

3.3.2 Molecular Identification of Gram positive cocci  

Of the 50 isolates whose 16s rRNA gene were sequenced, 36 sequences were aligned and 

matched with sequences in GenBank.  Details of each sequence identification are 

presented in Table 3.  The isolates belonged to either the Staphylococcus or Rothia 

genera.  Fifteen of the 36 (41.6%) sequences had a 99% similarity to Rothia nasimurium 

strain CCUG 3595716S ribosomal RNA partial sequence (Collins et al., 2000).  Although 

all 15 isolates had 99% similarity, sequence alignment showed 5 different sequences.  All 

other isolates, except for one isolate which showed a 99% similarity to Kocruia kristinae, 

had 99% or higher similarity to Staphylococcus spp.  These species included S. sciuri (2), 

S. saprophticus (3), S. epidermidis (1), S. gallinarum (2), S. kloosii (3), and S. pasteuri 

(2).  Seven sequences from fecal samples of the wild parrots were determined to be 

identical to each other and showed a 100% similarity max to an uncultured bacterium 

clone KSC2-5 16S ribosomal RNA gene (Moissl et al., 2007).  These sequences also 

showed a 99% similarity to other S. warneri which would indicate that these isolates are 

in the Staphylococcus family. 

3.3.3 Determination of Bacterial Species 

The previously described OTU’s combined with the 16S rRNA results were used to 

combine isolates into three OTU’s.  The PCR analyses showed that isolates from OTUs 
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one, three, six, and seven were all Staphylococcus spp.  OTUs four and five were 

determined to be Rothia spp., and OTU two was a combination of Staphylococcus and 

Rothia spp.  In order to determine whether the isolates of OTU two were Staphylococus 

or Rothia spp. the microscopic arrangement and cultivable characteristics were used.  

Three OTU’s were created; OTU 1 was for mannitol-fermenting isolates which were 

considered to be Staphylococcus spp. since Rothia spp. are not known to ferment 

mannitol (von Graevenitz, 2004) and all 15 16S rRNA sequences that had 99% similarity 

to Rothia spp. were mannitol non-fermenters.  Of the 9 mannitol-fermenting isolates that 

were identified by 16 S rRNA sequencing, all had 99% or 100% similarities to 

Staphylococcus spp. previously mentioned.  The isolates that were mannitol non-

fermenters were differentiated into either OTU 2 (Staphylococcus spp.) or OTU 3 (Rothia 

spp.) based on their microscopic morphological arrangement of tetrads (Rothia) or 

clusters (Staphylococcus), the adherence to the agar which is typical for Rothia spp. (von 

Graevenitz, 2004), and on the amount of growth when sub-cultured onto MSA.  Sparse to 

no growth was typical of Rothia spp., which are often distinguished from other gram-

positive cocci based on their low salt tolerance.  OTU 1 had 324 isolates obtained from 

16 different parrots from all 3 groups.  OTU 2 had 55 isolates obtained from 10 parrots 

from all 3 groups, and OTU 3 had 167 isolates obtained from 10 parrots from both the 

managed and farm groups.  Table 4 summarizes the OTU’s.  
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3.4 Prevalence of Antimicrobial Resistance  

3.4.1 Antimicrobial Resistance of the Gram positive cocci from all Groups of Amazon 

Parrots 

Resistance was detected to one or more antibiotics in 161 (29%) of 546 isolates.  Of the 

161 resistant isolates, 113 (70%) resisted only one antibiotic, and the remaining 48 

exhibited multi-drug resistant.  The highest numbers of resistant isolates were detected in 

Amoxicillin/Clavulanate at 74 (46%) resistant isolates and Enrofloxacin at 73 (45%) of 

the resistant isolates.  Resistance was found to Doxycycline in 50 (31%) resistant isolates, 

Cefotaxime in 18 (11%), and Amikacin in 7 (4.3%).  The most commonly observed 

resistant phenotype among the multi-drug resistant isolates (Figure 1) was 

Amoxicillin/Clavulanate and Doxycycline in 30 (55%) isolates, followed by Doxycycline 

and Enrofloxacin  in8 (15%) isolates.  Three isolates, all from wild parrot #35, were 

resistant to all five antibiotics tested.  The results of antibiotic-resistance screening of the 

isolates from the three groups are summarized in Table 5. 

The managed group displayed the highest number of resistant isolates with 84 of 161 

(52%) isolates having resistance to at least one antibiotic.  The farm group had resistance 

in 60 of 180 (33%) isolates, and the wild group 17 of 205 (8%) isolates. Figure 2 shows 

the proportion of isolates in each group that are resistant for each antibiotic.   

3.4.2 Comparison of Antibiotic Resistance among Bacterial Species 

Of the 546 isolates, 167 were determined to be Rothia spp., 324 to be mannitol or 

intermediate mannitol fermentering Staphylococcus spp., and 55 to be mannitol non-

fermenting Staphylococcus spp.  Of the Rothia spp. 70 (42%) were resistant, and 8 

(4.8%) were multi-drug resistant.  For the mannitol-fermenting Staphylococcus spp., 56 
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(17%) were resistant with 7 (2%) being multi-drug resistant.  Of the 55 mannitol non-

fermenting Staphylococcus spp., 35 (64%) were resistant, 33 (60%) having multi-drug 

resistance (Table 6). 

3.4.3 Minimum Inhibitory Concentration for Representative Isolates 

The MICs were determined for 56 representative resistant isolates: ten isolates for 

amoxicillin/clavulnate, seven for amikacin, nine for cefotaxime, 13 for doxycycline, and 

17 for enrofloxacin (Table 7). 

3.5 Statistical Analysis of Isolates 

3.5.1 Analysis Among Isolates from the Amazon Groups 

The chi-square comparisons of the number of resistant isolates for each antibiotic were 

significantly different among the groups (Table 5).  

3.5.2 Analysis Among Bacterial OTU 

Significant differences were found between the number of resistant isolates and multi-

drug resistant isolates across the three bacteria OTUs. 

3.6 Individual Parrot Results 

To assess the level of resistance within an individual parrot, a resistance parameter (RP) 

was calculated.  Each isolate was given a number, zero to five according to the number of 

antibiotics for which it tested resistant.  The mean was taken across all isolates to assign 

each parrot an individual resistance parameter.  The mean and standard error of the 

individual resistance parameter within each group is represented in Figure 3. 
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The breakdown of resistant phenotypes to the five tested antibiotics for each sampled 

parrot is in Table 8.  For the comparison of individual parrots they were placed into three 

categories based on the number of antibiotics they were resistant to for all their isolates 

combined.  Category one were parrots that had no resistance to any of the antibiotics 

tested.  There were a total of nine parrots; one from the managed group, three from the 

farm, and two from the wild.  Category two consisted of 11 parrots that had resistance to 

only one of the antibiotics tested; three from the managed group, five from the farm, and 

three from the wild.  Finally category three was parrots that had resistance to more than 

one antibiotic tested.  There were seven parrots; four from the managed group, two from 

the farm, and one from the wild. 
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4.0 DISCUSSION 

4.1 Commensal Bacteria Isolated from Amazon Parrots 

4.1.1 Incidence of E. coli and Gram negative Coliform Bacteria 

In this study, the frequency of E. coil found was 5%, similar to other studies (Bangert et 

al., 1988, Bowman &  Jacobson, 1980, Graham &  Graham, 1978, and Jesus &  Correia, 

1998).  Dorrestein et al. (1985) , Styles and Flammer (1991), and McDonald and Waters 

(1981) found higher frequencies of E. coli (up to 41%).  E. coli was not the most 

prevalent gram-negative bacteria in this study, which was a similar to other studies, 

(Bangert et al., 1988, Bowman & Jacobson, 1980, Flammer &  Drewes, 1988).  Bangert 

et al (1988) examined the frequency of E. coli in parrots of different ages, they did not 

find E. coli in 26 parrots under one year of age; however, E. coli was found in one bird 

out of 23 (ages one to four years) and in two of 12 parrots that were over four years. This 

led the authors to conclude that the frequency of E. coli and other gram-negative bacteria 

increases with age.  Here, we found the opposite; all E. coli isolates were obtained in 

parrots under six months of age, and of the 14 parrots less than six months of age, all 

cultured gram-negative bacteria.  Of the adult birds over one year, only 35% cultured 

gram-negative bacteria.  Results of this study suggest young birds have higher incidence 

of E. coli and other gram-negative bacteria. 

Flammer and Drewes (1988) stated the need for testing for the presence of E. coli in wild 

parrot populations to determine if the enteric commensals really part of the parrot’s 
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normal flora or a consequence of the artificial environment of captivity (Flammer &  

Drewes, 1988).  The current study found E. coli in one wild parrot (< 6 months), 

suggesting it may be a part of the normal flora.  However, a recent molecular study that 

identified cloacal microbiota of eight adult wild parrots failed to find E. coil ( Xenoulis et 

al., 2010). 

All parrots from the farmed and managed groups were considered healthy at the time of 

sampling and remained as such for the duration of the study.  The wild parrot group is 

assumed to be healthy as they cannot be tracked.  The presence of gram-negative enterics 

suggests that some percentage of parrots may carry E. coli and other gram-negatives as 

part of their normal gut flora. These bacteria may cause disease opportunistically in 

immune-compromised parrots or during stress. 

4.1.2 Gram-Positive Cocci Species Isolated 

Three species of gram positive cocci were found in this study: Staphylococcus spp., 

Rothia spp., and Kocuira spp.  Two of the species, Rothia and Kocuria, have not been 

detected previously in psittacines.  And all Staphylococcus spp. isolated were coagulase-

negative. 

Rothia spp. are characterized as gram-positive cocci, catalase-positive, mannitol non-

fermenting, and oxidase negative (von Graevenitz, 2004).  They are considered part of 

the normal flora of the upper respiratory tract of humans (Bergan and Kocur, 1982), but 

may cause disease (McWhinney et al., 1991). The isolates in this study determined to be 

Rothia spp. were obtained from 10 different parrot samples from only the captive parrots.  
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The genus Kocuria consists of nine species of gram-positive cocci usually arranged in 

tetrads that are strict aerobes, catalase-positive, and can grow in the presence of 10% 

NaCl (Stackebrandt et al., 1995).  They are considered to be commensals that colonize 

the skin and mucosa of humans, but have been documented to cause infections in 

immune-compromised patients (Tsai et al., 2010).  Kocuria sp. was isolated from one 

captive parrot. 

Many of the coagulase-negative staphylococci (CNS) are considered either normal flora 

or non-pathogens in humans.  However, CNS are one group of bacteria that have 

relatively recently emerged as opportunistic pathogens in immune-compromised human 

patients and are being more commonly implicated in disease. (Hosein et al., 2002, Levy, 

2002).  In addition, CNS can be a reservoir for resistant genes that could spread to 

pathogens like S. aureus (Neu, 1992). 

For this study, in order to separate Rothia spp. from Stapylococcus spp. mannitol non-

fermenters and mannitol fermenters were separated, giving three OTUs.  Comparing the 

two Staphylococcus OTUs, the mannitol non-fermenters had a higher percentage of 

resistant isolates, (64%) compared to the mannitol fermenters (17%).  They also had a 

higher percentage of multi-drug resistant isolates, (60%) verses (2%), respectively.  

Based on these results, it suggests that mannitol non-fermenting Staphylococci spp. such 

as S. epidermidis, could be more common carriers of resistant genes, especially coding 

multi-drug resistance, than mannitol fermenting spp.  Mannitol non-fermenting 

Staphylococcus spp., such as S. epidermidis, are very common commensals in various 
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animal species, and may experience greater antibiotic exposure.  This may explain why 

these species displayed a proportionally high resistance. 

4.2 Antibiotic Resistance in Amazon Parrots 

This study shows that apparently healthy Amazon parrots harbor antibiotic-resistant 

commensal bacteria. Since two of the target commensal bacteria, E. coil and Enterococci, 

were either not isolated or were isolated from only a few parrots, their antibiotic 

resistance could not be determined.  However, Staphylococcus and Rothia spp. were 

isolated, and antibiotic resistance was present in these species.  Rothia spp. has not been 

reported to have antibiotic resistance, and although rarely implicated in diseases, they are 

newly emerging pathogens for the immune-compromised population.  Finding previously 

unreported resistance in these commensal bacteria may serve as a warning that they could 

play a future pathological role in hospitals or community. 

The chosen groups of Amazon parrots had apparent differences in their history of 

antibiotic exposure.  However, quantification of the exact exposure and timeline is 

impossible within the confines of our study. Therefore, no correlation can be made 

between number of antibiotic resistant isolates found in a parrot or group and the amount 

of antibiotic use.  Also small samples sizes of parrots, nested within groups as well as 

isolates nested within each bird prohibited statistical observation of resistance across 

groups and/or individual parrots.   

4.3 Clonal Nature of Bacteria 

Our data support theories that bacteria are clonal in nature (Falkow et al., 1987 and Smith 

et al., 1993).  Finding bacterial isolates within an individual parrot that had identical 16S 
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rRNA sequences, which exhibited different resistant phenotypes, support these clonal 

claims.  Different phenotypes in an individual parrot indicate multiple exposures that 

occurred over time, and due to bacterial clonality these different phenotypes remained 

within the parrot.  On the other hand, antibiotic resistance occurring from selective 

pressures should give rise to one resistant phenotype, as was found in one parrot where 

all isolates were resistant to enrofloxacin.  However, most parrots in this study had 

multiple phenotypes which do not indicate antibiotic use as the contributing factor.  

Therefore, further studies are warranted to determine how parrots acquired the resistance 

found.  And sampling of the surrounding environment, including water, soil, food, and 

animal caretakers, along with genotyping isolates to identify strains should be done to 

better understand the resistant patterns found in this study. 

4.4 Antibiotic Resistance found in Wild Birds 

Other studies found antibiotic resistance in wild bird populations. Three such studies 

examined prevalence in remote regions where antibiotic exposure should be minimal. 

Nascimento et al. (2003) examined a remote region in Brazil, and obtained 191 

unidentified gram-negative isolates from 19 birds of various species, finding resistance in 

134 of the isolates.  And Sjolund et al (2008) examined remote regions of the Arctic, 

finding 8 resistant E. coli isolates from 97 obtained from various bird spp.  Both studies 

indicate that migratory birds may carry resistant bacteria from human-populated areas to 

remote locations. However, Bonnedahl et al (2008) failed to isolate antibiotic resistant 

bacteria from penguins in the remote Antarctic region, leading them to conclude that in 

the absence of both anthropogenic influences and antibiotic use resistance is unlikely.   
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Several other studies examined frequency of resistance in more populated human areas. 

Cole et al. (2005) found resistance in 21 of 47 E. coil isolates sampled from Canada 

Geese in Georgia and South Carolina, and White and Forrester (1979) sampled both 

cormorants and common loons in Florida and obtained 39 Salmonella spp. isolates and 

detected resistance in 14 of the isolates.  And Dolejska et al. (2007) found resistance in 

75 of 257 E. coli isolated from Black-headed Gulls in the Czech Republic.  These studies 

indicate that antibiotic resistance in wild birds is common.   

Antibiotic resistance has been documented in wild birds for gram-negative bacteria; 

however, this was the first study that examined Staphylococcus spp., and found resistance 

in 17 of 205 staphylococcus isolates.  Interestingly, one wild bird in the present study had 

resistance to all antibiotics tested.  In 1979 White and Forrester found resistant 

Salmonella spp. in wild birds in Tampa Bay, Florida and had several MDR isolates with 

resistance to tetracycline, kanomycin (aminoglycoside), ampicillin (beta-lactam), and 

cephalothin (first generation cephalosporin).  Resistance was found to similar drugs in the 

present study which is over 30 years later, suggesting that multi-drug resistance in wild 

birds, at least in Florida, is common and has existed for several decades.   White and 

Forrester (1979) suggested that the Tampa Bay area, which is well supplied with 

hospitals, sewage plants, slaughter plants, and poultry farms, may have contaminated 

water supply that might have been the source for resistant bacteria found in the wild 

birds.  Also, Cole et al. (2005) showed that Canada Geese living near water contaminated 

with swine wastes had significantly higher amounts of antibiotic resistant bacteria than 

those not living near such water supplies. The flock of wild Green-cheek Amazons 

sampled in the present study only spends March through August in Palm Beach County 
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and then the majority flies north into Indian River County to feed on citrus from late 

August until February (Reillo, personal communication). Indian River County is mostly 

composed of cattle and citrus farms and water runoff from these agriculture farms could 

contain antibiotic residues.  This could provide a potential explanation for the resistance 

seen in the one wild bird. 

4.5 Birds as Reservoirs and Vectors for Antibiotic Resistant Bacteria 

Since other studies have shown that wild birds carry antibiotic-resistant bacteria,  (Cole et 

al., 2005, Dolejska et al., 2007, Nascimento et al., 2003, Sjolund et al., 2008) it indicates 

that birds may act as a reservoir for resistant bacteria. Wild birds may be exposed to 

residual antibiotics from water and food sources contaminated by humans and 

domesticated animals, not necessarily from direct antibiotic exposure. Due to wild birds 

frequent visits to ground water and food sources in human environments, agriculture and 

animal farms they may have higher exposure to potential resistant reservoirs and by 

flying and migration they are able to spread  these resistance bacteria (Sjolund et al., 

2008).  White and Forrester (1979) surveyed antibiotic resistance in several species of 

animals (raccoons, lizards, and two bird species; cormorants and common loons) in 

Florida finding resistant bacteria only in the two bird species which may indicate birds 

are more likely to harbor and transmit resistant bacteria. 

Aviculture may also act as a vector for transmission of antibiotic resistant, more so than 

other non-food animals due to their sale and widespread movement. In addition, since 

many parrots are housed outdoors they have direct contact with the environment and 
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other wild birds, and bacteria could be transferred between wild and captive birds through 

feces and contaminated water/ food dishes.  

4.6 Importance of Enrofloxacin and Amoxicillin/Clavulnate Resistance 

This study supports the theory that antibiotic use in animal contributes to bacterial 

resistance.  The antibiotics with the highest resistance (13%) found in this study were 

Enrofloxacin and Amoxicillin/Clavulnate.  Both drugs have been indicated to cause 

resistant bacteria in food animals. Endtz et al. (1991) suggested that the increase in 

quinolone resistance seen in human Campylobacter isolates was correlated with increased 

use of Enrofloxacin on poultry farms in the Netherlands, which led the Federal Drug 

Administration to withdraw the use of the water form of the drug in 2005. 

Amoxicillin/Clavulnate has also been banned for use in food animals in both the United 

States and Europe.  Our study suggests that antibiotics may create a reservoir of 

resistance and therefore there should be concern over the overuse and misuse of these 

drugs in aviculture. 

4.7 Conclusion 

This study demonstrated antibiotic resistant commensal bacteria in both wild and captive 

Amazon parrots.  Data from this study suggests MDR may be more prevalent in mannitol 

non-fermenting Staphylococcus spp., and finding drug resistance in Rothia spp. may 

indicate a future role in disease. Although no comparisons were made between groups or 

parrots, the resistant phenotypes expressed cannot be explained by apparent antibiotic 

exposure. Further studies are warranted to establish the acquisition and spread of 

resistance phenotypes across individual parrots. To strengthen the design of this study, an 
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increase in number of birds, sampled from each group, can allow for statistical analyses 

with greater power.  However, if a predetermined number of isolates was used to reduce 

variation, we would not have been able to report the frequency of antibiotic resistance 

within each individual and may have missed the discovery of the antibiotic resistant 

Rothia spp. 
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Table 1: Details of Individual Parrots Sampled 

 

Parrot Population Age Species Housing 

1 managed 4yrs Amazona rhodocorytha  flock 

2 managed nk Amazona rhodocorytha  flock 

3 managed 3yrs Amazona rhodocorytha  flock 

4 managed 3yrs Amazona rhodocorytha  flock 

5 managed 6yrs Amazona rhodocorytha  flock 

6 managed 2yrs Amazona rhodocorytha  flock 

7 managed 2yrs Amazona rhodocorytha  flock 

8 managed 6wks Amazona rhodocorytha  group/indoors 

9 managed 6wks Amazona rhodocorytha  group/indoors 

10 managed 15 mos. Amazona rhodocorytha  flock 

11 managed nk Amazona rhodocorytha  flock 

12 managed nk Amazona rhodocorytha  flock 

13 managed nk Amazona rhodocorytha  flock 

14 farm 8yrs Amazona barbadensis single 

15 farm 4yrs Amazona aestiva single 

16 farm 10yrs Amazona oratrix single 

17 farm 6yrs Amazona autumnalis single 

18 farm nk Amazona auropalliata single 

19 farm 7mos. Amazona auropalliata flock 

20 farm 7mos. Amazona aestiva flock 

21 farm 7mos. Amazona auropalliata flock 

22 farm 7mos. Amazona auropalliata flock 

23 farm 7mos. Amazona auropalliata flock 

24 farm nk Amazona amazonica single 

25 farm 15yrs Amazona viridigenalis single 

26 farm 15yrs Amazona viridigenalis single 

27 farm nk Amazona auropalliata single 

28 farm nk Amazona viridigenalis single 

29 wild 6wks Amazona viridigenalis flock 

30 wild 6wks Amazona viridigenalis flock 

31 wild 6wks Amazona viridigenalis flock 

32 wild 9wks Amazona viridigenalis flock 

33 wild adult Amazona viridigenalis flock 

34 wild adult Amazona viridigenalis flock 

35 wild adult Amazona viridigenalis flock 
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Table 1, Continued: Details of Individual Parrots Sampled 

 

Parrot Population Age Species Housing 

36 wild adult Amazona viridigenalis flock 

37 wild adult Amazona viridigenalis flock 

38 wild adult Amazona viridigenalis flock 

39 wild adult Amazona viridigenalis flock 

40 wild adult Amazona viridigenalis flock 

41 wild adult Amazona viridigenalis flock 

42 wild adult Amazona viridigenalis flock 

43 wild adult Amazona viridigenalis flock 

44 wild adult Amazona viridigenalis flock 

45 wild adult Amazona viridigenalis flock 

46 wild adult Amazona viridigenalis flock 

47 wild adult Amazona viridigenalis flock 

48 wild adult Amazona viridigenalis flock 

49 wild adult Amazona viridigenalis flock 

50 wild adult Amazona viridigenalis flock 

51 wild adult Amazona viridigenalis flock 

52 wild adult Amazona viridigenalis flock 

53 wild adult Amazona viridigenalis flock 

54 wild adult Amazona viridigenalis flock 

 

Table 2: Antibiotics and concentrations used to screen isolates obtained from choanal and 

cloacal samples of Amazon Parrots 

 

Antibiotic Antibiotic class 

Mechanism of Action 

(Inhibition) 

Conc. In 

Agar 

Amikacin Aminoglycosides protein synthesis 64µg/ml 

Amoxicillin/clavulanate Beta-lactam cell wall synthesis 8/4 µg/ml 

Cefotaxime Cephalosporin cell wall synthesis 64µg/ml 

Doxycycline Tetracycline protein synthesis 16 µg/ml 

Enrofloxacin Fluorquinolone DNA synthesis 4 µg/ml 
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Table 3: Taxonomic distribution of obtained sequences from Amazon Parrots 

 

Species 

% 

similarity Bird Group 

Anitbiotic resistant 

phenotype  

Rothia  nasimurium 99 3 managed En 

Rothia  nasimurium 99 5 managed En 

Kocuria kristinae 99 5 managed None 

Rothia  nasimurium 99 5 managed En Ctx 

Rothia  nasimurium 99 4 managed None 

Rothia  nasimurium 99 4 managed None 

Rothia  nasimurium 99 4 managed En 

Rothia  nasimurium 99 4 managed En 

Staphyloccus sciuri 100 4 managed None 

Staphylococcus gallinarum 99 20 managed AC 

Staphylococcus gallinarum 99 20 managed AC 

Staphylococcus kloosii 99 19 managed AC 

Staphyloccus sciuri 100 21 managed DC 

Staphyloccus epidermidis 100 21 managed AC DC 

Rothia  nasimurium 99 6 farm En 

Rothia  nasimurium 99 6 farm AC En 

Staphyloccus  saprophyticus 100 6 farm En 

Staphyloccus  saprophyticus 100 7 farm None 

Rothia  nasimurium 99 12 farm None 

Rothia  nasimurium 99 12 farm Ctx 

Rothia  nasimurium 99 13 farm En 

Rothia  nasimurium 99 13 farm En 

Rothia  nasimurium 99 13 farm En 

Rothia  nasimurium 99 14 farm None 

Staphyloccus  saprophyticus 100 17 farm DC 

Staphylococcus kloosii 99 8 farm AC 

Staphylococcus pasteuri 100 29 wild AC 

Staphylococcus pasteuri 100 29 wild AC 

 

Am = Amikacin; AC = Amoxi/Clavunate; Ctx=Cefotaxime; Dc= Doxycycline; En= 

Enrofloxacin 
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Table 3, Continued: Taxonomic distribution of obtained sequences from Amazon Parrots 

 

Species 

% 

similarity Bird Group 

 Anitbiotic resistant 

phenotype  

Staphylococcus kloosii 99 30 wild None 

Staphylococcus warneri 100 26 wild Am Ctx Dc 

Staphylococcus warneri 100 26 wild Am DC 

Staphylococcus warneri 100 26 wild Am AC Ctx En DC 

Staphylococcus warneri 100 26 wild Ctx 

Staphylococcus warneri 100 26 wild Am AC DC 

Staphylococcus warneri 100 26 wild Am Ctx 

Staphylococcus warneri 100 24 wild None 

 

 

Table 4: Operational Taxonomic Units for Commensal Gram-positive cocci isolated from 

Amazon Parrots 

O T U Species Mannitol # of Isolates # of Parrots Groups found in 

1 Staphs fermenting 296 16 All 

2 Staphs 

non-

fermenting 84 10 All 

3 Rothia 

non-

fermenting 167 10 managed & farm 
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Table 5: Prevalence of antibiotic resistant phenotypes of gram-positive cocci isolated 

from three groups of Amazon parrots 

 

Antibiotic resistant 

phenotype 

Group * Significant 

differences 

between groups 
 

Wild Managed Farm Total 

 

(n=205) (n=161) (n=180) (chi-square test) (n=546) 

Amikacin 7 (3.4) 0 (0) 0 (0) P = 0.002 7 (1.3) 

Amoxicillin/Clavulnate 12 (6) 39 (24) 23 (13) P < 0.001 73 (13) 

Cefotaxime 7 (3.4) 10 (6) 1 (0.5) P = 0.01 18 (3) 

Doxycycline 6 (3) 39 (24) 5 (3) P < 0.001 49 (9) 

Enrofloxacin 4 (2) 36 (22) 33 (18) P < 0.001 73 (13) 

Total of resistant 

isolates 17 (8) 84 (52) 60 (33) P < 0.001 161 (29) 

 

Values within the parentheses expressed in percentage 

*n = number of isolates examined 

 

 

Table 6: Frequency of antibiotic resistant phenotypes of gram-positive cocci isolated 

from Amazon Parrots 

 

Antibiotic resistant 

phenotype OTU  

Significant 

differences 

between groups 

 

 
1 2 3 

 

Total 

 

(n=324) (n=55) (n=167) p < 0.001 (n=546) 

Non-resistant 268 (83) 20 (36) 97 (58) p < 0.001 385 (70) 

Single-drug resistant 49 (15) 2 (4) 62 (37) p < 0.001 113 (21) 

Multi-drug resistant 7 (2) 33 (60) 8 (5) p < 0.001 48 (9) 

Total of resistant 

isolates 56 (17) 35 (64) 70 (42) p = 0.003 161 (29) 

Values within the parentheses expressed in percentage 
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Table 7: MIC Values of Representative Resistant Isolates from Amazon Parrots 

 

Antibiotic No. of isolates with indicated MIC (µg/ml) 

 

4 

µg/ml 

8 

µg/ml 

16 

µg/ml 

32 

µg/ml 

64 

µg/ml 

128 

µg/ml 

256 

µg/ml 

512 

µg/ml 

1024 

µg/ml 

Amikacin 

    

0 0 0 0 7* 

Amoxiclav 

 

0 1 0 0 2* 

   Cefataxime 

    

0 0 0 0 3 

Doxycycline 

  

0 3 0 0 0 

  Enrofloacin 0 1 0 0 4 (2*) 
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Table 8: Resistant phenotypes to the five tested Antibiotics for each individual Amazon 

parrot 

 

Parrot 

# of 

Isolates 

# 

Resistant 

# 

MDR 

Antibiotics 

Resisted Bacterial Sp. 

1 1 0 0 none Staph sp. 

3 6 2 0 En Rothia sp. 

4 44 32 4 Ctx En Staph & Rothia sp. 

5 9 7 3 AC Ctx DC En Rothia & Kocuria sp. 

6 35 3 0 AC Staph sp. 

7 6 5 3 AC Dc Staph sp. 

8 53 31 29 AC Ctx Dc Staph sp. 

9 7 4 0 Dc Staph sp. 

14 11 6 2 AC DC En Staph & Rothia sp. 

15 4 1 0 En Staph & Rothia sp. 

16 28 23 0 AC Dc Staph & Rothia sp. 

17 23 2 0 En Rothia sp. 

19 5 0 0 none Rothia sp. 

20 9 1 0 Ctx Staph & Rothia sp. 

21 27 24 0 En Staph & Rothia sp. 

22 44 0 0 none Rothia sp. 

25 4 3 0 Dc Staph sp. 

26 25 0 0 none Staph sp. 

29 8 5 0 AC Staph sp. 

30 68 2 0 AC Staph sp. 

31 102 0 0 none Staph sp. 

33 11 1 0 AC Staph sp. 

35 15 9 8 

Am AC Ctx Dc 

En Staph sp. 

37 1 0 0 none Staph sp. 

 

Am= Amikacin; AC=Amoxi/Clavunate; Ctx=Cefotaxime; Dc=Doxycycline 

En=Enrofloxacin; MDR = Multi-drug resistant 
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Figure 1: Antibiotic-resistant phenotypes among resistant isolates from Amazon parrots; 

Antibiotics: Am= Amikacin, AC = Amoxi/Clavunate, Ctx=Cefotaxime, Dc= 

Doxycycline, En= Enrofloxacin 
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Figure 2: Proportion of resistant isolates resistant to each antibiotic across the three 

groups of Amazon parrots; Antibiotics: Am= Amikacin, AC = 

Amoxi/Clavunate, Ctx=Cefotaxime, Dc= Doxycycline, En= Enrofloxacin 
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Figure 3: Comparison of resistant indices across Amazon parrot groups 
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