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Background:  Increased  use  of  antibiotics  in  poultry  leads  to the  development  of antimicrobial  resistance
among  the  commensal  bacterium  of  broiler  chickens.
Objective:  In  this  study,  we  aimed  at studying  the  effect  of  periodic  administration  of therapeutic  antibi-
otics  against  the  bacterial  diversity  in  poultry  litters  collected  from  broiler  chickens.
Methods: Poultry  litters  were  collected  randomly  at  regular  intervals  after  administration  of antibiotics
(1st,  12th  and  22nd  day)  to the  chicken.  Bedding  material  without  litters  served  as  control.  Phenotypic
observations  showed  that  there  is  a difference  in  the  bacterial  richness  isolated  at  regular  intervals.  A
total  of  32 bacteria  were  isolated  from  poultry  letters  and are  grouped  into  ten  different  genus.  Isolated
bacterial  species  were  further  confirmed  by16S  rRNA  sequencing.
Results:  Antibiotic  susceptibility  profile  of isolated  bacterial  species  exhibited  strong  resistance  towards
13 selected  antibiotics.  These  results  substantiate  that  administration  of antibiotics  leads  to  the  alter-
ations  in  bacterial  diversity  and  development  of  antimicrobial  resistance  among  the commensal  bacteria

of poultry  litter.
Conclusion:  This  high  selection  pressure  of therapeutic  antibiotics  may  lead  to  species  selection  and
development  of  antibiotic  resistance  among  bacterial  population.  Development  of such  species  selection
may  access  the human  and  other  organisms  via  food  chain  and  can  cause  severe  health  defects.

© 2019  The  Authors.  Published  by Elsevier  Limited  on  behalf  of King  Saud  Bin Abdulaziz  University
for  Health  Sciences.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://
ntroduction

Usage of antibiotics for various human and veterinary bacte-
ial diseases has revolutionized the medical industry for the past
0 years. However, extensive use and abuse of antibiotics trig-

ers high selection pressure among microbes which resulted in the
evelopment of antibiotic resistance [1,2]. Development of antibi-
tic resistance has emerged as a serious problem in clinical trials.
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C  BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Emergence of antibiotic resistance has driven into the health risk
because of its drastic use in non-therapeutic practices analogous as
therapeutics especially in animal farming [1].

When compared to other livestock business, the growth of poul-
try industry has considerably increased since 1970. Consumption
of chicken meat has increased by four percentage for every year [3].
As a result, poultry farms are increased and equipped to rear large
number of chickens for the steady production of meat [3]. During
large scale meat production, care must be taken to maintain the

health of the chickens. Subsequently this situation will result in
the use and abuse of antibiotics for the treatment of infectious dis-
eases. In some cases, antibiotics are also used as growth promoting
agents in poultry [4]. Although administration of antibiotics seem
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o be inevitable in both conventional and modern poultry farming,
heir overuse in recent days results in the development of high level
f antibiotic resistance microbes.

Development of antibiotic resistance in veterinary environ-
ent has become the significant cause of concern due to its

ossible effects on humans. The direct contact with poultry envi-
onment may  lead to antibiotic resistant bacterial accumulation in
umans. Usually the poultry slaughter house farmers are at high
isk of colonization of antibiotic resistant bacteria. Also the accu-
ulation of antibiotic residues via the intake poultry products in

umans leads to the highest selection pressure on human micro-
iota [5]. Such exchange of antibiotic resistance to the humans
ill arise to complications during surgeries, transplantation of

rgans, chemotherapy for cancer treatment, etc., [6]. Poultry envi-
onment harbors complex microbiota of chicken intestinal origin
7]. Researchers found that food additives including antibiotics
nfluence the gut microbiota of chickens [7–9]. Increased use of
ntibiotics in poultry feed results in bacterial selection in chicken
ntestine. Reports show that the administration of antibiotics influ-
nces the growth of gram positive microflora in chicken intestine.
ccordingly, gram positive bacteria produce toxins against other
ommensal bacteria and compete with the host nutrients [10].
ntibiotic resistant bacteria can enter the humans via direct con-

act, intake of animal originated foods and/or through the livestock
nvironment [11]. Transmission of antibiotic resistance genes to
uman bacterial community by means of intestinal passage may
ontribute to the treatment failure risk [12].

In commercial poultry farms, poultry litters are accumulated in
arge scale [4]. Poultry litter are the mixed composition of bedding

aterial, faeces and feathers. It also contains significant amount
f nutrients and are utilized as cheap organic fertilizer for the
mproved crop management. Such applications of litter to the agri-
ultural land can attribute to the manure borne resistance spread.
his is because nearly 70–90% of administered poultry antibiotics
t sub-therapeutic level are excreted through litters in the manure
4]. Most of the human therapeutic antibiotics used in poultry farms

ay  be responsible for the development and outbreak of antibiotic
esistance pathogens. Subsequently it becomes a threat of treat-
ent failure when an individual is infected with such pathogens.

esides the antibiotic resistance bacteria (ARB), antibiotic resis-
ance genes (ARGs) which accumulate in the poultry environment
an also be transferred to humans. Based on these backgrounds the
resent study was aimed to identify the bacterial richness in poul-
ry litter following various antibiotic administrations. Further we
lso aimed to observe the antibiotic resistance profile of identified
icrobes against selected antibiotics used in poultry farms.

aterials and methods

ample collection

Poultry litter samples were taken from the poultry farm in
amakkal district, Tamil Nadu, India. Namakkal district alone

argely meets the need of chicken meat of India. The farm reserves
pproximately 1500–2000 broiler chickens. Samples were col-
ected at different days (1st, 12th and 22nd day) after administration
f antibiotics. Bedding material serves as a control. The collected
oultry litter samples were labelled and preserved at −4 ◦C until
urther use.

election of antibiotics
Totally thirteen antibiotics from seven main antibiotic classes
amely aminoglycosides (kanamycin, neomycin, tobramycin,
treptomycin), amphenicol (chloramphenicol) beta (�) - lac-
ion and Public Health 12 (2019) 783–788

tam (amoxycillin, cxloxacillin), cephalosporin (cefalexin), fluoro-
quinolones (ciprofloxacin, ampicillin), macrolides (erythromycin)
and tetracyclines (tetracycline, oxytetracycline) were selected
based on the data of widespread usage of antibiotics in poultry
farms.

Isolation and phenotypic identification of culture dependent
bacteria

To isolate individual bacterial colonies, poultry litter from each
day were diluted serially (10−1 to 10-9) in distilled water and the
dilutions were spread on nutrient agar plates with the following
components: Peptic digest of animal tissue -5 g L−1, beef extract -
3 g L−1, NaCl- 5 g L−1 and agar - 1.5 g L−1. After inoculation, plates
were incubated for 24 to 48 h at 37 ◦C. Based on the morphologi-
cal observation individual bacteria were identified and confirmed
adopting Gram staining and other biochemical tests [13].

DNA extraction and 16S rRNA sequencing

For total DNA extraction, the bacterial cells were lysed
in cell lysis solution (10 mMTris−HCl, 1 mM EDTA, 10%
SDS, 5 mg/ml  of RNase) and kept at 37 ◦C (45 min). DNA
is resuspended in TE buffer and preserved at −4 ◦C until
further use [14]. The obtained DNA was checked in 0.8%
agarose gel electrophoresis. For 16S rRNA sequencing, universal
16S rRNA primer set 8 F (5′-AGAGTTTGATCCTGGCTCAG-3′) and
1492R (5′TACGGCTACCTTGTTACGACTT-3′) (OcimumBiosolutions
Ltd) were used [15]. The reaction volume of 50 �l was performed
with 0.1 ng of isolated DNA, 2X PCR master mix, 10 pmol of both
primer and sterilized Mili-Q water. PCR condition consists of an
initial denaturation (94 ◦C, 5 min) and 25 cycles of denaturation
(94 ◦C, 1 min), annealing (52.3 ◦C, 1 min) extension (72 ◦C, 1 min)
and final extension (72 ◦C 10 min). Amplified products were fur-
ther purified using HiyieldTM Gel/PCR DNA extraction kit (Gene
technologies, Australia). Purified PCR products were sent to Xcel-
ris Labs Ltd, Ahmedabad, India for gene sequencing. Sequencing
was carried out in ABI-PRISM automated sequencer- ABI-3730 DNA
analyzer (Applied Biosystems, USA).

Phylogenic tree construction for isolated bacteria

The nucleotide sequences were initially examined in Blast-n
site of NCBI server (http://www.ncbi.nlm.nih.gov./BLAST), match-
ing sequences were downloaded and multiple sequences were
aligned using Clustal X software program [16]. The percentage of
replicate trees where the related taxa clustered in the bootstrap
test (100 replicates) were expressed next to the branches [17]. The
phylogenetic tree was constructed using neighbor joining method
in MEGA software [18].

Antibiotic susceptibility test

Antibiotic susceptibility test was  determined using disc diffu-
sion method [19] by culturing each strain in Mueller Hinton agar
(MHA) medium with varying concentrations of selected antibiotics.
Culture adjusted to 0.5 NTU McFarland standards were inoculated
on MHA  medium and antibiotic discs were placed using aseptic
technique. Then the plates were incubated at 37 ◦C for 16–18 h for

the observation of zone formation. Susceptibility and resistance
cut- off criteria of zone formation of the tested isolates were deter-
mined on the basis of Clinical and Laboratory Standard Institute’s
interpretative criteria [20].

http://www.ncbi.nlm.nih.gov./BLAST
http://www.ncbi.nlm.nih.gov./BLAST
http://www.ncbi.nlm.nih.gov./BLAST
http://www.ncbi.nlm.nih.gov./BLAST
http://www.ncbi.nlm.nih.gov./BLAST
http://www.ncbi.nlm.nih.gov./BLAST
http://www.ncbi.nlm.nih.gov./BLAST
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Fig. 1. Distribution of bacteria

esults and discussion

henotypic identification of bacterial isolates

Addition of antibiotics in animal feed leads to species selection
nd/or emergence of antibiotic resistance microbes in the sur-
ounding environment [21,22]. Emergence of antibiotic resistance
icrobes is a serious cause of concern for both animal and human

ealth. Hence, the present study is conducted in a view to under-
tand the bacterial richness and antibiotic resistance behaviour of
acteria isolated from poultry litters after administration of antibi-
tics.

A total of 32 bacterial isolates were identified in this study.
mong them six are from the bedding material and the remaining
re from poultry litters. Based on the morphological assess-
ent and various biochemical assays the bacterial isolates were

dentified and broadly classified into ten different genera viz., Bacil-
us, Staphylococcus, Escherichia, Klebsiella, Enterococcus, Shigella,
neurinibacillus, Brevibacillus, Arthobacter and Halobacillus. The
ost predominant genus in the isolates was Bacillus and Staphy-

ococcus with 31% distribution followed by Escherichia species with
7%. Other species contribute to 3% of distribution (Fig.1). Mor-
hological and biochemical examination reveals that most of the
acteria isolated from the poultry litter are gram positive as men-
ioned in previous reports [23,24]. However, the significant finding
rom this study is the alterations in the microbial diversity follow-
ng various phase of antibiotic administration.

6S rRNA sequence analysis

The genus of bacterial isolates was reconfirmed to species level
sing 16S rRNA gene sequence analysis. For all the isolates the iden-
ification is based on the similarity percentage ranges from 90 to

9%. After BLAST analysis the sequences were deposited in NCBI
nd the accession number is provided in Tables 1–4. These results
ndicated that short sequence 16S rRNA sequencing could offer an
ppropriate identification amongst the isolated strains.
rsity in poultry litter samples.

The evolutionary relationships of bacterial isolates at differ-
ent day of sampling were inferred using Neighbor-Joining method
using MAGA X software. The optimal phylogeny with sum of
branch length was  shown in Fig. 2. This phylogenetic tree with
branch length in the same units infers the evolutionary distances
of bacterial taxa. Maximum composite Likelihood computation of
evolutionary distances results in the units of the number of base
substitutions per site. The phylogeny derived from the bacterial
isolates from each day is used to compare the bacterial diversity
alteration during various days of antibiotic administration.

Bacillusgroup
A total of 10 different Bacillus strains (B. korlenis, B. firmus, B.

niacini, B. endophyticus, B. tequilensis, B. subtillis, B. megatarium,
Bacillus species, B. aryabhattai and B. koreensis) were identified in
this group. Among the isolated strains first five strains were pre-
dominantly found in bedding material. B. subtillis were identified
in 1st day, B. megatarium, Bacillus species and B. aryabhattai were
identified in 12th day and B. koreensis was identified in 22nd day.

Staphylococcus group
A total of 10 Staphylococcus strains belonging to 5 different

Staphylococcus species (S. sciuri, Staphylococcus species, S. sapro-
phyticus, S. qallinarum and S. arlettae) were identified in this study. S.
sciuri and Staphylococcus species are identified from 1st day. While
S. saprophyticus and S. qallinarum strains were present in 12th day.
Staphylococcus species was again seen in 22nd day along with S.
arlettae.

Other species
Other species identified in this study are Escherichia coli,

Klebsiella pneumonia, Enterococcus faecium, Shigella flexneri,
Aneurinibacillus aneurinilyticus,  Brevibacillus species, Arthobacter

nicotianae and Halobacillus blutaparonensis. Bacillus species alone
were found in control samples. Likewise, Escherichia coli strains
were dominantly found in the 1st day and only one was present
in 12th and 22nd day. Among the remaining, Enterococcus fae-
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Table 1
Phylogeny based identification of bacteria in the control sample.

Bacterial strains identified BLASTn similarity in % Strain name NCBI accession number

Bacillus niacini 99% KTSMBNL-44 KM099167
Bacillus  korlenis 98% KTSMBNL-45 KM099168
Halobacillusblutaparonensis 99% KTSMBNL-46 KM099169
Bacillus  endophyticus 99% KTSMBNL-47 KM099170
Bacillus  firmus 99% KTSMBNL-48 KM099171
Bacillus  tequilensis 99% KTSMBNL-49 KM099172

Fig. 2. (a) Phylogenetic tree of bacteria isolated from control sample, (b) Phylogenetic tree of bacteria isolated from 1st day poultry litter sample, (c) Phylogenetic tree of
bacteria isolated from 12th day poultry litter sample, (d) Phylogenetic tree of bacteria isolated from 22nd day poultry litter sample.

Table 2
Phylogeny based identification of bacteria in the 1st day poultry litter sample.

Bacterial strains identified BLASTn similarity in % Strain name NCBI Accession number

Bacillus subtillis 100 KTSMBNL-50 KM200303
Escherichia coli 99 KTSMBNL-51 KM200304
Enterococcus faecium 99 KTSMBNL-53 KM200305
Escherichia coli 99 KTSMBNL-54 KM200306
Escherichia coli 99 KTSMBNL-55 KM200307
Klebsiellapneumoniae 99 KTSMBNL-56 KM200308
Staphylococcus sciuri 100 KTSMBNL-57 KM200309
Staphylococcus sp. 100 KTSMBNL-59 KM200310

Table 3
Phylogeny based identification of bacteria in the 12th day poultry litter sample.

Bacterial strains identified BLASTn similarity in % Strain name NCBI accession number

Staphylococcus saprophyticus 99 KTSMBNL-60 KM200311
Staphylococcus qallinarum 98 KTSMBNL-61 KM200312
Staphylococcus qallinarum 97 KTSMBNL-62 KM200313
Escherichia coli 98 KTSMBNL-64 KM200314
Shigellaflexneri 99 KTSMBNL-65 KM200315
Bacillus  megatarium 99 KTSMBNL-66 KM200316
Bacillus  sp. 98 KTSMBNL-67 KM200317
Aneurinibacillusaneurinilyticus 98 KTSMBNL-68 KM200318
Bacillus  aryabhattai 98 KTSMBNL-69 KM200319
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Table  4
Phylogeny based identification of bacteria in the 22nd day poultry litter sample.

Identified bacterial strains BLASTn similarity in % Strain name NCBI accession number

Bacillus koreensis 99 KTSMBNL-70 KM200320
Staphylococcus arlettae 99 KTSMBNL-71 KM200321
Brevibacillussp. 97 KTSMBNL-72 KM200322
Staphylococcus sp. 99 KTSMBNL-73 KM200323
Staphylococcus sp. 99 KTSMBNL-74 KM200324
Arthobacternicotianae 98 KTSMBNL-76 KM200325
Escherichia coli 99 KTSMBNL-77 KM200326
Staphylococcus arelettae 99 KTSMBNL-78 KM200327
Staphylococcus sp. 99 KTSMBNL-79 KM200328
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ium and Klebsiella pneumonia were isolated in 1st day. Shigella
exneri and Aneurinibacillus aneurinilyticus were found in 12th day
lone. Wherea Brevi bacillus species and Arthobacter nicotianae were
resent in 22nd day.

It is documented in this study that the bedding material reserves
arge number of Bacillus species. Besides Bacillus species, majority
f the bacteria identified after 1st day of antibiotic administration

ere E. coli. However, the trend has been changed to Staphylococ-

us species in the subsequent days after antibiotic administration.
rom this observation, it is revealed that administration of antibi-
tics to the poultry chickens alters the bacterial richness in the

ig. 3. (a) Antibiotic susceptibility profile of bacteria isolated from control sample, (b) An
c)  Antibiotic susceptibility profile of bacteria isolated from 12th day poultry litter sample
ample.
chicken intestine [25]. This finding is in concurrent with the ear-
lier reports of [26] where the ingestion of lupulone had adverse
effect on bacteria species like Lactobacillus and C. perfringens.
Similarly, in another study, treatment with antibiotics such as
streptomycin and tetracycline leads to changes in composition
of chicken microbiota. Streptomycin and tetracycline dramatically
decreases the operational taxonomic unit (OTU) microbiota up to

55 and 94%, respectively. Since the chickens were retained under
the same settings, it is believed that such changes in gut micro-
bial composition upon antibiotic administration were direct results
of the antibiotic treatment and not of random variation in gut

tibiotic susceptibility profile of bacteria isolated from 1st day poultry litter sample,
, (d) Antibiotic susceptibility profile of bacteria isolated from 22nd day poultry litter
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from Salmonella to commensal Escherichia coli. mBio 2017;8(4), e00777-17.

[28] Videnska P, Faldynova M,  Juricova H, Babak V, Sisak F, Havlickova H, et al.
Chicken faecal microbiota and disturbances induced by single or repeated ther-
apy with tetracycline and streptomycin. BMC  Vet Res 2013;9(1):30.
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icrobial composition and it also reflects in the poultry litter
27].

However certain bacterial species like Enterococcus and
scherichia were restored in chicken intestine with response to
ntibiotic treatment. Hence it is believed that stomach is the poten-
ial reservoir for specific microbial community. Even though the
nimal gut microbiota has random fluctuation in their composition,
ntibiotic administration may  be the cause of concern for changes
n gut microbiota [28].

ntibiotic susceptibility test

To determine the antibiotic susceptibility, 13 antibiotics were
ested in this study. According to clinical laboratory standard
nstitute it has been defined that the isolates capable of inhibit-
ng feasible concentration of antimicrobial agents are referred as
usceptible and resistant organisms are not inhibited by achiev-
ble concentrations of agents. Bacterial isolates from the bedding
aterial exhibited resistance towards ampicillin (35%) followed by

loxacillin, chloramphenicol, amoxicillin and ciprofloxacin (15%)
Fig. 3a). It is observed that the bacterial isolates from poultry litter
f 1st day exhibits strong resistance to tetracycline (50%), whereas,
acterial isolates from 12th day exhibits strong resistance to oxyte-
racycline (80%) and bacterial isolates from 22nd day shows strong
esistance to oxytetracycline and erythromycin (90%) (Fig. 3 b, c, d).
t is interesting to see that antibiotic susceptibility profile of bacte-
ial isolates from day 12 and 22 exhibited strong resistance towards
xytetracycline. This clearly indicates that administration of antibi-
tics leads to the emergence of antibiotic resistance pathogens.

Resistance of microbes to these antibiotics may  be due to devel-
pment of antibiotic resistance genes developed by the microbes
ollowing continuous administration of antibiotics. This clearly
ndicates that as far as the antibiotics are being administered into
he host, it creates high selection pressure on them, which leads to
he existence of selected species or emergence of antibiotic resis-
ance population.

onclusion

The detailed analysis of poultry litter bacterial community will
ive insights into vital performers in the spreading of antimicro-
ial resistance. The study helps in facilitating the necessary and
ppropriate prevention measures to deal with antibiotic-resistant
acteria in the litter which is reused as fertilizer. More research is
eeded in the future perspective to determine the potential con-
equence of the veterinary medicines on microbial flora in the
nvironment. The present study will be the ground to examine the
resence of source-oriented significant antibiotic resistant bacte-
ial release within the poultry environment.

cknowledgements

The author (KT) acknowledge for the financial support from
ouncil of Scientific and Industrial Research (CSIR), sponsored
roject No. (38(1295)/11/EMR-II). The author (KT) also acknowl-
dge DST for providing FIST scheme (FST: SR/FST/LSI-687/2016)
nd UGC for sanctioning SAP (UGC-SAP: No. F.5-4/2016/DRS-1
SAP-11)) to the Department of Environmental Biotechnology,
harathidasan University, Tiruchirappalli, Tamil Nadu, India. The

uthors NAA-D, MVA  and AKMG would like to extend their sincere
ppreciation to the Deanship of Scientific Research at King Saud
niversity for the funding of this research through the Research
roup Project No. RG-1440-107.
ion and Public Health 12 (2019) 783–788

References

[1] Schwarz S, Loeffler A, Kadlec K. Bacterial resistance to antimicrobial agents
and its impact on veterinary and human medicine. Adv Vet Dermatol
2017;8:95–110.

[2] Anderson AD, Nelson JM, Rossiter S, Angulo FJ. Public health consequences of
use  of antimicrobial agents in food animals in the United States. Microb Drug
Resist 2003;9(4):373–9.

[3] Dumas MD, Polson SW,  Ritter D, Ravel J, Gelb Jr J, Morgan R, et al. Impacts of
poultry house environment on poultry litter bacterial community composition.
PLoS One 2011;6(9):e24785.

[4] Teuber M.  Veterinary use and antibiotic resistance. Curr Opin Microbiol
2001;4(5):493–9.

[5] Marshall BM,  Levy SBJ. Food animals and antimicrobials: impacts on human
health. Clin Microbiol Rev 2011;24(4):718–33.

[6] Laxminarayan R, Duse A, Wattal C, Zaidi AK, Wertheim HF, Sumpradit N,
et  al. Antibiotic resistance—the need for global solutions. Lancet Infect Dis
2013;13(12):1057–98.

[7] Arokiyaraj S, Saravanan M,  Badathala V. Green synthesis of Silver nanoparticles
using aqueous extract of Taraxacum officinale and its antimicrobial activity.
South Indian J Bioogical Sci 2015;(2):115–8.

[8] Balachandran C, Duraipandiyan V, Emi N, Ignacimuthu S. Antimicrobial and
cytotoxic properties of Streptomyces sp. (ERINLG-51) isolated from Southern
Western Ghats. South Indian J Biol Sci 2015;1:7–14.

[9] Chattopadhyay MKJ. Use of antibiotics as feed additives: a burning question.
Front Microbiol 2014;5:334.

10] Knarreborg A, Simon MA,  Engberg RM,  Jensen BB, Tannock GW.  Effects of
dietary fat source and subtherapeutic levels of antibiotic on the bacterial com-
munity in the ileum of broiler chickens at various ages. Appl Environ Microbiol
2002;68(12):5918–24.

11] Adelowo OO, Fagade OE, Agersø Y. Antibiotic resistance and resistance genes
in Escherichia coli from poultry farms, southwest Nigeria. J Infect Dev  Ctries
2014;8(09):1103–12.

12] Hammerum AM,  Heuer OE. Human health hazards from antimicrobial-resistant
Escherichia coli of animal origin. Clin Infect Dis 2009;48(7):916–21.

13] Cappuccino J, Sherman N. A laboratory manual of microbiology. Suffern, New
York: Rock land Community College; 1999.

14] Sambrook J, Fritsch E, Maniatis T. Molecular cloning 2. NY: Cold Spring Harbor
Laboratory Press; 1989.

15] Pugazhendhi A, Ranganathan K, Kaliannan TJW. Biosorptive removal of copper
(II) by Bacillus cereus isolated from contaminated soil of electroplating industry
in India. Water Air Soil Pollut 2018;229(3):76.

16] Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Higgins DG. The CLUSTAL X
windows interface: flexible strategies for multiple sequence alignment aided
by quality analysis tools. Nucleic Acids Res 1997;25(24):4876–82.

17] Felsenstein J. Confidence limits on phylogenies: an approach using the boot-
strap. Evolution 1985;39(4):783–91.

18] Tamura K, Dudley J, Nei M,  Kumar S. MEGA4: molecular evolutionary genetics
analysis (MEGA) software version 4.0. Mol  Biol Evol 2007;24(8):1596–9.

19] Bauer A, Kirby W,  Sherris JC, Turck M.  Antibiotic susceptibility testing by a
standardized single disk method. Am J Clin Pathol 1966;45(4):493–6.

20] Wayne P. Performance standards for antimicrobial susceptibility testing. Clin-
ical  and laboratory standards institute; 2011.

21] Bastianello S, Fourie N, Prozesky L, Nel P, Kellermann T. Cardiomyopathy
of ruminants induced by the litter of poultry fed on rations containing the
ionophore antibiotic, maduramicin. II. Macropathology and histopathology.
Onderstepoort J Vet Res 1995;62(1):5–18.

22] Sundin GW,  Monks DE, Bender CL. Distribution of the streptomycin-resistance
transposon Tn 5393 among phylloplane and soil bacteria from managed agri-
cultural habitats. Can J Microbiol 1995;41(9):792–9.

23] Gong J, Forster RJ, Yu H, Chambers JR, Sabour PM,  Wheatcroft R, et al. Diversity
and phylogenetic analysis of bacteria in the mucosa of chicken ceca and com-
parison with bacteria in the cecal lumen. FEMS Microbiol Lett 2002;208(1):1–7.

24] Dhanarani TS, Shankar C, Park J, Dexilin M,  Kumar RR, Thamaraiselvi K. Study
on  acquisition of bacterial antibiotic resistance determinants in poultry litter.
Poult Sci 2009;88(7):1381–7.

25] Sáenz JS, Marques TV, Barone RSC, Cyrino JEP, Kublik S, Nesme J, et al. Oral
administration of antibiotics increased the potential mobility of bacterial resis-
tance genes in the gut of the fish Piaractus mesopotamicus. Microbiome
2019;7(1):24.

26] Tillman GE, Haas GJ, Wise MG,  Oakley B, Smith MA,  Siragusa GR. Chicken
intestine microbiota following the administration of lupulone, a hop-based
antimicrobial. FEMS Microbiol Ecol 2011;77(2):395–403.

27] Card RM,  Cawthraw SA, Nunez-Garcia J, Ellis RJ, Kay G, Pallen MJ,  et al. An in vitro

http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0005
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0010
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0015
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0020
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0020
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0020
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0020
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0020
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0020
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0020
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0020
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0020
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0020
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0020
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0020
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0020
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0025
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0025
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0025
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0025
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0025
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0025
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0025
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0025
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0025
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0025
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0025
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0025
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0025
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0025
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0025
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0025
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0025
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0025
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0030
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0035
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0040
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0045
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0045
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0045
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0045
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0045
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0045
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0045
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0045
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0045
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0045
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0045
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0045
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0045
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0045
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0050
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0055
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0060
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0065
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0065
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0065
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0065
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0065
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0065
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0065
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0065
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0065
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0065
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0065
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0065
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0065
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0065
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0065
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0065
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0065
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0070
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0070
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0070
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0070
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0070
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0070
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0070
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0070
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0070
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0070
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0070
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0070
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0070
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0070
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0070
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0070
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0075
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0080
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0085
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0085
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0085
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0085
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0085
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0085
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0085
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0085
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0085
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0085
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0085
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0085
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0085
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0085
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0085
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0085
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0090
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0095
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0100
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0100
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0100
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0100
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0100
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0100
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0100
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0100
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0100
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0100
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0100
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0100
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0100
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0100
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0100
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0105
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0110
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0115
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0120
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0125
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0130
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0135
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140
http://refhub.elsevier.com/S1876-0341(19)30274-6/sbref0140

	Clinically important microbial diversity and its antibiotic resistance pattern towards various drugs
	Introduction
	Materials and methods
	Sample collection
	Selection of antibiotics
	Isolation and phenotypic identification of culture dependent bacteria
	DNA extraction and 16S rRNA sequencing
	Phylogenic tree construction for isolated bacteria
	Antibiotic susceptibility test

	Results and discussion
	Phenotypic identification of bacterial isolates
	16S rRNA sequence analysis
	Bacillusgroup
	Staphylococcus group
	Other species

	Antibiotic susceptibility test

	Conclusion
	Acknowledgements
	References


