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Abstract
Background: In this study, we characterised the microbiota present in the faeces of 15- and 46-week-old egg
laying hens before and after tetracycline or streptomycin therapy. In the first experiment, the layers were subjected
to 7 days of therapy. In the second experiment, the hens were subjected to two days of therapy, which was
repeated for an additional two days after 12 days of antibiotic withdrawal. This enabled us to characterise dynamics
of the changes after antibiotic administration and withdrawal, and to identify genera repeatedly resistant to
tetracycline and streptomycin.
Results: Real-time PCRs specific for Enterobacteriales, Lactobacillales, Clostridiales and Bifidobacteriales showed that
changes in the microbiota in response to antibiotic therapy and antibiotic withdrawal were quite rapid and could
be observed within 24 hours after the change in therapy status. Pyrosequencing of PCR amplified V3/V4 variable
regions of 16S rRNA genes showed that representatives of the orders Clostridiales, Lactobacillales, Bacteroidales,
Bifidobacteriales, Enterobacteriales, Erysipelotrichales, Coriobacteriales, Desulfovibrionales, Burkholderiales,
Campylobacterales and Actinomycetales were detected in the faeces of hens prior to the antibiotic therapy.
Tetracycline and streptomycin therapies decreased the prevalence of Bifidobacteriales, Bacteroidales, Clostridiales,
Desulfovibrionales, Burkholderiales and Campylobacterales in faecal samples in both experiments. On the other hand,
Enterobacteriales and Lactobacillales always increased in prevalence in response to both therapies. Within the latter two
orders, Escherichia and Enterococcus were the genera prevalence of which increased after all the antibiotic treatments.
Conclusions: The changes in microbiota composition induced by the antibiotic therapy were rapid and quite dramatic
and only representatives of the genera Enterococcus and Escherichia increased in response to the therapy with both
antibiotics in both experiments.
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Background
The gut microbiology of Gallus gallus has received considerable prior attention, however, the majority of experiments
have been performed with broilers, and the gut microbiota
composition in egg laying hens has been characterised
much less frequently [1-4]. The reason why the majority of
experiments have been performed in broilers is quite clear,
as the gut microbiota, especially its altered development, significantly reduces the profitability of broiler producers [5].
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The whole issue of the development of gut microbiota
in newly hatched chickens is further complicated by a
total absence of hens as donors of healthy microbiota
during the hatching of chickens in commercial production. The gut colonisation of chickens in commercial production immediately after hatching is therefore dependent
on environmental sources only. The first colonisers usually
belong to Enterobacteriales followed by representatives
of Clostridiales and Lactobacillales [1,3,6-8]. Our unpublished results show that these initial colonisers are
frequently resistant to commonly used antibiotics such
as tetracycline, streptomycin or ampicillin. The initial
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colonisation may therefore lead to the establishment of
antibiotic resistant microbiota followed by a prolonged
persistence of antibiotic resistant bacteria in the intestinal tract of chickens. However, for how long and how
easily such resistant clones can be positively selected
for by antibiotic therapy later during chicken life, is
relatively unknown. The results obtained from humans
or mice indicate that the changes induced by antibiotic
therapy are quite severe but relatively soon after withdrawal of the therapy, within 2 weeks, the microbiota
composition returns back to the state prior to the therapy [9-12]. In this study we therefore characterised the
chicken faecal microbiome and changes induced by
antibiotic therapy. The obtained results allowed us to
identify bacterial genera present in the chicken gut
microbiome, and out of these the genera which were
repeatedly resistant to both streptomycin and tetracycline therapy and could therefore serve as reservoirs and
potential donors of antibiotic resistance to other bacterial species.

Bifidobacteriales, though an increased ratio of Enterobacteriales to total bacteria after streptomycin therapy was
true for one time point only. Both these antibiotics had a
similar activity on Lactobacillales, which increased in representation after termination of the therapy, despite a
transient decrease in Lactobacillales immediately after the
tetracycline treatment. Tetracycline also decreased representation of Clostridiales whereas streptomycin therapy
did not influence the representation of Clostridiales considerably (Figure 1).
Composition of faecal microbiota in layers subjected to
repeated-cycle therapy determined by real-time PCR

Since the results in the previous experiment showed
that significant changes in gut microbiota occur as early
as two days after the initiation of antibiotic therapy, in
the second experiment we subjected the hens only to a
two-day therapy. In addition, we tested the consequences
of repeated cycles of antibiotic therapy. Tetracycline
therapy caused an increase in Enterobacteriales after the
initial therapy but had no effect on Enterobacteriales
immediately after the repeated therapy. Lactobacillales
were resistant to both the streptomycin and tetracycline
therapies, and their representation did not exhibit any
clear response profile. Streptomycin and tetracycline
therapies tended to decrease the representation of
Bifidobacteriales and Clostridiales immediately after

Results
Composition of faecal microbiota in layers subjected to
single-cycle therapy determined by real-time PCR

The administration of streptomycin or tetracycline to
15-week-old layers resulted in an increased representation of Enterobacteriales and a decreased representation
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Figure 1 Real-time PCR quantification of the most frequent taxa at an order level in the faeces of chickens exposed to a single dose of
antibiotic therapies. The therapy started on day 0 and lasted for 7 days as indicated by arrows. Asterisks on the X axis indicate the days in
which the representation of a particular taxon differed significantly from its representation at day 0, as determined by a t-test (p < 0.05). Upper
panels, streptomycin therapy; lower panels, tetracycline therapy.
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dominated over the representatives of the remaining
orders whereas the faecal microbiota of hens in the second
experiment with repeated antibiotherapy was dominated
by Lactobacillales (Figure 3).

primary or repeated streptomycin and tetracycline administration, but soon after antibiotic withdrawal, an
increase in the representation of these orders associated
with a considerable day-to-day fluctuation was observed
(Figure 2).

The complexity of faecal microbiota after antibiotic
therapy determined by 454 pyrosequencing

Faecal microbiota prior to therapy determined by 454
pyrosequencing in both experiments

Therapy with both antibiotics in both experiments
reduced the complexity of gut microbiota two days after
antibiotic therapy. Chao1 index estimated the total number of OTUs prior the therapy in the layers in the first
experiment to 769 and 887 which decreased to 209 and
240 after two days of streptomycin and tetracycline therapy, respectively. Prior the second experiment with the
repeated antibiotic therapy, Chao1 index estimated the
total number of OTUs present in faeces to 1,791 which
decreased to 709 and 290 after two days of streptomycin
and tetracycline therapy, respectively. The interruption
of antibiotic therapy for 12 days allowed for a rapid recovery of microbiota since Chao1 index increased to
1,043 and 1,510 after streptomycin and tetracycline
therapy, respectively. However, the repeated antibiotic
administration decreased the microbiota complexity again
as the Chao1 index decreased to 422 and 357 after
repeated streptomycin or tetracycline therapies, respectively (Table 1).
UniFrac β-diversity analysis followed by PCoA (principal
co-ordinate analysis) indicated a clear separation between

To obtain a deeper insight into the changes occurring to
the faecal chicken microbiota in response to the antibiotic therapy, pyrosequencing of the V3/V4 regions of
the 16S rRNA genes was undertaken. In between 14,446
and 76,785 independent sequences were obtained for 11
different samples. Representatives of 13 phyla were detected
at least once during the 2 experiments (Table 1 and
Additional file 1: Table S1), however, the vast majority
of the microbiota, over 99%, was formed by representatives of 4 phyla only; Firmicutes, Bacteroidetes,
Proteobacteria and Actinobacteria. The relative representation of individual phyla in the faeces differed prior to
antibiotic therapy between the 2 experiments. In the
single-cycle therapy experiment, a slightly lower level
of Firmicutes and higher levels of Proteobacteria and
Actinobacteria were observed when compared with the
repeated-cycle therapy experiment (Figure 3). The difference in the initial status of the chicken faecal microbiota in both the experiments was even more obvious
at the order level. In the first experiment, Clostridiales
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Figure 2 Real-time PCR quantification of the most frequent taxa at an order level in the faeces of chickens exposed to repeated cycles
of antibiotic therapy. The therapies started on day 0, lasted for two days and were repeated on days 14 and 15, as indicated by arrows.
Asterisks on the X axis indicate the days in which the representation of a particular taxon differed significantly from its representation at day 0, as
determined by a t-test test (p < 0.05). Upper panels, streptomycin therapy; lower panels, tetracycline therapy.
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Table 1 The relative representation of individual phyla (in% of total microbiota) prior to, during and after the
antibiotic therapy
Experiment 1

Experiment 2
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0
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ND
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0.01
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* OTU – number of OTUs using all reads available for each sample, Chao1 index estimates OTUs richness; OTU 14,446 and Chao1 14,446 - as above but
normalised to randomly selected 14,446 reads for each sample, i.e. to the number of reads available for the sample with the lowest coverage; “Evenness”
characterises how close in numbers each OTUs were present in each microbial population; Shannon index combines both species richness and evenness of their
distribution within given microbial population.
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Figure 3 Composition of the main orders present in chicken faecal microbiota prior to antibiotic therapy. The sum of the appropriate
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Enterococcus increased in both experiments and after the
therapies with both antibiotics.

the antibiotic treated and non-treated groups using both
un-weighted and weighted analysis (Figure 4). The PC1
(principal coordinate) in the un-weighted analysis, which
ignores the relative representation of individual microbiota
members, showed that a single factor explained 27% of all
the variability among compared groups. PC1 in weighted
analysis, which includes the relative representation of
individual OTU into calculation, explained 52% the variability among compared groups. Displaying the microbiota
representatives in biplot PCoA indicated slightly lower
effect of primary streptomycin treatment in the second
experiment. This analysis also clustered the representatives
of phyla Bacteroidetes and Actinobacteria with the nontreated layers and Proteobacteria with the antibiotic-treated
layers (Figure 4).
Analysis at the lower taxonomical levels showed that
the therapy with both antibiotics in both the experiments always reduced the prevalence of Bifidobacteriales, Bacteroidales, Clostridiales, Desulfovibrionales,
Burkholderiales and Campylobacterales. On the other
hand, the orders Enterobacteriales and Lactobacillales
increased in relative representation after the administration of both tetracycline and streptomycin in both
experiments (Additional file 1: Table S1). When we
analysed the composition of the orders in which the
increase in prevalence was recorded in both experiments
at the genus level, Enterobacteriales was comprised of
representatives of the genera Pantoea, Proteus, Citrobacter,
Enterobacter and Escherichia. However, since around
98% of all Enterobacteriales were formed by Escherichia,
the increase observed for the whole order after both
streptomycin and tetracycline administration was caused
by the representatives of genus Escherichia. The order
Lactobacillales comprised of 10 different genera, out of
which the genera Lactobacillus, Enterococcus, Paralactobacillus and Streptococcus formed more than 99% of all
Lactobacillales. However, only representatives of the genus

Microbiota composition along the chicken digestive tract

In the last experiment, we searched for the possible sources
of microbiota which increased in representation during or
after therapy. Pyrosequencing of 16S rRNA amplification
products from crop, gizzard, stomach, duodenum, ileum,
caecum and colon DNA resulted in between 2,332 and
25,997 independent sequences. The crop, gizzard, stomach
and small intestine were mutually quite similar in composition to each other but different from the caecum and
colon. The crop was dominated by Lactobacillus followed
by Gallibacterium (family Pasteurellaceae). The less abundant genera in the crop included Veillonella and Enterococcus. Feacalibacterium and Bacteroides were detected in
the stomach although these genera were otherwise characteristic for the caecum and colon. Both parts of the small
intestine were dominated by Lactobacillus species. The
diversity of microbiota considerably increased in the
caecum and colon (Chao1 OTU estimates predicted 342
different OTUs in the crop, 1,028 in the gizzard, 733 in
the stomach, 1,223 in the duodenum, 169 in the ileum,
1,821 in the caecum and 4,647 in the colon) with different strict anaerobes forming the majority of microbiota
members (Figure 5 and Additional file 2: Table S2).

Discussion
In this study we characterised chicken faecal microbiota
and changes induced by antibiotic therapy by real time
PCR and pyrosequencing of 16S rRNA amplification
products. The results from the real time PCR must be
considered with increased care as it was rather difficult
to design primer pairs specific for orders as diverse as
Clostridiales. This can be clearly seen if data from Figure 1
and 2 are compared with Figure 3. If Y axis scaling in
Figures 1 and 2 is multiplied by a factor of 100, the same
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Figure 4 Unweighted and weighted UniFrac PCoA of faecal microbiota from hens with and without antibiotic treatment. Diameter of
the circle for 4 major phyla present in the faeces of chickens corresponds to their average relative representation in all the samples. Sample
designation - E1 or E2, experiment with single or repeated therapy; Str“n” or Tet“n”, streptomycin or tetracycline therapy where “n” indicates
number of days from the beginning of the experiment. Blue designations, microbiomes of chicken prior therapy, red designations, microbiomes
of chickens two days after therapy.
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Figure 5 Species distribution along the digestive tract of an adult hen. Only the most frequent genera are identified. For complete data,
see Additional file 2: Table S2. 1 – Lactobacillus, 2 – Veillonella, 3 - Gallibacterium, 4 – Campylobacter, 5 – unclassified Lachnospiraceae, 6 – Bacteriodes,
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percentage out of total microbiota as in Figure 3 can be
deduced. Such comparison shows that real time PCR detection of Enterobacteriales and Lactobacillales provided
similar data as pyrosequencing but Bifidobacteriales and
Clostridiales were highly underestimated by the real time
PCR. Being aware of this, we used the real time PCR
mainly to characterise time-dependent changes in microbiota composition, which should be less affected by the
relaxed specificity of the 2 real time PCRs, and also to obtain some information on hen-to-hen variation.
The composition of faecal microbiota prior to the
antibiotic therapy was similar to that reported in previous
studies in chickens i.e. Firmicutes dominating, followed by
Bacteroidetes and Proteobacteria [1,4,7]. In the 15-week
layers, there was a higher proportion of Proteobacteria
at the expense of Firmicutes when compared with the
46-week old hens, which may correlate with known
gradual colonisation patterns in young animals [8,13]
but may also be a consequence of the 3-week adaptation
to a new, clean experimental animal house prior to the
first experiment.
The changes in microbiota composition induced by the
antibiotic therapy were rapid and quite dramatic as in
between 55 (streptomycin therapy in the first experiment)
to 94% (first tetracycline administration during the second
experiment) of OTU disappeared or decreased below
the detection limit within 48 after antibiotic administration. Only representatives of the genera Enterococcus
and Escherichia increased in response to the therapy
with both antibiotics in both experiments, despite the
fact that layers of different age and with different microbiota composition were used in the two experiments.
However, one has to be reminded that the increases

reported in this study may not necessarily correlate with
the increase in total bacterial counts of the appropriate
taxon. If streptomycin or tetracycline inactivated certain
groups of bacteria but left the others unaffected, the
latter will increase in proportion but not in actual
numbers. Since the chickens or hens were kept under
the same conditions, all the birds were provided the
same feed and for the duration of the experiment, they
were kept in animal house with air conditioning and
strict hygienic regime minimising the external sources
of microbiota to technical minimum, we did not include a control non-treated group. We believe that such
extensive changes in gut microbiota upon antibiotic administration were direct consequences of the therapy and
not of random fluctuation in gut microbiota composition.
Interestingly, the origin of the representatives of Enterococcus and Escherichia could be quite different. Although
we performed the microbiota characterisation along the
digestive tract only in a single set of samples, representatives of Enteroccocus were present only in the proximal
parts of the digestive tract (crop, gizzard, stomach) while
representatives of Escherichia were found in caecum or
colon. On the other hand, sources of Lactobacillus which
increased in faeces in the single cycle therapy experiment
could originate from the crop till the jejunum. Not surprisingly we observed the increase in Lactobacillus prevalence
in faeces only in the single-dose therapy experiment where
a low representation of Lactobacillus was observed prior to
the therapy, leaving a space for Lactobacillus increase after
the therapy withdrawal. This could not happen in the
experiment with repeated therapy as in this case, the
Lactobacillus representation was quite high prior to antibiotic therapy not allowing for an additional increase. The
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restoration of microbiota complexity after therapy withdrawal was nearly as rapid as the changes immediately
after the therapies. Twelve days after the withdrawal, the
estimated number of OTUs increased and PCoA analysis
clustered microbiomes of such layers with that of the nontreated layers. One of the potential reservoirs for such a
rapid microbiota restoration could be found in the stomach, since in this organ we found certain microbiota
members which were otherwise common to caecum,
colon or faeces.

Conclusions
Although the experiments described in this study have
been performed on a limited number of hens and in
pooled samples, we observed that the changes in microbiota composition induced by the antibiotic therapy
were rapid and quite dramatic and only representatives
of the genera Enterococcus and Escherichia increased in
response to the therapy with both antibiotics in both
experiments. Interestingly, the restoration of microbiota
complexity after therapy withdrawal was nearly as rapid
as the changes immediately after the therapies. The stomach can be understood as one of the possible reservoirs
for such a rapid microbiota restoration since certain
microbiota members, which were otherwise common to
caecum, colon or faeces, were found also in this organ.
Methods
Experimental animals

Female Lohmann Brown layers, obtained from a commercial producer with no history of antibiotic use, were
used in this study. The handling of animals in the study
was performed in accordance with current Czech legislation. The specific experiments were approved by the
Ethics Committee of the Veterinary Research Institute
followed by the Committee for Animal Welfare of the
Ministry of Agriculture of the Czech Republic.
Single-cycle therapy

Twelve-week-old layers were transferred from a farm and
allowed to adapt in the experimental animal house for 3 weeks prior to the antibiotic therapy. During the adaptation period, the layers were divided into two groups kept
at separate rooms, each group consisting of 5 layers. Daily
water consumption of the groups of 5 birds was
determined and this information was used to provide
layers with the antibiotics in the drinking water at such a
concentration that the daily uptake was equivalent to
60 mg of tetracycline or 15 mg of streptomycin per kg of
body weight, respectively. The drinking water with
antibiotics was administered successively for 7 days and
faecal samples were individually collected from each layer.
The first sampling was performed when the layers were
15-week old, just prior to the antibiotic administration
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(day 0), followed by sampling on days 1, 2, 3, 4, 7, 8, 9, 10,
11, 14 and 16, when the experiment was terminated.
Repeated-cycle therapy

The aim of this experiment was to characterise the
changes in the faecal microbiota of hens subjected to
repeated cycles of antibiotic therapy. Two groups of five,
46-week-old hens were brought to the institute, housed
in separate rooms, subjected to antibiotic therapy without any adaptation with the same antibiotics and at the
same dosage as in single-cycle experiment. Furthermore,
since in the first experiment we found that the greatest
changes in gut microbiota were observed as early as two
days after the antibiotic therapy, we treated the hens
with the antibiotics for two days only, let them recover
for 12 days without antibiotic administration, and on
day 14, the therapy was repeated for additional two days.
Faecal samples were individually collected on days 0, 1,
2, 3, 4, 7, 8, 9, 10, 11, 14, 15, 16, 17, 18, 21 and 22, when
the experiment was terminated.
Characterisation of microbiota along the digestive tract

Three adult 46-week-old hens were sacrificed and the
contents of the crop, gizzard, stomach, duodenum, ileum,
caecum and colon were taken for DNA purification. The
composition of microbiota was determined in all the
samples from all 3 birds by real-time PCR (see below), and
the samples from the hen exhibiting the median values
in most of the real time PCRs were subjected to
pyrosequencing of the 16S rRNA amplification products
(see below).
DNA purification and taxon-specific real-time PCR

DNA was extracted from the faeces by QIAamp DNA
Stool Mini Kit according to the manufacturer’s instructions
(Qiagen) and stored at −20°C until use. Taxon-specific
primers were designed from the variable regions of 16S
rRNA genes with PRIMROSE software [14] and the specificity of the primers was tested by RDP ProbeMatch program. Two primer pairs specific for the conservative
regions of 16S rRNA genes (domain Bacteria universal
primer pairs) served to determine the total bacterial DNA
present in the samples (Table 2). Real-time PCR was
carried out using QuantiTect SYBR Green PCR Kit
(Qiagen) in a LightCycler LC480 thermocycler (Roche).
The PCR was initiated with a hot start for 15 min at 95°C
followed by 45 cycles of 20 sec at 95°C, 30 sec at 60°C and
30 sec at 72°C. Melting temperatures were determined
after PCR to verify the correctness of each PCR product.
After PCR, the Ct values of the genes of interest were
subtracted from an average Ct value of amplifications
performed with universal primer pairs for the domain Bacteria (ΔCt). The relative amount of each taxon in the total
bacterial population was finally calculated as 2-ΔCt [15,16].
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Table 2 List of primers used in this study
Primer

Target

Sequence 50- 30

Reference

16S_Bifido-F

Bifidobacteriales

GGTGTGAAAGTCCATCG

this study

16S_Bifido-R

Bifidobacteriales

ACCGGGAATTCCAGTCT

this study

16S_Clost-F

Clostridiales

GCGTTATCCGGATTTAC

this study

16S_Clost-R

Clostridiales

ACACCTAGTATTCATCG

this study

(Chao1 richness, Evenness estimation and Shannon index)
on OTU clusters were performed using all sequences
available for each sample. Finally, UniFrac analysis [20]
followed by principal coordinate analysis and Biplot data
visualisation was used to characterise diversity in the
microbial populations tested.

16S_Entero-F Enterobacteriales STGAGACAGGTGCTGCA

this study

Statistics

16S_Entero-R Enterobacteriales AAAGGATAAGGGTTGCG

this study

16S_Lacto-F

Lactobacillales

CTTGAGTGCAGAAGAGG

this study

16S_Lacto-R

Lactobacillales

CACTGGTGTTCTTCCAT

this study

Data from real-time PCR are presented as average ± SD.
The comparison of taxon representation at a particular
day to the representation on day 0, i.e. prior to antibiotic
therapy, was evaluated by a t-test using SPSS v.14 statistical software.

16S_univ-1 F all bacteria
16S_univ-1R

all bacteria

GTGSTGCAYGGYTGTCGTCA [17]
ACGTCRTCCMCACCTTCCTC [17]

16S_univ-2 F all bacteria

GAGGAAGGIGIGGAIGACGT

[13]

16S_univ-2R

AGICCCGIGAACGTATTCAC

[13]

all bacteria

Additional files
Additional file 1: Table S1. List of all reads and OTUs identified after
antibiotic treatment in both experiments of this study.

Pyrosequencing

Equal amounts of faecal DNA originating from the layers
of the same treatment group and time were pooled prior
to PCR and used as a template in PCR with forward
primer 50-CGTATCGCCTCCCTCGCGCCATCAG-MIDGGAGGCAGCAGTRRGGAAT- 30 and reverse primer 50CTATGCGCCTTGCCAGCCCGCTCAG-MID-CTACCR
GGGTATCTAATCC-30. The underlined sequences were
required at different steps of amplicon pyrosequencing.
The sequences in italics are specific to the conserved
sequences of bacterial 16S rRNA genes allowing amplification of the V3/V4 hypervariable region [18]. MID
represents different 10 bp sequences which enable
simultaneous sequencing and re-identification of DNA
originating from different samples. After PCR, the
amplification products were loaded onto a 1.2% agarose
gel, separated by gel electrophoresis and gel-purified using
a QIAEX II Gel Extraction Kit (Qiagen). Pyrosequencing
was performed using a GS Junior 454 sequencer and GS
Junior Titanium sequencing chemistry exactly according
to the manufacturer’s instructions (Roche). In one sequencing run, the amplification products from 4 samples were
mixed and analysed.

Sequence analysis

The FASTA and qual files generated as an output of
pyrosequencing were uploaded into Qiime software [19].
Quality trimming criteria included no mismatch in the
bar code sequences and maximally 1 mismatch in the
primer sequences. In the next step, chimeric sequences
were predicted and excluded from the analysis. The
obtained sequences were then classified with RDP
Seqmatch with an OTU (operational taxonomic units)
discrimination level set up to 97%. Diversity analyses

Additional file 2: Table S2. List of all reads and OTUs identified along
digestive tract of adult hen.
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