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Abstract
Hospital wastewaters (HWWs) are reported to be hotspots for antibiotics and antibiotic-resistant bacteria. However, limited 
information involves the impact of these effluents on dissemination of antibiotic-resistance genes (ARGs). In this study, 
therefore, seasonally collected HWWs were monitored for overall bacterial load and seven ARGs aadA, tetA, cmlA, sul1, 
qnrS, ermB and bla CTX-M by using quantitative polymerase chain reaction method. Overall bacterial 16S rRNA copy number 
was found to be the lowest in winter with 103 copy number/mL, while the highest copy number, with 105 copy number/mL, 
was observed in both summer and spring. All hospitals tested displayed similar seasonal ARG copy number profile of aad
A > tetA > cmlA ≈ sul1 > ermB ≈ qnrS > bla CTX-M. The results indicated that untreated HWWs were hotspots for ARGs and 
required attention before discharging into public sewer.
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Misuse and overuse of antibiotics have been linked to dis-
semination of antibiotic resistant bacteria (ARB) in settings 
like agriculture, aquaculture and medicine (Kraemer et al. 
2019). Then they are excreted into environment directly or 
through streams (Sarmah et al. 2006). The majority of con-
sumed antibiotics in wastewater exert selective pressure that 
leads to maintain resistance among microorganisms (Aslam 
et al. 2018). Settings like hospitals and hospital wastewaters 
(HWWs) especially harbour large numbers of ARB (Laquaz 
et al. 2018). The World Health Organization (WHO) has 
classified spread of ARB as one of the biggest threats to 
public health. Due to lack of regulations for treatment of 
HWW in most countries as stated by Al Aukidy et al. (2018), 
there are still limited studies about direct impact of HWW 
on communal sewage system or environment (Wang et al. 
2018). Many studies, on the other hand, have proven that 
HWWs present different qualitative and quantitative charac-
teristics compared to urban wastewaters (UWWs) (Liu et al. 
2010; Verlicchi et al. 2010). Average wastewater generation 
of a hospital is 750 L/bed/day. HWWs, therefore, have 2–5 

times higher flow rates than UWWs and, in general, HWWs 
have 2–3 times higher BOD5, COD, TSS than UWWs (Ver-
licchi et al. 2010). HWWs also harbour pathogenic micro-
organisms, partially metabolized pharmaceuticals, radioac-
tive elements and other toxic chemical substances. In many 
countries, HWWs are normally assimilated with UWWs and 
co-treated at wastewater treatment plant (WWTP).

Bacterial exposure to antibiotics may end up with genetic 
or mutational changes, allowing to survive and further pro-
liferate by harbouring antibiotic resistance genes (ARGs) 
(Martinez 2009). Accumulation of antimicrobials in envi-
ronment facilitates dissemination of ARGs (Baquero et al. 
2008). Mobile genetic elements (MGE) like plasmids, inte-
grons, and prophages would further enhance dissemination 
and promotion of genetic recombination of ARGs through 
conjugation, transformation, or transduction collectively 
referred as horizontal gene transfer (HGT) (Vikesland et al. 
2017). Thus, ARGs can appear in almost all environments 
and are thought to be as emerging pollutants (Engemann 
et al. 2008). The release of untreated HWW could have 
impact on dissemination of ARGs in water bodies. The aim 
of this study was, therefore, to evaluate the impact of HWWs 
on dissemination of ARGs. For this purpose, seasonally col-
lected effluents of six different hospitals were analysed for 
overall bacterial load and seven ARGs aadA, tetA, cmlA, 
sul1, qnrS, ermB and blaCTX-M corresponding to commonly 
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used antibiotics by using quantitative polymerase chain reac-
tion method (qPCR).

Materials and Methods

HWWs were collected on seasonal intervals during 2017 
from six major hospitals of Ankara-Turkey designated as 
H1, H2, H3, H4, H5 and H6 with bed capacities 160, 270, 
468, 484, 730 and 1140, respectively. Seasonal sampling 
was done due to seasonal changes in the use of antibiotics 
in each hospitals, overall bacterial load and the quantities 
of ARGs collected from HWW. All the hospitals tested dis-
charge their effluents directly into the wastewater network. 
Triplicate grab samples of 50 mL were taken by lowering a 
sterile 1 L glass bottle attached to string into a manhole at 
the collection point of each hospital and immediately trans-
ported to the laboratory for subsequent processing. 50 mL 
of each sample was centrifuged at 4000 rpm for 20 min to 
collect the pellet. The pellets were then fixed with 50% etha-
nol–water solution. All of the samples were stored stored 
at − 20ºC before DNA extraction. For total DNA extraction 
NucleoSpin-Soil Kit (Macherey–Nagel, Germany) was used 
following the manufacturer’s instructions. The quantity and 
quality of DNA extracts were measured using Colibri Micro-
volume Spectrophotometer (Titertek Berthold, Germany) 
and agarose gel electrophoresis, respectively. The template 
concentrations were adjusted to 4–8 ng/µL for PCR analyses. 
DNA extracts were stored at − 20ºC prior to PCR analyses.

The ARGs aadA, tetA, cmlA, sul1, qnrS, ermB and 
blaCTX-M corresponding to commonly used antibiotics ami-
noglycosides, tetracyclines, amphenicols, sulfonamides, 
quinolones, macrolide-lincosamide-streptogramin (MLS) 
group and β-lactams, respectively, were sought in this study 
(Table 1). The 16S rRNA gene was used to quantify bacterial 
abundance. Qualitative analyses of ARGs were performed 
by standard PCR method to check primer specificity. Ampli-
cons of standard PCR were purified from agarose gel using 
NucleoSpin-Gel and PCR Clean-up (Macherey–Nagel, Ger-
many). The copy number of each amplicon was calculated 
as described by Pei et al. (2006). Standard curves used in 
qPCR experiments were generated after serial dilutions of 
purified amplicons for each ARG (Makowska et al. 2016). 
Antibiotic resistant bacterial isolates provided by Icgen and 
Yilmaz (2014) were used as templates for the generating 
standard curves for qPCR.

The qPCR experiments were performed to quantify the 
16S rRNA gene and seven ARGs. Reactions were con-
ducted in TOptical Thermocycler (Biometra GmbH, Ger-
many) in 20 µL reaction mixture containing 1 µL DNA 
template, 10 µL 2X GoTaq® qPCR Master Mix (Promega, 
USA) and, forward and reverse primers (Table 1). The 
qPCRsoft Software (v. 3,1; Biometra GmbH, Germany) 
was used for analyses. The conditions for qPCR were as 
follows; initial denaturation at 95ºC for 2 min, followed 
by 40 cycles of denaturation at 95ºC for 15 s, anneal-
ing for 30 s, elongation at 60ºC for 30 s. At the end of 
the cycles, the tubes were gradually heated from 60ºC 
to 95ºC to generate the melting curves for verification 

Table 1   Primers and qPCR conditions used in the study

F forward; R reverse MLS Macrolides-lincosamides-streptogramins; Y, C or T; W, A or T

Target structure Primer Primer sequence (F-R) (5′ → 3′) Amplicon 
size (bp)

Annealing tem-
perature (ºC)

References

β-lactams blaCTX-M AGT​GAA​AGC​GAA​CCG​AAT​C 365 55 (Wen et al. 2016)
CTG​TCA​CCA​ATG​CTT​TAC​C

Sulfonamides-trimethoprim sul1 CGC​ACC​GGA​AAC​ATC​GCT​GCAC​ 163 56 (Pei et al. 2006)
TGA​AGT​TCC​GCC​GCA​AGG​CTCG​

Tetracyclines tetA GCT​ACA​TCC​TGC​TTG​CCT​TC 210 60 (Ng et al. 2001)
CAT​AGA​TCG​CCG​TGA​AGA​GG

Aminoglycosides aadA AAA​TTC​TTC​CAA​CTG​ATC​TGCG​ 276 54 (Tian et al. 2016)
CCT​GAA​CAG​GAT​CTA​TTT​GAGGC​

MLS ermB GAT​ACC​GTT​TAC​GAA​ATT​GG 364 60 (Chen et al. 2007)
GAA​TCG​AGA​CTT​GAG​TGT​GC

Quinolones qnrS GTA​TAG​AGT​TCC​GTG​CGT​GTGA​ 189 56 (Mao et al. 2015)
GGT​TCG​TTC​CTA​TCC​AGC​GATT​

Amphenicols cmlA GCC​AGC​AGT​GCC​GTT​TAT​ 158 56 (Li et al. 2013)
GGC​CAC​CTC​CCA​GTA​GAA​

16S rRNA 16S rRNA CGG​TGA​ATA​CGT​TCY​CGG​ 143 54 (Suzuki and Taylor 2000)
GGW​TAC​CTT​GTT​ACG​ACT​T
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of the amplicon specificity. The DNA samples, stand-
ard curves and no template control were also included in 
each assay and analyzed in triplicates. The efficiency of 
qPCR ranged from 80 to 110% with R2 values for all the 
standard curves not less than 0.99. Quantification limits 
(LOQs) calculated for each qPCR run ranged from 8 to 65 
copy numbers. Measurements of all genes were normal-
ized against the volume of HWW samples and relative 
abundances of antibiotic resistance genes were normal-
ized against 16S rRNA gene copy numbers (ARG copy 
number/16S rRNA gene copy number).

Seasonal variations in overall bacterial abundance (16S 
rRNA) and presence of ARGs were tested by One-way 
Analysis of Variance (ANOVA) and Tukey’s Post-hoc 
Tests using SPSS Statics for Windows v.24,0 (IBM Corp., 
Armonk, NY) with a significance level of p < 0.05.

Results and Discussion

The ARGs were quantified using qPCR to obtain absolute 
values as copy number/mL and these values were normalized 
to 16S rRNA gene copy numbers to get relative abundances 
as target ARG copies/16S rRNA gene copy. Bacterial 16S 
rRNA copy number ranged from 7.3 × 104 and 1.9 × 105 cop-
ies/mL. The highest abundances were observed in spring and 
summer seasons for all HWWs tested. Seasonal variations in 
average gene copy numbers of each hospital were significant 
(p < 0.05). H2 (Fig. 1) and H5 (Fig. 2) displayed the highest 
16S rRNA copy numbers with 1.9 × 105 and 1.5 × 105 copies/
mL, respectively. The lowest 16S rRNA copy numbers were 
observed in H4 (Fig. 3) and H6 (Fig. 4) with 5.6 × 103 and 
6.6 × 103 copies/mL, respectively. The ARG concentrations 
in the HWWs were more correlated with the antibiotic con-
sumption than with the size of the hospitals. High densities 
of antibiotic resistant bacterial load in HWWs could facili-
tate the propagation and dissemination of ARGs by HGT via 

Fig. 1   Hospital 2 (H2) absolute (left) and relative abundances (right) of the 16S rRNA gene and ARGs tested. Error bars indicate standard devia-
tions. Graphs represent the average gene copy number of the n = 3 samples taken for each gene

Fig. 2   Hospital 5 (H5) absolute (left) and relative abundances (right) of the 16S rRNA gene and ARGs tested. Error bars indicate standard devia-
tions. Graphs represent the average gene copy number of the n = 3 samples taken for each gene
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plasmids, transposons, and integrons (Stalder et al. 2014). 
Despite the fact that exposure of patients directly to antibi-
otics is a primary risk factor for evolving ARB and ARGs 

in discharges, studies indicate that effect of antibiotic use 
may operate at both individual patient- and hospital-level 
(Aldeyab et al. 2012; Lawes et al. 2017). 

Fig. 3   Hospital 4 (H4) absolute (left) and relative abundances (right) of the 16S rRNA gene and ARGs tested. Error bars indicate standard devia-
tions. Graphs represent the average gene copy number of the n = 3 samples taken for each gene

Fig. 4   Hospital 6 (H6) absolute (left) and relative abundances (right) of the 16S rRNA gene and ARGs tested. Error bars indicate standard devia-
tions. Graphs represent the average gene copy number of the n = 3 samples taken for each gene

Fig. 5   Hospital 1 (H1) absolute (left) and relative abundances (right) of the 16S rRNA gene and ARGs tested. Error bars indicate standard devia-
tions. Graphs represent the average gene copy number of the n = 3 samples taken for each gene
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The HWWs tested in this study were found to have rela-
tively high copy numbers of the genes aadA, tetA, cmlA, 
sul1, and qnrS in all seasons comparing to rest of the ARGs 
tested. Among the ARGs analysed, the aadA gene conferring 
resistance to aminoglycosides had the highest absolute abun-
dance with 9.5 × 104 copies/mL and relative abundance with 
0.92 copies/16S rRNA gene copy especially in H1(Fig. 5). 
The aminoglycoside resistance gene aadA is highly associ-
ated with MGEs (Wang et al. 2018). The integron bound 
nature of the aadA gene, combined with the frequent asso-
ciation of integrons with plasmids and/or transposons facili-
tates the excessive horizontal spread of this gene. HGT via 
MGEs is triggered in water environments. Among them, 
HWWs provide favourable conditions (Karkman et  al. 
2017). The high concentrations of the aadA gene suggests 
that such MGEs may be prevalent in the HWWs tested.

Tetracycline (tet), sulfonamide (sul), macrolide (erm), 
quinolone (qnr), and β-lactams (bla) resistance encoding 
genes are also the most reported resistance genes in efflu-
ents due to extensive use of corresponding antibiotics (Qiao 
et al. 2018). In the current study, the tetracycline resistance 
gene tetA was the second most abundant gene in all HWWs 
tested. The tetA gene had the highest absolute abundance 
with 2.5 × 104 copies/mL and relative abundance with 0.25 
copies/16S rRNA gene copy in H4 (Fig. 3). The tetA gene 
has frequently been associated with conjugative plasmids. 
The role of plasmids in HGT of ARGs has been widely 
accepted (Stuart and Marshall 2004). The primary mecha-
nisms of HGT are conjugation (transfer of plasmids from 
a donor to a recipient), transformation (uptake of naked 
DNA), and transduction (bacteriophages as transporters of 
genetic information) (Alekshun and Levy 2007). ARG dis-
semination via HGT may occur from resistant to susceptible 
strains among different species or across genera (Thomas 
and Nielsen 2005). This could explain the abundance of the 
tetA gene in HWWs tested in the current study.

The chloramphenicol resistance gene cmlA had the third 
highest absolute abundance with 8.3 × 103 copies/mL and 
relative abundance with 0.083 copies/16S rRNA gene copy 
in H1(Fig. 5). Studies on the cmlA gene suggest that conju-
gation of plasmids encoding cmlA is primary mechanism for 
wide dissemination of chloramphenicol resistance. Since the 
majority of chloramphenicol resistant transconjugants show 
co‐resistance to sulfamethoxazole, tetracycline and kanamy-
cin, use of any of these antimicrobials can lead to selection 
of chloramphenicol resistant bacteria (Bischoff et al. 2005).

The sulfamethoxazole resistance gene sul1 had the fourth 
highest absolute abundance with 3.7 × 103 copies/mL and 
relative abundance with 0.046 copies/16S rRNA gene copy 
in H1 (Fig. 5). The sul genes are usually associated with 
conjugative and/or mobilizable plasmids and integrons. 
This promotes dissemination sulfamethoxazole resistance. 
The sul1 gene is also found to be linked to other resistance 
genes in class 1 integrons and on large conjugative plasmids 
(Trobos et al. 2008).

The MLS group resistance gene ermB had the fifth 
highest absolute abundance with 2.9 × 102 copies/mL in 
H3 (Fig. 6) and relative abundance with 0.030 copies/16S 
rRNA gene copy in H4 (Fig. 3). The gene ermB encoded 
methylase methylates 23S rRNA, and alters the binding site 
of the drug. This leads to resistance not only to macrolides 
(erythromycin) but also to lincosamides (clindamycin) and 
streptogramin B (MLS phenotype) antibiotics. The Tn917 
transposon carrying the ermB gene is associated with MLS 
resistance (Shaw and Clewell 1985).

The quinolone resistance gene qnrS had the highest abso-
lute abundance with 1.2 × 103 copies/mL and relative abun-
dance with 0.022 copies/16S rRNA gene copy in H1(Fig. 5).
Transmissible quinolone resistance (qnrS) is also linked 
to genes encoding plasmid-encoded efflux pumps (Tran 
and Jacoby 2002). Although plasmid-encoded quinolone-
resistance genes generally confer low-level resistance, their 

Fig. 6   Hospital 3 (H3) absolute (left) and relative abundances (right) of the 16S rRNA gene and ARGs tested. Error bars indicate standard devia-
tions. Graphs represent the average gene copy number of the n = 3 samples taken for each gene
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overall impact is great because they lead to higher-level 
resistance.

The β lactam resistance gene blaCTX-M had the seventh 
highest absolute abundance with 1.1 × 101 copies/mL and 
relative abundance with 0.0004 copies/16S rRNA gene 
copy in H6 (Fig. 4). β lactam resistance gene blaCTX-M was 
found at the lowest concentrations in all HWWs tested in the 
current study. Resistance to ceftriaxone or other β-lactams 
is usually because of CTX-M (cefotaxime-hydrolyzing 
β-lactamase) group extended-spectrum β-lactams (ESBL) 
(Hopkins et al. 2006). Genes encoding CTX-M-type ESBLs 
are usually harbored by transmissible plasmids (Carattoli 
2009). Therefore, resistance to ESBL has been reported in 
many parts of the world (Bonnet 2004; Cantón and Coque 
2006). The results obtained from the current study also sup-
ported this.

After analyses of effluents of six different hospitals (from 
the lowest bed capacity H1 to the highest bed capacity H6) 
in terms of overall bacterial loads and seven ARGs, follow-
ing ARG patterns were observed: aadA > tetA > cmlA > su
l1 > ermB > qnrS > blaCTX-M in H3-4 and 6; aadA > tetA > 
sul1 > cmlA > qnrS > ermB > blaCTX-M in H2 and H5; aad
A > tetA > cmlA > sul1 > qnrS > ermB > blaCTX-Min H1. The 
overall pattern of AGs in absolute and relative abundances 
was found to show following order aadA > tetA > cmlA ≈ 
sul1 > ermB ≈ qnrS > blaCTX-M. The abundance of ARGs 
discharged from the hospitals reported in this study can be 
considered as alarming. The results indicated that untreated 
HWWs harboured ARGs and posed risks for the dissemina-
tion of antibiotic resistance.

Conclusions

Seasonally collected effluents of six different hospitals with 
varying bed capacities were analysed for overall bacterial 
loads and seven ARGs corresponding to commonly used 
antibiotics by qPCR. The highest abundances of overall bac-
terial load were observed in spring and summer. All efflu-
ents were found to have relatively high copy numbers of 
ARGs aadA, tetA, cmlA, sul1, and qnrS in all seasons. These 
results indicated that untreated HWWs were hotspots for 
ARGs and their on-site treatment before discharge to public 
sewers could reduce the dissemination of ARGs to clinically 
important antimicrobials in the environment. Future meta-
genomics, -transcriptomics and -proteomics studies are also 
needed for investigation of the global functional trends in 
these effluents.
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