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Surveillance and analysis of bacterial resistance in a comprehensive
teaching hospital from 2015 to 2017
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Department of Nosocomial Infection Management, The Affiliated Hospital of Guizhou Medical University, Guiyang, China

Abstract: To understand the changes of resistance of major clinical isolates to commonly used antibiotics in a
comprehensive teaching hospital from 2015 to 2017 and to provide a basis for rational clinical use of antibiotics in the
hospital. Antimicrobial susceptibility testing of all clinical isolates from 2015 to 2017 was carried out according to a
unified protocol using Kirby-Bauer method or automated systems according to the unified plan. A total of 28715 non-
repetitive clinical isolates were collected from 2015 to 2017. Escherichia coli, Klebsiella pneumoniae and Acinetobacter
baumannii were the top three most common isolates for three consecutive years. Escherichia coli is still highly sensitive
to carbapenems, with the drug resistance rate less than 1%. Klebsiella pneumoniae's resistance to carbapenems increases
year by year, reaching about 18% in 2017. The resistance rate of Acinetobacter baumannii to meropenem was above
70%, and that of Pseudomonas aeruginosa to meropenem was about 30%. Staphylococcus is more sensitive to linezolid
and vancomycin. Enterococcus faecalis had lower drug resistance to most tested antibiotics (except tetracycline) than
Enterococcus faecalis, and both were sensitive to linezolid and vancomycin. Bacterial resistance to commonly used
antibiotics is still on the rise. We should strengthen the management of clinical use of antimicrobial agents and maintain
good practice in surveillance of bacterial resistance.

Keywords: Bacterial resistance surveillance, antimicrobial susceptibility testing, carbapenem-resistant gram-negative

bacterium, carbapenem-resistant Klebsiella pneumoniae.

INTRODUCTION

Many aspects of modern medicine rely on the treatment
or prophylactic use of antibiotics. With the clinical
overuse of antibiotics, the activity of antibacterial drugs
decreased with the increase of the number of drug-
resistant strains and the increase of natural drug-resistant
microbial infections and the detection rate of multi-drug
resistant bacteria in clinical practice also increased year
by year, bacterial antibiotic resistance has developed into
a major problem in the field of global public health
(WHO, 2012). The increasing number of multi-drug
resistant strains and pan-drug resistant strains has brought
great challenges to clinical anti-infection treatment,
significantly prolonged the hospital stay of patients and
increased the economic burden of society (Lim et al.,
2015; Smith and Coast, 2013). The evolution and spread
of antibiotic resistance among pathogens is outpacing the
development of new antibiotics, and the search for
alternative antibiotics is often limited (Dickey et al., 2017;
CDC, 2013). Rational use of antibiotics can slow this
trend, and perhaps reverse it. To achieve this goal, it is
necessary to pay attention to the epidemiological
information of drug-resistant bacteria, improve the
surveillance level of bacterial resistance, and better guide
the rational use of drugs in clinic. The surveillance of
bacterial resistance can provide the basis of rational drug
use for clinical practice, improve the level of anti-
infection treatment, prevent the occurrence and
development of bacterial resistance, and control the
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spread and outbreak of drug-resistant bacteria in hospitals
(Lome et al., 2018). There are regional differences in the
distribution and drug resistance of pathogenic bacteria,
and dynamic monitoring of bacterial drug resistance is of
great significance to accurately grasp the characteristics
of bacterial resistance to antimicrobial drugs and the
changes of drug resistance, as well as to guide clinical
drug selection and empirical treatment (Johnson, 2015).
In response to the call of the national action plan for
curbing bacterial resistance issued by the National health
commission of the People’s Republic of China, and better
understand the distribution of nosocomial bacteria and the
characteristics of drug resistance in pathogenic bacteria,
this study retrospectively analyzed the drug susceptibility
results of all isolated bacteria in clinical practice from
2015 to 2017 and conducted drug resistance analysis to
provide a basis for the hospital clinical anti-infection
treatment and the control of bacterial drug resistance
transmission.

MATERIALS AND METHODS

Strain source

All clinical bacteria were isolated in the hospital from
January 1, 2015 to December 31, 2017 and the repeated
strains from the same patient were removed.

Antimicrobial susceptibility test

Kirby-Bauer method or automated systems was adopted.
The quality control bacteria were Escherichia coli 25922
and Staphylococcus aureus 29213. The drug susceptibility
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test results were judged according to the latest CLSI
standards of the year of surveillance. If the results of
vancomycin and linezolid with Kirby-Bauer method or
automated systems were non-sensitive strains, the MIC
value of vancomycin and linezolid E strip was determined
for confirmation.

STATISTICAL ANALYSIS

WHONET 5.6 software was used to process and analyze
the data, and the distribution of pathogenic bacteria, type
of pathogen specimens and drug resistance rate of
commonly used animicrobial agents were counted.

ETHICAL APPROVAL

The surveillance of bacterial resistance has been approved
by the Ethics Committee of Affiliated Hospital of
Guizhou Medical University and patients.

RESULTS

Source of pathogen specimens

In the distribution of specimens for three consecutive
years, the proportion is from high to low in the order of
respiratory specimens, blood specimens and urine
specimens, sputum specimens account for more than 40%,
blood specimens fall to less than 20% in 2017, other
sterile body fluids are about 5%, cerebrospinal fluid is
about 4%, as shown in table 1.

Distribution of pathogenic bacteria

Among 28715 non-repetitive clinical isolates, Escherichia
coli, Klebsiella pneumoniae and Acinetobacter baumannii
are the most common gram-negative bacteria, all of which
are more than 10%. Staphylococcus aureus is the most
common gram-positive bacteria, accounting for about 6%,
as shown in table 2.

Resistance of Enterobacteriaceae strains to animicrobial
agents

The antibiotic resistance rate of Escherichia coli and
Klebsiella pneumoniae to ampicillin is more than 90%, to
the other three kinds of B-lactamase inhibitor compound
preparations is less than 30% except for ampicillin-
sulbactam, to cefazolin and cefuroxime is more than 55%,
to ceftazidime is about 30%, to ceftriaxone and
cefotaxime is about 30% to cefepime was more than 50%.
Escherichia coli had low antibiotic resistance to cefoxitin,
amikacin and nitrofurantoin and was still highly sensitive
to carbapenem antibiotics, with the antibiotic resistance
rate less than 1%.

Resistance of non-fermentative gram-negative bacilli to
antimicrobial agents

The antibiotic resistance rate of Acinetobacter baumannii
to meropenem is more than 70%, to other tested drugs is

more than 60%. The antibiotic resistance rate of
Pseudomonas aeruginosa to meropenem is about 30%, to
aminoglycosides is about 20%, among which the drug
resistance rate to amikacin is relatively low, and the
antibiotic resistance rate to other test drugs is mostly
about 30%. All the non-fermentative gram-negative
bacilli were 100% resistant to nitrofurantoin, as shown in
table 4.

Resistance of Staphylococcus to antimicrobial agents
Staphylococcus has a high resistance rate to penicillin,
almost no resistance to linezolid and vancomycin, and a
relatively stable resistance rate to nitrofurantoin and
quinopudine-dafoprotin from 2015 to 2017, all of which
remain below 2%. The drug resistance rate of
staphylococcus aureus to ampicillin-sulbactam and
trimethoprim-sulfamethoxazole was less than 7% and the
drug resistance rate to erythromycin was more than 50%,
but the resistance level to other antibiotics was less than
30%, which was relatively stable. The resistance rate of
Staphylococcus epidermidis to ceftriaxone, trimethoprim-
sulfamethoxazole and erythromycin was over 55%, to
moxifloxacin was about 25%, to ciprofloxacin and
levofloxacin was over 50% and to amoxicillin-clavulanic
acid and ampicillin-sulbactam was low. The resistance
rate of Staphylococcus haemolyticus to ampicillin-
sulbactam, rifampicin and tetracycline is about 30%~50%,
which is increasing year by year, as shown in table 5.

Resistance of Enterococcus to antimicrobial agents

The resistance rate of Enterococcus to oxacillin was 100%,
and it was still most sensitive to linezolid and vancomycin.
The resistance rates of Enterococcus faecium to penicillin,
ampicillin-sulbactam, ceftriaxone and aminoglycoside
antibiotics were all over 90%, to tetracycline and
rifampicin were all over 60%, to nitrofurantoin and
quinopudine-dafoprotin ~ were  all  under 15%.
Enterococcus faecalis was more than 80% resistant to
ceftriaxone and tetracycline, less than 3% resistant to
penicillin, ampicillin-sulbactam and Nitrofurantoin, and
less than 20% resistant to aminoglycoside antibiotics. The
resistance rate of Enterococcus to high concentration of
streptomycin is about 30%, and the resistance rate to high
concentration of gentamicin is decreasing year by year, as
shown in table 6.

DISCUSSION

The monitoring results of bacterial resistance from 2015
to 2017 showed: (1) In the distribution of specimens for
three consecutive years, the proportion is from high to
low in the order of respiratory specimens, blood
specimens and urine specimens, sputum specimens
account for more than 40%, blood specimens fall to less
than 20% in 2017, other sterile body fluids are about 5%,
cerebrospinal fluid is about 4%, wound pus less than 1%,
and CHINET monitoring results in 2016 (HU et al., 2017).
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Table 1: The specimen type of bacterial resistance monitoring in 2015~2017

Yang Junlin et al

Specimen type 2.015 2.016 2.017
No. of strains (%) No. of strains (%) No. of strains (%)
Respiratory tract 14545 42.95 18887 41.37 22808 41.88
Blood 7231 21.35 9864 21.61 10040 18.43
Urine 3603 10.64 5317 11.65 7432 13.65
Other sterile body fluids 1721 5.08 2756 6.04 2764 5.07
Cerebrospinal fluid 1266 3.74 1542 3.38 2305 4.23
Wound pus 299 0.88 389 0.85 278 0.51
Others 5201 15.36 6899 15.11 8838 16.23
Total 33866 100.00 45654 100.00 54465 100.00
Table 2: The distribution of bacterial species in 2015~2017"
Organism 2(.)15 2.016 2.017
No. of strains % No. of strains % No. of strains %
Escherichia coli 1721 18.04 1979 19.67 1821 19.96
Klebsiella pneumoniae 1152 12.08 1478 14.69 1419 15.55
Acinetobacter baumannii 959 10.05 1000 9.94 1206 13.22
Pseudomonas aeruginosa 712 7.46 937 9.31 876 9.60
Enterobacter cloacae 274 2.87 339 3.37 299 3.28
Staphylococcus aureus 520 5.45 670 6.66 619 6.78
Staphylococcus epidermidis 281 2.95 366 3.64 238 2.61
Staphylococcus haemolyticus 296 3.10 281 2.79 278 3.05
Enterococcus faecium 233 2.44 429 4.26 343 3.76
Enterococcus faecalis 132 1.38 236 2.35 89 0.98
Others 3260 34.17 2346 23.32 1936 21.22
Total 9540 100.00 10061 100.00 9124 100.00

Showed slight differences in respiratory tract specimens
(41.6%), urine (19.1%), blood (13.3%), wound pus
(7.3%), cerebrospinal fluid (CSF) and other sterile body
fluids (7.0%). Notably, blood samples dropped below
20% in 2017, while blood culture plays an important role
in the diagnosis of bloodstream infections (Wilinger and
Haase, 2013), it reminds us that the hospital should
strengthen the training on the collection and examination
of clinical microbial specimens. (2) A total of 28715 non-
repetitive strains were isolated for 3 consecutive years,
and the top five strains were Escherichia coli, Klebsiella
pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa and Staphylococcus aureus, similar to what
Liu reported that gram-negative bacteria were the most
commom pathogenic bacteria from 874 strains in the
department of neurology (Liu, 2018). The CHINET
monitoring results in 2016 (HU et al., 2017) showed in
slightly different order that the top five were Escherichia
coli, Klebsiella, Acinetobacter baumannii, Staphylococcus
aureus and Pseudomonas aeruginosa. (3) Escherichia coli,
a member of the Enterobacteriaceae family, remains
highly sensitive to carbapenems, with a drug resistance
rate of less than 1% for three years. In 2017, the drug
resistance rate of Klebsiella pneumoniae to ertabenem,
meropenem and imipenem reached 18%, which was lower
than the drug resistance rate of Klebsiella pneumoniae to
carbapenems in a newly-built hospital in Shanghai >
40.00% (HE et al, 2018), and higher than the drug
resistance rate of Klebsiella pneumoniae to carbapenems

reported by CHINET in 2016, which was 15% (HU et al.,
2017). (4) The resistance rate of Acinetobacter baumannii
to meropenem was more than 70%, and to other tested
drugs was more than 60%, the resistance rate of
Pseudomonas aeruginosa to meropenem is about 30%,
similar to what CHINET reported in 2016 the resistance
rates of Pseudomonas aeruginosa and Acinetobacter
baumannii to carbapenems were close to 30% and 70%,
respectively (HU et al., 2017). (5) Staphylococcus is more
sensitive to linezolid and vancomycin, and the overall
drug resistance of Staphylococcus haemolyticus is higher
than that of  Staphylococcus  epidermidis  and
Staphylococcus aureus. (6) The resistance rate of
Enterococcus faecalis in Enterococcus to most tested
antibiotics (except tetracycline) was lower than that of
Enterococcus faecalis, and both were more sensitive to
linezolid and vancomycin.

In the past, carbapenem antibiotics such as imipenem and
meropenem were considered as the last line of defense in
the treatment of gram-negative bacilli infection (Papp-
Wallace, et al., 2011). However, in recent years, with the
excessive use and irregular use of carbapenem antibiotics,
carbapenem-resistant gram-negative bacteria appeared,
especially the detection rate of carbapenem-resistant
Klebsiella pneumoniae and Acinetobacter baumannii
increased, the bacterial resistance of gram-negative
bacteria has become a difficult problem in clinical anti
infection treatment (QIN, et al., 2014).
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Infection caused by carbapenem-resistant
Enterobacteriaceae (CRE) has high morbidity and
mortality, over the past decade, more and more CRE
related infections have been reported worldwide, such as
in Asia, the United States, Israel and Lebanon (ZHOU, et
al., 2013; Pollett, et al., 2014; Schwaber, et al., 2011; El-
Herte, et al., 2012; XU, et al., 2015). A previously
published meta-analysis study on the epidemiology of
CRE showed that the epidemiology of CRE in Asia
showed a steady upward trend from 2000 to 2012 (XU, et
al., 2015). The results of bacterial resistance monitoring
in China showed that the resistance rates of Klebsiella
pneumoniae to imipenem and meropenem were 2.9% and
2.8% in 2005, 9.3% and 9.4% respectively in 2011 (HU,
et al., 2013) and by 2016, the resistance rates of
Klebsiella pneumoniae to carbapenems were more than
15% (HU et al., 2017). Monitoring data in London, UK
show that the isolation rate of CRE increased from 2.2%
in 2009-2010 to 11.5% in 2011-2012 (Freeman, et al.,
2015). The rapid spread of CRE strains has become a
severe challenge for the whole world. It has been shown
that the main resistance mechanism of CRE is producing
carbapenemase, the mutation of AmpC binding portein,
producing extended spectrum [B-lactamases, the decrease
of permeability of carbapenem antibiotics or the change
of target position of antibiotics (DAI, et al., 2013). CRE is
highly resistant to most commonly used antibiotics in
clinical practice and there are strains resistant to both
polymyxomycin and tegacycline, which should be paid
great attention in clinical practice. Since there is no
specific drug of CRE in clinical practice, antibacterials
should be combined to reduce the death rate of infected
patients. It is very important to strengthen the surveillance
of drug resistance of this kind of bacteria, guide the
rational use of drugs in clinical practice, and take good
prevention and control measures. (Zhu et al., 2016; Bi et
al., 2017).

The resistance rate of Acinetobacter baumannii to
meropenem was more than 70%, and to other tested drugs
was more than 60%, the situation of drug resistance is
serious, which may be related to the strong clonal
transmission ability of Acinetobacter baumannii and its
easy to produce acquired drug resistance, as a result, it is
more difficult for clinicians to treat their infection. The
microbiology laboratory should take the initiative to
communicate with the clinical medical staff to increase
the detection of drug resistance of some antibacterial
drugs that may be effective against the severely resistant
strains, such as tigacycline (Qureshi ef al., 2012; Li et al.,
2017). The resistance rate of Pseudomonas aeruginosa to
meropenem is about 30%. Clinical experience medication
can use amikacin, or with cefepime and other antibacterial
drugs (Wang et al., 2018).

Enterococcus is a common conditional pathogen in
hospital infection. It is resistant to many kinds of
antibiotics naturally, and the available antibiotics are

limited. Therefore, long-term and dynamic monitoring of
Enterococcus resistance is of great significance to guide
the rational use of antibiotics in clinical practice (YANG,
et al., 2016), our results showed that Enterococcus was
sensitive to linezolid and vancomycin, and the resistance
rate of Enterococcus faecium to most antibacterial drugs
is higher than that of Enterococcus faecalis. MRSA is
easy to implant in patients nasopharynx, is one of the
important pathogens of hospital infection, with the wide
application of B-lactam antibiotics in clinic, the proportion
of MRSA in Staphylococcus aureus is increasing year by
year, and the drug resistance is different in different
periods and regions (HU et al, 2016), our monitoring
results showed that Staphylococcus aureus was more
sensitive to nitrofurantoin, quinopudine-dafopudine,
linezolid and vancomycin, so these drugs could be
selected to treat staphylococcus aureus infection.

CONCLUSION

The antibiotic resistance rate of Klebsiella pneumoniae to
carbapenems is on the rise. Since there are no specific
CRE drugs in clinical practice, it is necessary to
strengthen the prevention and control measures of
nosocomial infection and the management of clinical
application of antibacterial drugs and stick to the
monitoring of bacterial resistance, so as to effectively
curb the spread of drug-resistant bacteria.
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