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Increased multidrug resistant isolates: new clinical burdens for 66
hospitals in Shanghai, 2015 to 2017
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Background: To investigate the etiology of urinary tract and respiratory infections and the rate of drug
resistant bacteria in Shanghai from 2015 to 2017, provide the support to the promotion of the correct clinical
etiological specimens detection.

Methods: The retrospective questionnaire survey was conducted to obtain the antibiotic prescription rate,
pathogen detection rate, and isolation rate of drug-resistant bacteria of the inpatients in 66 hospitals of
Shanghai in 2015 and 2017.

Results: Although the detection rate of multidrug-resistant bacteria in sputum specimens has decreased,
the clinical pathogen detection still relied mainly on sputum specimens in 2017. Among the sputum
specis, the detection rates of extended-spectrum f-lactamase-producing Escherichia (ESBL-ESC), extended-
spectrum f-lactamase Klebsiella pneumoniae (ESBL-KP), carbapenem-resistant Acinetobacter baumannii (CRAB),
carbapenem-resistant Pseudomonas aeruginosa (CRPA) and methicillin-resistant Staphylococcus aurens (MRSA)
in 2017 were 66.67%, 32.46%, 61.74%, 32.01% and 58.55% respectively. The detection rates of ESBL-
ESC, ESBL-KP, CRAB, CRPA in 2017 were increased while the MRSA was decreased than 2015 (P<0.001).
Among the blood samples, the detection rates of ESBL-ESC, ESBL-KP, CRAB, CRPA, MRSA and
vancomycin-resistant Enterococcus sp (VRE) in 2017 were 53.71%, 31.43%, 50.80%, 19.43%, 43.87% and
0.55% respectively. The detection rates of ESBL-KP, CRAB, CRPA and MRSA increased while the rates
of ESBL-ESC and VRE decreased compared with 2015 (P<0.005). The pathogens of multi-drug resistant
bacteria were mainly detected from sputum specimens in 2017, which were all higher than detected from the
blood specimens (P<0.001).

Conclusions: Most of the multi-drug resistant bacteria in Shanghai, especially in Acinetobacter baumannii
or Pseudomonas aeruginosa are mainly detected from sputum specimens, indicating that the actual drug

resistance may be overestimated.
Keywords: Pathogen detection; drug-resistant bacteria; clinical detection; cross-sectional study; trend variation
Submitted Sep 16, 2019. Accepted for publication Nov 29, 2019.

doi: 10.21037/atm.2019.12.91
View this article at: http://dx.doi.org/10.21037/atm.2019.12.91

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2020;8(4):112 | http://dx.doi.org/10.21037/atm.2019.12.91


https://crossmark.crossref.org/dialog/?doi=10.21037/atm.2019.12.91

Page 2 of 7

Introduction

In recent years, drug-resistant bacteria have become a major
medical obstacle for hospitals and patients, particularly with
the emergence of multi-drug resistant bacteria, leading to an
unprecedented burden on the treatment and rehabilitation
of patients (1). The correct pathogen detection is the basis
for rational use of antibacterial drugs and monitoring
bacterial resistance. In addition, it plays an important
role in reducing the production of resistant bacteria and
improving infection control. Different types of pathogens
have different detection status of drug-resistant bacteria,
which can impact on the clinical diagnosis and treatment
to a certain extent (2). How to choose the appropriate
specimen for testing and reduce the unnecessary clinical
specimens, thus reducing the overuse of antibacterial and
the probability of drug-resistant bacteria, has become an
important issue of hospitals. In recent years, China has
done a lot of work on the prevention and control of multi-
drug resistant bacteria (3). As one of the most advanced
cities with abundant medical resources in China, Shanghai
is focusing on the correct and compliant delivery of clinical
pathogens and the management of drug-resistant bacteria.
This study aims to understand the current status and the
trends of clinical pathogen detection rates in specimens and
drug-resistant bacteria rates in Shanghai from 2015 to 2017.

Methods
Data source

In this study, the relevant data in 2015 and 2017 were
obtained from 66 secondary and above-level hospitals in
Shanghai. The data collection was all permitted.

Survey contents

The self-made questionnaires were used in January 2016
and January 2018 to investigate the rates of antibiotic
prescription, microbial specimens and drug resistance in
66 hospitals of Shanghai in 2015 and 2017. We collected
the following data in testing microbial specimens: (I) The
rate of antibiotic use, which included the number of use
cases and the proportion. (II) The number of cases of
specimen, which included the number of cases of blood
culture and its bottle number when sent, the number
of cases of sputum culture and urine culture. (III) The
status of the drug resistance: the number of Staphylococcus
aureus, methicillin-resistant Staphylococcus aureus (MRSA),
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Acinetobacter baumannii, carbapenem-resistant Acinetobacter
baumannii (CRAB), Pseudomonas aeruginosa, carbapenem-
resistant Pseudomonas aeruginosa (CRPA), Escherichia,
extended-spectrum B-lactamase-producing Escherichia (ESBL-
ESC), Klebsiella pneumoniae, extended-spectrum B-lactamase
Klebsiella pneumoniae (ESBL-KP), Enterococcus sp and
vancomycin-resistant Enterococcus sp (VRE) strains detected in
sputum culture, blood culture and urine culture and their
proportion.

Data collection

The survey was conducted by the means of online
submission. Before the investigation, the Shanghai
Nosocomial infection Quality Control Center conducted
standard training for people in participated hospitals who
were responsible for the issue. After the investigation, the
Shanghai Nosocomial infection Quality Control Center was
responsible for the collection and verification of the results.
Improper questionnaires were required to revise. Moreover,
the Center cooperated with the microbiology laboratory
and infection control department of participated hospitals
for further verification when supervision.

Ethical statement

The authors are accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved.

Data analysis

(I) The rate of antibacterial use = the number of antibiotics
prescribed for inpatients/the total number of inpatients
in the year x100%. (II) The proportion of blood/sputum
culture = the number of blood or sputum culture/the
total number of pathogens sent for detection. (III) The
Psy (Py5, Pys) of blood/sputum culture was calculated from
the average proportion of blood/sputum culture in each
hospital. (IV) The Py, (P,s5, P;5) of the average number
of bottles sent for blood culture was calculated from the
average number of bottles sent for blood culture in each
hospital. (V) The detection rate of multi-drug resistant
bacteria= the number of strains detected of multi-drug
resistant bacteria/the total number of strains detected in
this pathogen x100%. (VI) The proportion of multi-drug
resistant bacteria specimen detected from the sputum
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Table 1 The level and the nature of the hospitals
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Hospital (N=66)

Inpatients

N (%) 2015 (%) (N=1,859,959) 2017 (%) (N=2,123,140)

Level

Tertiary hospital 34 (51.52) 1,375,358 (73.95) 1,572,842 (74.08)

Secondary hospital 32 (48.48) 484,601 (26.05) 550,298 (25.92)
Nature

General hospital 48 (72.73) 1,434,902 (77.15) 1,604,792 (75.59)

Specialist hospital 8 (12.12) 266,590 (14.33) 338,530 (15.94)

Maternal and child hospital 2(3.03) 83,050 (4.47) 106,247 (5.00)

Chinese medicine hospital 8(12.12) 75,417 (4.05) 73,571 (3.47)

samples = the number of multi-drug resistant bacteria
strains detected from the sputum samples/the total
number of multi-drug resistant strains detected from the
all specimens x100%. (VII) The detection rate of a certain
multi-drug resistant bacteria in a certain type of specimen
= the number of multi-drug resistant bacteria in a certain
specimen/the total number of strains detected by this
pathogen in one type of specimen x100%.

Statistical analysis

The SPSS 20.0 statistical software was used for data
analysis after the data were exported and verified. The
statistical description of the non-normal distribution data
was expressed by the median and inter-quartile range
P, (P,s, P;5). The % test and Z test were used to assess
the differences with data comparison. The statistical
significance level was set at P<0.05.

Results
Basic information of the investigated hospitals

A total of 66 secondary and above-level hospitals in
Shanghai were investigated in 2015 and 2017. The number
of hospital beds had changed during 2015-2017 in some
hospitals. The level, nature and scale of the hospitals
surveyed are shown in Tables 1,2.

The trends of multi-drug resistant bacteria detection rate

Among the six multi-drug resistant bacteria investigated,
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the detection rate of CRAB, MRSA, ESBL-KP and CRPA
in 2017 increased compared with 2015, the difference was
statistically significant (P<0.001). By contrast, the detection
rate of ESBL-ESC and VRE decreased compared with
2015, the difference was statistically significant (P<0.05), see
Table 3.

Trends of the proportion of blood and sputum culture
specimens in the inpatients’ pathogen detection

As shown in Table 4, compared with 2015, there was no
significant change in the proportion of blood specimens and
sputum specimens in 2017 (P>0.05), no matter what level of
hospital. The clinical pathogen detection still relied mainly
on sputum specimens in 2017.

Trends in detection rates of multi-drug resistant bacteria
in different specimen types

Table 5 showed that among the sputum specimens, the
detection rates of ESBL-ESC, ESBL-KP, CRAB, CRPA in
2017 were increased while the MRSA was decreased than
those in 2015, the difference was statistically significant
(P<0.001). Among the blood samples, the detection rates of
ESBL-KP, CRAB, CRPA and MRSA increased while the
rates of ESBL-ESC and VRE decreased compared with
2015, the difference was statistically significant (P<0.005).
Among the urine samples, the detection rates of ESBL-
ESC, CRAB, CRPA, and MRSA were all lower than those
in 2015 while the ESBL-KP and VRE decreased compared
with 2015, the difference was statistically significant
(P<0.001).
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Table 2 The scale of the hospitals
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Hospital (N=66) Inpatients

Number of beds

2015 (%) 2017 (%) 2015 (%) 2017 (%)
<500 21 (31.82) 19 (28.79) 191,164 (10.28) 179,391 (8.45)
500-1,000 30 (45.45) 31 (46.97) 833,414 (44.81) 964,080 (45.41)
1,000-1,500 10 (15.15) 11 (16.67) 463,094 (24.90) 554,183 (26.10)
=1,500 5 (7.58) 5(7.58) 372,287 (20.02) 425,486 (20.04)
Table 3 Trends in detection rate of multi-drug resistant bacteria®
Multi-drug resistant bacteria 2015 2017 be P
ESBL-ESC 54.61% (14,663/26,850) 50.84% (14,657/28,828) 79.169 <0.001
ESBL-KP 33.01% (5,663/17,158) 34.56% (6,681/19,331) 9.832 0.002
CRAB 52.74% (6,222/11,798) 57.76% (6,410/11,098) 58.278 <0.001
CRPA 24.75% (3,482/14,068) 27.76% (3,766/13,564) 32.408 <0.001
MRSA 49.03% (6,474/13,203) 52.46% (6,538/12,463) 30.088 <0.001
VRE 0.98% (115/11,762) 0.71% (84/11,877) 5.179 0.023

*, The detection rate of multi-drug resistant bacteria = the number of strains detected of multi-drug resistant bacteria/the total number
of strains detected in this pathogen x100%. ESBL-ESC, extended-spectrum p-lactamase-producing Escherichia; ESBL-KP, extended-
spectrum p-lactamase Klebsiella pneumoniae; CRAB, carbapenem-resistant Acinetobacter baumannii; CRPA, carbapenem-resistant
Pseudomonas aeruginosa; MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant Enterococcus sp.

Table 4 Trends in the proportion of blood and sputum culture specimens sent for detection in inpatients*

2015 2017
Specimen type Hospital level P
Pso (Pass P7s) Pso (P2ss Pys)

Blood specimen Tertiary hospital 9.24% (6.59%, 14.22%) 9.69% (6.05%, 13.33%) 0.535
Secondary hospital 7.61% (3.59%, 13.10%) 8.68% (5.20%, 12.65%) 0.672
Total 8.72% (5.83%, 13.62%) 9.06% (5.62%, 12.80%) 0.908

Sputum specimen Tertiary hospital 22.90% (7.73%, 29.76%) 21.10% (12.23%, 31.58%) 0.990
Secondary hospital 28.97% (18.82%, 39.84%) 26.70% (18.65%, 35.18%) 0.697
Total 25.05% (16.24%, 35.19%) 24.43% (14.99%, 34.07%) 0.743

*, The proportion of blood/sputum culture = the number of blood or sputum cultures/the total number of the specimens sent for detection.
The Py, (P,s, P;s) of blood/sputum culture was calculated from the average proportion of blood/sputum culture in each hospital.

The proportion of sputum/blood samples in multi-drug

resistant bacteria detection in 2017

The results of the study showed that the proportion of
sputum samples in ESBL-ESC, MRSA, CRAB, ESBL-
KP and CRPA were all higher than detected from the
blood specimens, the difference was statistically significant
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(P<0.001) see Table 6.

Discussion

There is global economic and clinical concern that
antimicrobial resistance, especially multi-drug resistance
is a major threat to healthcare (4). Antibiotic resistance
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Table 5 Detection rates of multi-drug resistant bacteria in different specimen types*
2015 2017
The type of the specimen Multi-drug resistant bacteria P
N % N %

Sputum ESBL-ESC 1,829 61.15 1,708 66.67 <0.001
ESBL-KP 3,005 32.18 3,358 32.46 <0.001
CRAB 5,011 57.37 4,995 61.74 <0.001
CRPA 2,778 28.85 2,772 32.01 <0.001
MRSA 3,617 61.18 3,255 58.55 <0.001

Blood ESBL-ESC 1,554 61.76 1,340 53.71 <0.001
ESBL-KP 369 30.96 363 31.43 <0.001
CRAB 89 33.46 127 50.80 <0.001
CRPA 46 13.07 61 19.43 <0.001
MRSA 326 39.95 365 43.87 <0.001
VRE 9 0.97 16 0.55 <0.001

Urine ESBL-ESC 7,215 51.23 8,164 53.80 <0.001
ESBL-KP 1,184 42.88 1,593 42.39 <0.001
CRAB 230 33.05 247 34.99 <0.001
CRPA 209 17.39 246 18.43 <0.001
MRSA 302 40.21 307 51.86 <0.001
VRE 81 1.40 50 0.97 <0.001

*, The detection rate of multi-drug resistant bacteria in a certain type of specimen = the number of multi-drug resistant bacteria in a certain

specimen/the total number of this type of specimens x100%.

Table 6 The proportion of sputum/blood samples in multi-drug
resistant bacteria

Multi-drug resistant Sputum Blood b
bacteria N % N %
ESBL-ESC 1,708 1165 1,340 9.14 <0.001
ESBL-KP 3,358 50.26 363 543 <0.001
CRAB 4,995 77.93 127  1.98 <0.001
CRPA 2,772 73.61 61 1.62 <0.001
MRSA 3,255 49.79 365 558 <0.001

*, The proportion of multi-drug resistant bacteria specimen
detected from the sputum/blood samples = the number of
multi-drug resistant bacteria strains detected from the sputum/
blood samples/the total number of multi-drug resistant
strains detected from the all specimens x100%. ESBL-ESC,
extended-spectrum p-lactamase-producing Escherichia; ESBL-
KP, extended-spectrum p-lactamase Klebsiella pneumoniae;
CRAB, carbapenem-resistant Acinetobacter baumannii; CRPA,
carbapenem-resistant Pseudomonas aeruginosa; MRSA,
methicillin-resistant Staphylococcus aureus.
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causes people to be sick for longer and increases the risk of
death (5) and are associated with higher mortality
rates, longer hospitalizations, and increased health care
expenditures (6). In China, the national average detection rate
of ESBL-ESC, ESBL-KP, CRAB, CRPA and MRSA was
55.9%, 24.3%, 52.1%, 22.3% and 39.2%, respectively (7).
In our study, the detection rate of multiple drug resistance
in Shanghai was far higher than the national average level.
Although as one of the most developed cities in China,
Shanghai needs to undertake more critical patients, the
detection rate of multiple drug resistance may be relatively
high, but for its part, health-care workers in Shanghai still
need to strengthen their own standards, reduce the rate of
multiple drug resistance.

The frequency of antimicrobial resistance has increased
globally due to misuse and overuse of antibiotics, and
multi-drug resistant (MDR) bacteria are now recognized
as a major cause of hospital-acquired infections (HAI) (8).
During the clinical diagnosis and treatment, untimely
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or incorrect clinical specimen collection often leads to
difficulties in the early detection of multi-drug resistant
bacteria, or is misleading as the colonization can be treated
as an infection (6). Accurate and timely clinical pathogen
detection is very important for the appropriate prescribing
of antimicrobial agents, and thereby can reduce the selective
pressure of antibacterial drugs, delay and decrease the
production of multi-drug resistance (9).

Sputum specimens often account for a large part of
clinical examination, because they are one of the fast and
simple methods to detect pathogens of respiratory infection
(7,10,11). Sampling sputum specimens is relatively easy
and non-invasive. But in fact, it is also difficult to get good
sputum specimens. Patients often do not have a good
deep cough, but mix a lot of saliva (12). The pathogens
detected in this kind of sputum specimen may be the oral
colonization (13). In view of the recognition of qualified
semi quantitative sputum culture by Infectious Diseases
Society of America (IDSA) and the advance of microbial
laboratory in China, high quality sputum specimens and
sterile specimens obtained by bronchoscopy are essential
for the etiology diagnosis (9). At the same time, for
sputum specimens, it is more difficult to identify whether
the pathogen is a colonized or an infected strain, thus
misleading the clinical medication (14). Repeated sputum
specimen detection may result in different bacteria,
which may cause confusion to clinicians (15). Sterile site
samples, such as blood samples, can better reflect the real
infection situation. Therefore, sputum specimens are
more likely to overestimate drug resistance than blood
specimens. Attention should be paid to the examination
of clinical specimens from sterile sites, which is one of the
requirements of WHO in the prevention of multiple drug
resistance (5). The global antibacterial drug experts have
increased emphasis on increasing the rate of inspection
of sterile parts (16). In this study, we found that among
the sputum specimens, the detection rates of ESBL-ESC,
ESBL-KP, CRAB, CRPA in 2017 were increased than those
in 2015, indicating that health-care workers in Shanghai still
need to be more stringent and standardized in indication for
sending inspection of sputum specimen.

The disadvantage of this paper lies in the lack of analysis
of data in Carbapenem Resistant Enterobacteriaceae (CRE)
of Shanghai. Because the difference between China and the
global is that VRE is less detected than CRE (2). In recent
years, CRE has been the focus of attention in China. In
future research, we will add data analysis of CRE.

In summary, continuing to reduce inappropriate
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antibiotic prescribing has great clinical significance on
delaying the production of drug-resistant bacteria. It
is necessary to tighten the supervision of antimicrobial
drugs in tertiary hospitals to improve their management
in this area. Moreover, identifying the correct clinical
pathogens is not only important to the drug-resistant
bacteria supervision, but also has great clinical significance
on treatment options, even delaying the spread of drug-
resistant bacteria.

Conclusions

The average rate of antibacterial use in Shanghai’s 66
hospitals from 2015 to 2017 showed a downward trend.
However, the detection of multi-drug-resistant bacteria still
mainly comes from sputum samples, which easily leads to
overestimation of the detection rate of multi-drug-resistant
bacteria and affects clinical diagnosis and treatment.
Therefore, it is still necessary to continue to strengthen the
proportion of sterile sites while sending for examination.
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