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Introduction

Elderly patients have decreased immunity due to aging 
and a decreasing function of tissues and organs. At the 
same time, the chances of bloodstream infections increase 
because of frequent hospitalization for various invasive 
clinical medical operations (1,2). Moreover, bloodstream 
infections in the elderly are characterized by higher se-
verity, less obvious symptoms and high mortality. The-
refore, clinicians are paying more and more attention to 
the drug-resistant characteristics of pathogenic bacteria in 
bloodstream infections in elderly patients.

The β-lactam ring is a structure with antibacterial acti-
vity for a variety of antibacterial drugs such as penicillins, 
cephalosporins and monocyclic lactams, which can cause 
damage to the bacterial cell wall. However, β-lactamases 
can bind to the β-lactam ring and change the binding tar-
get of antibacterial drugs to bacteria, thus reducing or 
even eliminating their antibacterial activity (3). Clinical 
studies have shown that extended-spectrum β-lactamases 
(ESBLs) are an important mechanism for the development 
of bacterial resistance (4).

As a common causative agent of bloodstream infec-
tions, E. coli is located first in the rate of isolation of Ente-
robacteriaceae in the Chinese Bacterial Resistance Sur-
veillance Study (5). ESBLs produced by E. coli can spread 
drug resistance genes among bacteria by integrating genes 
into a mobile gene element and plasmid-mediated. Moreo-

ver, they have the function of capturing drug-resistant 
gene cassettes. This has led to a rising trend of hospital 
infections and drug resistance, which has become a pro-
blematic issue for physicians (6,7).

In this study, we retrospectively analyzed the clinical 
data and drug resistance characteristics of 230 strains of 
elderly patients with E. coli bloodstream infections and 
amplified the genotypes of ESBLs-producing genotypes 
to identify the changes in drug resistance and the distri-
bution composition of ESBLs genotypes so as to provide 
a reference basis for clinical treatment and prevention of 
ESBLs-producing bacterial infections.

Materials and Methods

General information
9712 blood culture specimens were collected from 

January 2016 to December 2019 among elderly patients 
(aged >60 years) sent for fever in various clinical depart-
ments of our hospital. Clinically confirmed 1160 pathoge-
nic bacteria were isolated. Drug-resistant data were col-
lected according to the criteria for 230 strains of E. coli 
infection, including 121 males and 109 females aged 60 
to 97 years, with a mean age of (64.99 ± 12.94) years. The 
study was approved by the hospital ethics committee with 
the informed consent of the patients. 

Inclusion criteria: Patients who met both clinical dia-
gnostic criteria and pathogenic, diagnostic criteria were 
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included according to the 2001 Diagnostic Criteria for 
Hospital Infections (Trial) of the Ministry of Health of the 
People's Republic of China (8). Clinical criteria: Patients 
with fever > 38.0 °C or < 36.0 °C with chills, combined 
with one of the following: invasive portal or migratory le-
sions; systemic toxicity without obvious foci of infection; 
hepatosplenomegaly with rash, hemorrhagic spots, and 
neutrophilia with leftward nuclear shift on blood analysis; 
systolic blood pressure below 90 mm Hg or more than 40 
mm Hg drop from the original systolic blood pressure. Pa-
thogenic diagnostic criteria: pathogenic microorganisms 
were isolated by blood culture. Exclusion criteria: Age 
<60 years; The same strain was isolated from the same 
patient for 2 consecutive times. The second result was not 
included in the statistics.

Instruments and reagents
Instruments included BD9120 automated blood culture 

instrument (BD), VITEK-2 bacterial identification system 
(Mérieux, France), API real-time fluorescence quantita-
tive Step one gene amplification instrument (USA), and 
a gel imaging system (Bio-Rad, USA), and Helena elec-
trophoresis instrument (USA). DNA Marker, Taq DNA 
polymerase, agarose and amplification reagents were pur-
chased from Shanghai Bao Biological Company. Cefta-
zidime (Lot No. CT0142B), ceftazidime/clavulanic acid 
(Lot No. 231- 754), cefotaxime (Lot No. CT0166B), ce-
fotaxime/clavulanic acid (Lot No. 231752) paper sheets 
were from Oxoid (UK).

Specimen collection 
All blood culture specimens were collected in a stan-

dardized manner. Blood was collected from 5 ml to 10 ml, 
injected into special blood culture enrichment bottles, and 
put into BD91200 automatic blood culture instrument for 
culture.

Judgment of results 
When the instrument alarm was positive, transient iso-

lation culture was performed in the blood plate, while the 
smear was done for Gram staining. The growth of bacteria 
on the blood plate was positive, and no bacterial growth 

on the blood plate was a false positive. After five days, 
no alarm was detected by the instrument, and no bacterial 
growth on the culture of the transfected blood plate was 
considered negative, whereas any bacterial growth was 
considered false negative. 

Bacterial identification and drug sensitivity test 
Bacteria were isolated by conventional methods. They 

were identified as E. coli and Klebsiella pneumoniae by 
the fully automated microbiological analyzer. The drug 
sensitivity test results were judged according to the 2017 
American Clinical Laboratory Standardization Institute 
(CLSI) guidelines (6). The quality control strain was E. 
coli ATCC25922.

ESBL phenotype confirmation assay
Measurements were performed using the VITEK2 

Compact automated microbiology analyzer and its accom-
panying drug sensitivity card. The results were interpreted 
according to the CLSI standards. The minimum inhibitory 
concentration (MIC) of ceftriaxone, ceftriaxone/clavu-
lanic acid, ceftazidime and ceftazidime/clavulanic acid 
were determined, respectively. The MIC ratio of clavula-
nic acid-free to clavulanic acid-containing strains was ≥8, 
which could be confirmed as ESBL-producing strains. 

Integrator DNA template extract preparation
The bacteria to be tested were incubated on blood plates 

for 18~24h. 6~8 colonies were taken in 200μL of sterilized 
double-distilled water and ground to make a fresh bacte-
rial suspension. The prepared bacterial DNA template was 
boiled at 95°C for 10min, placed at -20°C for 5min, cen-
trifuged at 13000r/min for 10min, and the supernatant was 
taken to make the integron DNA template extract (stored 
at -20°C refrigerator).

Polymerase chain reaction (PCR) amplification 
ESBLs-producing E. coli genes and integrated genes 

were designed with reference to the literature. The pri-
mer sequences for amplification were synthesized by 
Beijing Sanbo Yuanzhi Biological Company. The specific 
sequences are shown in Table 1. A gene PCR reaction vo-

Gene Primer sequence (5'→3') Product size (bp) Annealing temperature

TEM
F ATAAAATTCTTGAAGAC

1075bp 58℃
R TTACCAATGCTTAATCA

SHV
F GGGTTATTCTTATTTGTCGC

931bp 56℃
R TTAGCGTTGCCAGTGCTC

CTX-M-9
F GTGACAAAGAGAGTGCAACGG

856bp 62℃
R  ATGATTCTCGCCGCTGAAGCC

CTX-M-1
F TTAGGAARTGTGCCGCTGYA

688bp 60℃
R CGATATCGTTGGTGGTRCCAT

CTX-M-2
F CGTTAACGGCACGATGAC

404bp 60℃
R CGATATCGTTGGTGGTRCCAT

Intl1
F GGTCAAGGATCTGGATTTCG

456bp 62℃
R ACATGCGTGTAAATCATCGTC

Intl2
F CACGGATATGCGACAAAAAGGT

789bp 62℃
R GTAGCAAACGAGTGACGAAATG

Intl3
F AGTGGGTGGCGAATGAGTG

433bp 60℃
R TGTTCTTGTATCGGCAGGTG

Table 1. PCR amplification primer sequences.
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difference in the rate of resistance to ticarcillin/clavulanic 
acid, ceftriaxone, ampicillin, cefuroxime ceftazidime, ce-
fepime, lomefloxacin, aminotrans, levofloxacin, merope-
nem, cefoxitin, and amikacin between ESBLs-producing 
and non-ESBLs-producing E. coli (P<0.05). There was no 
significant difference between ESBLs-producing E. coli 
to piperacillin/tazobactam, minocycline, gentamicin and 
cotrimoxazole (P>0.05) as shown in Table 3.

Genetic testing of ESBLs-producing E. coli in 
bloodstream infection from elderly patients

86 strains of E. coli infected in the blood stream of el-
derly patients were tested by PCR amplification with desi-
gned primers for ESBL-producing resistance genes. The 
ESBL-producing E. coli drug resistance gene amplifica-
tion electrophoresis results were as follows: 8 strains were 
not amplified to positive results, and 78 positive strains 

lume of 25μl was composed of 1μl of each primer, 2μl of 
DNA template, 2.5μl of 10×PCR buffer (Mg2+), and 2.0μl 
of dNTP (2.5 mmol/L). The reaction was amplified under 
the action of Taq DNA polymerase 0.5 U, with the condi-
tions of pre-denaturation at 95°C for 5 min, 94°C for 30 s, 
50°C for 40 s, 72°C for 40 s, for a total of 35 cycles, and 
final extension at 72°C for 10 min, using an American API 
real-time fluorescence quantitative Step one gene amplifi-
cation instrument. Their PCR products were analyzed by 
agarose gel electrophoresis under a gel imager to observe 
and record the results.

Sequencing and analysis of amplification products
The amplified products were sent to Huada Gene Bio-

technology Co., Ltd. for bi-directional sequencing. The 
sequencing results were corrected and spliced in DNA star 
software. The gene sequences of the variable region of the 
integrator were analyzed by BLAST comparison in Gen 
Bank database. 

Statistical processing 
The data of drug resistance of E. coli were statistical-

ly analyzed by Whonet 5.6 and SPSS 22.0 software. The 
cardinality test was used to count the rates, and the diffe-
rences were indicated as statistically significant according 
to P < 0.05. Trend analysis was performed by applying the 
Armitage linear trend χ2 test with α = 0.05 and P < 0.05 as 
a statistically significant difference.

Results and discussion

Detection and distribution of E. coli in elderly 
bloodstream infections

Of 9712 blood culture specimens sent for fever in elder-
ly patients, 1160 strains of pathogenic bacteria were iso-
lated, with an isolation rate of 11.94%. Among them, 230 
strains of E. coli were isolated, accounting for 19.83%. 
The isolation rate of pathogenic bacteria increased gra-
dually with time (χ2 =7.493. p < 0.05), while the propor-
tion of E. coli in the pathogenic bacteria did not increase 
year by year (χ2 =1.096 p = 0.295) (Table 2). The patients 
were mainly from the intensive care unit, neurosurgery 
and general surgery (Figure 1).

Analysis of resistance to ESBLs-producing and non-
ESBLs-producing E. coli in bloodstream infections in 
elderly patients

The number of ESBLs-producing strains was 86 out of 
230 strains of E. coli from bloodstream infections in elder-
ly patients, with a positivity rate of 37.39%. The resistance 
rate of 230 strains of E. coli to meropenem, minocycline, 
amikacin, gentamicin and cefoxitin was less than 20% by 
comparing the resistance rate of non-ESBLs-producing 
and ESBLs-producing E. coli. There was a significant 

Year Number of 
specimens

Number of 
positives

Positive 
rate

Number 
of E. coli

Positive
rate

2016 2048 217 10.6 40 18.4
2017 2303 262 11.4 49 18.7
2018 2547 316 12.5 62 19.6
2019 2814 365 12.9 79 21.6

Table 2. Comparison of positive bloodstream infection rate and 
percentage results of E. coli in elderly patients.

Antibiotics

ESBLs-producing 
E. coli (n=86)

Non-ESBLs-
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coli (n=144)
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Ampicillin 86 100 126 87.5 11.663 0.001
Cotrimoxazole 51 59.3 72 50 1.873 0.171
Cefuroxime 81 94.18 85 59.03 33.14 0.005
Ceftriaxone 83 96.5 74 51.39 50.601 0.005
Lomefloxacin 42 48.83 46 31.95 6.505 0.011
Levofloxacin 38 44.18 38 26.38 7.708 0.005
Aminotransom 80 93.02 54 37.5 68.259 0
Cefepime 39 45.34 39 27.08 8.015 0.011
Ticarcillin / 
Clavulanic 
acid

36 41.86 31 21.52 10.782 0.001

Ceftazidime 83 96.5 38 26.38 106.193 0
Gentamicin 8 9.3 26 18.05 3.275 0.07
Minocycline 2 2.32 0 0 1.219 0.27
Cefoxitin 15 17.44 12 8.33 4.311 0.038
Piperacillin / 
tazobactam

31 36.04 41 28.47 1.436 0.231

Meropenem 10 11.62 0 0 14.821 0.005
Amikacin 12 13.95 8 5.55 4.783 0.029

Table 3. Comparison of drug resistance rates of ESBLs-producing and 
non-ESBLs E. coli in bloodstream infections in elderly patients (%).

Figure 1. Clinical departmental distribution of elderly patients with 
E. coli bloodstream infection.
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were detected. CTX-M-9 was detected in 27.91%, fol-
lowed by CTX-M-2 in 17.44%, and SHV in 13.95%. Two 
strains were detected with CTX-M-2, CTX-M-9 and SHV 
genes, four strains were detected with both CTX-M-1 and 
CTX-M-2 genes, and 10 strains were detected with both 
CTX-M-9 and SHV genes, whose genotype distribution 
ratios were shown in Figure 2.

Detection of integrated genes for bloodstream infection 
with E. coli in elderly patients

Among the 230 strains of E. coli infected with blood 
streams from elderly patients, 95 strains showed 491bp of 
amplification products, with a detection rate of 41.30%, 
and no type II or III integrations were detected. The results 
of PCR amplification electrophoresis of E. coli type I inte-
grated genes are shown in Figure 3.

Comparison of drug resistance rate of E. coli integra-
ted gene-positive strains and negative strains

The results of 16 antimicrobial drug resistance tests 
were analyzed for 95 E. coli integrate-positive and 135 E. 
coli integrate-negative strains. The resistance rate of 16 
antimicrobial drugs was significantly higher in the inte-
grate-positive than in the integrate-negative E. coli (except 
gentamicin). Among them, the resistance rates of E. coli to 
antibacterial drugs were below 20% for meropenem, ami-
kacin, cefoxitin, minocycline and gentamicin. See Table 4.

Relationship between ESBLs genotyping and type I in-
tegrated gene positivity in bloodstream infection with 
E. coli in elderly patients

The ESBLs genotyping-positive strains were analyzed 
with the detection of type I integrated gene-positive bacte-

ria (Figure 4). The results showed that 83.3% of the posi-
tive CTX-M-9 genotypes detected type I integrated genes, 
and more than 50% of the positive ESBLs genotypes de-
tected type I integrated genes.

E. coli is a common clinical pathogen as well as a com-

Figure 2. The genotype composition ratio of ESBLs-producing E. 
coli (%).

Figure 3. Electrophoresis diagram of type I integrated gene ampli-
fication. M1 for DNA marker bands, 1.2.5.7.8 for positive bacteria, 
3.4.6.9 for negative bacteria.

Table 4. Resistance rates of antibacterial drugs for E. coli in integrated 
gene-positive and -negative strains.

Antibacterial 
drugs

Integrating gene-
positive E. coli 

(n=95)

Integrating gene-
positive E. coli 

(n=95)
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Ampicillin 95 100 110 81.48 19.738 0.01
Cotrimoxazole 55 57.89 72 53.33 0.469 0.439
Cefuroxime 91 95.78 85 62.96 33.445 0.02
Ceftriaxone 88 92.63 74 54.81 38.294 0.005
Lomefloxacin 45 47.37 46 34.07 4.122 0.042
Levofloxacin 41 43.15 38 28.14 5.571 0.018
Aminotrans 88 92.63 54 40 65.389 0.01
Cefepime 45 47.37 39 28.89 8.214 0.004
Ticarcillin / 
clavulanic acid

36 37.89 31 22.96 6.022 0.014

Ceftazidime 86 90.52 38 28.15 87.322 0.01
Gentamicin 7 7.36 26 19.26 6.415 0.011
Minocycline 2 2.11 0 0 2.867 0.9
Cefoxitin 16 16.84 10 7.4 4.95 0.026
Piperacillin / 
tazobactam

34 35.79 39 28.88 1.226 0.268

Meropenem 11 11.58 0 0 13.973 0.005
Amikacin 15 15.78 6 4.44 8.65 0.005

Figure 4. Genotyping and distribution of the number of positive (A) 
and positive rates (B) of class I integrated genes in ESBLs..
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mon causative bacterium of hospital-acquired infections 
(9). Statistics from our hospital for 2018-2021 showed 
that the rate of bloodstream infections in the elderly was 
increasing year by year. This may be due to the decrease in 
immune function and the increase in underlying diseases 
in the elderly with age. Also, elderly patients are frequent-
ly hospitalized and subjected to invasive procedures, in-
creasing the risk of infection. With the widespread use of 
extended-spectrum antibacterial drugs, the detection rate 
of drug resistance and ESBLs-producing E. coli has been 
increasing (10,11,12). The statistics of our hospital in the 
past 4 years showed that its detection rate was increasing. 
This result is consistent with the report of Chinese bac-
terial drug resistance surveillance about Gram-negative 
bacteria surveillance in 2017-2018 (13). Therefore, it is 
important to standardize invasive procedures in elderly 
patients and strengthen the management of geriatric inten-
sive care units to minimize the incidence of blood cathe-
ter-related bloodstream infections.

ESBL is a derivative of serine protease. It enables E. 
coli to hydrolyze penicillin, cephalosporins and mono-
cyclic β-lactamase antibacterial drugs. Moreover, it can 
recombine drug resistance genes in multiple ways, ag-
gravating the spread of resistance genes among bacteria 
which is the root cause of bacterial multi-drug resistance 
(14, 15). The present study showed that the detection rate 
of ESBLs-producing E. coli was 37.39% in bloodstream 
infections in elderly patients, which was lower than the 
detection rate of ESBLs-producing bacteria reported by 
Xia Fei et al (16, 17). This may be related to the different 
elderly populations studied. The analysis of the resistance 
of ESBLs-producing and non-ESBLs-producing E. coli to 
antimicrobial drugs showed that ESBLs-producing E. coli 
had a lower resistance rate to carbapenems and β-lactamase 
inhibitors and aminoglycosides. Therefore, carbapenem-
based antimicrobial drugs can be used as the first choice 
for the treatment of ESBLs-producing E. coli strains in 
elderly patients with bloodstream infections with E. coli. 
Although the resistance rate of amikacin and gentamicin 
was also less than 20%, these drugs can only be used as 
an alternative to carbapenem antibacterial drugs because 
of their greater renal damage. In addition, they were often 
ineffective when applied alone and were generally used in 
combination with carbapenems or enzyme inhibitors as an 
anti-infective treatment option. 

In this study, genotyping of ESBLs showed that the 
genotype of ESBLs-producing E. coli in our elderly pa-
tients with bloodstream infection was mainly CTX-M, and 
CTX-M-9 was the most predominant genotype which was 
different from what has been reported (18). The genoty-
ping results were dominated by single genotypes, and only 
eight strains with more than two ESBLs genotypes were 
present at the same time, which was similar to the rela-
ted report (19). There were some differences in the gene-
tic background and functional characteristics among the 
various ESBLs genotypes. In particular, CTX-M ESBLs-
producing E. coli showed better susceptibility only to car-
bapenems and β-lactamase inhibitors. 

The mechanism of drug resistance in E. coli is not only 
ESBL-producing but also the result of multiple effects of 
ESBLs, integrons and plasmids to produce bacterial drug 
resistance. ESBLs-producing E. coli genes are often trans-
ferred between plasmids or between plasmids and chromo-
somes by transformation, transduction, splicing and trans-

location in different species of bacteria under the action 
of integrons, which makes ESBLs bacteria more genera-
ted and spread. After the reassembly of integrons, many 
resistance genes can be aggregated on the same resistance 
plasmid, which is an important factor in exacerbating the 
emergence of multi-drug resistant bacteria. It has been re-
ported that the integrons of E. coli were mainly type I inte-
grons (20), and the detection rate of classes II and III was 
low. In the present study, the results of amplification of 
integron genes of ESBLs-producing strains were similar 
to those reported, with more than 50% of strains carrying 
type I integrons and significantly higher integrons in ES-
BLs genotype-positive strains than in negative strains. 
The above results indicate that not only type I integrons 
exist in ESBL-producing E. coli infected with blood in our 
elderly patients but also it has been fully involved in the 
mechanism of β-lactamase resistance, resulting in more 
serious bacterial drug resistance. It suggests that we need 
to choose sensitive drugs carefully under the guidance of 
bacteriology and drug sensitivity tests, so as to reduce the 
effect of antibiotics on integrons, decrease the production 
of drug-resistant bacteria specifically multidrug-resistant 
bacteria, and effectively control sepsis and chronic infec-
tions such as diabetic foot ulcers (21-23).

This study investigated the drug resistance charac-
teristics and integration gene distribution of E. coli in 
bloodstream infections in elderly patients. It was found 
that type I integrated genes in ESBLs-producing E. coli 
isolated from blood in elderly patients carry resistance 
genes such as CTX-M-9 and CTX-M-2 aggravating the 
multi-drug resistance of bacteria, which provides a basis 
for clinical treatment of bloodstream infections and appli-
cation of antibiotics by physicians.
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