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Background: Extensively drug-resistant Gram-negative bacterial (XDR-GNB) bloodstream
infection (BSI) is difficult to treat and is associated with a high mortality rate in patients with
hematological diseases. The aim of this study is to investigate the predisposing risk factors and
the efficacy of the antibiotic treatment in these patients, including exploration of efficacy and
adverse effects of high-dose tigecycline.

Methods: Between January 2013 and December 2017, 27 XDR-GNB BSI patients with hema-
tological diseases were diagnosed and retrospectively reviewed in the current study.

Results: Clinical response in patients with severe complications (such as severe neutropenia
>10 days, grade [II-IV acute graft-versus-host disease (aGVHD), and concurrent pneumonia)
was significantly lower than in patients without or with only mild complications (P=0.033).
The efficacy rate was 62.5% (10/16) in patients with tigecycline-based combination therapy
regimen, 77.8% (7/9) with a high-dose tigecycline regimen, and 42.9% (3/7) with a standard-
dose tigecycline regimen (P=0.36). The 30-day survival rates of patients undergoing high-dose
or standard-dose tigecycline treatment were 66.7% (95% CI: 28.2-87.8) and 57.1% (95% CI:
17.2-83.7), respectively, (P=0.603). Patients with mild complications were associated with supe-
rior 30-day survival rates than patients with severe complications (93.8% vs 36.4%, P=0.001),
>10 days of neutropenia (90.9% vs 33.3%, P=0.012), severe aGVHD (100% vs 40%, P=0.049),
and concurrent pneumonia (84.6% vs 57.1%, P=0.048).

Conclusion: Our study indicated that XDR-GNB BSI in patients of hematological diseases
with severe complications, such as long duration of neutropenia (>10 days) and severe aGVHD
were associated with poor clinical response and short survival. We first indicated that these
patients undergoing high-dose tigecycline treatment had an improved clinical response and an
increased 30-day survival rate compared with the standard-dose group, although the differences
were not statistically significant. This might be due to more severe complicated patients enrolled
in high-dose group and the limited number size in our study.

Keywords: carbapenem resistant bacterial infection, bloodstream infection, high-dose tigecy-
cline, hematological malignancies

Introduction

Extensively drug-resistant Gram-negative bacterial (XDR-GNB) infection refers
to infection by Gram-negative bacteria that are only susceptible to tigecycline or
polymyxin. The extended use of high-dose glucocorticoids, immunosuppressants,
and broad-spectrum antibiotics, especially the wide application of carbapenems,
has led to the emergence of XDR bacteria. This type of infection is difficult to treat
and is associated with a high mortality rate, and it is generally more severe to have
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XDR-GNB bloodstream infection (BSI) in patients with
hematological diseases concurrent with severe neutropenia.
Currently, all major guidelines recommend a combination
treatment plan based mainly on tigecycline or polymyxin
for the treatment of infections caused by XDR-GNB.! In
China, polymyxin antibiotics are not available for clinical
use, and combination therapy based on tigecycline is used
most often. However, a previous study reported that treating
XDR-GNB BSI with tigecycline at the standard dose resulted
in relatively high failure and mortality rates.” Therefore, it
remains controversial whether tigecycline is effective for
treating bacteremia. In the current study, we retrospectively
analyzed the incidence, risk predisposing factors, and
efficacy of the antibiotic treatment of XDR-GNB BSI in
patients with hematological diseases, including exploration
of efficacy and adverse effects of high-dose tigecycline, in
order to determine an optimal strategy for the treatment of
XDR-GNB BSIL.

Methods and materials
Patients’ selection and laboratory

methods

Twenty-seven patients diagnosed with XDR-GNB BSI were
retrospective reviewed in this study between January 1,
2013, and December 31, 2017 in Department of Hematol-
ogy, the First Affiliated Hospital of USTC (University of
Science and Technology of China). XDR-GNB was defined
as resistant to almost all classes of antibiotics except one
or two classes of antibiotics (mainly polymyxin and tige-
cycline).>”® The BacT/ALERT 3D automated blood culture
system (BioMérieux, Lyon, France) was used to process all
blood samples. All strains were identified by Gram stain and
the VITEK 2-compact automated system (BioMerieux).
Antimicrobial susceptibility testing was also carried out
using the VITEK 2-compact system. The susceptibility
of the organism tested was determined according to the
Clinical and Laboratory Standards Institute recommenda-
tions 2013 edition. Quality control strains were included in
each batch of antimicrobial testing to ensure the accuracy
of the results.

Treatment regimens

Patients with XDR-GNB BSI were treated with double or
triple antibiotic regimens. A total of 16 patients received
a tigecycline-based combination therapy regimen, which
including nine patients received a high-dose tigecycline
regimen. Patients who were treated with tigecycline at 50 mg

every 12 hours after a 100 mg initial dose were defined as a
standard-dose group (SD). Patients who were treated with
tigecycline at 100 mg doses every 12 hours after a 200 mg
initial dose were defined as the high-dose group (HD). For
Enterobacter (Escherichia coli and Klebsiella pneumoniae),
administration of carbapenems or not was determined based
on the minimum inhibitory concentration (MIC) value.
Fosfomycin or aminoglycoside antibiotics were also admin-
istered if MIC values indicated sensitively. Non-fermentative
Gram-negative bacilli were treated with sulbactam combined
with fosfomycin or aminoglycoside antibiotics based on
tigecycline treatment. Pseudomonas aeruginosa was treated
with B-lactams and fosfomycin or aminoglycoside antibiotics
without tigecycline.

Efficacy evaluation

Clinical symptoms, vital signs, and drug-related adverse
events were recorded daily during treatment. Routine blood
tests were performed daily. Liver and kidney functional
values, electrolytes, and fasting plasma glucose levels were
determined at least twice every week. Infection markers,
including C-reactive protein and procalcitonin, were checked
every other day. Blood samples were cultured at least once
each week to determine the status of bacterial clearance. A
comprehensive evaluation of the clinical efficacy was deter-
mined based on the aforementioned indicators.

Definitions and statistical analysis
Definitions of XDR-GNB, BSI, neutropenia, and GVHD
were defined according to previously published criteria.>®
Patient-, disease-, and treatment-related variables were
measured using chi-squared test (categorical variables)
or Mann—Whitney U test (continuous variables). Survival
curves were established by the Kaplan—Meier method,
and rank sum tests were performed with 95% CIs for
the respective ORs calculated. R statistical software was
used for statistical analysis (R Foundation for Statistical
Computing). Differences were considered statistically
significant at P<0.05.

Ethics

The Institutional Ethics committee of the First Affiliated
Hospital of USTC approved this clinical study, and written
informed consent of high-dose tigecycline had been provided
by the patients (or a parent/legal guardian if the patient was
<18 years of age or unconscious), in accordance with the
Declaration of Helsinki.
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Results

Clinical characteristics

Between January 2013 and December 2017, 27 patients
of XDR bacterial BSI were diagnosed and retrospectively
reviewed in the current study. The average length of the
hospital stay was 29.5 days (range: 3—62). The median age
was 33.7 years, with a range of 14.0-70.0 years. Eleven
patients were diagnosed with acute myeloid leukemia,
eight with acute lymphoblastic leukemia, three with severe
aplastic anemia, two with mixed acute leukemia, two with
myelodysplastic syndrome, and one with anaplastic large cell
lymphoma. A total of 21 patients had deep venous catheters
(77.8%), and 10 patients underwent hematopoietic stem cell
transplantation (37.0%). A total of 13 patients were infected
with E. coli (48.1%), 10 with K. preumonia (37.1%), 2 with
Acinetobacter baumannii (7.4%), and 2 with P aeruginosa
(7.4%). All drug susceptibility tests showed resistance to
imipenem, and the MIC values of imipenem were 216 in 18
patients (66.7%) and <16 in 9 patients (33.3%). In addition
to BSI, 14 patients had concurrent lung infection (51.9%), 7
had concurrent perianal infection (25.9%), and 1 had simul-
taneous skin and soft-tissue infections (3.7%). All patients
received prior antibiotics treatment during 2 weeks before
the diagnosis of XDR-GNB, of which 24 patients received
imipenem/cilastatin treatment, 12 received vancomycin, 15
cefoperazone/sulbactam, 25 received amikacin, 12 received
levofloxacin, and 10 received piperacillin/tazobactam.
Among the 27 patients, 12 experienced septic shock (44.4%),
11 had severe complications (40.7%), and 7 had dysfunction
of one or more organs (25.9%), although 16 patients had no or
mild complications (59.3%) (Table 1). We outlined the drug
susceptibility assays, including the name of drugs treated,
MIC in Table S1. One major concern of the study is the large
time frame that could provide more insight to the variability
of XDR-GNB of the perspective cohort. We subdivided the
cohorts and represented them as shown in Figure S1.

Efficacy

Following a diagnosis of XDR-GNB BSI, 8 of the 27 patients
died, giving a mortality rate of 29.6% (95% CI: 10.1-44.9).
There was no significant difference of clinical efficacy
among the bacterial species (P=0.19) (Figure 1A), and the
clinical response was similar between cohorts of MIC val-
ues of imipenem =16 and <16 groups (P=0.86) (Figure 1B),
groups with or without transplantation (P=0.69) (Figure 1C).
The cure rate in patients with severe complications (such as
severe neutropenia >10 days, and grade ITII-1V acute GVHD

Table | Clinical characteristics

Characteristics n=27
Age (years), median (range) 33.7 (14.0-70.0)
Sex: M/F (n, %) 15 (55.6)/12 (44.4)
Body weight (kg), median (range) 60.1 (40.0-82.5)
Diagnosis (n, %)

Acute myeloid leukemia 11 (40.7)

Acute lymphoblastic leukemia 8 (29.6)

Severe aplastic anemia (1.1

Myelodysplastic syndrome 2(74)

Mixed acute leukemia 2(7.4)
Lymphoma 1 (3.7)
Transplant (n, %)

Yes 10 (37.0)

No 17 (63.0)
Complications (n, %)

No or mild 16 (59.3)

Severe 11 (40.7)
Bacteria species (n, %)

Escherichia coli 13 (48.1)

Klebsiella peneumoniae 10 (37.1)

Acinetobacter baumannii 2(74)

Pseudomonas aeruginosa 2(74)
Imipenem MIC (n, %)

<16 pg/mL 9 (33.3)

=16 pg/mL 18 (66.7)
Pulmonary infection (n, %) 14 (51.9)
Perianal infection (n, %) 7 (25.9)
Sepsis shock (n, %) 12 (44.4)
Organ dysfunction (any) (n, %) 7 (25.9)
Deep venous catheter (n, %) 21 (77.8)
Carbapenem-including treatment (n, %) 12 (44.4)
Tigecycline-based treatment (n, %) 16 (59.2)

Standard-dose group 7 (25.9)

High-dose group 9 (33.3)
Length of antibiotics use (days), median 21 (3-61)
(range)
Length of tigecycline use (days), median 8 (3-14)
(range)
Clinical response (n, %)

Cure 19 (70.4)

Failure 8 (29.6)
Microbial eradication (n, %)

Cure 19 (70.4)

Failure 8 (29.6)
Median time to clinical cure (days), median 5(3-14)
(range)
Median time to microbial eradication (days), 4 (2-17)
median (range)
Length of hospitalization (days), median 29.5 (3-62)
(range)
30-day mortality (% cumulative incidence, 29.6 (10.1-44.9)
95% Cl)

[aGVHD]) was significantly lower than in patients without
or with only mild complications (P=0.033) (Figure 1D).
Patients combined with pulmonary infection had significantly
lower responses than patients without pulmonary infection
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Note: Clinical efficacy among the bacterial species (P=0.19) (A); cohorts of MIC values of imipenem 216 and <16 groups (P=0.86) (B); groups with or without transplantation
(P=0.69) (C); patients with or without severe complications (such as severe neutropenia >10 days, and grade IlI-IV aGVHD) (P=0.033) (D); patients combined with or without
pulmonary infection (P=0.047) (E); patients who received high-dose or standard-dose tigecycline-based treatment (P=0.36) (F).

Abbreviations: aGVHD, acute graft-versus-host disease; MIC, minimum inhibitory concentration.

(P=0.047) (Figure 1E). A total of 16 patients received a
tigecycline-based combination therapy regimen, which was
effective in 10 patients, giving an efficacy rate of 62.5%.
Among these 16 patients, 9 received a high-dose tigecy-
cline regimen, which was effective in 7 patients, giving an
effective rate of 77.8%. Seven patients received a standard-
dose tigecycline regimen. Of these, it was effective in three
patients, giving an efficacy rate of 42.9%. However, there
was no statistically significant difference between these two
groups (P=0.36) (Figure 1F). Carbapenems were included
in the antibiotic combination therapy regimen of 12 patients
(44.4%). The median duration of antibiotic use in all patients
was 21 days, with a range of 3—61 days. The median duration

of tigecycline use was 8 days, with a range of 3—14 days.
The median treatment duration of the HD was 7 days, with
a range of 3—14 days, and the median treatment duration of
the SD was 8.5 days, with a range of 5—13 days.

Survival

The 30-day survival rates of patients infected by XDR E. coli,
K. pneumonia, and non-fermentative Gram-negative bacilli
were 85.7% (95% CI: 53.9-96.2), 55.6% (95% CI: 20.4-
80.5), and 50% (95% CI: 5.78-84.5), respectively, starting
from the time when the patients were diagnosed with XDR
bacterial BSI. There were no statistically significant differ-
ences among these three groups (P=0.154) (Figure 2A). The
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Figure 2 The 30-day survival according to bacteria strains, MIC, transplant and dose of tigecycline.
Notes: The 30-day survival rates of patients infected by XDR bacteria strains (A); MIC values of imipenem =16 and <16 groups (B); patients with or without transplant (C);

and patients undergoing high-dose or standard-dose tigecycline-based treatment (D).

Abbreviations: MIC, minimum inhibitory concentration; XDR, extensively drug-resistant.

30-day survival rates of patients treated with imipenem at an
MIC <16 or 216 were 77.8% (95% CI: 36.5-93.9) and 66.7%
(95% CI: 40.4-83.4), respectively, (P=0.592) (Figure 2B).
The 30-day survival rates of transplant and non-transplant
patients were 70.0% (95% CI: 32.9-89.2) and 70.6% (95%
CI: 43.1-86.6), respectively, (P=0.894) (Figure 2C). The
30-day survival rates of patients undergoing high-dose or
standard-dose tigecycline treatment were 66.7% (95% CI.:
28.2-87.8) and 57.1% (95% CI: 17.2-83.7), respectively,
(P=0.603) (Figure 2D).

The 30-day survival rate of patients with mild complica-
tions was significantly higher than that of patients with severe
complications, 93.8% (95% CI: 63.2-99.1) and 36.4% (95%
CI: 11.2-62.7), respectively, (P=0.001) (Figure 3A). The
30-day survival rate of patients with <10 days of neutropenia
was significantly higher than that of patients with >10 days of
neutropenia, 90.9% (95% CI: 50.8-98.7) and 33.3% (95% CI:

4.6-67.6), respectively, (P=0.012) (Figure 3B). The 30-day
survival rate of patients with mild-to-moderate aGVHD
was significantly higher than that of patients with severe
aGVHD, 100% and 40.0% (95% CI: 5.2-75.3), respectively,
(P=0.049) (Figure 3C). The 30-day survival rate of XDR
bacterial bloodstream infected patients who also had concur-
rent pneumonia was significantly lower than that of patients
without pneumonia, 57.1% (95% CI: 28.4-78.0) and 84.6%
(95% CI: 51.2-95.9), respectively, (P=0.048) (Figure 3D).

Adverse events of tigecycline treatment

In the 16 patients who received tigecycline treatment, gas-
trointestinal symptoms and impairment of liver function
were the main adverse events. Six patients (37.5%) exhibited
gastrointestinal symptoms, such as nausea, vomiting, and
diarrhea, during infusion. Among these six patients, four
were in the HD (44.4%) and two in the SD (28.6%). These
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Note: The 30-day survival rates were compared between no or mild complications and severe complications (P=0.001) (A); <10 days of neutropenia and 210 days of
neutropenia (P=0.012) (B); mild-to-moderate aGVHD and severe aGVHD (P=0.049) (C); concurrent with or without pneumonia (P=0.048) (D).

Abbreviation: aGVHD, acute graft-versus-host disease.

symptoms were all alleviated after reducing the infusion
speed. The liver function, including aspartate transaminase,
alanine transaminase, and total bilirubin levels were elevated
in five patients in the HD and in four patients in the SD. These
returned to normal in five patients (55.6%) after providing
supportive treatment.

Discussion

The main XDR bacterial strains involved are P aeruginosa,
A. baumannii, and K. pneumonia. Data from the CHINET
surveillance indicate that the resistance rate of K. pneumo-
nia to carbapenems is >15%, while the resistance rates of
P, aeruginosa and A. baumannii are close to 30% and 70%,
respectively, with the rates increasing each year.” However,
in our study, almost half of patients of XDR-GNB BSI were
infected with E. coli (48.1%), 37.1% with K. pneumonia, and
only 14.8% with A. baumannii or P aeruginosa.

In current study, we found that patients with >10 days of
neutropenia and severe aGVHD were associated with higher
failure rates in clinical response and lower survival rates.
Long-term neutropenia and severe aGVHD both contribute
to the extensive damage of the intestinal mucosal barrier, and
these are important causes of BSI in patients with hemato-
logical disease. High risks for XDR-GNB infection include
prolonged duration of neutropenia, immuno-incompetent
status, previous widespread broad-spectrum antibiotics treat-
ment, hospitalized in ICU, and multiple invasive procedures.
Our data indicated that if neutropenia and immune function
did not return to normal within a short period, the prognosis
of patients with XDR-GNB BSI in hematological disease
would be poor.

Currently, major guidelines recommend a combina-
tion treatment strategy based on tigecycline or polymyxin
for the treatment of XDR-GNB infections. The standard
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regimen for tigecycline treatment includes an initial dose at
100 mg, followed by 50 mg infusions every 12 hours. Due
to its widespread tissue distribution, the plasma concentra-
tion of tigecycline is far below the MICs necessary for the
treatment of Enterobacteriaceae, Acinetobacter spp. and
anaerobes making it ineffective for the treatment of XDR
bacterial BSI.>'*!" However, a previous study confirmed that
tigecycline exhibits characteristics of linear pharmacokinetics
in healthy subjects, meaning that the area under the serum
concentration—time curve (AUC) increases linearly with an
increase in dose.'? Therefore, increasing the dose can improve
the AUC/MIC ratio, which results in a superior antibacterial
effect against BSIs. This provides a theoretical basis for using
high-dose tigecycline for the treatment of XDR-GNB BSI.
Multiple previous studies have shown that treatment based
on high-dose tigecycline can improve efficacy in critically ill
patients with difficult-to-treat infections, including hospital-
associated and ventilator-associated pneumonia.>>!* Addi-
tionally, high-dose tigecycline did not significantly increase
the incidence of adverse events in these critically ill patients.!

There are few clinical studies concerning XDR-GNB
BSI in hematological diseases, and the treatment of XDR-
GNB BSI with high-dose tigecycline in such patients has
not been previously reported to our knowledge. In present
study, we found that high-dose tigecycline was preliminarily
effective for the treatment of patients with hematological
diseases who have XDR-GNB BSIs. Compared with the
SD, patients undergoing high-dose tigecycline treatment
had an improved clinical response and an increased 30-day
survival rate, although the differences were not statistically
significant. This might be due to more severe patients enrolled
in HD and the limited number size in our study. Therefore,
a prospective study with a larger sample size is needed to
confirm our findings. The tigecycline-related adverse events
observed in this study were primarily gastrointestinal related.
However, there was no significant difference between the HD
and SD. The gastrointestinal symptoms were tolerated and
the increased levels of liver enzymes reduced to acceptable
levels after supportive treatment, which did not affect the
patients’ continued treatment. We believe that the benefits
of high-dose tigecycline treatment far outweigh the deficits
caused by drug-induced adverse events, especially for criti-
cally ill patients.

Conclusion
Our study indicated that E. coli and K. pneumonia might be
the main pathogenic microbes of XDR-GNB BSI in hema-

tological diseases. Patients with long duration of neutropenia
(>10 days) and severe aGVHD were associated with poor
clinical response and short survival. This study suggested
that a combination treatment regimen based on high-dose
tigecycline might improve the efficacy of treatment of XDR-
GNB BSI. This study is a small-scale, retrospective and non-
controlled clinical study, so a large prospective controlled
clinical trial is needed to further verify this conclusion.
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2013.01-2013.12 (n=1)
Escherichia coli (n=0)
Klebsiella pneumoniae (n=1)
Acinetobacter baumannii (n=0)
Pseudomonas aeruginosa (n=0)

2014.01-2014.12 (n=4)
E. coli (n=3)
K. pneumoniae (n=1)
A baumannii (n=0)
P. aeruginosa (n=0)

2015.01-2015.12 (n=3)
E. coli (n=1)
K. pneumoniae (n=1)
A baumannii (n=1)
P. aeruginosa (n=0)

2016.01-2016.12 (n=6)
E. coli (n=2)
K. pneumoniae (n=3)
A baumannii (n=1)
P. aeruginosa (n=0)

2017.01-2017.12 (n=13)
E. coli (n=7)
K. pneumoniae (n=4)
A baumannii (n=0)
P. aeruginosa (n=2)

Figure S1 Subgroups reviewed in the study according to the time frame.

Infection and Drug Resistance 2019:12 submit your manuscript 489
Dove


www.dovepress.com
www.dovepress.com

Dove

Zhou et al

14 | | 91 | 4 SC0 | C 0IN

8 | 8¢l | 91 4 8 0 14 8 LIN
psoujSnJap spuowopnasd

8¢l 9l | [43 8 91 91 ¥9 ¥9 [43 ¥ ¥9 ¥9 ¥9 ITN

8¢l 91 (1743 e | TS 8 91 91 ¥9 ¥9 ¥ ¥9 ¥9 OIN
HuubwnDq 13150q013UDY

8¢l 91 0¢ [43 8 91 91 ¥9 ¥9 ¥9 ¥9 14 ¥9 ¥9 ¥9 SIN

SL0 8¢l 91 (143 [43 | 14 91 ¥9 ¥9 ¥9 ¥9 ¥9 | ¥9 ¥9 [43 4 LIN
8 91 0ce [43 ¥9 | 8 91 91 8 ¥9 ¥9 ¥9 | ¥9 91 [43 8 SIN

8¢l 9l 0ce [43 8 14 91 ¥9 ¥9 91 ¥9 ¥ ¥9 ¥9 ¥9 80N

8¢l 9l 0ce [43 | ¥ 9l 9l ¥9 91 ¥9 | 91 ¥9 C 9IN

8¢l 9l 0ce [42 ¥9 [4 9l 91 [43 ¥9 [43 ¥9 C 91 ¥9 [43 ¥9 60N

8¢l 9l 91 €| TS 8 9l 9l ¥9 ¥9 ¥9 ¥9 4 ¥9 ¥9 ¥9 LON

¥9 | 8Tl 9l 8 9l [43 8 ¥9 ¥9 ¥9 €IN
8¢l 8 9l | TS 8 9l | ¥9 ¥9 ¥9 ¥9 4 ¥9 ¥9 C 90N

8¢l 8 9l [43 ¥9 14 8 | 14 ¥9 4 8 4 9l ¥9 4 VIN
apjuownaud pj[aIsqay|

8¢l | 9l [43 [43 8 9l | ¥9 ¥9 ¥9 ¥9 4 ¥9 | [43 C 0N

¥9 | (1743 [43 8 14 | ¥9 ¥9 14 ¥9 4 9l ¥9 [43 C 9IN

610 ¥9 9l 0ce [43 | 91 9l ¥9 ¥9 ¥9 ¥9 | ¥9 ¥9 [43 C 6IN
0l 8¢l | 0ce e | 8l 8 9l | ¥9 ¥9 ¥9 ¥9 4 ¥9 ¥9 [43 C TIN
14 91 0ce [43 8 9l | ¥9 ¥9 ¥9 ¥9 4 ¥9 ¥9 [43 ¥9 10N

8¢l 91 0ce [43 8 9l 91 ¥9 ¥9 ¥9 ¥9 4 ¥9 ¥9 [43 C SON

8¢l 91 9l [43 8 91 91 ¥9 ¥9 ¥9 ¥9 14 ¥9 ¥9 [43 ¥9 CIN

91 91 9l [43 8 8 | ¥9 ¥9 [43 ¥9 ¥ [43 ¥9 [43 91 YIN

8¢l | 9l [43 [43 8 91 | ¥9 ¥9 ¥9 ¥9 14 ¥9 | [43 C €ON

8¢l 91 91 [43 8 91 91 ¥9 8 ¥9 ¥9 ¥ ¥9 ¥9 [43 ¥9 8IN

8¢l 91 9l [43 [43 8 91 91 ¥9 ¥9 ¥9 ¥9 ¥9 ¥ ¥9 ¥9 [43 ¥9 YON

8¢I 91 9l [43 8 91 91 ¥9 ¥9 ¥9 ¥9 14 ¥9 ¥9 [4) 9l IIN

8¢l 8 9l [43 8 8 91 ¥9 ¥9 ¥9 ¥9 14 ¥9 ¥9 [4) [4 €IN

OOL | XOd | dZL | 9O0L | LXS | WVS | LIN | XAT | Wdl | N9 | d3d | d13 | OZD | 11D | 11SDO | OUD | dID | ZVD | WLV | dWV | WV 1]0> pIyoLLsYydsy

adAyouayd sdueisisad [eiqo.dIWNUY | S d|qe L

Infection and Drug Resistance 2019:12

submit your manuscript

490

Dove


www.dovepress.com
www.dovepress.com

Dove Zhou et al

Infection and Drug Resistance Dove
Publish your work in this journal

Infection and Drug Resistance is an international, peer-reviewed open-  resistance and the mechanisms of resistance development and diffusion
access journal that focuses on the optimal treatment of infection (bacte-  in both hospitals and the community. The manuscript management

rial, fungal and viral) and the development and institution of preventive system is completely online and includes a very quick and fair peer-
strategies to minimize the development and spread of resistance. The  review system, which is all easy to use. Visit http://www.dovepress.com/
journal is specifically concerned with the epidemiology of antibiotic ~  testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/infection-and-drug-resistance-journal

Infection and Drug Resistance 2019:12 submit your manuscript 491

Dove


www.dovepress.com
www.dovepress.com

	_Hlk536047571

	Publication Info 4: 


