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ABSTRACT

Introduction: Antimicrobial resistance in healthcare-associated gram-negative microorganisms is rising. Monitoring antimicrobial resis-
tance is crucial for determining infection control programs and planning empirical treatment of patients. In this study, it was aimed to
determine the distribution of the causative gram-negative bacteria and monitor the antibiotic susceptibility changes of Pseudomonas
aeruginosa, Acinetobacter baumanni, Klebsiella spp. and Escherichia coli.

Materials and Methods: An active and targeted surveillance of healthcare-associated infections is conducted by the Infection Control
Committee in high-risk and intensive care units of our hospital. In this study, these surveillance data were used to compare the distri-
bution and antimicrobial susceptibility patterns of gram-negative microorganisms causing healthcare-associated infection in following
periods: January-July 1998, January-December 2008 and January-December 2019.

Results: A total of 1635 gram-negative isolates were analyzed, of which 251 were in 1998, 888 in 2008 and 496 in 2019. The most
frequent gram-negative bacteria were Acinetobacter baumanni, E. coli, Pseudomonas spp. and Klebsiella spp.. Prevalence of E. coli
and Pseudomonas spp. decreased while the prevalence of Klebsiella spp. and Stenotrophomonas maltophilia increased over years.
Antimicrobial susceptibilities of beta-lactams, quinolones and aminoglycosides among P. aeruginosa increased over years, only the sus-
ceptibility of piperacillin-tazobactam decreased. Among Klebsiella spp., beta-lactams and quinolones had a significant susceptibility loss
during the study period. While all Klebsiella isolates were susceptible to meropenem in 1998, only 60% were susceptible in 2019. There
was a significant decrease in susceptibility of ceftazidime, ciprofloxacin and meropenem among E. coli isolates. All tested antibiotics lost
significant susceptibility for A. baumanii isolates, especially from 1998 to 2008.

Conclusion: Antimicrobial resistance has had an increasing trend for healthcare-associated isolates of Klebsiella spp., E. coli and
Acinetobacter spp. during the last 20 years. Rising carbapenem resistance in Klebsiella spp. has become a major threat to patients in
healthcare setting.
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Saghk Bakimu Iliskili infeksiyona Yol Acan Gram-negatif Bakterilerde Direnc:
Son 20 Yilda Ne Degisti?

Pinar AYSERT YILDIZ, Ozlem GUZEL TUNCCAN, Murat DiZBAY
Gazi Universitesi Tip Fakuiltesi, infeksiyon Hastaliklari ve Klinik Mikrobiyoloji Anabilim Dali, Ankara, TUrkiye

Giris: Saglk hizmeti iliskili infeksiyona neden olan gram-negatif bakterilere karsi gelisen direng oranlari her gecen giin artmaktadir.
Direng profillerinin takip edilmesi, yatan hastalarda gelisen infeksiyonlarda ampirik antimikrobiyal tedavilerin planlanmasi ve infeksiyon
kontrol programlarinin belirlenmesinde 6nem tasimaktadir. Bu ¢calismada, saglk bakimiyla iliskili infeksiyona neden olan gram-negatif
bakterilerin dagiliminin belirlenmesi ve en sik karsilasilan dért mikroorganizma olan Pseudomonas aeruginosa, Acinetobacter baumanni,
Klebsiella spp. ve Escherichia coli’nin duyarliliklarindaki dedisimlerin izlenmesi amaglanmistir.

Materyal ve Metod: Hastanemizin yliksek riskli ve yogun bakim (initelerinde saglik bakimi iliskili infeksiyonlarin aktif ve hedefe yonelik
siirveyansi Infeksiyon Kontrol Komitesi tarafindan yiiriitiilmektedir. Calismamizda, bu siirveyans verileri kullanilarak Ocak-Temmuz
1998, Ocak-Aralik 2008 ve Ocak-Aralik 2019 dénemlerinde saglik bakimi iliskili infeksiyona neden olan gram-negatif mikroorganizma-
larin dadgilimi ve antimikrobiyal duyarlilik degisimleri incelenmistir.

Bulgular: Calismada, 2511 1998 yilina, 888'i 2008 yilina ve 496'si 2019 yilina ait olmak tizere toplam 1635 gram-negatif bakteri
incelenmis olup en sik izole edilen bakteriler yildan yila dedisen siklikta A. baumanni, E. coli, Pseudomonas spp. ve Klebsiella spp. ‘dir.
Yillar icinde E. coli ve Pseudomonas spp. sikligi azalirken Klebsiella spp. ve Stenotrophomonas maltophilia sikliginda artis izlenmistir.
Pseudomona spp.‘ye karsi piperasilin-tazobaktam disinda diger tiim antimikrobiyallerin duyarliiklarinda artis gézlenmistir. Klebsiella
spp. suslarinda beta-laktam antibiyotikler ve kinolonlara karsi belirgin duyarlilik kaybi gézlenmistir. 1998 yilinda %100 olan meropenem
duyarlihgi 2019 yilinda %60 ‘a gerilemistir. E. coli icin seftazidim ve siprofloksasin duyarlii§inda belirgin azalma saptanirken meropenem
duyarliligi 1998 de %98.7den 2019°da %91.6ya gerilemistir. A. baumanni icin tiim antimikrobiyallerde ézellikle 2008 yilinda 1998'e
gore belirgin duyarlilik azalmasi saptanmustir.

Sonug: Son 20 yilda saghk bakimi iliskili infeksiyona yol agan Klebsiella spp., E. coli ve Acinetobacter spp.’ye karsi olusan antibiyotik
direncleri artis egilimindedir. Klebsiella spp. izolatlarinda artan karbapenem direnci, hastanede yatan hastalar icin bliyiik bir tehdit
haline gelmistir.

Anahtar Kelimeler: Antimikrobiyal duyarlilik; Antimikrobiyal direng; Gram-negatif; Hastane kékenli; Saghk bakimi iligkili

INTRODUCTION biotic resistance®. In addition, the decline in
discovery and development for new antimicrobials
targeting gram-negative organisms has exacerbat-
ed the problem. Considering these issues, close
monitoring of resistance in gram-negative bacteria
is essential in both local and global level®). Mon-
itoring antimicrobial resistance is also important
in determining infection control programs and

Healthcare associated infections (HAI) are sig-
nificant infections which affect the quality of
healthcare facilities and lead to preventable mor-
bidity and mortality. The prevalence of HAIs has
been shown to be 3.7-6.1% in surveillance stud-
ies, the highest prevalence has been observed in
the tertiary/teaching hospitals'13l.  Gram-negative

bacteria, particularly Escherichia coli, Klebsiella planning empirical treatment of patients[6].

spp., Pseudomonas spp. and Acinetobacter spp., In this study, it was aimed to determine the
are important causative agents of HAIs!Y.  Anti- distribution of the causative gram-negative bacte-
biotic-resistant gram-negative bacteria has globally ria of HAIs and monitor the antibiotic suscepti-
risen to dangerously high levels in recent years bility changes of the four leading gram-negative
especially with the uncontrolled use of antibi- bacteria, Pseudomonas aeruginosa, Acinetobacter
otics. The ability of gram-negative bacteria to baumanni, Klebsiella spp. and E. coli, during

up-regulate or acquire genes that encode the three periods over the past 20 years.
antibacterial resistance contributes to the anti-
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MATERIALS and METHODS

In this study, we evaluated the distribution
and susceptibility patterns of gram-negative mi-
croorganisms isolated from clinical specimens (en-
dotracheal aspirate, blood, urine, wound, abscess,
cerebrospinal fluid, pleural fluid and peritoneal
fluid) of patients with HAIs who were followed
in high-risk and intensive care units (ICUs) in
Gazi University Hospital during three periods:
January-July 1998, January-December 2008 and
January-December 2019.

In our hospital, an active and targeted HAI
surveillance is conducted by the Infection Control
Committee in high-risk units and ICUs. High-
risk units include hematology, oncology, stem
cell transplantation, solid organ transplantation
and newborn units. ICUs include anesthesiology,
general surgery, neurosurgery, pediatrics, cardio-
vascular surgery, neurology, internal medicine and
chest diseases. Patients suspected to have HAls
are visited daily by committee nurses and doc-
tors. HAI is diagnosed according to the criteria
of “Centers for Diseases Control and Prevention
(€DO)'7:8 A follow-up form including the pa-
tients’ characteristics and antimicrobial suscepti-
bility results of the causative microorganism is
filled for each patient. In this study, causative
gram-negative microorganisms of HAIs were ex-
amined during the above-mentioned periods. Data
were collected from the Infection Control Com-
mittee follow-up forms and electronic records of
patients.

Microbiological Analysis

Gram-negative bacteria were identified with
conventional methods and antimicrobial suscep-
tibility testing was performed with agar dilution
method in the routine microbiology laboratory
in 1998 and 2008. In 2019, unlike previous
periods, bacterial identification and antimicrobial
susceptibility testing were performed with auto-
mated systems (MALDI-TOF MS, Bruker, Germa-
ny; VITEK-2, bioMerieux, France). The Clinical
and Laboratory Standards Institute (CLSI) criteria
were used for the interpretation of antimicrobial
susceptibility testing results in 1998 and 2008
while the European Committee for Antimicrobial
Susceptibility Testing (EUCAST) standards were
used in 2019 for the same purpose.

Statistical Analysis

Chi-square test was used for statistical analysis.
A value of p< 0.05 was considered significant.

The study was approved by Gazi University
Ethics Committee with a decision number 08 in
04 May 2021.

RESULTS

A total of 1635 healthcare associated
gram-negative bacteria were identified in this
study. Gram-negative microorganisms constitu-
ted 60.9% (251/412) of all bacterial isolates in
1998, 76.6% (888/1222) in 2008 and 79.3%
(496/625) in 2019. The rate of ICU isolates
among gram-negative microorganisms was 42%

in 1998, 70% in 2008 and 64% in 2019.

The distribution of the causative gram-neg-
ative microorganisms and related HAI types is
shown in Table 1. The most isolated gram-neg-
ative bacteria were Acinetobacter baumanni, E.
coli, Pseudomonas spp. and Klebsiella spp. with
changing frequency from year to year. Among
all gram-negative isolates, the rate of E. coli and
Pseudomonas spp. has decreased while the rate
of Klebsiella spp. and Stenotrophomonas maltop-
hilia has increased over a 20-year period.

Figures 1-4 show the change in antibiotic
susceptibilities of P. aeruginosa, A. baumanni,
Klebsiella spp. and E. coli, according to years.
Increased susceptibility for all antibiotics except
piperacillin-tazobactam was observed for P. aeru-
ginosa while a general decrease in the suscep-
tibility of nearly all antibiotics was observed for
Acinetobacter spp., Klebsiella spp. and E. coli.

DISCUSSION

In this study, the distribution of HAIs and
antibiotic sensitivity changes were observed in
gram-negative bacteria causing HAIs over a
20-year period. The most common HAI types
were pneumonia, urinary tract infection and
bloodstream infections. Gradual increase in
bloodstream infections and other infection types
was observed. Most of the bloodstream infections
were caused by gram-positive bacteria in previous
years. However, in the last years, gram-negative
bacteria has an increasing trend probably due
to the rise in the number of ICU, hemodialysis
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Table 1. The distribution of the causative gram-negative microorganisms and healthcare-associated
infection types, by years

1998 (n=251) 2008 (n=888) 2019 (n=496) Total (n= 1635)

(n, %) (n, %) (n, %) (n, %) P
Gram-negative microorganisms
Acinetobacter baumanni 46 (18.3) 313 (35.2) 116 (23.4) 475 (29.1) <0.001
Escherichia coli 80 (31.9) 196 (22) 78 (15.7) 354 (21.7) <0.001
Pseudomonas spp. 75 (29.9) 172 (19.4) 67 (13.5) 314 (19.2) <0.001
Klebsiella spp. 33 (13.1) 105 (11.8) 132 (26.6) 270 (16.5) <0.001
Enterobacter spp. 10 (4) 40 (4.5) 18 (3.6) 68 (4.2) 0.72
Stenotrophomonas maltophilia 1(0.4) 25 (2.9) 37 (7.5) 63 (3.9) <0.001
Citrobacter spp. - 10 (1.1) - 10 (0.6) -
Proteus spp. 3(1.2) 9 (1) 11 (2.2) 23 (1.4) 0.18
Serratia spp. - 9 (1) 14 (2.8) 23 (1.4) -
Burkholderia spp. 1(0.4) 5(0.6) 16 (3.2) 22 (1.3) <0.001
C. violescens 2 (0.8) - - 2 (0.1) -
Morganella spp. - 4 (0.5) 1(0.2) 5(0.3) -
Other gram-negative bacilli - - 6 (1.2) 6 (0.4) -
HAI types
Pneumonia 74 (29.5) 411 (46.3) 237 (45.6) 722 (43.5) <0.001
Urinary tract infection 113 (45) 174 (19.6) 107 (20.6) 394 (23.7) <0.001
Bloodstream infection 11 (4.4) 179 (20.2) 202 (38.8) 392 (23.6) <0.001
Surgical site infection 44 (17.5) 65 (7.3) 27 (5.2) 136 (8.1) <0.001
Others* 9 (3.6) 59 (6.6) 74 (14.2) 142 (8.5) <0.001

*Central nervous system infections, skin and soft tissue infections, abdominal infections, oral cavity and ocular infections.

Klebsiella pneumoniae
1998 m2008 2019
100
90
80
70
60
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40
30
20
10
0 pi il
Ceftazidime Cefepime talgggccl‘c;21 Meropenem  Ciprofloxacin = Gentamycin Amikacin
=022 =0.04 < 0.001 < 0.001 =027 < 0.001
p p p< 0.001 p p p P

W 1998 455 60.3 455 100 94,1 58 69.5

H 2008 36.2 44,8 58.1 86 54,3 70.4 91.4

2019 299 35 20.7 60 43,1 62.1 63.9

Figure 1. Antibiotic susceptibilities of Klebsiella spp. over the years. |
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E. coli

N 1998 m2008 m2019

100
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Ceftazidime Cefepime tellggg?agt;r: Meropenem = Ciprofloxacin = Gentamycin Amikacin
< 0.001 =0.02 = 0.003 < 0.001 =0.56 =0.74
p p p< 0,001 p p p p
W 1998 76.2 39.8 63.8 98.7 78.8 70 86.2
H 2008 60,2 55.6 83.2 99 44.9 73.5 88.8
m 2019 411 38.2 57.6 91.6 203 71.8 85

Figure 2. Antibiotic susceptibilities of E. coli over the years.

Pseudomonas aeruginosa

W 1998 W2008 m 2019
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0 3 T
Ceftazidime Cefepime E;Eg;iﬂg; Meropenem Ciprofloxacin . Gentamycin = Amikacin
p=0.03 p< 0.001 p=021 p=0.12 p=0.006 p< 0.001 p< 0.001
H 1998 41.9 29.8 58.1 40.5 60.8 284 56.8
H 2008 50 30.2 45,9 45,3 459 389 67.4
m 2019 63.4 62.2 48.4 56.9 66.6 88 87.8

Figure 3. Antibiotic susceptibilities of Pseudomonas aeruginosa over the years.

and immunosuppressive patients in our hospital. types of HAIs have gradually risen during the 20-
Outbreaks of gram-negative microorganisms in year period. Decubitus ulcer infections, which are
the ICU setting also contribute to the rise. Other classified as skin-soft tissue infections, constitute
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Acinetobacter baumanni

W 1998 W2008
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i ’ p< 0.001
W 1998 30.5 348 23.9
W 2008 13.4 5.4 7.9
2019 28 =

?l-l.l.l.l.l.

Meropenem Ciprofloxacin = Gentamycin = Amikacin
p< 0.001 p< 0.001 p< 0.001 p= 0.002
60.9 43.5 41.3 34.8
89 6.7 121 18.8
357 1.8 2252 314

2019

Figure 4. Antibiotic susceptibilities of Acinetobacter baumanni over the years.

an important part of other HAIs in our hospital.
The frequency of decubitus ulcers infections has
probably increased due to the rising geriatric
population and the number of patients receiving
palliative care support.

The most common gram-negative bacteria in
our study were A. baumanni (29.1%), E. coli
(21.7%), Pseudomonas spp. (19.2%) and Klebsiella
spp. (16.5%). There was a prominent increase
in the percentage of Klebsiella spp. and S.
maltophilia isolates among gram-negative bacteria
over the years while the incidence of E. coli and
P. aeruginosa has decreased. As a result, Klebsiella
spp. became the most common pathogen in
2019 and lead to one fourth of all gram-negative
HAls. Furthermore, a significant reduction in
the susceptibility of several antibiotics, especially
carbapenems, was observed for Klebsiella spp.
While all Klebsiella spp. isolates in 1998 were
susceptible to meropenem, only 60% of them
were susceptible in 2019. According to the data
of Central Asian and European Surveillance of
Antimicrobial Resistance (CAESAR), carbapenem
susceptibility rate of invasive Klebsiella spp. isolates
in our country in 2019 was 59%, which is
consistent with our findinglg]. In Europe, although

many countries report low resistance rates for
carbapenems, countries like Italy, Romania, the
Russian Federation, Serbia and Ukraine have
reported proportions between 25%-50%, and
countries like Belarus and Greece have reported
proportions exceeding 50% in 2019. Meropenem
resistance in K. pneumoniae has increased from
32.9% to 58.3% in Greece and from 1.3% to
28.5% in Italy in the last ten yearsllo]. A national
surveillance study from Egypt showed a dramatic
increase in carbapenem-resistant Klebsiella isolates
in ICUs from 20%-30% in 2011 to levels of nearly
70% in 2017111, These data reveal a significant
loss of activity for carbapenems against Klebsiella
spp. over the last decade. Rising prevalence of
ESBL-producing Enterobactericeae increases the
carbapenem consumption which imposes a strong
selective pressure that triggers the emergence and
spread of carbapenem resistant strains. Rapid
increase in the carbapenem-resistant Klebsiella spp.
is concerning due to high mortality rates, ranging
from 30% to 75% in severe infections!!Zl. High
carbapenem consumption may also be associated
with the increasing incidence of S. maltophilia,
an inherently carbapenem-resistant pathogen, in
the last two decades.

FLORA 2021;26(4):704-712
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Our study showed a concerning decrease in
meropenem susceptibility of E. coli isolates, mainly
in the last decade (from 99% in 2008 to 91.6%
in 2019). In Europe, carbapenem resistance in
invasive E. coli isolates has been reported to be
mainly low (<1%) in 2018, although Turkey and
Greece have reported higher rates (1%—5%)[13].
According to 2018- CAESAR report, Georgia
has the highest carbapenem resistance rate
(%11) in E. coli isolates among the participating
countries, however a limited number of isolates
was reported from this country!?. In a meta-
analysis, estimated carbapenem resistance is
found to be higher than 5% in E. coli isolates
in two Southeast Asia countries, Myanmar and
Indonesial!¥. These rates should be monitored
with caution as carbapenem-resistant E. coli may
dominate the next decade. Moreover, carbapenem-
resistant E. coli has a greater potential risk for
spread in the community[15]. There are reports
showing that extra-intestinal pathogenic E. coli
may be transmitted to humans via the food
chain. This transmission has the potential to
spread carbapenem-resistant E. coli to a larger
population[lzl.

Third generation cephalosporin  resistance
in Enterobactericcae has shown a significant
increase over the years mainly due to the rapid
spread of ESBL genes. In our study, ceftazidime
was susceptible only in 29% of Klebsiella spp.
and 41% of E. coli isolates in 2019. There
was a statistically significant decrease in the
susceptibility of ceftazidime for E. coli from
1998 to 2019 (from 76.2% to 41.1%). In
Europe, third generation cephalosporin resistance
in invasive E. coli isolates, is currently around
5%-10% in Northern countries and rises up to
>50% in many Southern and Eastern European
countries  including Turkeylg]‘ SMART  study,
where antimicrobial —susceptibility —profiles  of
pathogens causing urinary tract infections in the
Asia-Pacific region, revealed that the overall rate
of hospital acquired ESBL- producing E. coli
and K. pneumoniae isolates were around 50%
in 2012161, Among the countries in this region,
China had the highest rates of ESBL-producing
E. coli and K. pneumoniae (~60%) and the
highest rates of cephalosporin resistancel10].

Genes responsible from the quinolone resistance
are often located on the same plasmid as the
ESBL genes and can be co-transferred together
leading to resistance to both 3rd generation
cephalosporins and quinolones[”]. In line with
the decrease in the sensitivity of cephalosporins,
a significant decrease in the sensitivity of
ciprofloxacin was also observed for both Klebsiella
spp. (from 94.1% in 1998 to 43.1% in 2019)
and E. coli (from 78.8% in 1998 to 20.3% in
2019) in our study. In the European Region,
the overall fluoroquinolone resistance rate has
increased from 19.7% and 28.2% in 2009 to
23.8% and 31.2% in 2019 for invasive E. coli
and Kilebsiella pneumoniae isolates, respectively
(13,18). According to the data of WHO Report
on Surveillance of Antibiotic Consumption, the
consumption rates of both overall antibiotics and
particularly quinolones in our country are very
high compared to other European countries!!?.
This high consumption of antibiotics explains the
low antibiotic susceptibility rates in our study.

Pseudomonas aeruginosa is an important
nosocomial pathogen with its ability to resist
antibiotics by  both intrinsic and acquired
mechanisms. In our study, a general increase in
the susceptibility of antibiotics to P. aeruginosa
was determined over years with an exception that
the susceptibility rate of piperacillin-tazobactam
was decreased from 58% to 48%. Our resistance
rate for piperacillin-tazobactam is higher than the
rate (34%) reported from our country according
to the 2019- CAESAR report[g]. A previous
meta-analysis from our country evaluating the
resistance trends of P. aeruginosa isolated from
various clinical specimens, reported a significant
increase in the resistance rate of piperacillin-
tazobactam from 27.4% in 2007-2011 to 44.9%
in 2012-2016/2%.  Piperacillin-tazobactam is a
highly preferred antibacterial agent in our hospital
and this could have contributed to the rising
resistance rates. Along with this, relatively less
common use of other anti-pseudomonal antibiotics
may have reduced the selective pressure and has
led to the increased susceptibility.

Acinetobacter baumanni is a threat for
hospitalized patients as it frequently contaminates
healthcare facility surfaces and shared medical
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equipment, and spread from person to person
if adequate infection control measures are
not taken?1l. Multidrug-resistant ~ Acinetobacter
infections have emerged over the past two
decades. Most of these infections occur in
severely ill patients in the ICU leading to high
mortality rates, ranging from 26% to 68%[22-23],
In our study Acinetobacter spp. was the most
prevalent bacteria (28.6%) among all gram-
negative isolates although the frequency has
decreased in the last few years. All beta-lactam
antibiotics and quinolones had very low activity
against Acinetobacter spp. and only one third
of all Acinetobacter strains were susceptible to
aminoglycosides in 2019. The susceptibility of all
antibiotics had significantly decreased from 1998
to 2019. The most concerning decrease was
occurred in meropenem resistance (from 60.9% in
1998 to 3.7% in 2019). MDR and carbapenem
resistant isolates of A. baumanni is prevalent all
over the world. However, inter-country range
in resistance percentages is quite wide (ears
net, Bertrand 2012). The percentage of isolates
resistant to at least one of the antimicrobial
groups (fluoroquinolones, aminoglycosides or
carbapenems) ranged between 0% and 95.8%,
depending on the reporting country in Europe
(18)(ears net). A study from our country showed
very high resistance rates against meropenem
(99%), ciprofloxacin (99%), ceftazidime (100%),
amikacin (87%) and gentamycin (92%) in A.
baumanni isolates obtained from clinical samples
of intensive care unit patients[24]. These high
rates are compatible with findings in our study.

In our study, antimicrobial susceptibility
results for colistin and tigecycline were not
evaluated. This is a major limitation because
colistin and tigecycline has become first-line
antibiotic choice for the carbapenem resistant
gram-negative bacteria. European Committee on
Antimicrobial =~ Susceptibility Testing (EUCAST)
guideline recommends performing colistin MIC
determination with broth microdilution, which is
not routinely used in our hospital[25]. In this
study, three years in a 20-year time period were
selected and evaluated cross-sectionally. Therefore,
our data may not exactly reflect the change over
20 years.

CONCLUSION

Our study revealed that there is a significant
decrease in the susceptibility of nearly all
antibiotics against healthcare-associated isolates
of Klebsiella spp., E. coli and Acinetobacter
spp. over the last 20 years. Resistance to third
generation cephalosporins and quinolones s
quite high among both Klebsiella spp. and E.
coli isolates. The incidence of S. maltophilia,
a naturally carbapenem-resistant microorganism,
has increased, probably due to the heavy use
of carbapenems for the treatment of ESBL
producing gram-negatives. Carbapenem resistance
has become a major problem for Acinetobacter
baumanni in the last two decades and currently
for Klebsiella spp. If adequate measures are not
taken and antibiotic stewardship programs are
not properly activated, it is projected to be the
same for E. coli isolates in the next decade.
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