Antibiotic Resistance Pattern of Bacterial Pathogens in Elderly
Patients Admitted in the Intensive Care Unit
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To identify and to determine the resistance pattern of bacterial pathogens involved in infections of the elderly
patients (= 65 years) admitted in the intensive care unit (ICU) at County Emergency Clinical Hospital Craiova,
Romania. A retrospective study of bacterial pathogens was carried out on 463 elderly patients (= 65 years)
admitted to the ICU, from January to December 2017. The analysis of the resistance patterns for the action
of the appropriate antibiotics was performed using Vitek 2 Compact system and diffusion method. In this
study there were analyzed 617 samples from 463 elderly patients (= 65 years). A total of 776 bacterial
isolates were obtained, of which 175 strains of Klebsiella spp. (22.55%), followed by MRSA - Methicillin-
Resistant Staphylococcus Aureus (108 -13.91%) and Escherichia coli (99 -12.75%). The most common
isolates were from respiratory tract (572 isolates -73.71%). High rates of MDR were found for Pseudomonas
(73.07%), MRSA (62.03%) and Klebsiella (44.57%). The study revealed an alarming pattern of antibiotic
resistance in the majority of ICU isolates from elderly patients (=65 years), which draws attention to the

need for judicious use of antibiotics and for careful monitoring of the drug resistance of patients.

Keywords: elderly, antibiotic resistance, intensive care unit, bacterial pathogen

Elderly patients are more susceptible to infection and
complications because the constant decline of physical
function and compromised immune system, so the control
of bacterial infections in hospitalized elderly patients is
more important.

Hospital acquired infections (HAIs) have been shown
to occur about 5 to 10 times more in the patients admitted
in ICUs, which are critically ill patients [1]. Infections to
which the elderly patients were particularly vulnerable are
respiratory tract infections (RTIs, e.g., bronchitis, bacterial
pneumonia and influenza), UTls, intra-abdominal
infections (particularly C. difficile), and acute bacterial skin
and soft tissue infections.

Asignificant problem in intensive care units is constantly
increasing resistance to these antibiotics, the emergence
and spread of antimicrobial resistance (AMR) being now
considered a global public health threat [2]

Starting from this reality, we analyzed the distribution
and resistance patterns of the pathogens isolated from
elderly patients hospitalized in ICU.

Experimental part
Materials and methods

The research is a retrospective study, which included
the determination of pathogens involved in infections of
the elderly patients (=65 years) admitted to the intensive
care unit (ICU) of County Emergency Clinical Hospital
Craiova, Romania, a county hospital with 1518 beds (65
beds of ICU), which provides specialized healthcare to
patients from Dolj county and Oltenia region. Data were
collected from January 2017 to December 2017 from the
clinical pathology databases of the hospital, including
culture sensitivity reports of the elderly patients admitted
to the ICU in the studied period. Samples included blood,
urine, sputum/tracheal aspirate (respiratory secretion),
pus/wound swabs, exudates, intravascular catheters,
cerebrospinal fluid, sterile fluids. There were included in

the study only those samples which were positive by
culture.

The identification of the isolated strains on the clinical
specimens received from ICU elderly patients was carried
out in the Hospital's Laboratory of Microbiology. The
analysis of the resistance patterns for the action of the
appropriate antibiotics was performed using Vitek 2
Compact system and diffusion method.

Antibiotics agents employed for susceptibility testing
were ampicillin-clavulanic acid (20/10 ug), cefazolin (30
1g), cefuroxime (30 pg), ceftriaxone (30 ug), cefotaxime
(30 pg) ceftazidime (30 ug), cefepime (30 ug),
ciprofloxacin (5 pg), teicoplanin (30 pg), piperacillin-
tazobactam (30 pg), imipenem (10 pg), meropenem (10
M), ertapenem (10 ug), linezolid (30 pug), tetracycline (30
Kg) penicillin (10 pg), erytromycin (15 pg), clindamycin
(2 pg), clarithromycin (15 ug), doxycycline (30 pg) and
rifampicin (5 pg). Interpretation was done according to
Clinical Laboratory Standard Institute (CLSI) guidelines [3].

Information about gender and age of the patients, site
of infection and antimicrobial resistance pattern were
collected from Hospital’s Information System and from
the available hospital records, the whole process relying
on effective communication with patients, the family and
the medical team [4], observing ethical and ethical norms
specific to medical research [5].

Data were entered and analysed using Microsoft Excel.
Continuous variables like age are expressed as
mean=STDEV. The pattern of micro-organisms and
gender/sites of infections were analyzed and expressed
as percentages. The X2 test was used for count data, and
p<0.05 meant the difference was statistically significant.

Results and discussions

From January to December 2017, there were analysed
617 samples from 463 elderly patients (= 65 years),
hospitalized in ICU. The mean age of the patients was
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75.49+6.90 years, 212 women (45.78%) and 251 men
(54.21%). Samples included blood, urine, sputum/tracheal
aspirate (respiratory secretion), pus/wound swabs,
exudates, intravascular catheters, cerebrospinal fluid,
sterile fluids. There were included in the study only those
samples which were positive by culture.

Atotal of 776 bacterial isolates were obtained, excluding
cases where it was more than one isolate of the same
pathogen from the same patient. Of these, 531 (68.42%)
were Gram negative and 245 isolates (31.57%) were Gram
positive bacteria. The most common isolate of the Gram
negative pathogens was Klebsiella spp. (32.95%), followed
by E.coli (18.64%) and non-fermenting Gram negative
bacilli, other than Pseudomonas and Acinetobacter (NFB)
(18.06%).

The most common isolates were from respiratory tract
(572 isolates -73.71%), followed by 91 isolates from urine
(11.73%, 59 (7.62%) isolates from pus/wound swabs, 33
(4.25%) isolates from blood (table 1).

According to our study, the most commonly isolated of
all micro-organisms identified in the studied period was
Klebsiella spp. (22.55%), followed by MRSA - Methicillin-
Resistant Staphylococcus Aureus (13.91%), Escherichia
coli (12.75%), NFB (12.37%), CoNS - Coagulase-negative
staphylococci (11.21%), Acinetobacter spp. (7.34%) and
Pseudomonas aeruginosa (6.70%).

Referring to the total number of samples collected by
gender, isolation rates indicates a higher value for female
patients for MRSA (50.92% compared to 49.07%),
Enterococcus spp. (63.15% compared to 36.84%),
Enterobacter spp. (70% compared to 30%) and
Streptococcus spp. (66.66% compared to 33.33%) (table
2). Only one Serratiaspp. strain was found in a male patient
and one of Haemophilus influenzae in a female patient.

A similar percentage was highlighted for Klebsiella in
other researchers’ studies [6,7], but it was the second most
frequent pathogen involved in infections of patients
hospitalized in ICU, after Acinetobacter spp. [6,7] or
Pseudomonas [7].

After other researchers, Coagulase-negative
Staphylococci(CoNS) and E coli were the most frequently
isolated from patient samples [9]. According to Akter at al.
[10], the predominant organism isolated from ICU were E.
coli (28%), followed by Klebsiella spp. (27%) and
Acinetobacter spp. (17.3%).

Similar prevalence of S. aureusin ICU was recorded in a
study conducted in intensive care units in a university
affiliated hospital in Shanghai, by Ruoming et al. (2014).

[8]

The most frequently harvested samples originated from
sputum/tracheal aspirate (73.71%) and Klebsiella was the
most common isolated pathogen from respiratory tract
(25%) (table 2), almost the same percentage revealed in
the study conducted by Akter at al. [10].

From urine (11.73% from all samples), E. coli was the
most frequently isolated organism (38.46%), consistent
with other findings [9], while MRSA occupied, similar to
the results of other researchers [11], first place among
isolated pathogens from pus/wounds swabs (18.64%), and
from blood (39.39%).

Consistent with our study, other investigators have
reported also as the most common site of infection
respiratory tract, urine and blood [3, 7, 12].

While antibiotics are considered the most effective
method of treatment for bacterial infections, their
empirical, indiscriminate, prolonged, or incorrect usage
contributes significantly to the emergence of new
infections by leading to the selection of resistant strains
[13, 14].

Antimicrobial resistance (AMR) is a serious threat to
public health and patient safety in Europe, leading to
mounting healthcare costs, patient treatment failure, and
deaths [15]. Several classes of bacteria have already
exhibited multidrug resistance to antibiotics, such as
Klebsiella pneumoniae and E. coli strains producing
extended-spectrum beta-lactamase (ESBL), which
hydrolyses the beta-lactam ring of penicillin,
cephalosporins, and other related antibiotics, contributing
to treatment failure [16-18].

According to the European Antimicrobial Resistance
Surveillance Network (EARS-Net), the proportion of
Klebsiella pneumoniae and E. coli resistant to
fluoroquinolones, third generation cephalosporins,
aminoglycosides and a combined resistance to the three
antibiotic groups has been increased significantly between
2011-2014 [19]. This resistance is common in ESBL -
producing strains [20], while the emergence of resistance
in Enterobacteriaceae is considered an alarming health
threat [21].

We have analyzed the percentage of multidrug-resistant
(MDR) strains among the clinical isolates from ICU, by
taking into consideration resistance to at least three
different antibiotic groups: aminoglycosides,
cephalosporins, carbapenems, tetracyclines and
fluoroquinolones. Almost 55% from the Acinetobacter
strains were MDR (resistant to cephalosporins,
carbapenems and fluoroquinolones). High rates of MDR
were found for Pseudomonas (73.07%), MRSA (62.03%)
and Klebsiella (44.57%), much higher than those found in
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Sample Number of bacterial strains
Exudates 7 080
Intravascular catheters 1 031 Table 1
ST T - 00 DISTRIBUTION OF ISOLATES AMONG SAMPLES FROM
tene Hunds ' ) ELDERLY PATIENTS HOSPITALIZED IN ICU, COUNTY
Cerebrospinal Thid 3 T3 EMERGENCY CLINICAL HOSPITAL CRAIOVA, ROMANIA,
BETWEEN JANUARY-DECEMBER 2017
Pusfwound swabs g 162
Sputumtracheal aspirate 372 13.71
Urine 91 1173
Blood 33 4313
Total 778 100
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Table 2

DISTRIBUTION BY GENDER OF THE MICRO-ORGANISMS ISOLATED FROM SAMPLES FROM ELDERLY PATIENTS HOSPITALIZED IN ICU,
COUNTY EMERGENCY CLINICAL HOSPITAL CRAIOVA, ROMANIA, BETWEEN JANUARY-DECEMBER 2017

Micro-organism Females Males Total
n Yo n o n "o
cimetobacter 27 4738 30 3263 57 100
NFE i3 375 54 363235 LT 100
Citrobacter 1 0 El E0 3 100
Enterobacter T 0 3 30 10 100
Ecafi EL 1549 50 3030 a9 100
Huaemophilus imfluenzae 1 100 - - I 100
Elebsiella 79 ESNES 6 34383 IS 100
Froteus 14 El 21 ] 35 100
sendomands 23 44723 29 35 52 100
Serratia - - 1 100 1 100
CoN5 33 4023 52 3877 BT 100
5. aureus 10 30 10 50 20 100
MARSA 33 0.9 53 1907 108 100
Strepiococcus preumonias 1 123 7 373 B 100
Enferococcus 12 6313 7 36.84 19 100
Sireplococcls 5p. 2 6666 1 33353 3 100
Total 338 100 418 100 Tra 100

NFE- Glucose-nonfermenting Gram-negative bacilli; ColNS -- Coagulase-negative staphylococcr; MRS - Methicillin-

Fesistant Staphylococcus Aurens;

other studies [12]. Less than one-third of E. coli strains

were multidrug-resistant.

The antibiotic resistance rates of the isolates are

multiple antimicrobial groups observed for Klebsiellaspp.

is consistent with European Centre for Disease Prevention

summarized in tables 3-6. The combined resistance to

Table 3
PATTERN OF PATHOGENS ISOLATED FROM DIFFERENT SPECIMEN TYPES IN ICU
Sample
Sputumtracheal Unne Pos'wound | Blood | Infravascular | Exudate | Stenle | Cerebrosp
aspirate swabs catheters fluids mal flud
Species
Acinetobacter EE] 3 1
MNFE BB 3 k! 1
Citrobacter E! 1
Enterobacter 1 g
E coli 31 33 g 1 1
Haemophilus 1
influenza
Klebsialla 143 16 g El 3 I
FProteus 25 1 ] 1 1
Freudomonas 37 6 3 1 p 1
Serratia 1
ColN5 72 1 2 12
5. CUPEls I7 3
MRS TI 1 11 13 1 E! 1
Streptococcus 7 1
Preumoniae
Enteracoccus 13 1
Sireplococcus sp. 2 1
Total 572 o1 39 33 E! 7 7 E!
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Table 4
ANTIMICROBIAL RESISTANCE PATTERN OF ENTEROBACTERIACEAE GNB (NUMBER AND PERCENTAGE)

Antimicrobial Elebsiella (173) Ecoli Enterobacier Froteus
agent [ELY)] (10 (35

Amexicillinclavulanic acid 33 (3028 3E(3E3ER) J40%) 10(2835T%)

Ceftazidime 106 (60.57%%) 242238 - 23 (83.71%%)

Ceffrizxone 117 (66.85%) 28 (28385 & (60%%) 21 (60Pe)

Cefotaxime T3 (42.35%%) II(12.1%%) - 10(2835T%)

Cefuroxime 106 (60.57%%) 48 (48.45%%) O o0E) 23 (65.T1%%)

Cefazeln 142 (F238%%) SENEENE SN 8 (302 26 (72385

Cefepime 107 (e1.1T%) I3 (253590 3050 2007185

Imipenem EEN RN LY 5 (53.05%%) - 1T (31.43%)

Crprofloxacin 80 {4571%%) 323133 TIEE) 13 (31.43%)

LMeropenem 80 (30.85%%) 16 (16.16%%) - 1337183

Piperacillin‘tazobactam 116 (66.28%%) - - 21 (60Pe)

Ertapenem T3 {4138%%) 20(35TT%) - 10 28378

* — not tested
Antimicrobial MESA(I0E) CoME (ET) Enterococcus (19)
agent
Crprofloxac T 83.785%) o4 (7356%%) 14 {73.68%%)
Clindamycin 85 (78.T0RE) 60 (73 31%%) -
T I 3.63% -
Clarytromicin 11 (65.74%) 31(35.63%%) Table 5
Doxiciclme ST (5977 WEIT%) - ANTIMICROBIAL RESISTANCE
PATTERN OF GRAM POSITIVE
Eryiromycin 86 (79.627) BT (T 01%%) - COCI (NUMBER AND
PERCENTAGE)
Linesolid I{185%) I{1.15%) 1(526%%)
Penicillin 103 (05375 85 (0TT0RE) 13 (68.43%%)
Fifampicin ST {4723%) 60 (63.96%%) -
Tetracycline Ta(03T5%) TO (B80.267%) T2(85.15%%)
Teicoplanm 13{12.05%%) & (6.805%) -
* —not tested
Antimicrobial Acinetobacter spp. (27) Pseudomonas spp. Other NE-GNE (76)
agent (5320

Amoextcillin/clavulanie acid & (10.52%) 19 {(36.35%%) ESCR Y]
Ceftazidime 30 (66.667%) 30(75%%) BG5TE)
Ceffrizxone 3T{TTM%%) 34083380 & (607%) Table 6
Cefotaxime 40 (83.96%%) 19 (36.35%%) 63 (63.62)

ANTIMICROBIAL

Cefuroxime T536%) . B8 (T0.83%)

Cefazolin TUII5%) TTOISR T (90.675%) RESISTANCE PATTERN

Cefepine 5455 O TO(8I05%) OF NON-FERMENTING
P

Erfapenem 00T T TSI GNB (NUMBER AND

Tmipenem TI(7368%) 10 (36.35%) T (55.30%) PERCENTAGE)

Ciprofloxacin EET G CA) L TEEN ) ELTEENIA)

Meropenem TI(T368%) TTG08T%) TT{80.30%)

Piperacillintazobactam . . TT(86.45%)

Tetracyclne - - 23 (23593%%)
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K. pneu-moniae are healthcare-associated and the most
common resistance phenotype was combined resistance
to three key antimicrobial groups: fluoroquinolones, third-
generation cephalosporins and aminoglycosides [15].

60-80% from the Klebsiella strains isolated in our study
were resistant to cephalosporins, a third to amoxicillin/
clavulanic acid and 66.28% to piperacillin/tazobactam. A
quarter of the Klebsiella strains were resistant imipenem
and around 50% to other carbapenems, consistent to CDC
analysis, which places Romania between the three
countries with the highest carbapenems resistance. [15].
K. pneumoniae was also found to be multidrug resistant to
the third generation cephalosporins and quinolone
antibiotics in a research conducted by Radji et al. (2014)
[22].

An increasing carbapenem resistant rate for Klebsiella,
Acinetobacter and Pseudomonas was reported in their
study by Akter et al (2014) [10].

Arround 40% of E. coli isolates were resistant to
amoxicillin/clavulanic acid. Almost 95% of the tested
strains were susceptible to imipenem and 70% to
ertapenem, around 75% to third and fourth-generation
cephalosporins. The results are consistent with analyses
from the European Centre for Disease Prevention and
Control [15].

In our study, the results showed that there was statistic
difference between the drug resistance rate of Klebsiella
and E. colistrains to ceftazidime and ceftriaxone (p<<0.001)
and to ciprofloxacin (p<0.05).

A study conducted by Zheng et al. (2017) [23], on
pathogenic bacteria and antibiotic resistance of
Enterobacteriaceae in hospitalized elderly patients, but not
inICU, revealed ahigh drug resistance rate of Escherichia
coli and Klebsiella pneumoniae to sulfamethoxazole,
followed by ciprofloxacin and levofloxacin.

In the Gram-positive group, a higher degree of resistance
of MRSA was found to be against penicillin (95.37%),
erythromycin (79.62%), clindamycin (78.70%), tetracycline
(70.37%) and ciprofloxacin (65.74%), consistent with other
findings [1,10]. A prospective study performed in Romania
by Licker at al, identified 66.51% MDR and 20.18% XDR
S.aureus strains [24], in the conditions in which MRSA has
been the most important cause of antimicrobial-resistant
healthcare-associated infections worldwide, with higher
percentages in the southern and south-eastern parts of
Europe [15]. The most active antibiotic against MRSA (table
5) was linezolid, with almost all strains (105) being
susceptible (table 5).

Almost all the tested strains of coagulase-negative
staphylococci (CoNS) were resistant to penicillin, arround
80% to clindamycin, tetracycline and erytromycin, 70% to
rifampicin (table 5).

The Enterococciisolates were resistant to ciprofloxacin
(73.68%), penicillin (68.42%), and tetracycline (63.15%),
and almost all strains were susceptible to linezolid.

All the tested strains of Pseudomonas aeruginosa
(36.53% from all strains) were resistant to amoxicillin/
clavulanic acid, 75% to ceftazidime and cefepime. 36.53%
from the strains were resistant to imipenem and between
55-605% to ciprofloxacin, meropenem and ertapenem
(table 6). The resistance to ceftazidime and cefepime
observed in our study was similar to that of a previous
report on multidrug-resistant Pseudomonas aeruginosa,
which also revealed that 80% of P aeruginosawere resistant
to carbapenem antibiotics such as imipenem and
meropenem [25, 26]. 26.27% of the Pseudomonas strains
have been found to be resistant to carboxypenicillins and
ureidopenicillins in a study conducted by Axente etal. [27].

REV.CHIM.(Bucharest)¢ 69¢ No. 12 ¢ 2018

A very high level of resistance was found for the tested
strains of other non fermenting Gram negative bacilli (other
NF-GNB) (between 90-99%), to amoxicillin/clavulanic acid,
to all generations of cephalosporins, ciprofloxacin,
piperacillin/tazobactam, imipenem, tetracycline [28, 29].
Only one strain was found resistant to linezolid (table 6).

Ahigh resistance to the carbapenems (73%) was found
for the Acinetobacter strains, which were also resistant to
cefotaxime (86%), cefepime (75.43%), ciprofloxacin
(77.19%) and ceftazidime (66.66%). In another research
conducted in Saudi Arabia on multidrug resistance
Acinetobacter species at the intensive care unit, it was
found a much higher percentage -over 90% - of resistant
strains to the same antibiotics [30].

In our study, for all the other NF-GNB strains, a high
degree of resistance has been observed on cephalosporins,
carbapenems and ureido-penicillins, consistent with other
findings [1].Moolchandani K. et al have reported
concordance resistance pattern to various classes of
antimicrobials for Acinetobacter and Pseudomonas [1]

Another study conducted in Romania by Axente et al.
evidenced an increased resistance (69.95% resistant
strains) to penicillins (presently less frequently prescribed
in ICUs) found in GNB [27].

This study only refers to infections in elderly patients
(over 65 years of age) admitted to ICU, because there are
very few studies reported only for this vulnerable age group,
with particularities of response to antibiotic therapy
(especially if is correlated with other substances intake)
[31] . Comparisons of the prevalence of isolated germs
and their antibiotic resistance were made with the results
obtained in studies that took into account all age groups,
considering the fact that the elderly represent the majority
of the cases admitted to the ICU.

Conclusions

The study revealed an alarming pattern of antibiotic
resistance in the majority of ICU isolates from elderly
patients (=65 years). The detection of bacterial resistance
is an important way to observe the clinical rational use of
drugs, in which the laboratory plays a very important role.

Surveillance of antibiotic prescription and monitoring
studies are required to reduce the risk of resistance,
together with direct communication between clinicians
and microbiologists for adopting individual therapeutic
measures and using appropriate antibiotics based on
antibiogram. It is also necessary to collaborate with the
epidemiologist in order to apply the measures for the
control hospital acquired infections.
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