
����������
�������

Citation: Paiboonvong, T.;

Tedtaisong, P.; Montakantikul, P.;

Gorsanan, S.; Tantisiriwat, W.

Correlation between Carbapenem

Consumption and Carbapenems

Susceptibility Profiles of Acinetobacter

baumannii and Pseudomonas aeruginosa

in an Academic Medical Center in

Thailand. Antibiotics 2022, 11, 143.

https://doi.org/10.3390/

antibiotics11020143

Academic Editors: Albert Figueras

and Majdi N. Al-Hasan

Received: 13 November 2021

Accepted: 20 January 2022

Published: 23 January 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

antibiotics

Article

Correlation between Carbapenem Consumption and
Carbapenems Susceptibility Profiles of Acinetobacter
baumannii and Pseudomonas aeruginosa in an Academic
Medical Center in Thailand
Taniya Paiboonvong 1, Phatchareeporn Tedtaisong 2, Preecha Montakantikul 3, Sarun Gorsanan 4

and Woraphot Tantisiriwat 5,*

1 Department of Pharmacy Practice, College of Pharmacy, Rangsit University, Pathum Thani 12000, Thailand;
taniya.p@rsu.ac.th

2 Department of Pharmacy, HRH Princess Maha Chakri Sirindhorn Medical Center, Faculty of Medicine,
Srinakharinwirot University, Nakhon Nayok 26120, Thailand; phatchareeporn@g.swu.ac.th

3 Division of Clinical Pharmacy, Department of Pharmacy, Faculty of Pharmacy, Mahidol University,
Bangkok 10400, Thailand; preecha.mon@mahidol.ac.th

4 Department of Social and Administrative Pharmacy, Faculty of Pharmaceutical Sciences,
Huachiew Chalermprakiet University, Samut Prakarn 10540, Thailand; sarun103@yahoo.com

5 Department of Preventive Medicine, HRH Princess Maha Chakri Sirindhorn Medical Center,
Faculty of Medicine, Srinakharinwirot University, Nakhon Nayok 26120, Thailand

* Correspondence: woraphot@g.swu.ac.th; Tel.: +66-81-811-5425

Abstract: The emergent issue of carbapenem-resistant Acinetobacter baumannii (A. baumannii) and
Pseudomonas aeruginosa (P. aeruginosa) is a major problem in Thailand. The wide use of carbapenems
can increase selective pressure of bacterial resistance. The objective of this study was to determine
the relationship between carbapenem consumption and the susceptibility rates of A. baumannii
and P. aeruginosa, including multi-drug resistance (MDR) strains. This was a retrospective study.
Carbapenem consumption and susceptibility profiles were collected from 2007 to 2013 at the Her Royal
Highness Princess Maha Chakri Sirindhorn Medical Center, Thailand. We found that the susceptibility
rate of A. baumannii to imipenem and meropenem from the sputum and the bronchoalveolar lavage
(BAL) specimens was significantly decreased during the study period, but no significant change
was found in the P. aeruginosa data. The relationship between carbapenem consumption and the
susceptibility rate of A. baumannii had a clear association with the use of ertapenem. We found a
statistically significant negative correlation between ertapenem consumption and the susceptibility
rate of A. baumannii to imipenem (r = −0.91; p = 0.004) and meropenem (r = −0.97; p = 0.000) in the
data from the non-ICU wards. In addition, imipenem use had a moderate negative correlation with
the MDR P. aeruginosa data but no statistical significance (r = −0.714; p > 0.05). In conclusion, our
study suggested there is an association between carbapenem use and the susceptibility of A. baumannii
and P. aeruginosa. Notwithstanding this, information on ecological factors should be considered
for further study. These findings showed the need to optimize the carbapenem prescription policy.
Avoiding carbapenem overuse and rethinking the appropriate initial therapy might decrease the rate
of resistant organisms.

Keywords: carbapenem consumption; A. baumannii; P. aeruginosa; multidrug-resistant A. baumannii;
multidrug-resistant P. aeruginosa

1. Introduction

Antimicrobial resistance (AMR) has become a global public health concern for the
last two decades. The multidrug-resistant Gram-negative bacteria (MDRGN), including
carbapenem-resistant Gram-negative bacteria, poses a major problem related to increased
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hospital length of stay, healthcare costs and mortality rates [1–3]. The high prevalence
of MDRGN has been reported in the Southeast Asian region, including Thailand, espe-
cially for Acinetobacter baumannii (A. baumannii) and Pseudomonas aeruginosa (P. aeruginosa).
In this region, carbapenem–resistant Acinetobacter baumannii (CRAB) was the most com-
mon pathogen associated with nosocomial infections, followed by carbapenem-resistant
Pseudomonas aeruginosa (CRPA), which are concerning in the face of difficult-to-treat in-
fections [4–7]. In Thailand, the prevalence of Gram-negative nosocomial infections has
been increasing since 2006, especially in the university hospital setting [8,9]. A. baumannii
has caused nosocomial outbreaks with multidrug or carbapenem resistance, and it has
rapidly increased in all regions of Thailand since 2000 [8–13]. Moreover, the rates of the
multidrug-resistant P. aeruginosa (MDR-P. aeruginosa) with carbapenem resistance were
found to be 71.65% among the tertiary hospitals across Thailand in last decade [14]. The
overuse of antibiotics has been associated with the development of AMR, accelerated by
selective pressure on the bacteria [15–18].

Carbapenems, broad-spectrum antibiotics, have been widely used for empirical treat-
ment of nosocomial infections caused by Gram-negative bacteria [19,20]. They are usually
reserved for the treatment of infections caused by MDRGN. Resistance to carbapenems in
A. baumannii and P. aeruginosa could be explained by several mechanisms: carbapenemase,
efflux pumps and decreased outer membrane permeability [19–22]. A correlation between
carbapenem consumption and the rate of CRAB and CRPA has been described in several
studies [23–26]. An antimicrobial stewardship program was an important tool to prevent
and control AMR [27–31]. However, there are limited data on the impact of carbapenem
consumption that focuses on CRAB and CRPA in Thailand. Therefore, this study aimed to
determine the relationship between carbapenem consumption and the susceptibility of A.
baumannii and P. aeruginosa in a tertiary care hospital.

2. Results
2.1. Carbapenem Consumption

The DDD/1000 patient-days of group 1 carbapenems (ertapenem) was significantly
increased over time from 1.75 to 17.36 DDD per 1000 patient-days (r = 0.97; p = 0.000)
after introducing the carbapenem control program (CCP). In contrast, the use of group
2 carbapenems was significant decreased from 2007–2013 (r = −0.84; p = 0.018). The
carbapenem consumption intensities are presented in Figure 1 and Table 1.
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Table 1. The annual consumption of carbapenems (DDD/1000 patient-days) from 2007–2013.

Carbapenems Consumption (DDD/1000 Patient-Days)

Year Meropenem Imipenem Doripenem Ertapenem Gr1 Gr2 Total

2007 # 23.23 12.42 0 1.75 1.75 35.65 37.40
2008 37.19 1.81 0.29 2.35 2.35 39.29 41.64
2009 25.36 1.59 5.44 3.86 3.86 32.39 36.25
2010 13.56 3.21 1.47 7.39 7.39 18.24 25.63
2011 20.28 3.9 0 13.57 13.57 24.18 37.75
2012 19.67 3.02 0 12.67 12.67 22.69 35.36
2013 15.27 3.73 0 17.36 17.36 19.00 36.36

r −0.63 a −0.44 b −0.23 b 0.97 a 0.97 a −0.84 a −0.22 a
p value 0.129 0.319 0.620 0.000 ** 0.000 ** 0.018 * 0.631

# the carbapenem consumption was collected for 11 months; a, statistic calculation was based on the Pearson’s
correlation coefficient; b, statistic calculation was based on the Spearman’s correlation coefficient; * Correlation is
significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed).

2.2. Microbiology and the Susceptibility Profiles of A. baumannii and P. aeruginosa

A total of 1352 non-duplicated A. baumannii isolates and a total of 1386 non-duplicated
P. aeruginosa isolates were collected during the study period. We found that the suscepti-
bility rates of A. baumannii and P. aeruginosa to imipenem and meropenem were different
among the specimens and the wards. The result from the blood specimens showed that
the susceptibility rate of A. baumannii did not significantly change over time. However,
the data from the sputum and the bronchoalveolar lavage (BAL) specimens showed that
the susceptibility of A. baumannii to meropenem was significant for a negative correlation
over time in the data from all wards (r = −0.83; p = 0.021). The data from the non-ICU
wards showed significantly decreased susceptibility of A. baumannii to imipenem (r = −0.92;
p = 0.003) and meropenem (r = −0.97; p = 0.000). However, no significant change was found
for the susceptibility rate of P. aeruginosa in all specimens. These susceptibility profiles are
shown in Tables 2 and 3.
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Table 2. The susceptibility rates of A. baumannii in different ward classification from 2007 to 2013 (n = 1352).

Isolates (n) Wards
Antimicrobial

Agents
Antimicrobials Susceptibility (%) by Year Correlation

2007 2008 2009 2010 2011 2012 2013 r p

Blood
(154)

All wards
(154)

Imipenem/cilastatin 42.86 36.36 50.00 57.89 32.00 33.33 34.38 −0.39 0.387
Meropenem 42.86 36.36 52.38 57.89 32.00 33.33 30.00 −0.46 0.294

MDR-AB 57.14 61.54 42.31 42.86 72.00 72.73 63.64 0.44 0.318

Non-ICU
wards

(84)

Imipenem/cilastatin 28.57 60.00 50.00 84.62 35.29 50.00 50.00 0.13 0.788
Meropenem 28.57 60.00 54.55 84.62 35.29 50.00 47.06 0.07 0.884

MDR-AB 71.43 50.00 42.86 23.08 70.59 60.00 52.94 −0.04 0.940

ICU wards
(70)

Imipenem/cilastatin 57.14 16.67 50.00 0.00 25.00 16.67 14.29 −0.58 0.175
Meropenem 57.14 16.67 50.00 0.00 25.00 16.67 7.69 −0.63 0.131

MDR-AB 42.86 71.43 41.67 75.00 75.00 83.33 75.00 0.33 0.465

Sputum and
BAL

(1198)

All wards
(1198)

Imipenem/cilastatin 25.25 20.00 18.40 19.55 19.31 20.43 14.90 −0.74 0.059
Meropenem 24.49 20.69 18.01 19.55 17.59 19.46 13.56 −0.83 * 0.021

MDR-AB 49.36 78.23 83.95 81.54 39.59 75.51 84.76 0.07 0.879

Non-ICU
wards
(694)

Imipenem/cilastatin 24.53 22.22 23.30 21.62 20.61 19.19 15.18 −0.92 ** 0.003
Meropenem 25.00 23.33 22.33 21.62 18.60 18.18 13.68 −0.97 ** 0.000

MDR-AB 46.07 75.82 80.39 81.69 83.33 76.19 86.36 0.07 0.879

ICU wards
(504)

Imipenem/cilastatin 26.09 16.36 10.00 16.95 16.90 21.84 14.58 −0.25 0.589
Meropenem 23.91 16.36 10.34 16.95 15.71 20.93 13.41 −0.29 0.528

MDR-AB 53.73 82.14 90.00 81.36 84.51 74.73 83.00 −0.25 0.589

* Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed).
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Table 3. The susceptibility rates of P. aeruginosa in different ward classification from 2007 to 2013 (n = 1386).

Isolates (n) Wards
Antimicrobial

Agents
Antimicrobials Susceptibility (%) by Year Correlation

2007 2008 2009 2010 2011 2012 2013 r p

Blood
(98)

All wards
(98)

Imipenem/cilastatin 100.00 83.33 53.85 77.78 61.54 58.33 78.57 −0.50 0.250
Meropenem 100.00 83.33 53.85 77.78 53.85 58.33 71.43 −0.61 0.149

MDR-PA 16.67 23.08 53.58 18.75 46.15 29.41 28.57 0.22 0.629

Non-ICU
wards

(72)

Imipenem/cilastatin 100.00 88.89 54.55 75.00 63.64 77.78 50.00 −0.70 0.083
Meropenem 100.00 88.89 54.55 75.00 63.64 77.78 50.00 −0.70 0.083

MDR-PA 22.22 10.00 54.55 21.43 50.00 16.67 50.00 0.38 0.398

ICU wards
(26)

Imipenem/cilastatin 100.00 66.67 50.00 100.00 50.00 0.00 100.00 −0.28 0.549
Meropenem 100.00 66.67 50.00 100.00 0.00 0.00 85.71 −0.39 0.383

MDR-PA 0.00 66.67 50.00 0.00 33.33 60.00 12.50 0.02 0.965

Sputum and
BAL

(1288)

All wards
(1288)

Imipenem/cilastatin 65.81 87.17 74.58 80.84 67.25 61.39 70.44 −0.39 0.394
Meropenem 66.67 80.34 74.43 83.23 70.06 63.70 69.85 −0.30 0.507

MDR-PA 22.49 17.39 21.02 18.24 14.20 34.35 23.03 0.34 0.450

Non-ICU
wards
(930)

Imipenem/cilastatin 72.00 86.21 75.37 81.48 67.18 62.34 73.79 −0.49 0.270
Meropenem 72.00 78.16 76.69 83.70 69.77 62.34 76.14 −0.28 0.548

MDR-PA 17.86 20.00 19.55 19.69 12.30 33.62 18.49 0.07 0.879

ICU wards
(358)

Imipenem/cilastatin 54.76 90.00 72.09 78.13 67.50 61.05 64.29 −0.22 0.630
Meropenem 57.14 86.67 67.44 81.25 71.05 63.16 58.33 −0.27 0.553

MDR-PA 31.58 10.00 23.26 12.50 20.00 36.08 32.20 0.39 0.391
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2.3. Relationship between Carbapenems Consumption and the Susceptibility Rate of A. baumannii
to Imipenem and Meropenem and MDR-A. baumannii Data

We found that the consumption of the group 1 carbapenems (ertapenem) had a nega-
tive correlation with the susceptibility rate of A. baumannii to imipenem and meropenem.
There was a negative correlation between ertapenem consumption and the susceptibility
rate of A. baumannii to meropenem (r = −0.79; p = 0.035) from the sputum and the BAL
specimens from the data of all wards. Additionally, there was the strongest statistically
significant negative correlation between ertapenem consumption and the susceptibility rate
of A. baumannii to imipenem (r = −0.91; p = 0.004) and meropenem (r = −0.97; p = 0.000) in
data from the non-ICU wards. The correlation is presented in Figure 2.
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2.4. Relationship between Carbapenem Consumption and the Susceptibility Rate of P. aeruginosa to
Imipenem and Meropenem and MDR-P. aeruginosa Data

The result from the sputum and BAL specimens of all wards demonstrated that the
susceptibility of P. Aeruginosa, including the MDR strains, to imipenem and meropenem
was slowly decreased during the study period. However, when the CCP was initiated
into the MSMC system, it did not have a significant impact on the susceptibility of P.
aeruginosa, including the MDR strains, to imipenem and meropenem. We found that
carbapenem consumption did not show a statistically significant change in the susceptibility
rate of P. aeruginosa to imipenem and meropenem. The data from the sputum and BAL
specimens of the non-ICU wards showed that imipenem use had a moderate negative
statistical correlation with MDR-P. aeruginosa. However, this correlation was not statistically
significant (r = −0.71, p > 0.05). The correlation is presented in Figure 3.
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3. Discussion

This study assessed the relationship between carbapenem consumption (Group 1
and Group 2) and the susceptibility patterns of the nosocomial infections caused by A.
baumannii and P. aeruginosa. During the study period, Group 2 carbapenem consumption
significantly decreased over time (r = −0.84, p = 0.018). Meropenem was the main car-
bapenem used, which was the most decreased carbapenem consumption among the group
2 carbapenems, especially in the period of the initiation of the CCP (2009–2010). On the
other hand, ertapenem consumption significantly increased over time (r = 0.97, p = 0.000).
Similarly, after replacement of the Group 2 carbapenems with ertapenem under the CCP,
ertapenem consumption increased (p < 0.0001), while the group 2 carbapenem consumption
significantly decreased over time (p = 0.028) [29].

The susceptibility rate of A. baumannii to imipenem and meropenem from the blood
specimens decreased in the data from all wards (r = −0.39; p = 0.387 and r = −0.46; p = 0.294,
respectively) and the ICU wards (r = −0.58; p = 0.175 and r = −0.63; p = 0.131, respectively)
but showed no significant change during the years from 2007–2013. This finding was consis-
tent with the result from Lee et al., which reported a significant decrease in the susceptibility
rate of A. baumannii to imipenem and meropenem during their 7-year study period [29].
However, the increased susceptibility rate of A. baumannii was the most significant during
the years from 2009–2010 (the period of the CCP initiation). Moreover, the data from the
non-ICU wards showed the most increased susceptibility rates. While the highest increased
susceptibility rate was identified in the year 2010, the MDR-A. baumannii rate was also
increased. This situation could be from the outbreak of the MDR-A. baumannii in May and
June 2010. According to the data from the sputum and the BAL specimens, the data from
the non-ICU wards showed a statistically significant decrease in the susceptibility rate of
A. baumannii to imipenem and meropenem over time. This finding could be explained
by comparing the more severe patients in the ICU wards to the less severe patients in the
non-ICU wards, leading to the higher carbapenem consumption and the higher resistance
rate in the ICU wards.
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The susceptibility rate of P. aeruginosa to imipenem and meropenem in all specimens
from the data of all wards showed that the non-ICU wards and the ICU wards were slowly
decreased during the study period. The susceptibility rates were increased the most during
2010, while the incidence rate of the MDR-P. aeruginosa was decreased the most after the
initiation of the CCP. Moreover, as for the result from the blood isolates of the ICU wards,
the rate of the susceptibility for P. aeruginosa was the highest in the year 2010, which was
100%, and the incidence rate of the MDR-P. aeruginosa was 0%. This data was only from
two isolates; therefore, the incidence rate of the MDR-P. aeruginosa in the ICU wards might
not represent for the trend of the MDR-P. aeruginosa in that year’s data.

Our study demonstrated that the ertapenem consumption had a significantly negative
correlation with the susceptibility rate of A. baumannii to imipenem and meropenem.
The data was obtained from the sputum and the BAL specimens from all wards and the
non-ICU wards during the study period. Similar to the data from Lee et al., there were
significantly negative correlations between the use of ertapenem and the susceptibility rate
of A. baumannii to imipenem and meropenem [29]. However, the ertapenem use had no
impact on the susceptibility rate of A. baumannii to imipenem, as reported by Sousa et al. [30].
In addition, there was no relationship between the proportion of CRAB isolates obtained
from the infected patients and the intense use of ertapenem, as reported by Yoon et al. [31].
Therefore, the increased use of ertapenem might have selective pressure with the resistance
to A. baumannii. In addition, CRAB could occur from multifactorial causes, including long-
term use of broad-spectrum antimicrobials, consumption of antimicrobials, under/sub
therapeutic dosage of the antimicrobials, prolonged stay in a hospital or long-term care
facilities, ICU admission, underlying diseases, catheter indwelling and contamination
by healthcare personnel [32–34]. Nevertheless, carbapenem consumption did not have
a statistically significant correlation among P. aeruginosa data. We identified imipenem
to have a statistically moderate negative correlation with MDR-P. aeruginosa but was
statistically insignificant.

A study by Neves et al. showed that imipenem was independently related to the
incidence of MDR strains (r = 0.67, p = 0.01) [35]. However, that study did not separate the
data to each ward as in our study data. The reason might be explained by the imipenem re-
sistance to P. aeruginosa, considered to be associated with a loss of the porin OprD combined
with the activity of the chromosomal beta-lactamase (AmpC), while the overexpression of
multidrug efflux pumps was considered to confer the meropenem resistance [36].

Our study had some limitations. First, we collected information on antimicrobial
consumption, excluding information on ecological factors, which also influence AMR.
It depicts association but not causal relations. More works need to be performed on
finding different causation. Second, the exclusion of duplicated isolates may result in the
under/overestimation of antimicrobial resistance. Finally, a lack of generalization may be
concerning due to the single center being analyzed. Nevertheless, our findings are valuable
in understanding the relationship of carbapenem consumption and the resistance for the
implementation of a carbapenems stewardship program.

4. Materials and Methods
4.1. Study Design and Data Collection

This research was designed as a retrospective study at the Her Royal Highness Princess
Maha Chakri Sirindhorn Medical Center (MSMC), which is a 360-bed university hospital
with 12 medical wards and 5 intensive care units (ICU). There were 4 carbapenems, includ-
ing imipenem, meropenem, doripenem and ertapenem in this study, which were divided
into group 1 carbapenems (ertapenem) and group 2 carbapenems (imipenem, meropenem
and doripenem). Antimicrobial consumption and the susceptibility pattern of A. baumannii
and P. aeruginosa were analyzed. We collected the amounts of carbapenem consumption in
grams from January 2007 to December 2013 from the MSMC database system described in
yearly consumption. The amounts of the antimicrobial consumption were converted into
“Define Daily Doses” (DDD). According to definitions from the Anatomical Therapeutic
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Chemical (ATC) Classification System and the World Health Organization (WHO), the
DDD was expressed as days of therapy per 1000 patient days (DDD/1000 patient-days).
The susceptibility rates were determined in all wards (17 wards), the non-ICU wards
(12 medical wards) and the ICU wards (5 ICU wards), respectively.

Microbiological data and the susceptibility were collected from the database of the
MSMC microbiological laboratory from January 2007 to December 2013. The susceptibilities
were tested by disk diffusion, according to the Clinical and Laboratory Standards Institute
(CLSI) standards during that period. The non-duplicated isolate was defined as “the first
isolates of a species/patient/analysis period”. The research specified the period to exclude
the duplicated isolates from the median patient-days in the nosocomial infected patients
since the infections were identified until the discharge date. Therefore, the duplicated
isolates were excluded from the study as of 18-day interval.

4.2. Statistical Analysis

The relationship between carbapenem consumption and the susceptibility were ana-
lyzed by using either the parametric Pearson’s or the non-parametric Spearman’s correla-
tion coefficient. The p value of less than 0.05 was considered statistically significant. The
Statistical Package for Social Science (SPSS) program, version 17, was used for all analyses.

5. Conclusions

We have identified an association between carbapenem use and the susceptibility of A.
baumannii and P. aeruginosa. Our results indicate that carbapenem consumption is one of
the contributing factors associated with the carbapenem-resistant rate. However, molecular
analysis studies should be performed to elucidate the effect of carbapenem consumption
on the susceptibilities of A. baumannii and P. aeruginosa. Avoiding carbapenem overuse and
implementing an appropriate initial therapy might decrease the rate of resistant organisms.
Further multicenter studies on other determinants that impact carbapenem resistance with
more relevant data are needed.
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