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Background: The frequent identification of resistant bacteria in hospitals constantly pre-
sents antimicrobial therapy with a challenge. Imipenem, once considered an extremely
powerful antibiotic against multidrug-resistant bacterial infections, is losing its effectiveness.
Its use in empirical therapy with inadequate or nonexistent antimicrobial stewardship pro-
grams has further triggered bacterial resistance in low-income countries. Therefore, this
study aimed at identifying imipenem-resistant Gram-negative bacteria from patients who
were referred to health centers in North Gondar, Ethiopia.

Methods: A total of 153 sputum samples were used to isolate Gram-negative bacteria. The
isolates, which were resistant to imipenem, were identified by standard biochemical tests and
16S rRNA sequencing. The Kirby-Bauer disk diffusion method was used to determine the
sensitivity or resistance of the isolate to diverse antimicrobial agents.

Results: The study identified 79 imipenem-resistant bacterial isolates from eight genera with
clinically relevant microorganisms, including Acinetobacter baumannii (20.77%), Klebsiella
pneumoniae (19.48%), Pseudomonas aeruginosa (16.88%), and Serratia marcescens (14.28%).
Overall, imipenem-resistant bacterial isolates were detected in 31 samples (20.26%).
Additionally, a remarkably high level of resistance to most antibiotics was observed among
isolates of Klebsiella pneumoniae and Acinetobacter baumannii. Gentamycin is the most active
antibiotic against many of the isolates, while B-lactams appear to be less effective.
Conclusion: The study indicated that many Gram-negative bacteria were resistant to
imipenem with parallel resistances to other antimicrobials. Hence, the prescription of imi-
penem within the region should be according to the antibiotic resistance profiles of the multi-
drug resistant bacteria.
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Background
Resistance to antimicrobial agents is one of the main problems in modern medicine.
Annually, 33,000 people in the EU and 35,000 people in the US die from antibiotic-
resistant infections.'” Indeed, the burden of antimicrobial resistance (AMR) on
economic growth is much greater in low-income countries, such as Ethiopia, than
wealthy countries.”*

In low-income countries, AMR often occurs with antimicrobial agents pre-
scribed to treat respiratory infections, diarrhea, sexually transmitted diseases, and
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malaria.>® Among the well-known leading causes of mor-
bidity and mortality in Ethiopia include respiratory infec-
tions caused by diverse etiological agents, notably
Streptococcus pneumonia and Staphylococcus aureus, as
well as many Gram-negative bacteria.”* These etiological
agents are becoming increasingly resistant to a number of
antimicrobial agents, making the treatment of respiratory
infections difficult and expensive.

Carbapenems are considered the last line of defense
against bacterial multidrug-resistant (MDR) infections and
have lately been introduced to antimicrobial therapy, par-
ticularly in low-income countries due to their higher
prices. Imipenem is one of the carbapenem that is used
to treat respiratory infections.”'® Nevertheless, increased
resistance to imipenem has been documented worldwide in
parallel with its application. Additionally, Gram-negative
bacteria impose more risk with respect to AMR owing to
the presence of MDR pumps, plasmids harboring antibio-
tic resistance genes, and various gene transfer mechanisms
that play a role in the acquisition of resistance genes. With
regard to Ethiopia, factors such as insufficient surveil-
lance, limited diagnostic laboratories, and resource con-
straints have limited resistance profiling of the etiological
agents responsible for leading cause of hospitalization.'"-'?

Therefore, this study aimed to identify imipenem-
resistant Gram-negative bacteria from patients who were
referred to the Gondar University referral hospital and the
Maksegnit health center. Additionally, drug resistance pro-
filing of these bacteria was examined, which could be
beneficial for the selection of antimicrobial agents for
local empirical therapy.

Materials and Methods
Sample Collection, Handling, and

Processing
Sputum samples were collected from patients who visited
the Gondar University referral hospital and the Maksegnit
health center from March 2019 to June 2019. A total of
153 sputum samples were collected from patients with
productive cough and dyspnea. The standard procedures
were generally applied for collection and analysis. Briefly,
patients were instructed to rinse their mouths with water,
and then a sterile wide-mouth container was used to col-
lect sputum. Sputum specimens with much watery saliva
were excluded from the analysis. Thereby, only purulent
sputum specimens were transported to the microbiology
laboratory ~ with  cold

transportation  equipment.

Additionally, all analyzed samples contained at least 25
polymorph nuclear leukocytes and 10 epithelial cells.

Culturing, Bacterial Isolation, and

Biochemical Test

Initially, all culturable Gram-negative bacterial species were
cultured by plating aliquots of the sputum specimens on
MacConkey agar. The plates were incubated at 37°C for 24
h, and if no visible colonies were observed, the incubation
period was extended to 48 h. All samples with positive
cultures were transferred to Muller-Hinton agar plates and
then impregnated with imipenem disc (10 pg) following the
standard antibiotic susceptibility testing procedures. To iden-
tify the imipenem-resistant bacteria, the measured zone of
inhibition was interpreted according to the standard and the
interpretive criteria described in the Clinical Laboratory
Standards Institute (CLSI) at the time of the tests.'* All
imipenem-resistant bacteria were further characterized bio-
chemically, including oxidase, catalase, indole, hydrogen
sulfide, methyl red, Voges-Proskauer, lysine decarboxylase,
glucose acidification, gelatin hydrolysis, motility, urea,
citrate, growth at 42°C and fermentation of sugars in Triple
sugar iron agar (TSI)."* Final confirmation of bacterial iso-
lates was done by a molecular approach using the 16S rRNA
gene sequencing method. Finally, lipase and protease produc-

tion, and motility patterns were assayed as described in.'>'

I6S rRNA Sequencing

The DNA was extracted by a boiling method.'” Briefly,
colonies grown on LB agar plates were diluted in 40 uL
Tris EDTA (TE) buffer and heated for 10 min at 55°C
followed by 10 min heating at 80°C. About 80 uL TE was
added to the boiled suspension before centrifugation at
6000rpm for 5 min. The supernatant was then transferred
to clean Eppendorf cups and stored at —20°C or used
immediately. For routine polymerase chain reaction
(PCR), about 2—5 uL of the suspension was used.

PCR amplifications were performed using a thermal cycler
(Bio-Rad Laboratories) by employing two sets of previously
published primers (synthesized by Eurofins MWG GmbH,
Ebensburg, Germany): 616V 5-AGAGTTTGAT(CT)(AC)
TGGCTCAG-3' and  1492R  5'-CGG(CT)TACCT
TTTACGAG-3"."*'° An alternative forward primer GM1F 5'-
CCAGCGGCCGCGGTGGTAAT-3" was used with 1492R
reverse primer on the condition that the other primer set was
failed to generate PCR products. The standard PCR reaction
conditions were initial denaturation at 95°C for 7 min,
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followed by 35 cycles of 30 s denaturation at 95°C, annealing
at 50°C for 30 s, extension at 72°C for 90 s, and a final
extension at 72°C for 5 min. The PCR products were evaluated
by DNA electrophoresis and visualized and documented using
a UV light gel documentation device (Bio-Rad Laboratories,
Munich, Germany). PCR primers were used to sequence the
purified PCR fragments under conditions recommended by
the manufacturer (Eurofins MWG GmbH, Ebensburg,
Germany).

Antibiograms

Antimicrobial sensitivity tests were performed using the
Kirby-Bauer disc diffusion method on Muller-Hinton agar
by following the CLIS."? Isolated Gram-negative bacteria
were tested against imipenem (10 pg), gentamycin (10
pg), trimethoprim/sulfamethoxazole (25 pg), ampicillin
(25 pg), chloramphenicol (30 pg), amoxyecillin/clavulanic
acid (30 pg), norfloxacin (10 pg) and tetracycline (30 pg)
and all were Oxoid (Basingstoke, Hampshire, England).

Quality Control

All culture media were prepared according to the manu-
facturer’s instructions. The batch of the prepared media
was checked for sterility by incubating samples of the
plate at 37°C for 24 h. Moreover, E. coli ATCC (25922)
and Pseudomonas aeruginosa ATCC (27853) were used as
a standard strains for quality control.

Ethical Considerations

Protocol for patient participation in the study followed the
principles of the Declaration of Helsinki and was approved
by the Ethical Committee of the University of Gondar,
College of Natural and Computational Sciences. Official
permission from concerned offices and study participants
were also obtained. Data were collected after obtaining
informed consent from study participants. All the informa-
tion obtained from study participants were kept confidential.

Results
Isolation of Gram-Negative Bacteria

Resisting Higher Generation of B-lactam

In this study, a total of 153 sputum samples were examined for
culturable Gram-negative bacteria. Most (74%) of the samples
were collected from the University of Gondar referral hospital
and the rest from the Maksegnit health center. Out of 153
samples, 110 (72%) had Gram-negative bacteria, while 43
(28%) had undetectable growth (Figure 1). On the basis of

reduced susceptibility to imipenem disc (10 pg), imipenem-
resistant bacterial isolates were detected in 31 samples
(20.26%). Of these, 22.5% of the samples from the
Maksegnit health center showed resistance to imipenem,
while only 19.46% for the University hospital (Table 1).
Overall, 79 imipenem-resistant bacterial isolates were
obtained from 153 patients.

Diversity of Gram-Negative Bacteria in

Sputum Specimens

To identify the diversity of bacteria, conventional biochem-
ical tests with 16S rRNA gene sequencing was carried out
for imipenem-resistant isolates. Sequence analysis of the
PCR-amplified 16S rRNA gene indicated that many Gram-
negative bacteria of medical importance were recovered
from the clinical samples (Figure 2). Eight genera from

both health centers were identified, including
Acinetobacter, Serratia, Klebsiella, Pseudomonas,
Stenotrophomonas,  Enterobacter,  Escherichia,  and

Kluyvera. More importantly, Acinetobacter baumannii
(20.77%), Klebsiella pneumoniae (19.48%), Pseudomonas
aeruginosa (16.88%), and Serratia marcescens (14.28%)
were isolated more frequently in samples that were positive
for imipenem resistance. It is noteworthy that most of the
clinically relevant Acinetobacter species, including
A. baumannii, Acinetobacter pittii, Acinetobacter junii, and

Acinetobacter calcoaceticus, were identified in sputum

Culture
negative
(28%)

""" Culture

positive
(72%)

Figure | Percentage of culture positive and negative samples on MacConkey agar
plates after 24 hours of growth.
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Table | Gram-Negative Bacteria Demonstrating Imipenem Resistance Isolated from the Two Health Centers in North Gondar,

Ethiopia

Health Center

Number of Samples Analyzed

Percentage of Imipenem Resistant Bacteria

University of Gondar referral hospital 113 19.46
Maksegnit health center 40 22.5
Total 153

samples using a number of distinctive biochemical tests,
including glucose acidification, growth at 42°C and gelatin
hydrolysis. Additionally, imipenem-resistant Enterobacter
(3.89%),
(3.89%), and Kluyvera cryocrescens (2.59%) were present

hormaechei Stenotrophomonas  maltophilia

in fewer samples (Figure 2).

Extracellular Enzyme Production and
Motility Patterns of Emerging Nosocomial

Pathogen Stenotrophomonas maltophilia

From our isolates, it was reported that P. aeruginosa has
a cooperative pathogenicity with S. maltophilia®' This
affects the progression of the disease and also the choice of
treatment, since one strain of these bacteria offers the other
strain protection against some antimicrobial agents. Thereby,
the identification of S. maltophilia from sputum samples has
further motivated us to investigate the virulence properties of
these isolates by analyzing motility and production of extra-
cellular enzymes. Lipase and protease were secreted from all

isolates, while the motility patterns were different.

20 -
16 4

12

Number of bacterial isolates

Acinetobacter baumannii
Klebsiella pneumoniae
Pseudomonas aeruginosa
Serratia marcescens
Acinetobacter pittii
Stenotrophomonas maltophilia
Enterobacter hormaechei
Escherichia coli
Acinetobacter junii

Kluyvera cryocrescens
Acinetobacter calcoaceticus

Figure 2 Diversity of Gram-negative imipenem-resistant bacteria identified by
biochemical studies and 16S rRNA sequencing.

S. maltophilia undergoes three types of motility: twitching,
swarming, and swimming. Motility patterns were assayed by
growing the isolates overnight and recording their ability to
diffuse in soft agar plates. Therefore, two of our clinical
isolates showed twitching motility weakly, while no isolate
had strong and moderate twitching motility (Figure 3). When
isolates were investigated for swarming motility, the result
showed that one isolate was strong, the other moderate, and
the third weak. Finally, two of the S. maltophilia isolates
demonstrated strong swimming motility patterns (Figure 3).

Antimicrobial Susceptibility Profiles of the

Isolated Gram-Negative Bacteria
Antimicrobial susceptibility profiles revealed that our clin-
ical isolates were most resistant to f-lactams, but most
susceptible to aminoglycoside antibiotic-gentamycin
(Table 2). In particular, isolates of 4. baumannii showed
complete resistance to ampicillin, amoxycillin/clavulanic
acid, and trimethoprim/sulfamethoxazole, while the resis-
tance to gentamycin was noticeably observed in 25% of
the isolates. Moreover, 30% of the tested A. pittii isolates
demonstrated resistance to chloramphenicol (Table 2).
The results of antimicrobial susceptibility testing also
showed that 86.67%, 93.33%, and 100% of the tested

K. pneumoniae isolates were resistant to amoxycillin/

3 - @ Twitching ®Swarming & Swimming

Number of isolates

Weak Moderate Strong Negative

Figure 3 Comparison of the motility types of S. maltophilia isolates. The three
different motility patterns was assayed using tryptone broth with 0.3% (w/v) agarose
(swimming), nutrient broth with 0.5% (w/v) agar and 5 g/l glucose (swarming), and
LB broth with 1% (w/v) granulated agar (twitching).
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Table 2 Antimicrobial Resistance Pattern of Imipenem-Resistant Gram-Negative Bacteria Recovered from Sputum Samples

Species Total Number Antibiotics Tested
CN R (%) SXT R (%) | AMP R (%) CR (%) | AMC R(%) NOR R(%) | TER (%)

A. baumannii 16 25 100 100 ND 100 ND 81.25
K. pneumoniae 15 13.33 93.33 100 26.67 86.67 26.67 100
P. aeruginosa 13 23.07 69.23 100 ND ND 30.76 ND
S. marcescens I 18.18 18.18 100 27.27 100 ND 100
A. pittii 10 10 10 100 30 100 ND ND
S. maltophilia 3 0 ND 100 3333 100 ND 3333
E. coli 3 3333 66.67 100 3333 66.67 66.67 3333
E. hormaechei 3 0 0 100 0 ND 3333 3333
A. junii 2 0 0 100 50 50 ND ND
K. cryocrescens 2 50 50 100 0 100 ND ND
A. calcoaceticus | 0 0 100 ND 100 ND ND

Abbreviations: CN, gentamycin; SXT, trimethoprim/sulfamethoxazole; AMP, ampicillin; C, chloramphenicol; AMC, amoxycillin/clavulanic acid; NOR, norfloxacin; TE,

tetracycline; ND, not done.

clavulanic acid, trimethoprim/sulfamethoxazole, and ampi-
cillin, respectively (Table 2). Uncommon pathogens, includ-
ing A. junii, K. cryocrescens, and A. calcoaceticus were
mainly resistant to ampicillin and amoxycillin/clavulanic
acid.

Moreover, many of the imipenem-resistant isolates also
showed resistance to three and more classes of antimicro-
bial agents (multi-drug resistant). Specifically, 16 (100%)
of A. baumannii, 15 (100%) of K. pneumoniae, 12
(92.30%) of P. aeruginosa, 11 (100%) of S. marcescens,
3 (100%) of E. coli and 2 (100%) of K. cryocrescens
isolates were found MDR (Table 3). Clinical isolates of
E. hormaechei, on the other hand, were broadly suscepti-
ble to wide-range of antibiotics (Table 3).

Discussion

The healthcare system in low-income countries faces several
problems. Resistance to antimicrobial agents further wor-
sens the condition, affecting the limited resources and infra-
structure of many hospitals. In the current study, 72% of
sputum samples from patients who visited two health centers
were positive for culturable Gram-negative bacteria.
Isolation frequency between 42 and 83% has been documen-
ted in numerous health centers in Ethiopia and elsewhere in
low-income countries.>>>* Also, a substantial difference in

the isolation rate exists between high- and low-income

countries, and higher rates from numerous clinical samples
were common in countries of the latter category,”> which is
consistent with the data presented in this study.

In our study, imipenem-resistant bacterial isolates were
detected in 20.26% of the samples. Moreover, imipenem-
resistant bacteria were identified at a slightly higher rate at
the Maksegnit health center, indicating a rapid evolution of
AMR in rural health clinics in addition to hospitals. Given
the recent introduction of imipenem to the country’s treat-
ment strategy,” this implied increased detection of imipe-
nem-resistant bacteria, which could be linked to many
factors.””® In fact, the foremost important finding of this
study could partly be attributed to the increased administra-
tion of imipenem for both documented infections and empiri-
cal therapy. In similar studies conducted previously,
carbapenem-resistant pathogens occurred with a doubling
of the carbapenem prescription in Germany.*® Another
study conducted in France described that exposure to imipe-
nem was primarily responsible for the development of sev-
eral imipenem-resistant Gram-negative bacilli.?’ In Africa,
the level of resistance varied considerably between countries,
with Tanzania having the highest carbapenem resistance at
35%, while the Democratic Republic of the Congo had the
lowest level at 0.96%.>® Among the carbapenem antibiotics,
resistance to imipenem was reported in 4% of the isolate

from various clinical samples in Ghana.>' Moreover, an
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Table 3 Multidrug-Resistance Profiles of Imipenem-Resistant Gram-Negative Bacteria Recovered from Sputum Samples

Species Total Number Degree of Resistance
R2 (%) R3 (%) R4 (%) R5 (%) Ré6 (%)
A. baumannii 16 100 100 100 25
K. pneumoniae 15 100 100 93.75 40
P. aeruginosa 13 100 92.30 30.76 15.38 -
S. marcescens 11 100 100 45.45 18.18
A. pittii 10 100 40 10 -
S. maltophilia 3 100 3333 3333 -
E. coli 3 100 100 66.67 3333
E. hormaechei 3 66.67 3333 - - -
A. junii 2 100 - - -
K. cryocrescens 2 100 100 - -

Note: 2 R3: resistance to 3 or more antibiotic = MDR.
Abbreviations: R, resistance; MDR, multidrug resistance.

earlier study reported a 12.2% prevalence of carbapenemase-
producing Enterobacteriaceae among Ethiopian children.*?
The predominant imipenem-resistant bacteria identified
in our study included A. baumannii, S. marcescens,
K. pneumoniae, and P. aeruginosa. A similar group of
bacteria was reported by Cadjoe and Dankor in their
study, according to which K. prneumoniae, P. aeruginosa,
and A. baumannii were described as the most important
carbapenem-resistant bacterial pathogens.>® Additional
studies also reported increased isolation of these bacteria
n wounds,34 urine,35 and various clinical specimens.36
Many of these pathogens have been already implicated in
nosocomial and community-acquired bacterial infection.
K. pneumoniae is the principal cause of respiratory infections
in Ethiopia and is also constantly identified from sputum
samples.®®  Although respiratory infections by the
A. baumannii and S. marcescens are less frequent, their
strong isolation might be linked to the event of resistance to
imipenem. Additionally, S. maltophilia, a pathogen mainly
associated with infection of immunocompromised persons,
was recovered from the sputum sample with less frequency
(2%). In fact, earlier studies reported different isolation per-
centage, which was 0.13% (blood), 0.03% (urine), and 4%
(sputum).'® Although the microbe is primarily responsible
for the infection of patients with cystic fibrosis (CF), the
examined health centers still lack facilities for treating CF
patients. However, due to its virulence potential (protease
and lipase, Figure 3 and'®) and the previously reported

cooperative pathogenicity®' with the predominantly isolated
bacteria (P. aeruginosa) in the study area, it could affect the
progression of the disease in patients and thereby influence
therapeutic choices.

Many of the Gram-negative bacteria implicated within
the current study demonstrated multiple drug resistance,
especially high resistance to ampicillin, amoxycillin/cla-
vulanic acid and trimethoprim/sulfamethoxazole. The
high-level of resistance to B-lactams might be attributed
to an extended-spectrum B-lactamases (ESBL), metalloen-
zyme B-lactamases, which are mediated by other intrinsic
or by transferable carbapenemase-encoding genes.*’*® In
fact, the genome of S. maltophilia encodes B Zn*'-
dependent metalloenzyme that hydrolyzes all classes of -
lactams except the monobactams.*” Besides, a remarkably
high level of resistance of the clinical isolates to amoxy-
cillin/clavulanic acid and trimethoprim/sulfamethoxazole,
which are primarily responsible for the development of
community-acquired pneumonia, was reported in
Ethiopia.® Hence, our results were consistent with studies
conducted in Ethiopia.

Among the predominant isolates, K. pneumoniae and
S. marcescens showed complete resistance to tetracycline
(100%). Additionally, tetracycline and chloramphenicol
resistant S. maltophilia might impose a further risk to the
treatment of immunocompromised patients. Although car-
bapenems are considered the most effective drugs for

treating A. pittii, imipenem-resistant A. pittii leaves limited
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therapeutic options.*® Thus, the spread of MDR A. pittii
species in Northern Gondar could lead to more infections
in patients with underlying health problems. Finally,
K. cryocrescens, which is considered to be a very rare
pathogen, also showed resistance to several drugs, includ-
and

ing gentamycin trimethoprim/sulfamethoxazole,

although its frequency of isolation is low.

Conclusion

The findings revealed that the predominant imipenem-
resistant bacteria recovered from sputum samples were
A.  baumannii, S. marcescens, K. pneumoniae, and
P aeruginosa. Besides imipenem, resistance to ampicillin,
amoxycillin/clavulanic acid, and trimethoprim/sulfamethoxa-
zole was also high. Remarkably, many bacterial isolates
showed susceptibility to gentamycin. Hence, local empirical
prescriptions should correspond to the results of antibiotic
sensitivity to prevent the development of antibiotic resistance
in the region and to reduce the nosocomial and community-
acquired infection caused by the identified bacteria. It is also
necessary to continuously monitor antibiotic resistance in the
region by implementing effective antimicrobial stewardship
programs. Future work will identify the genetic diversity and
clonality of specific imipenem-resistant bacterial species from

different regions of Ethiopia using whole-genome sequencing.
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ATCC, American Type Culture Collection; AMR, antimi-
crobial resistance; CLSI, Clinical Laboratory Standard
Institute; h, hours; LB, Luria-Bertani media; min, minutes;
MDR, multidrug resistance; PCR, polymerase chain reac-
tion; TSI, triple sugar iron agar.
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