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Abstract

Regular monitoring of bacterial susceptibility to antibiotics in clinical settings is key for ascer-

taining the current trends as well as re-establish empirical therapy. This study aimed to

determine bacterial contaminants and their antimicrobial susceptibility patterns from medical

equipment, inanimate surfaces and clinical samples obtained from Thika Level V Hospital

(TLVH), Thika, in Central Kenya. Three hundred and five samples were collected between

the period of March 2021 to November 2021 and comprised urine, pus swabs, catheter

swabs, stool, and environmental samples. Bacterial identification and antimicrobial suscep-

tibility were performed using VITEK 2 and disc diffusion respectively. We observed that

Coagulase-negative Staphylococci (28 /160, 17.5%) were the most commonly isolated spe-

cies from clinical samples followed by E. coli (22 /160 13.8%) and S. aureus (22/160,

13.8%). The bed rails were the mostly contaminated surface with S. aureus accounting for

14.2% (6/42). Among the clinical samples, pus swabs yielded the highest number of patho-

gens was pus (92/160). Trauma patients had the highest proportion of isolates (67/160,

41.8%). High level of antimicrobial resistance to key antimicrobials, particularly among

Enterobacterales was observed. Extended Spectrum Beta Lactamase (ESBL) phenotype

was noted in 65.9% (29/44) of enteric isolates. While further ESBL genetic confirmatory

studies are needed, this study highlights the urgent need for actions that mitigate the spread

of antibiotic-resistant bacteria.

Introduction

The emergence of multi-drug resistant (MDR) strains in healthcare facilities poses a threat to

the management of infections in developing countries [1]. Approximately 700,000 people die

annually from antimicrobial-resistant (AMR) infections globally [2], with a projected 10
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million deaths by 2050 [3]. In Kenya, high levels of hospital-acquired infections (HAIs) have

been reported signifying the need for reinforced infection prevention control strategies [4–6].

Multidrug-resistant bacterial contaminants have been reported in hospital wards in Kenya [7]

albeit in a small number of hospitals.

At present, β-lactam drugs are a key factor in the treatment of bacterial infections world-

wide and account for almost 65% of antibiotic usage [1]. These drugs have been classified into

six main groups based on the chemical structure of the β-lactam ring, including penicillins,

cephalosporins, cephamycins, carbapenems, monobactams, and β-lactamase inhibitors.

Unfortunately, despite their crucial role in combating infections, recent years have witnessed a

concerning global rise in resistance to this important class of antibiotics [8].

Both community-acquired infections (CAIs) and HAIs causative agents have seen a consider-

able increase in antimicrobial resistance [9]. The hospital environment, in particular, serves as a

source of multidrug-resistant organisms (MDROs), especially when routine practices such as

environmental disinfection, contact precautions, and hand hygiene are not consistently imple-

mented [10]. Pathogens reported to persist in these healthcare environments include Clostridium
difficile spores, vancomycin-resistant Enterococcus (VRE), methicillin-resistant Staphylococcus
aureus (MRSA), and Acinetobacter baumannii [11]. High-risk areas for contamination include

hard surfaces like beds, handles, and grab bars. Transmission of pathogens to patients is thought

to be through healthcare workers, visitors, or asymptomatic carriers [12]. Although enhanced

cleaning of hospital surfaces has been advocated to overcome the transmission of MDROs, a

study conducted in 2008 examined the cleaning of hospital surfaces in 36 acute care hospitals in

the USA and found that only 47% of these surfaces were effectively cleaned [13]. This represents a

critical area that needs attention in the fight against the spread of MDROs.

In case of CAI, resistance can be attributable to the widespread use of broad-spectrum anti-

biotics, over the counter sale of antibiotics, self-administration of antibiotics, inappropriate

use of antibiotics, and a lack of compliance with treatment [14, 15]. Conversely, in the case of

HAIs, causative agent antimicrobial resistance is mainly due to the extensive use of broad-

spectrum antibiotics in their management. Among the microorganisms usually implicated in

HAIs include Pseudomonas aeruginosa, Escherichia coli, Staphylococcus aureus, Klebsiella spe-
cies, and coagulase-negative Staphylococci. Some of the factors that contribute to the develop-

ment of HAIs includes hospital design factors (e.g., ventilation and an adequate number of

handwash basins) [16], longer hospital stays, gender, surgery since admission, intubation,

mechanical ventilation, age of the patient, type of hospital, and urinary catheter and hygienic

practices [17].

In Kenya, the past decade has seen a significant increase in efforts to describe and address

the burden of drug-resistant infections in the country. These efforts have increasingly focused

on hospitals like the Thika Level V Hospital in Thika. By participating in these initiatives,

Kenya aims to eventually contribute AMR related data to global platforms such as the World

Health Organization’s Global Antimicrobial Resistance Surveillance System (GLASS) [18].

Thus, this study aimed to determine bacterial contaminants and their antimicrobial suscepti-

bility patterns from medical equipment, and inanimate surfaces at the Thika Level V Hospital.

The study further determined the antibiotic resistance profile for each clinically important iso-

late. We observed high levels of resistance to key antimicrobials, especially by enteric bacteria.

Materials and methods

Sampling

A convenience sampling technique was used to enrol cases. The following formula: z2 × p (1-

p)/e2 [z = z-score = 1.96, e = margin of error = 5%, and p = standard of deviation] was

PLOS ONE Detection of multidrug resistant pathogens at a referral hospital in Kenya

PLOS ONE | https://doi.org/10.1371/journal.pone.0298873 April 16, 2024 2 / 19

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0298873


used to estimate the optimum sample size with confidence interval level of 95%. Based on the

previous study by Greenhow et al., [19] the bacterial infections prevalence was recognized in

3.75% of clinical samples (95% confidence interval: 0.4%–6.7%). Hence, we select the p =

standard of deviation as 5.0% and accordingly the estimated sample size was calculated as 56

patients. However, we surpassed this number and collected urine, pus and stool samples from

90 patients. The samples from the environment were representative samples from each of the

selected departments.

Study population and sample collection

A total of 305 samples were collected at Thika Level V Hospital. 200 were clinical samples and

105 were samples from high contact surfaces. Thika Level 5 Hospital is a 300-bed Government

Hospital in the town of Thika, approximately 50 km northeast of Nairobi, in Central Province,

Kenya. It provides medical, surgical, gynaecological, obstetric, and paediatric services to a

mixed urban and rural population and has a total of seven inpatient wards. Patient sociodemo-

graphic, and clinical data (diagnosis and treatment received) were filled in pathological data

forms. Urine, pus swabs, stool, and indwelling catheter swabs were aseptically collected from

patients. The age bracket of our participants was 17 years to 96 years. Environmental swab

samples from high-contact surfaces including the bed rail, intravenous fluid pole, cabinets,

medicine tray, monitors, nurses’ working stations, doorknobs, and sphygmomanometer were

also collected. Sampling was done by use of a moist sterile swab passed over the surfaces of

inanimate objects and equipment. The patients sampled included those from the renal unit,

the ICU, and the male medical and surgical wards (male and female). A proportion of the

renal unit patients were not admitted to the hospital. However, we didn’t establish whether the

patients had community-acquired infections at the time of admission for surgery. A small pro-

portion of patients admitted in the medical ward was primarily hospitalized due to infections

(those with cellulitis, gangrene, and diabetic foot).

Sample processing. The samples were transported under chilled conditions to the Mount

Kenya University, Centre for Research, and Infectious Diseases Laboratory, for processing

where they were cultured on selected media plates. In brief, to isolate bacteria from the hospi-

tal, samples collected included pus swabs and highly touched surface swabs and were inocu-

lated on Blood agar, MacConkey agar, and Mannitol Salt agar media. Surface swabs had been

immersed in sterile saline before swabbing the points of interest. Urine samples were inocu-

lated on Blood Agar, MacConkey agar and CLED (Cysteine Lactose Electrolyte Deficient)

agar. Stool samples were inoculated on MacConkey Agar alone. All media were incubated at

37˚C for 18hrs. Based on colonial morphology on different culture plates, two or more colo-

nies were further characterized by first subculturing on specific media, followed by gram stain-

ing. The isolates were then identified by VITEK 2 using Gram negative (GN) and Gram-

positive (GP) identification cards (ID). For identification, one colony was picked aseptically

from each pure colony and emulsified on a sterile normal saline solution using a sterile cotton

swab. A homogenous organism suspension formed was adjusted to the required McFarland

standard (0.5–0.63). Turbidity of 0.5–0.6 is recommended for inoculum preparation in VITEK

(bioMérieux). The McFarland turbidity was checked by an instrument, DensiCHEK Plus, as

per the manufacturer’s (bioMérieux) guidelines. This was introduced to the machine probe

which suctioned the suspension and introduced to the card. After four hours the results were

obtained from the computer giving the identity of the bacteria.

Antimicrobial susceptibility testing for Gram-negative bacteria. Antimicrobial suscep-

tibility tests were performed by the standard Kirby–Bauer disk diffusion method on the Muel-

ler–Hinton agar media (Thermo Scientific™ Oxoid™) using commercially available antibiotic
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disks (Oxoid™, UK). The diameter of the inhibition zone was measured for each antibiotic

disk, and the results were defined as per the CLSI guidelines [20]. The antibiotics used against

Gram-negative isolates included cefuroxime (30μg), ceftriaxone (30μg), cefotaxime (30μg),

piperacillin (30μg), sulphamethoxazole (25μg), amoxicillin-clavulanate (10μg), gentamycin

(10μg), aztreonam (30μg), ceftazidime (30μg), ciprofloxacin (5μg), cefoxitin (30μg), cefepime

(30μg), minocycline (30μg), levofloxacin (5μg), amikacin (30μg), piptazobactam (110μg), imi-

penem (10μg), meropenem (10μg), tetracycline (30μg), nalidixic acid (10μg) and ampicillin

(10μg). For Staphylococci species antibiotics tested included erythromycin (15 μg), amoxycil-

lin-clavulanate (30 μg), sulphamethoxazole/trimethoprim (25 μg), penicillin (10IU), tetracy-

cline (30 μg), gentamycin (10 μg), clindamycin (2 μg), oxacillin (1 μg), cloxacillin (5 μg),

levofloxacin (5 μg), cefoxitin (30 μg), and ceftriaxone (30 μg). Gram-negative isolates that were

resistant to cefotaxime, ceftriaxone, ceftazidime, and aztreonam were presumed to be ESBL

producers whereas Staphylococci isolates resistant to cefoxitin, cloxacillin and oxacillin were

presumed to be methicillin resistant. AST breakpoints were interpreted according to CLSI

M100 guidelines [20].

Quality control

Quality control measures on media for culture were run before carrying out actual cultures to

confirm the sterility and selectivity of media used. Quality control organisms during VITEK

identification included Staphylococcus saprophyticus (ATCC BAA-750) for the Gram-positive

ID cards and Enterobacter cloacae (ATCC 700323) for the Gram-negative cards. For antimi-

crobial susceptibility testing, quality control testing was achieved using ATCC microorganisms

S. aureus 29213 E. coli 25922, and K. pneumoniae 700603.

Ethical considerations

This study was approved by the Research and Ethics Committee of Mount Kenya University

(MKU/ERC/1687) dated 18th November 2020 and licensed by the National Commission for

Science, Technology, and Innovation (NACOSTI) (NACOSTI /P/21/7678). Before enrolment,

informed consent was obtained from all the study participants or their legal guardians for par-

ticipants under the age of 18 years. Anonymized patients’ demographic characteristics were

recorded on the pathological investigation forms, which were securely filed and kept under

lock and key, for confidentiality.

Data analysis

The socio-demographic, clinical diagnosis, treatment received, and microbiological data were

collectively documented for each patient on a Microsoft Excel sheet. The environmental data

were also documented accordingly. Kruskal–Wallis nonparametric test was used to test the dif-

ferences in resistance between species using the SPSS statistical package version 26. Discrete

data was described using means, while the categorical data were computed as frequencies, with

the data presented in tables and figures.

Results

Patients baseline information

The mean age of participants was 46 years, and the range was 17 years to 96 years. The majority

of positive cultures were from the age group 27–36 (39/160; 24.3%) and 37–46 (34/160, 21.2%)

years old as seen in Table 1. Patient presented with a range of conditions including decubitus

ulcers, burns, peritonitis, trauma, septic wounds, gangrene, diabetic foot, end-stage renal
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disease, cellulitis, and congestive cardiac failure. The main antibiotics administered to patients

were ceftriaxone, metronidazole, and flucloxacillin.

Bacterial species identified

Out of 305 culture-positive plates (excluding mixed growth and fungal growth), 202 (66.2%)

were culture-positive; 160 from 90 clinicals samples and 42 from 44 hospital surfaces and

equipment swabs. The highest prevalence of isolates was reported in the surgical ward with 72/

202 (35.6%) isolates, followed by the intensive care unit with 49/202 (24.2%), renal unit with

45/202 (22.2%) isolates, and the medical ward with 36/202 (17.8%) isolates (Fig 1A). Gram-

negative isolates (55.4%, 112/202) were more than the Gram-positive isolates (90/202, 44.6%).

Fig 1B and 1C show all isolates identified from the samples analysed.Gram-positive isolates

included CONS, S. aureus, and Enterococci spp amongst others. Gram-negative species were

mainly enteric bacteria, Acinetobacter spp, and Pseudomonas spp, amongst others.

Bacterial isolates from patients by the sample types and hospital wards

Coagulase-negative Staphylococci (28/160, 17.5%) were the most isolated species followed by S.

aureus (25/160, 15.6%) and E. coli (22/160, 13.8%) from clinical samples. The clinical sample with

the highest number of pathogens was pus swabs (92/160, 57.55%), followed by urine samples (56/

160, 35%), stool (11/160, 6.87%), and lastly was the exit site swab (1/160, 0.7%). E. coli, K. pneumo-
niae, K. oxytoca, P.mirabilis, S. enterica, E. cloacae, A. baumannii, CONS, S. aureus, and E. faecalis
were all significant isolates from samples collected in this study. CONS and S. aureus are normal

flora of the skin and normally contaminate wounds and the urinary tract to cause infections in

their unusual sites of habitation. The rate of isolation of other significant pathogens from the

Table 1. Demographic information of the participants and distribution of bacterial species by age group.

Result by age group Sex 17–26 27–36 37–46 47–56 57–66 67–76 77–86 87–96 Total

Male Female

No bacteria growth 43 100 143

Positive culture 119 41 160

Enterobacteriaceae
Escherichia coli 13 9 0 3 4 1 7 4 3 1 22

Klebsiella pneumoniae 4 2 3 1 1 0 1 0 0 0 6

Klebsiella oxytoca 1 0 0 1 0 0 0 0 0 0 1

Proteus mirabilis 2 1 1 0 0 1 0 0 2 0 4

Salmonella enterica 0 1 0 0 0 0 0 0 0 1 1

Enterobacter cloacae 9 1 0 2 6 0 1 0 1 0 10

Streptococacae
Enterococcus faecalis 4 4 1 0 3 0 1 3 0 0 8

Staphylococcacae
Cn Staphylococci 15 13 10 7 3 2 2 1 1 2 28

Staphylococcus aureus 21 1 6 7 3 2 5 2 0 0 22

Pseudomonacae
Pseudomonas aeruginosa 1 0 1 0 0 0 0 0 0 0 1

Pseudomonas luteola 7 1 1 3 0 3 0 1 0 0 8

Pseudomonas oryzihabitans 1 0 0 0 0 1 0 0 0 0 1

Acinetobacter baumannii 17 2 1 8 5 1 1 0 0 3 19

Acinetobacter lowflii 1 0 0 1 0 0 0 0 0 0 1

Others 20 7 3 5 8 6 0 0 3 2 27

https://doi.org/10.1371/journal.pone.0298873.t001
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samples such as E. cloacaewas (10/160, 6.25%) and E. faecalis (8/160, 5%). The most dominant

isolates from urine were E. coli (12/56, 21.4%) followed by A. baumannii (7/56, 12.5%). K. pneu-
moniaewas mainly isolated from stool and pus swabs. E. cloacae and E. feacaliswere mainly

found in pus 4/92 4.34% and urine samples (4/56, 7.14%) (Table 2). Among the isolates from sur-

gical ward, A. baumannii accounted for the highest percentage (16.7%, 12/72) (Fig 2A). S. aureus
(27.8%, 10/36) was predominant among all medical ward isolates (Fig 2B). Among the isolates

from clinical samples from ICU, A. baumanniiwas the most common at 36.3% (5/11) of all iso-

lates in this section (Fig 2C). The clinical renal unit isolates depicted that E. coliwas the highest in

number among all isolates with a percentage of 43.9% (18/41) (Fig 2D).

Distribution of bacterial isolates by patients’ conditions

The majority of bacterial isolates were from trauma patients in the surgical ward (67/160,

41.8%). The other bacterial isolates were distributed among patients with burns 14/160

Fig 1. a) General distribution of bacterial isolates from patients and inanimate objects b) Spectrum of isolated gram-negative species; c) Isolated gram-positive

species.

https://doi.org/10.1371/journal.pone.0298873.g001
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(8.75%), peritonitis patients 5/160, (3.1%), septic wound patients 3/160 (1.9%), decubitus

ulcers patients 8/160 (5%) and renal unit patients with end-stage renal disease (ESRD) 42/160

(26.23%) and perforated gastric ulcer 4/160 (2.5%) among others (Fig 3).

Bacterial isolates from hospital environment surfaces and inanimate

objects

The bed rail was the most contaminated inanimate object sampled at 38% (16/42 isolates).

This was followed closely by the monitors, which had 8/42 (19.0%) isolates, and the cabinets

(7/42 isolates, 16.6%), of which both were placed in the ICU and renal units (Fig 4A). Overall,

coagulase-negative Staphylococci isolates (CONS) were the most common bacteria isolated

from high-contact surfaces (38%, 16/42). This was followed by S. aureus (14.3%, 6/42) and P.

luteola (9.5%, 4/42) (Fig 4B) all representing environmental swabs cultured from the renal

unit and ICU. The environmental isolates from the ICU had S. aureus as the most common

bacteria at 15.8% (6/38). In the renal unit, four isolates were evenly distributed in the environ-

ment, namely, S. epidermidis, S. lentus, E. cloacae, and Y. pseudotuberculosis.

Antimicrobial susceptibility profiles of enteric bacteria and ESBL

phenotype

AMR phenotypes of interest yielded 29 isolates with ESBL phenotype, which we characterized

in this paper. Additionally, we characterized A. baumannii, S. maltophilia, and B. cepacia

Table 2. Distribution of identified species from different samples.

Sample

Urine Pus Stool Exit site swab Total

Renal Unit 28 (70%) 3 (7.5%) 9 (22.5%) 1 (2.4%) 41 (25.6%)

ICU 9 (81.8%) 0 (0%) 2 (18.2%) 0 (0%) 11 (6.9%)

Medical Ward 4 (11.1%) 32 (88.9%) 0 (0%) 0 (0%) 36 (22.5%)

Surgical Ward 15 (20.8%) 57 (79.2%) 0 (0%) 0 (0%) 72 (45%)

Total 56 (35%) 92 (57.5%) 11 (6.9%) 1 (0.63%) 160

Enterobacteriaceae
E. coli 12 (21.4%) 3 (3.3%) 7 (63.6%) 0 (0%) 22 (13.8%)

K. pneumoniae 0 (0%) 3 (3.3%) 2 (18.2%) 0 (0%) 5 (3.1%)

K. oxytoca 0 (0%) 0 (0%) 1 (9.1%) 0 (0%) 1 (0.6%)

P. mirabilis 0 (0%) 3 (3.3%) 0 (0%) 0 (0%) 3 (1.9%)

S. enterica 0 (0%) 1 (1.1%) 0 (0%) 0 (0%) 1 (0.6%)

E. cloacae 7(12.5%) 2 (2.2%) 0 (0%) 0 (0%) 9 (5.6%)

Streptococacae
E. faecalis 4 (7.1%) 4 (4.3%) 0 (0%) 0 (0%) 8 (5%)

Staphylococacae
Cn Staphylococci 7 (12.5%) 20 (21.7%) 0 (0%) 1 (100%) 28 (17.5%)

S. aureus 1 (1.8%) 24(26.1%) 0 (0%) 0 (0%) 25 (15.6%)

Pseudomonaceae
P. aeruginosa 0 (0%) 1 (1.1%) 0 (0%) 0 (0%) 1 (0.6%)

P. luteola 2 (3.6%) 5 (5.4%) 0 (0%) 0 (0%) 7 (4.4%)

P. oryzihabitans 0 (0%) 1 (1.1%) 0 (0%) 0 (0%) 1 (0.6%)

A. baumanii 7 (12.5%) 13(14.1%) 0 (0%) 0 (0%) 20 (12.5%)

A. lwoffii 1 (1.8%) 0 (0%) 0 (0%) 0 (0%) 1 (0.6%)

Others 15 (26.8%) 12 (13%) 1 (9.1%) 0 (0%) 28 (17.5%)

https://doi.org/10.1371/journal.pone.0298873.t002
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resistance profiles. Overall, high resistance rates were observed against the third-generation

cephalosporins, monobactams, nalidixic acid, tetracyclines, and penicillins. Between 75–87%

of the microorganisms were resistant to cephalosporins and ampicillin. A moderate level of

resistance was observed against fourth-generation cephalosporins (cefepime), amoxicillin cla-

vulanate, piptazobactam, ciprofloxacin, sulphamethoxazole and gentamycin (50–65%) of the

microorganisms. Low levels of resistance were observed against amikacin, minocycline, mero-

penem, and imipenem (22–45% of the microorganisms). It is worth noting that the E. cloacae
isolates were exceptionally highly resistant to antibiotics that other enterics were moderately

resistant against e.g. cefepime (Fig 5A).

Cefotaxime and piperacillin resistance among E. coli isolates was the highest at 83% (19/23).

Ampicillin resistance rate came in second at 18/23 78%. Sulphamethoxazole rates of resistance

followed at 70% (16/23). Ceftazidime (15/23) and aztreonam (15/23) resistance rates were

both at 65.2%. Amikacin, cefoxitin, meropenem, and imipenem remained highly effective

Fig 2. Isolates obtained from patients (A) shows isolates from surgical ward patients; (B) shows isolates from medical ward patients isolates; (C) shows isolates

obtained from ICU patients and (D) shows isolates from renal unit patients.

https://doi.org/10.1371/journal.pone.0298873.g002
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against the E. coli isolates with resistance rates of 17% (4/23), 22% (5/23), 22% (5/23), and 17%

(4/23) respectively (Fig 5A). All the K. pneumoniae isolates in this study remained highly resis-

tant against cefuroxime and cefotaxime at a rate of 100% (6/6). Ceftriaxone, piperacillin, and

ceftazidime-resistant rates were also high at 83% (5/6). All K. pneumoniae isolates were suscep-

tible to amikacin. Minocycline, ciprofloxacin, amoxicillin/clavulanate, imipenem, and mero-

penem were highly effective against the K. pneumoniae isolates with resistance levels of 17%

(1/6), 33.2% (2/6), 33.2% (2/6) and 33.2% (2/6) respectively (Fig 5A). Statistical analysis

showed that there was no significant difference in resistance rates across the different enteric

bacteria p>0.05.

All the Proteus mirabilis isolates in this study remained highly resistant against ceftazidime

(3/3) and nalidixic acid (3/3). Resistance against cefuroxime, ceftriaxone, cefotaxime, and

piperacillin came in second amongst P. mirabilis isolates at a rate of 67% (2/3). None of the P.

mirabilis isolates was resistant to meropenem (0/3) and the resistance rate to imipenem was at

Fig 3. Distribution of various bacteria species isolated by patients’ presentations.

https://doi.org/10.1371/journal.pone.0298873.g003
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Fig 4. Bacterial isolates from hospital environment (A) Distribution on high touch surfaces (B) Type of isolates from high touch surfaces.

https://doi.org/10.1371/journal.pone.0298873.g004

Fig 5. (A)Antibiotic resistance profiles of Enteric bacteria isolates (B) Distribution of ESBL phenotype isolates from different sections and wards (C)

Distribution of samples from which bacteria portraying ESBL phenotype were isolated; (D) Frequency of enteric isolates with ESBL phenotype.

https://doi.org/10.1371/journal.pone.0298873.g005
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33% (1/3) (Fig 5A). All the Enterobacter cloacae isolates in this study remained highly resistant

against cefotaxime, and cefoxitin at a rate of 100% (8/8). Ceftriaxone, piperacillin, amoxicillin,

and aztreonam were highly resistant as well at a rate of 87% (7/8). Levofloxacin and minocy-

cline were the most effective drugs against E. cloacae with a resistance rate of 25% (2/8)

(Fig 5A). The only S. enterica isolate from this study was resistant to all cephalosporins tested,

monobactam, piperacillin, sulphamethoxazole, ampicillin, tazobactam-piperacillin, amoxicil-

lin clavulanate, imipenem and meropenem.

A microorganism is presumed to be an ESBL producer when the diameters of zones of inhi-

bition are below 25 mm for ceftriaxone, 27 mm for cefotaxime, 27mm for aztreonam, and

22mm for ceftazidime as per CLSI guidelines. A total of 29 out of 44 (65.9%) isolates met this

criterion and were thus presumed to have the ESBL phenotype. In this study, renal unit isolates

had the highest number of isolates with ESBL phenotype, followed by the surgical ward and

the medical ward (Fig 5B). Urine samples analysed had the highest number of bacteria with

ESBL phenotype followed by pus and stool samples (Fig 5C). The majority of E. coli isolates

(15/44, 34%) exhibited the ESBL phenotype, followed by E. cloacae (6/44, 13.6%) and K. pneu-
moniae (4/44, 9.09%) isolates (Fig 5D). The isolates were resistant to third-generation cephalo-

sporins and aztreonam in addition to many other antimicrobial groups such as tetracyclines

and fluoroquinolones (Fig 5D and Table 3). Most of these isolates were susceptible to

amikacin.

Antimicrobial susceptibility profiles of Acinetobacter spp, B. cepacia, and S. maltophi-
lia. A. baumannii isolates were highly resistant to almost all groups of antibiotics including

third and fourth-generation cephalosporins, monobactams, aminoglycosides, and the penicil-

lin. For example, resistance to cefuroxime and aztreonam was at a rate of 100% (Fig 6). Con-

siderable resistance to carbapenems was observed for these isolates. A high resistance rate to β-

lactam inhibitors was observed with 100% for amoxicillin clavulanate and 95% for piptazobac-

tam. Low levels of resistance were however recorded against minocycline 32%, levofloxacin

(47%), and amikacin (47%).

B. cepacia and S. maltophilia isolates were resistant to almost all groups of antibiotics tested.

Based on the Clinical Laboratory Standard Institute Guidelines (2020) [20], interpretive zones

for ceftazidime, meropenem, minocycline, and sulphamethoxazole, all our B. cepacia isolates

Table 3. Enteric bacteria and the antibiotics they were resistant against.

Isolate Source of isolate Number of isolates (N) Antimicrobials ineffective to enteric bacteria

K. pneumoniae Pus 3 CXM, CRO, CTX, PRL, SXT, AMC, ATM, CAZ, FOX, FEP, TZP, NA, AMP

E. hermanii Stool 1 CXM, CRO, CTX, PRL, ATM, CAZ, CIP, FEP, LEV, TZP, NA, AMP

P. mirabilis Urine 1 CXM, CRO, CTX, PRL, AMC, ATM, CAZ, FOX, IPM, AMP

E. cloacae Pus 2 CXM, CRO, CTX, PRL, SXT, AMC, CN, CAZ, FOX, TET, NA, AMP

Urine 5 CXM, CRO, CTX, PRL, SXT, AMC, CN, ATM, CAZ, CIP, FOX, FEP, NA, AMP

E. coli Pus 1 CXM, CRO, CTX, PRL, SXT, AMC, CN, ATM, CAZ, CIP, FOX, FEP, LEV, TET, NA, AMP

Urine 7 CXM, CRO, CTX, PRL, ATM, CAZ, CIP, FEP, LEV, NA, AMP

Stool 3 CXM, CRO, CTX, PRL, SXT, AMC, CN, CAZ, CIP, FEP, MH, LEV, TZP, TET, NA, AMP

S. enterica Pus 3 CXM, CRO, CTX, PRL, SXT, AMC, ATM, CAZ, CIP, FOX, FEP, LEV, TZP, TET, NA, AMP

Pus 1 CXM, CRO, CTX, PRL, SXT, AMC, ATM, CAZ, FOX, FEP, TZP, AMP

Total 27

CXM = Cefuroxime, CRO = Ceftriaxone, CTX = Cefotaxime, PRL = Piperacillin, SXT = Sulphamethoxazole, AMC = Amoxicillin/ Clavulanate, CN = Gentamycin,

ATM = Aztreonam, CAZ = Ceftazidime, CIP = Ciprofloxacin, FOX = Cefoxitin, FEP = Cefepime, LEV = Levofloxacin, TET = Tetracycline, NA = Nalidixic acid,

AMP = Ampicillin, TZP = Piptazobactam

https://doi.org/10.1371/journal.pone.0298873.t003
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were found to be resistant against these four antibiotics. The S. maltophilia isolate was resistant

to SXT and minocycline but was susceptible to levofloxacin (Table 4).

Antimicrobial resistance profiles for S. aureus and CONS

Staphylococci spp recovered from this study demonstrated a high level of resistance to penicil-

lin (97%), cefoxitin 19/32, 59% for S. aureus and 28/37, 76% for CONS. Resistance to amoxicil-

lin-clavulanate (20/32, 63%) for S. aureus and 24/37, 68% for CONS. The most effective

antimicrobials against the Staphylococci were gentamycin and levofloxacin, both with a 6/32,

19% (6/32) resistance rate for S. aureus. Susceptibility of CONS to gentamycin and levofloxacin

was 41% and 54% to levofloxacin respectively. Of the Staphylococci isolates, 68% (47/69) were

Fig 6. Resistance profiles of A. baumannii.

https://doi.org/10.1371/journal.pone.0298873.g006

Table 4. Antibiotic resistance results for B. cepacia and S. maltophilia.

Bacteria Antibiotic agent Result Number

B. cepacia Ceftazidime Resistant 2/2

Meropenem Resistant 2/2

Minocycline Resistant 2/2

Sulphamethoxazole Resistant 2/2

S. maltophilia Sulphamethoxazole Resistant 1/1

Levofloxacin Sensitive 1/1

Minocycline Intermediate 1/1

https://doi.org/10.1371/journal.pone.0298873.t004
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resistant to cefoxitin (a surrogate for methicillin resistance) and thus selected for future geno-

typic analysis for mecA gene detection (Table 5).

Discussion

Bacterial infections contribute to patients’ poor prognosis and increased risk of ICU admission

and mortality [4]. The present study reveals a high culture positivity which was higher than that

reported in Rwanda [19] and South Ethiopia [21]. Among the positive samples, those associated

with females were less than those from males contrary to other studies which demonstrated

more samples from females than males. This was mainly due to the sharp increase in motorcycle

accidents in Kenya, which mainly affects males [22]. Gram-negative bacteria were the more

dominant isolates similar to other studies conducted in Africa [21, 23]. Overall, coagulase-nega-

tive Staphylococci were the most isolated bacterial isolates, comparable to other studies that indi-

cate CONS as the most commonly isolated microorganisms in clinical settings [24].

The bacterial spectrum was typical to other studies in Eastern Africa [25–29] but here we

describe the S. maltophilia and B. cepacia for the first time in our study site from pus and urine

samples in both medical and surgical wards. S. maltophilia is a multidrug Gram-negative bacil-

lus that is an opportunistic pathogen, particularly for hospitalized patients [30] while B. cepacia
is resistant to multiple antimicrobials and its treatment poses a challenge [31].

In the present study, most of the positive samples from the environment were from the ICU

and constituted S. aureus. Similar results have been reported in Ethiopia [32]. The low number

of positives in the renal unit may be attributable to frequent fumigation that is done at the

renal unit, specifically after the dialysis sessions and effective infection prevention control

mechanisms. These findings are echoed by other studies, which have reported no growth from

dialysis ward bacterial surface culture in Northwest Ethiopia [33].

Among the different surfaces and inanimate objects examined, the highest bacterial con-

taminated samples were taken from bed rails, cabinets, and monitors, corroborating the find-

ings from similar studies in Iran and Nigeria that identified beds as highly contaminated [34–

36]. Overall, CONS were the most frequently isolated bacteria followed by S. aureus, consistent

with findings from different studies from Ethiopia and elsewhere [35, 37]. As for P. luteola, it

made up 9.5% of the isolates. The rate of isolation is comparable to other similar studies [38].

Table 5. Antimicrobial resistance patterns of Staphylococci spp.

S. aureus Coagulase-negative Staphylococci
Antibiotic R nr/n (%) I ni/n (%) S ns/n (%) R nr/n (%) I ni/n (%) S ns/n (%)

Erythromycin (15/32) 47.00 (12/32) 38.00 (5/32) 16.00 (25/37) 68 (11/37) 30 (1/37) 3

Amoxicillin/Clavulanate (20/32) 63.00 (1/32) 3.00 (11/32) 34.00 (25/37) 68 (3/37) 8 (9/37) 24

Sulfamethoxazole/Trimethoprim (10/32) 32.00 (2/32) 6.00 (19/32) 97.00 (24/37) 65 (1/37) 3 (12/37) 32

Penicillin (31/32) 97.00 (0/32) 0.00 (1/32) 3.00 (36/37) 97 (0/37) 0 (1/37) 3

Ceftriaxone (15/32) 47.00 (9/32) 28.00 (8/32) 25.00 (26/37) 70 (7/37) 19 (4/37) 11

Tetracycline (14/32) 44.00 (6/32) 19.00 (12/32) 38.00 (21/37) 57 (3/37) 8 (13/37) 35

Gentamycin (6/32) 19.00 (1/32) 3.00 (25/32) 78.00 (15/37) 41 (3/37) 8 (9/37) 51

Oxacillin (27/32) 84.00 (0/32) 0.00 (5/32) 16.00 (37/37) 100 (0/37) 0 (0/37) 0

Clindamycin (16/32) 50.00 (5/32) 16.00 (11/32) 34.00 (23/37) 62 (9/37) 24 (5/37) 14

Levofloxacin (6/32) 19.00 (2/32) 6.00 (24/32) 75.00 (20/37) 54 (1/37) 3 (16/37) 43

Cefoxitin (19/32) 59.00 (0/32) 0.00 (13/32) 41.00 (28/37) 76 (0/37) 0 (9/37) 24

Cloxacillin (22/32) 69.00 (2/32) 6.00 (8/32) 25.00 (32/37) 86 (0/37) 0 (5/37) 14

nr = number of resistant isolates, ni = number of intermediate resistant isolates, ns = number of susceptible isolates

https://doi.org/10.1371/journal.pone.0298873.t005
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Trauma patient samples yielded the largest number of bacterial isolates (33.1%) since most of

them had undergone orthopaedics surgery and were in the surgical ward. This finding is simi-

lar to a previous study that recorded high rates of bacterial infection in orthopaedics patients

at a Tertiary Care Hospital in Bengaluru [39].

In this study, A. baumannii was highest in number amongst isolates from the surgical ward.

Other studies have demonstrated that this species is frequently associated with skin and tissue

infections at surgical sites [40, 41]. Infections due to S. aureus were also high among all medical

ward isolates.

In the present study, the sampling points for urine samples were ICU, surgical, and medical

wards, which have long-term admissions and catheterization. It has been reported that cathe-

terization increases the incidence of urinary tract infection (UTI) by 3–5% and long admission

increases the probability of acquiring UTI since hospitals are one of the sources of infection

[42]. Renal unit patients were revealed to be associated with the highest positive bacterial cul-

tures of urine samples (50%) compared to all other clinical samples. This finding confirms that

individuals with dysfunctional kidneys are more prone to urinary tract infections as previously

reported by a study in Saudi Arabia [37].

Resistance to antimicrobial agents is a problem in healthcare facilities, but in hospitals,

transmission of bacteria is amplified because of the highly susceptible population [43]. The

observed high resistance rates suggest poor adherence to antibiotic use guidelines and infec-

tion prevention policies in our study setting and beyond [44, 45]. The antibiotic sensitivity test

results of our study confirmed that an alarming percentage of resistance was exhibited by bac-

terial isolates to the commonly prescribed antibiotics. Among the ESBL producers, the highest

rates were observed amongst E. coli (32.6%) similar to other studies [46–48] and they were fol-

lowed by E. cloacae isolates (18.6%). It has been reported that E. cloacae have a selective advan-

tage over other bacteria to produce Amp C when there is antibiotic pressure [49]. The E.

cloacae in this study demonstrated 100% resistance to cefotaxime and cefoxitin. Resistance to

cephalosporins is mostly pronounced in these species [42]. Enterobacteria from this study

remained highly resistant to cefuroxime, cefotaxime, piperacillin, and cefoxitin in general sim-

ilar to a previous study in Dakar [50]. On the other hand, meropenem, imipenem, levofloxa-

cin, and minocycline remained highly effective amongst the enteric bacteria. ESBL prevalence

of 65.9% in our study is comparable to a similar study in Kenya amongst severely ill COVID-

19 patients of 67.3% [51]. However, this rate is higher than a rate reported in Tanzania

(33.14%) [52] and lower than that of Uganda (89%) [53]. African countries with high rates of

ESBL producers according to Onduru et al. were Democratic Republic of Congo (92%), Tan-

zania (89%) and Malawi at 62% [54].

K. pneumoniae isolates in this study were also highly resistant to cephalosporins but suscep-

tible to minocycline, meropenem, and imipenem. This pattern was also noted for P. mirabilis
isolates. E. coli isolates highest resistance rates were against cefotaxime and piperacillin. Resis-

tance rates for sulphamethoxazole were at 71% while that of ceftazidime and aztreonam were

at 67%. The effective drugs against E. coli were amikacin and carbapenems. This is consistent

with a similar study carried out elsewhere (39). A. baumannii, B. cepacia, and S. maltophilia
isolates were highly resistant to all groups of drugs and this is consistent with findings from

other studies in Kenya and beyond [55, 56].

The overall prevalence of MRSA was 59% (19/32). Recent studies indicate that disc diffu-

sion test using cefoxitin is far superior to most of the currently recommended phenotypic

methods like oxacillin disc diffusion. It has been reported as surrogate marker of mecA gene,

gives clearer end points, easier to read and is more reproducible than tests with oxacillin disk

diffusion. Thus, cefoxitin is now an accepted method for detecting MRSA with high efficiency

and has been used as an alternative to PCR in resource constrained areas. This MRSA
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prevalence is higher compared to 22.6% from a similar study in Nigeria [57]. In Kenya, the

prevalence of MRSA from previous studies was found to range from 1–84% [58]. One key limi-

tation of this study is the absence of anaerobic cultures to identify anaerobic bacteria responsi-

ble for hospital-associated infections. Thus, it is important to highlight the need for future

research to include anaerobic culture methods to adequately identify and understand the

impact of these bacteria in hospital settings.

Conclusions

This study recorded the presence of multidrug-resistant organisms of concern including

recently emerged ones such as S. maltophilia and B. cepacia at Thika Level V Hospital. The

implications of these organisms on patient outcomes and the potential for outbreaks are signif-

icant, necessitating the adoption of robust strategies to limit their spread. Encouraging judi-

cious use of antimicrobial agents, implementing effective waste-handling protocols, and

regular cleaning of high-touch surfaces, are critical steps towards reducing bacterial loads and

preventing hospital-acquired infections. In addition, periodic monitoring systems should be

implemented to enable prompt detection and management of infections. This study under-

scores the urgent need for continued efforts to mitigate the emergence and transmission of

multidrug-resistant organisms in hospitals.

Supporting information

S1 File.

(XLSX)

S2 File.

(XLSX)

Acknowledgments

We would like to acknowledge the help accorded by Gabriel Gikonyo during sampling in the

hospital and Lydia Kwamboka who assisted in sample collection and culturing.

Author Contributions

Conceptualization: Jesse Gitaka.

Data curation: Racheal Kimani, Patrick Wakaba, Moses Kamita.

Formal analysis: Patrick Wakaba, Moses Kamita.

Funding acquisition: Jesse Gitaka.

Investigation: Racheal Kimani, Jesse Gitaka.

Methodology: Racheal Kimani, Patrick Wakaba, Winnie Mutai, Charchil Ayodo, Jesse Gitaka.

Project administration: Racheal Kimani, Jesse Gitaka.

Supervision: Moses Kamita, Winnie Mutai, Charchil Ayodo, Essuman Suliman, Bernard N.

Kanoi, Jesse Gitaka.

Validation: Bernard N. Kanoi.

Writing – original draft: Racheal Kimani.

Writing – review & editing: Patrick Wakaba, Moses Kamita, David Mbogo, Winnie Mutai,

Charchil Ayodo, Essuman Suliman, Bernard N. Kanoi, Jesse Gitaka.

PLOS ONE Detection of multidrug resistant pathogens at a referral hospital in Kenya

PLOS ONE | https://doi.org/10.1371/journal.pone.0298873 April 16, 2024 15 / 19

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0298873.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0298873.s002
https://doi.org/10.1371/journal.pone.0298873


References
1. Gharavi MJ, Zarei J, Roshani-Asl P, Yazdanyar Z, Sharif M, Rashidi N. Comprehensive study of antimi-

crobial susceptibility pattern and extended spectrum beta-lactamase (ESBL) prevalence in bacteria iso-

lated from urine samples. Sci Reports | [Internet]. 2021 [cited 2023 Feb 17]; 11:578. Available from:

https://doi.org/10.1038/s41598-020-79791-0 PMID: 33436687

2. New report calls for urgent action to avert antimicrobial resistance crisis [Internet]. [cited 2023 Apr 11].

Available from: https://www.who.int/news/item/29-04-2019-new-report-calls-for-urgent-action-to-avert-

antimicrobial-resistance-crisis

3. O’Neill J. Tackling Drug-Resistant Infections Globally: Final Report and Recommendations. London,

UK: Review on Antimicrobial Resistance; 2016.

4. Mutua JM, Njeru JM, Musyoki AM. Multidrug resistant bacterial infections in severely ill COVID-19

patients admitted in a national referral and teaching hospital, Kenya. BMC Infect Dis [Internet]. 2022

Dec 1 [cited 2023 Feb 17];22(1). Available from: https://pubmed.ncbi.nlm.nih.gov/36418990/

5. Ngumi ZWW. Nosocomial infections at Kenyatta National Hospital Intensive-Care Unit in Nairobi,

Kenya. Dermatology [Internet]. 2006 Feb [cited 2023 Feb 17];212 Suppl 1(SUPPL. 1):4–7. Available

from: https://pubmed.ncbi.nlm.nih.gov/16490968/ https://doi.org/10.1159/000089192 PMID: 16490968

6. Ndegwa LK, Katz MA, McCormick K, Nganga Z, Mungai A, Emukule G, et al. Surveillance for respira-

tory health care–associated infections among inpatients in 3 Kenyan hospitals, 2010–2012. Am J Infect

Control. 2014 Sep 1; 42(9):985–90. https://doi.org/10.1016/j.ajic.2014.05.022 PMID: 25179331

7. Odoyo E, Matano D, Georges M, Tiria F, Wahome S, Kyany’a C, et al. Ten thousand-fold higher than

acceptable bacterial loads detected in kenyan hospital environments: Targeted approaches to reduce

contamination levels. Int J Environ Res Public Health [Internet]. 2021 Jul 1 [cited 2023 Mar 15]; 18

(13):6810. Available from: /pmc/articles/PMC8297338/ https://doi.org/10.3390/ijerph18136810 PMID:

34201911

8. Aslam B, Khurshid M, Arshad MI, Muzammil S, Rasool M, Yasmeen N, et al. Antibiotic Resistance: One

Health One World Outlook. Front Cell Infect Microbiol. 2021 Nov 25; 11:1153. https://doi.org/10.3389/

fcimb.2021.771510 PMID: 34900756

9. Saha M, Sarkar A. Review on Multiple Facets of Drug Resistance: A Rising Challenge in the 21st Cen-

tury. J Xenobiotics. 2021 Dec 13; 11(4):197–214. https://doi.org/10.3390/jox11040013 PMID:

34940513

10. Chemaly RF, Ghantoji SS, Simmons S, Dale C, Rodriguez M, Gubb J, et al. The role of the healthcare

environment in the spread of multidrug-resistant organisms: update on current best practices for con-

tainment. Ther Adv Infect Dis [Internet]. 2014 [cited 2023 May 25]; 2(3–4):79. Available from: /pmc/arti-

cles/PMC4250270/ https://doi.org/10.1177/2049936114543287 PMID: 25469234

11. Otter JA, Yezli S, Salkeld JAG, French GL. Evidence that contaminated surfaces contribute to the trans-

mission of hospital pathogens and an overview of strategies to address contaminated surfaces in hospi-

tal settings. Am J Infect Control [Internet]. 2013 [cited 2023 May 25];41(5 Suppl):S6. Available from:

https://pubmed.ncbi.nlm.nih.gov/23622751/

12. Dancer SJ. Controlling Hospital-Acquired Infection: Focus on the Role of the Environment and New

Technologies for Decontamination. Clin Microbiol Rev [Internet]. 2014 Oct 1 [cited 2023 Feb 17]; 27

(4):665. Available from: /pmc/articles/PMC4187643/ https://doi.org/10.1128/CMR.00020-14 PMID:

25278571

13. Carling PC, Parry MM, Rupp ME, Po JL, Dick B, Von Beheren S. Improving cleaning of the environment

surrounding patients in 36 acute care hospitals. Infect Control Hosp Epidemiol [Internet]. 2008 Nov

[cited 2023 May 25]; 29(11):1035–41. Available from: https://pubmed.ncbi.nlm.nih.gov/18851687/

https://doi.org/10.1086/591940 PMID: 18851687

14. Belachew SA, Hall L, Selvey LA. Community drug retail outlet staff’s knowledge, attitudes and practices

towards non-prescription antibiotics use and antibiotic resistance in the Amhara region, Ethiopia with a

focus on non-urban towns. Antimicrob Resist Infect Control. 2022 Dec 1; 11(1). https://doi.org/10.1186/

s13756-022-01102-1 PMID: 35488321

15. Do NTT, Vu HTL, Nguyen CTK, Punpuing S, Khan WA, Gyapong M, et al. Community-based antibiotic

access and use in six low-income and middle-income countries: a mixed-method approach. Lancet

Glob Heal. 2021 May 1; 9(5):e610–9.

16. Rao SKM. Designing Hospital for better Infection Control: an Experience. Med Journal, Armed Forces

India [Internet]. 2004 [cited 2023 May 25]; 60(1):63. Available from: /pmc/articles/PMC4923482/ https://

doi.org/10.1016/S0377-1237(04)80163-1 PMID: 27407581

17. Yallew WW, Kumie A, Yehuala FM. Risk factors for hospital-acquired infections in teaching hospitals of

Amhara regional state, Ethiopia: A matched-case control study. PLoS One [Internet]. 2017 Jul 1 [cited

2023 Feb 17];12(7). Available from: /pmc/articles/PMC5515417/

PLOS ONE Detection of multidrug resistant pathogens at a referral hospital in Kenya

PLOS ONE | https://doi.org/10.1371/journal.pone.0298873 April 16, 2024 16 / 19

https://doi.org/10.1038/s41598-020-79791-0
http://www.ncbi.nlm.nih.gov/pubmed/33436687
https://www.who.int/news/item/29-04-2019-new-report-calls-for-urgent-action-to-avert-antimicrobial-resistance-crisis
https://www.who.int/news/item/29-04-2019-new-report-calls-for-urgent-action-to-avert-antimicrobial-resistance-crisis
https://pubmed.ncbi.nlm.nih.gov/36418990/
https://pubmed.ncbi.nlm.nih.gov/16490968/
https://doi.org/10.1159/000089192
http://www.ncbi.nlm.nih.gov/pubmed/16490968
https://doi.org/10.1016/j.ajic.2014.05.022
http://www.ncbi.nlm.nih.gov/pubmed/25179331
https://doi.org/10.3390/ijerph18136810
http://www.ncbi.nlm.nih.gov/pubmed/34201911
https://doi.org/10.3389/fcimb.2021.771510
https://doi.org/10.3389/fcimb.2021.771510
http://www.ncbi.nlm.nih.gov/pubmed/34900756
https://doi.org/10.3390/jox11040013
http://www.ncbi.nlm.nih.gov/pubmed/34940513
https://doi.org/10.1177/2049936114543287
http://www.ncbi.nlm.nih.gov/pubmed/25469234
https://pubmed.ncbi.nlm.nih.gov/23622751/
https://doi.org/10.1128/CMR.00020-14
http://www.ncbi.nlm.nih.gov/pubmed/25278571
https://pubmed.ncbi.nlm.nih.gov/18851687/
https://doi.org/10.1086/591940
http://www.ncbi.nlm.nih.gov/pubmed/18851687
https://doi.org/10.1186/s13756-022-01102-1
https://doi.org/10.1186/s13756-022-01102-1
http://www.ncbi.nlm.nih.gov/pubmed/35488321
https://doi.org/10.1016/S0377-1237%2804%2980163-1
https://doi.org/10.1016/S0377-1237%2804%2980163-1
http://www.ncbi.nlm.nih.gov/pubmed/27407581
https://doi.org/10.1371/journal.pone.0298873


18. CDC. Tracking Antibiotic Resistance in Kenya and Senegal [Internet]. 2019 [cited 2023 Dec 8]. Avail-

able from: https://www.cdc.gov/drugresistance/solutions-initiative/stories/surveillance-in-Kenya-

Senegal.html

19. Greenhow TL, Hung YY, Herz AM, Losada E, Pantell RH. The changing epidemiology of serious bacte-

rial infections in young infants. Pediatr Infect Dis J [Internet]. 2014 [cited 2023 Dec 12]; 33(6):595–9.

Available from: https://journals.lww.com/pidj/fulltext/2014/06000/the_changing_epidemiology_of_

serious_bacterial.10.aspx https://doi.org/10.1097/INF.0000000000000225 PMID: 24326416

20. CLSI. M100 Performance Standards for Antimicrobial Susceptibility Testing A CLSI supplement for

global application. [cited 2023 Dec 12]; Available from: www.clsi.org.

21. Amsalu A, Geto Z, Asegu D, Eshetie S. AntimiAmsalu*, A., Geto, Z., et al. (2017). Antimicrobial resis-

tance pattern of bacterial isolates from different clinical specimens in Southern Ethiopia: A three year

retrospective study. African Journal of Bacteriology Research, 9(1),. African J Bacteriol Res [Internet].

2017 Jan 31 [cited 2023 Feb 24]; 9(1):1–8. Available from: https://academicjournals.org/journal/JBR/

article-abstract/14A127962796

22. Matheka DM, Alkizim Omar F, Kipsaina C, Witte J. Road traffic injuries in Kenya: a survey of commer-

cial motorcycle drivers. [cited 2023 Jun 5]; Available from: www.panafrican-med-journal.com

23. Gemechu MM, Tadesse TA, Takele GN, Bisetegn FS, Gesese YA, Zelelie TZ. Bacterial profile and their

antimicrobial susceptibility patterns in patients admitted at MaddaWalabu University Goba Referral

Hospital, Ethiopia: a cross sectional study. Afr Health Sci [Internet]. 2021 Jun 1 [cited 2023 Feb 17]; 21

(2):513. Available from: /pmc/articles/PMC8568252/ https://doi.org/10.4314/ahs.v21i2.5 PMID:

34795703

24. Ntirenganya C, Manzi O, Muvunyi CM, Ogbuagu O. High Prevalence of Antimicrobial Resistance

Among Common Bacterial Isolates in a Tertiary Healthcare Facility in Rwanda. Am J Trop Med Hyg

[Internet]. 2015 Apr 4 [cited 2023 Feb 24]; 92(4):865. Available from: /pmc/articles/PMC4385787/

https://doi.org/10.4269/ajtmh.14-0607 PMID: 25646259

25. Birru M, Mengistu M, Siraj M, Aklilu A, Boru K, Woldemariam M, et al. Magnitude, Diversity, and Antibio-

grams of Bacteria Isolated from Patient-Care Equipment and Inanimate Objects of Selected Wards in

Arba Minch General Hospital, Southern Ethiopia. Res Rep Trop Med. 2021 May;Volume 12:39–49.

26. Wang M, Wei H, Zhao Y, Shang L, Di L, Lyu C, et al. Analysis of multidrug-resistant bacteria in 3223

patients with hospital-acquired infections (HAI) from a tertiary general hospital in China. Bosn J Basic

Med Sci. 2019; 19(1):86–93. https://doi.org/10.17305/bjbms.2018.3826 PMID: 30579325

27. Anguzu JR, Olila D. Drug sensitivity patterns of bacterial isolates from septic post-operative wounds in a

regional referral hospital in Uganda. Afr Health Sci. 2007; 7(3):148–54. https://doi.org/10.5555/afhs.

2007.7.3.148 PMID: 18052868

28. Mnyambwa NP, Mahende C, Wilfred A, Sandi E, Mgina N, Lubinza C, et al. Antibiotic susceptibility pat-

terns of bacterial isolates from routine clinical specimens from referral hospitals in tanzania: A prospec-

tive hospital-based observational study. Infect Drug Resist. 2021; 14:869–78. https://doi.org/10.2147/

IDR.S294575 PMID: 33688222

29. Kumburu HH, Sonda T, Mmbaga BT, Alifrangis M, Lund O, Kibiki G, et al. Patterns of infections, aetiolo-

gical agents and antimicrobial resistance at a tertiary care hospital in northern Tanzania. Trop Med Int

Health [Internet]. 2017 Apr 1 [cited 2023 Dec 8]; 22(4):454–64. Available from: https://pubmed.ncbi.

nlm.nih.gov/28072493/ https://doi.org/10.1111/tmi.12836 PMID: 28072493

30. Brooke JS. Microbiol Rev. 2012. 2012 [cited 2011 Mar 1]. p. 2–41 Stenotrophomonas maltophilia: an

Emerging Global Opportunistic Pathogen. Available from: http://www.biologia.uniba.it/evo-amb/PhD_

programs/publication/pdf/pazzani/pazz2.pdf

31. Rhodes KA, Schweizer HP. Antibiotic Resistance in Burkholderia Species.

32. Darge A, Gebrekidan Kahsay, Hailekiros H, Niguse S, Abdulkader M. Bacterial contamination and anti-

microbial susceptibility patterns of intensive care units medical equipment and inanimate surfaces at

Ayder Comprehensive Specialized Hospital, Mekelle, Northern Ethiopia. [cited 2023 Feb 25]; Available

from: https://doi.org/10.1186/s13104-019-4658-5

33. Getachew H, Derbie A, Mekonnen D. Surfaces and Air Bacteriology of Selected Wards at a Referral

Hospital, Northwest Ethiopia: A Cross-Sectional Study. Int J Microbiol. 2018;2018.

34. Ekrami A, Kayedani A, Jahangir M, Kalantar E, Jalali M, Journal J. Isolation of common aerobic bacte-

rial pathogens from the environment of seven hospitals, Ahvaz, Iran Bacterial pathogens from the envi-

ronment of hospital 76. 2011; 4(2):75–82.

35. Hammuel C Chrinius, Jatau EDEdwardWhong CM Clement. Prevalence and Antibiogram Pattern of

Some Nosocomial Pathogens Isolated From Hospital Environment in Zaria, Nigeria. Aceh Int J Sci

Technol [Internet]. 2014 Sep 19 [cited 2023 Feb 17]; 3(3):131–9. Available from: https://www.neliti.com/

publications/53902/

PLOS ONE Detection of multidrug resistant pathogens at a referral hospital in Kenya

PLOS ONE | https://doi.org/10.1371/journal.pone.0298873 April 16, 2024 17 / 19

https://www.cdc.gov/drugresistance/solutions-initiative/stories/surveillance-in-Kenya-Senegal.html
https://www.cdc.gov/drugresistance/solutions-initiative/stories/surveillance-in-Kenya-Senegal.html
https://journals.lww.com/pidj/fulltext/2014/06000/the_changing_epidemiology_of_serious_bacterial.10.aspx
https://journals.lww.com/pidj/fulltext/2014/06000/the_changing_epidemiology_of_serious_bacterial.10.aspx
https://doi.org/10.1097/INF.0000000000000225
http://www.ncbi.nlm.nih.gov/pubmed/24326416
http://www.clsi.org
https://academicjournals.org/journal/JBR/article-abstract/14A127962796
https://academicjournals.org/journal/JBR/article-abstract/14A127962796
http://www.panafrican-med-journal.com
https://doi.org/10.4314/ahs.v21i2.5
http://www.ncbi.nlm.nih.gov/pubmed/34795703
https://doi.org/10.4269/ajtmh.14-0607
http://www.ncbi.nlm.nih.gov/pubmed/25646259
https://doi.org/10.17305/bjbms.2018.3826
http://www.ncbi.nlm.nih.gov/pubmed/30579325
https://doi.org/10.5555/afhs.2007.7.3.148
https://doi.org/10.5555/afhs.2007.7.3.148
http://www.ncbi.nlm.nih.gov/pubmed/18052868
https://doi.org/10.2147/IDR.S294575
https://doi.org/10.2147/IDR.S294575
http://www.ncbi.nlm.nih.gov/pubmed/33688222
https://pubmed.ncbi.nlm.nih.gov/28072493/
https://pubmed.ncbi.nlm.nih.gov/28072493/
https://doi.org/10.1111/tmi.12836
http://www.ncbi.nlm.nih.gov/pubmed/28072493
http://www.biologia.uniba.it/evo-amb/PhD_programs/publication/pdf/pazzani/pazz2.pdf
http://www.biologia.uniba.it/evo-amb/PhD_programs/publication/pdf/pazzani/pazz2.pdf
https://doi.org/10.1186/s13104-019-4658-5
https://www.neliti.com/publications/53902/
https://www.neliti.com/publications/53902/
https://doi.org/10.1371/journal.pone.0298873


36. Tajeddin E, Rashidan M, Razaghi M, Javadi SSS, Sherafat SJ, Alebouyeh M, et al. The role of the inten-

sive care unit environment and health-care workers in the transmission of bacteria associated with hos-

pital acquired infections. J Infect Public Health [Internet]. 2016 Jan 1 [cited 2023 Feb 17]; 9(1):13–23.

Available from: https://pubmed.ncbi.nlm.nih.gov/26117707/

37. Bazaid AS, Punjabi AA, Aldarhami A, Qanash H, Alsaif G, Gattan H, et al. Bacterial Infections among

Patients with Chronic Diseases at a Tertiary Care Hospital in Saudi Arabia. Microorganisms [Internet].

2022 Oct 1 [cited 2023 Feb 26];10(10). Available from: /pmc/articles/PMC9609889/

38. Ahmad AAAO. Bacterial Contamination of Computer Keyboards As A Source of Infection. 2016;

(April):2002–5.

39. Kumar Chavan SD. Bacteriological Profile of Orthopedic Patients in a Tertiary Care Hospital, Benga-

luru. Int J Sci Res ISSN [Internet]. 2013; 4(6):1504–8. Available from: http://www.houstonmethodist

40. Harding CM, Hennon SW, Feldman MF. Uncovering the mechanisms of Acinetobacter baumannii viru-

lence. Nat Rev Microbiol 2017 162 [Internet]. 2017 Dec 18 [cited 2023 Feb 25]; 16(2):91–102. Available

from: https://www.nature.com/articles/nrmicro.2017.148 https://doi.org/10.1038/nrmicro.2017.148

PMID: 29249812

41. Nguyen M, Joshi SG. Carbapenem resistance in Acinetobacter baumannii, and their importance in hos-

pital-acquired infections: a scientific review. J Appl Microbiol [Internet]. 2021 Dec 1 [cited 2023 Feb 25];

131(6):2715–38. Available from: https://onlinelibrary.wiley.com/doi/full/10.1111/jam.15130 PMID:

33971055

42. Igawa Y, Wyndaele JJ, Nishizawa O. Catheterization: Possible complications and their prevention and

treatment. Vol. 15, International Journal of Urology. 2008. p. 481–5. https://doi.org/10.1111/j.1442-

2042.2008.02075.x PMID: 18430150

43. Dayanand M, Rao S. Prevention of Hospital Acquired Infections: A practical Guide. Med Journal,

Armed Forces India [Internet]. 2004 Jul [cited 2023 Feb 26]; 60(3):312. Available from: /pmc/articles/

PMC4923267/

44. Maina M, Mwaniki P, Odira E, Kiko N, McKnight J, Schultsz C, et al. Antibiotic use in Kenyan public hos-

pitals: Prevalence, appropriateness and link to guideline availability. Int J Infect Dis. 2020 Oct 1; 99:10–

8. https://doi.org/10.1016/j.ijid.2020.07.084 PMID: 32781162

45. Ackers L, Ackers-Johnson G, Welsh J, Kibombo D, Opio S. Infection Prevention Control (IPC) and Anti-

microbial Resistance (AMR). In: Anti-Microbial Resistance in Global Perspective. Springer International

Publishing; 2020. p. 53–80.

46. Onduru OG, Mkakosya RS, Aboud S, Rumisha SF. Genetic Determinants of Resistance among ESBL-

Producing Enterobacteriaceae in Community and Hospital Settings in East, Central, and Southern

Africa: A Systematic Review and Meta-Analysis of Prevalence. Vol. 2021, Canadian Journal of Infec-

tious Diseases and Medical Microbiology. Hindawi Limited; 2021. https://doi.org/10.1155/2021/

5153237 PMID: 34122680

47. Belete MA. Bacterial profile and ESBL screening of urinary tract infection among asymptomatic and

symptomatic pregnant women attending antenatal care of northeastern ethiopia region. Infect Drug

Resist. 2020; 13:2579–92. https://doi.org/10.2147/IDR.S258379 PMID: 32801795

48. Saravanan M, Ramachandran B, Barabadi H. The prevalence and drug resistance pattern of extended

spectrum β–lactamases (ESBLs) producing Enterobacteriaceae in Africa. Vol. 114, Microbial Patho-

genesis. Academic Press; 2018. p. 180–92.
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