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Abstract

Environmental surfaces are key reservoirs for pathogen transmission, with the survival of bacteria
on fomites influenced by factors such as temperature, humidity, and microbial interactions. This
study aimed to determine microbial surface contamination and to determine antimicrobial resistance
profile of bacteria isolated from the indoor surface where the presence of cockroaches was observed
in households of Greater Letaba Municipality (GLM), South Africa. Swab samples were collected
from kitchen countertops and food storage areas with visible cockroach activity. Bacteria were
isolated and identified using standard microbiological methods, and antimicrobial susceptibility
testing (AST) was conducted with the Vitek® 2 system. Of the 120 samples collected, 82 (86%) showed
bacterial growth, resulting in 190 isolates. Most (93%) were Gram-negative species, with 98%
exhibiting multidrug resistance (MDR) to various antibiotics, including ampicillin, colistin, and
cephalosporins. Among the Gram-positive species, 22% exhibited resistance to one or two
antimicrobial agents tested, while 78% showed MDR. The study revealed a high prevalence of
antibiotic resistance in both Gram-positive and Gram-negative bacteria isolated from household
surfaces. The spread of antibiotic-resistant pathogens via environmental surfaces presents a
significant risk to human health, safety, and well-being.

Keywords: antimicrobial resistance; bacteria; households; indoor surfaces

1. Introduction

Microorganisms exist in nearly all natural environments. Their populations typically thrive in
environments where favourable temperatures, moisture and nutrients support their development
and reproduction [1,2]. In societies where faecal waste is inadequately managed and released into the
environment untreated, pathogenic microorganisms can accumulate in high concentrations and are
readily disseminated through various reservoirs [3,4]. Moreover, research has demonstrated that
cockroaches act as carriers of pathogenic microorganisms. Their actions enable them to contaminate
foods, utensils, kitchen areas, and other household environments as well as surfaces [5]. Cockroach
droppings may harbour bacteria that cause foodborne illnesses, as well as fungi and other harmful
pathogens [5-7].

Environmental surfaces constitute critical reservoirs for pathogen transmission. Pathogenic
bacteria can persist on fomites for extended durations, with their survival influenced by
environmental factors such as temperature, humidity, and the presence of other microorganisms.
Faecal contamination from both human and animal sources is prevalent on household surfaces,
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including floors, in low-income communities, elevating the risk of human disease. Prior research has
documented the presence of Escherichia coli on various fomites, such as kitchen surfaces and cloths,
toilet fixtures, door handles, and bathroom surfaces [4,8,9]. These contaminated surfaces act as
vectors for transmission, posing a significant health risk, particularly for foodborne illnesses.

Foodborne diseases constitute a significant and increasingly prevalent global public health
challenge, encompassing a wide range of illnesses. While often manifesting as gastrointestinal
symptoms, these diseases can also present with neurological, immunological, and other systemic
effects [10]. Ingestion of contaminated food can lead to multi-organ failure, resulting in significant
morbidity and mortality [11].

Observed globally and continuing to rise, the emergence and spread of antimicrobial resistance
(AMR) are driven by factors such as the inappropriate use of antimicrobials, inadequate infection
prevention and control measures, and weak regulation of antimicrobial use [12,13]. Frequently used
household cleaning products may not effectively eliminate common household bacteria [14,15].
Furthermore, research indicates that sporadic or inconsistent use of disinfectants is ineffective in
reducing bacterial counts in kitchen environments. In contrast, adherence to a prescribed, regular
cleaning and disinfection protocol has been shown to be effective in bacterial reduction [15].

The aim was to determine microbial surface contamination and to determine antimicrobial
resistance profile of bacteria isolated from the indoor surface where the presence of cockroaches was
observed in households of Greater Letaba Municipality (GLM), South Africa.

2. Materials and Methods

2.1. Study Setting

A cross-sectional study was undertaken in March 2021 across six villages located in the rural
areas of the Greater Letaba Municipality, Limpopo Province, South Africa.

2.2. Surface Sampling

Sterile, single-use, regular-sized traditional rayon swabs containing Amies Agar Gel (COPAN,
LASEC SA) were utilized for sample collection. These swabs were employed to gather specimens
from strategically selected sites, including kitchen countertops and food storage areas exhibiting
evidence of cockroach activity. Indicators of such activity included the presence of live cockroaches,
exoskeletons, fecal matter, eggs, egg cases, and proximity to cockroach traps. To ensure thorough
sampling, each swab was rotated across the surface to collect material from all sides, covering an area
of at least 10 x 10 cm. The swabs were assigned unique pseudonymous identification numbers.
Following collection, the swabs were placed in transport media and maintained at a controlled
temperature of 2-8 °C. The samples were then securely transported to the Water and Health Research
Centre (WHRC) laboratory at the University of Johannesburg, where they were stored under
appropriate conditions for subsequent bacterial analysis.

2.3. Microbial Testing

Standard microbiological methods were employed for the isolation and identification of
bacterial species. Swab samples were inoculated onto seven types of selective agar media to facilitate
the isolation of specific bacterial species: Mannitol Salt agar (for Staphylococcus aureus), Slanetz and
Bartley agar (for Enterococcus faecium), Coliform Chromoselect agar for (Escherichia coli), MacConkey
agar for (Enterobacter spp.), Campylobacter agar base (for Acinetobacter baumannii), Pseudomonas
Cetrimide agar (for Pseudomonas aeruginosa), and Klebsiella Chromoselect agar (for Klebsiella
pneumoniae). The plates were placed in an incubator for 24-48 hours at 37°C. Presumptive colonies
were sub-cultured on nutrient or Miiller Hinton agar to obtain pure isolates. Isolates were further
cultured on Miiller Hinton agar and identified using the Vitek® 2 system. Prior to Vitek® 2 analysis,
Gram staining was performed to confirm Gram-stain characteristics. Isolates were suspended in
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0.45% saline solution to achieve a 0.5-0.63 McFarland standard, as per manufacturer's instructions,
before inoculation onto Vitek® 2 identification cards [16].

2.4. Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing (AST) was performed using Vitek® 2 system cards (AST-
N256 for Gram-negative bacilli and AST-P645 for Gram-positive cocci). AST results were analyzed
by the Vitek® 2 system and subsequently evaluated in accordance with the clinical breakpoints
established by the Clinical and Laboratory Standards Institute (CLSI) and the European Committee
on Antimicrobial Susceptibility Testing (EUCAST) [17,18].

2.5. Quality Assurance

All tests were rigorously repeated. Quality control measures were implemented throughout the
Vitek® 2 system analysis of both Gram-negative and Gram-positive bacteria. The AST cards
incorporated internal growth control wells, serving as an essential component of the quality
assurance process. These controls served to establish the reliability and validity of the test results.
Furthermore, strict adherence to standardized protocols and manufacturer's recommendations was
maintained to ensure the consistency and reproducibility of the research.

2.6. Data Analysis

Data entry and analysis were carried out with Microsoft Excel 2016. Cross-tabulations were
utilized to calculate the percentage of isolates of each species exhibiting susceptibility, intermediate
resistance, or resistance to the tested antimicrobial agents.

3. Results

Hundred and twenty swab samples were collected, of which 82 (86%) exhibited bacterial
growth. From these samples, 190 bacterial isolates were identified. Among the identified isolates, 176
(93%) were classified as Gram-negative species, while 14 (7%) were identified as Gram-positive
species. All 14 (100%) Gram-positive isolates recovered from the sampled surfaces were identified as
Enterococcus species as depicted on Figure 1. Among these, 3 isolates (22%) were classified as
Enterococcus faecium, 1 (7%) as Enterococcus faecalis, 2 (14%) as Enterococcus gallinarum, 6 (43%) as
Enterococcus avium, 1 (7%) as Enterococcus hirae, and 1 (7%) as Enterococcus casseliflavus.
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Figure 1. Prevalence of Gram-positive bacteria isolated from environmental surfaces.

Among the 176 Gram-negative bacterial isolates, 14 (7%) were identified as Klebsiella species, 19
(11%) as Pseudomonas species, 98 (55%) as Enterobacter species, 37 (21%) as Escherichia species, 3 (2%)
as Serratia species, 1 (1%) as Stenotrophomonas, 2 (1%) as Pantoea, 1 (1%) as Raoultella, and 1 (1%) as
Salmonella species as indicated on Figure 2.
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Figure 2. Prevalence of Gram-negative bacteria from environmental surfaces.

Nine Enterococcus spp. isolates were subjected to antimicrobial susceptibility testing. Among
these, 7 (78%) exhibited MDR. The remaining 2 (22%) displayed non-susceptibility to one or two
antimicrobials. Of the MDR isolates, 4 (57%) were identified as Enterococcus faecium, 2 (29%) as E.
gallinarum, and 1 (14%) as E. hirae. Among the isolates non-susceptible to one or two antimicrobials,
1 (50%) were E. avium, and the other 1 (50%) were E. casseliflavus.

Figure 3 summarizes the antimicrobial susceptibility results of Gram-positive isolates from
environmental surfaces. Hundred percent susceptibility was observed for linezolid and several other
antibiotics.

In contrast, high levels of resistance were documented for ciprofloxacin, erythromycin,
vancomycin, and nitrofurantoin, with some isolates demonstrating intermediate susceptibility. E.
faecium isolates demonstrated complete resistance to erythromycin and nitrofurantoin, with high
levels of resistance also observed against ciprofloxacin and vancomycin. All isolates exhibited
susceptibility to linezolid and tetracycline, while a significant proportion displayed high-level
susceptibility to gentamicin (synergistic effects) and teicoplanin. E. gallinarum isolates exhibited a
pan-resistant phenotype, demonstrating 100% resistance to ciprofloxacin, teicoplanin, erythromycin,
and vancomycin, along with resistance to three other antimicrobials. Only intermediate susceptibility
was observed against nitrofurantoin. E. hirae isolates displayed a multidrug-resistant (MDR) pattern,
exhibiting high-level resistance to gentamicin, erythromycin, teicoplanin, and nitrofurantoin. In
contrast, 100% susceptibility was observed for linezolid and tetracycline. Enterococcus casseliflavus
isolates exhibited resistance to ciprofloxacin, erythromycin, and teicoplanin, while remaining
susceptible to linezolid and tetracycline. E. avium isolates exhibited non-susceptibility to
fluoroquinolones and were ineffective against four antimicrobial agents. Conversely, 100%
susceptibility was observed for linezolid, teicoplanin, and tetracycline.
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Figure 3. AST results for Gram-Positive isolates from surfaces.

A total of 57 Gram-negative bacterial isolates were recovered and subjected to AST. The
predominant species identified were Pseudomonas aeruginosa (32%), Klebsiella oxytoca (16%), and
Enterobacter cloacae complex (11%). Other species encountered included Enterobacter aerogenes,
Enterobacter cancerogenus, Serratia fonticola, Serratia marcescens, Klebsiella pneumoniae subsp. ozaenae,
Klebsiella pneumoniae ssp. pneumoniae, Citrobacter amalonaticus, Raoultella planticola, Stenotrophomonas
maltophilia, Pantoea agglomerans, and Salmonella spp.

A high prevalence of MDR was observed, with 56 (98%) of isolates exhibiting non-susceptibility
to one or more antimicrobial agents.

Figure 4 summarizes the antimicrobial susceptibility profiles of these isolates. Significant
resistance levels were observed against a broad spectrum of antibiotics, including ampicillin, colistin,
amoxicillin/clavulanic acid, anti-pseudomonal penicillins (piperacillin/tazobactam), extended-
spectrum cephalosporins (cefotaxime, ceftazidime, cefepime), and non-extended-spectrum
cephalosporins (cefuroxime, cefuroxime-axetil).

Overall, high levels of susceptibility were observed for aminoglycosides (amikacin, gentamicin,
and tobramycin), meropenem, tigecycline, ciprofloxacin, and trimethoprim/sulfamethoxazole across
multiple species. Conversely, significant resistance was observed against various antimicrobial
classes, including carbapenems, cephalosporins, and colistin. E. aerogenes demonstrated complete
resistance to colistin, imipenem, non-extended spectrum cephalosporins, cefoxitin, ceftazidime, and
piperacillin/tazobactam. E. cancerogenus showed complete resistance to carbapenems, cefuroxime,
cefuroxime-axetil, cefoxitin, piperacillin/tazobactam, amoxicillin/clavulanic acid, and colistin. S.
fonticola demonstrated complete resistance to carbapenems, extended and non-extended spectrum
cephalosporins, amoxicillin/clavulanic acid, and colistin.
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Figure 4. AST results for Gram-negative isolates from surfaces.

C. amalonaticus displayed complete resistance to non-extended spectrum cephalosporins,
colistin, piperacillin/tazobactam, amoxicillin/clavulanic acid, and imipenem. S. marcescens displayed
non-susceptibility to colistin, ceftazidime, cefotaxime, cefuroxime, cefuroxime-axetil, and
amoxicillin/clavulanic acid, with substantial non-susceptibility to tobramycin and cefepime. K.
oxytoca demonstrated complete (100%) non-susceptibility to ampicillin and non-extended spectrum
cephalosporins. Klebsiella pneumoniae subsp. ozaenae demonstrated complete resistance to non-
extended spectrum cephalosporins, ampicillin, and colistin. K. pneumoniae ssp. pneumoniae exhibited
total resistance to non-extended spectrum cephalosporins, ampicillin, and colistin. R. planticola is
completely resistant to colistin, imipenem, and ampicillin. P. aeruginosa displayed 100% resistance to
extended spectrum cephalosporins, tigecycline, and piperacillin/tazobactam. P. agglomerans is
entirely non-susceptible to non-extended spectrum cephalosporins, with notable non-susceptibility
to ceftazidime and cefotaxime. Salmonella spp. exhibited 100% resistance to tigecycline, meropenem,
ertapenem, cefoxitin, ampicillin, extended spectrum cephalosporins, piperacillin/tazobactam,
amoxicillin/clavulanic acid, and non-extended spectrum cephalosporins. S. maltophilia demonstrated
complete resistance to trimethoprim/sulfamethoxazole.

4. Discussion

This study observed a higher prevalence of microbial contamination (86%) on indoor surfaces
compared to findings in previous research. For instance, Othman [19] reported contamination with
pathogenic microorganisms in 84% of kitchens sampled, with swabs collected from items such as
kitchen towels, gas stove knobs, refrigerator handles, water taps, and sponges. Similarly, Oxford et
al. [15] found that 28% of surfaces and items examined exhibited moderate to heavy bacterial growth,
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with kitchen cloths (86%) and taps (52%) demonstrating the highest levels of contamination. Adiga
et al. [20] further supported these findings, with 64% of 50 samples collected from 10 kitchens
harbouring pathogenic microorganisms. These results collectively emphasize the significant
microbial burden associated with inanimate objects within kitchen environments.

This study aligns with previous work by Jeong et al. [21], Oxford et al. [15], Othman [19] and
others, reported bacterial contamination on indoor surfaces and within kitchen environments.
However, Gram-negative bacteria exhibited a higher prevalence in the present investigation.
Enterobacter spp. was frequently isolated, followed by Klebsiella spp., Pseudomonas spp., Escherichia
spp., and Serratia spp. In contrast, Enterococcus spp. dominated the Gram-positive isolates, with E.
avium being the most prevalent.

Previous studies have also identified a range of bacterial contaminants. Othman [19] reported
the presence of E. coli, Klebsiella spp., Salmonella spp., S. aureus, Shigella spp., S. epidermidis, and
Micrococcus spp. Adiga et al. [20] isolated K. pneumoniae, Proteus species, S. epidermidis, E. coli, S. aureus,
and Enterobacter spp. Mehta and Akhlak [22] identified S. aureus, S. pneumoniae, Shigella spp., E. coli,
and K. pneumoniae on household surfaces. Jeong et al. [21] further demonstrated the presence of
Pseudomonas, Pantoea, Bacillus, Firmicutes, Staphylococcus, and Streptococcus species on contaminated
surfaces, illustrating the diversity of bacterial contaminants. Similarly, a study by Flores et al. [23]
identified bacterial associated with Firmicutes, Bacteroidetes, Proteobacteria, and Actinobacteria. These
findings collectively highlight the persistent and diverse bacterial contamination of indoor
environments, particularly in kitchen areas.

Both Gram-positive and Gram-negative bacteria are known to persist on dry, inanimate surfaces
under humid and adverse conditions for extended periods, thereby acting as reservoirs for
transmission [24]. This persistence poses a public health concern as these surfaces can serve as contact
points, potentially causing infections in individuals exposed to them. An analysis of nine bacterial
isolates obtained from this current study revealed that 78% of the isolates demonstrated resistance to
three or more antimicrobial agents, meeting the definition MDR. The remaining 22% exhibited non-
susceptibility to only one or two of the antimicrobial agents tested. MDR isolates were predominantly
E. faecium (57%), followed by E. gallinarum (29%) and E. hirae (14%). In contrast, isolates showing non-
susceptibility to one or two antimicrobial agents were evenly distributed and identified as E. avium
as well as E. casseliflavus.

The study highlighted erythromycin resistance as the most common (89% of isolates), followed
by resistance to ciprofloxacin (77%), nitrofurantoin (67%), vancomycin (67%), teicoplanin (33%), and
high-level gentamicin (33%). These findings underscore the concerning prevalence of antimicrobial
resistance among Enterococcus species isolated from kitchen environments. Such resistance poses a
significant public health risk, especially in kitchens where food is prepared and consumed, as it
increases the potential for cross-contamination and foodborne illness in rural households. Poor
hygiene practices may contribute to the presence of MDR Enterococcus in kitchens. Insufficient
handwashing and inadequate cleaning and disinfection of surfaces can facilitate the spread of
pathogenic bacteria.

Additionally, the studies suggested that pests, particularly cockroaches, could play a role in
disseminating antimicrobial-resistant bacteria [5-7]. Samples were collected from areas where
cockroach activity was evident. It is likely that cockroaches that come into contact with the
contaminated surfaces may also acquire these pathogens and transfer them to other fomites,
including food and water, exacerbating the risk of disease transmission.

The data further revealed that Gram-positive bacteria predominantly exhibited resistance to
erythromycin, ciprofloxacin, nitrofurantoin, vancomycin, teicoplanin, and gentamicin. Among
Gram-negative bacteria, MDR was widespread. Resistance to key antimicrobial agents, including
ampicillin, colistin, amoxicillin/clavulanic acid, anti-pseudomonal penicillins, extended-spectrum
cephalosporins, and non-extended-spectrum cephalosporins, was particularly pronounced. These
findings align with previous research documenting the persistence and dissemination of MDR
bacteria in household environments, emphasizing the need for improved hygiene practices and pest
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control measures to mitigate the risks associated with antimicrobial resistance [15,21,23]. Enhanced
public health strategies are essential to address this growing concern and reduce the potential for
foodborne illnesses and the spread of resistant pathogens.

5. Conclusions

Cross-contamination represents a significant contributor to foodborne illness outbreaks, and
household surfaces serve as potential reservoirs for various pathogens. This study demonstrated a
high prevalence of antibiotic resistance among both Gram-positive and Gram-negative bacteria
isolated from household floors. The dissemination of antibiotic-resistant pathogens through
environmental surfaces poses a serious threat to human health, safety, and well-being. These findings
highlight the critical importance of stringent hygiene practices and proactive public health measures
to prevent disease transmission. Moreover, the data provide valuable insights for informing disease
prevention strategies, promoting hygiene awareness, and guiding policy development to establish
healthier and safer living environments for communities worldwide.
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