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Abstract

Cockroaches may serve as mechanical carriers of medically important microorganisms, including antimicrobial-resistant bacteria,
particularly in densely populated urban environments. This study examined the occurrence and antimicrobial resistance profiles of
Gram-negative bacteria isolated from the external surfaces and foreguts of Periplaneta americana collected from selected sites along
Recto Avenue, Manila. A total of 100 cockroaches were obtained from ten sampling locations, with ten specimens collected per site.
External-surface washings and foregut homogenates were prepared and cultured, while bacterial identification, antimicrobial
susceptibility testing, and detection of extended-spectrum beta-lactamase (ESBL) activity were performed using the VITEK 2 system.
Twenty pooled homogenate samples yielded 27 bacterial isolates representing six medically important Gram-negative species.
Members of the family Enterobacteriaceae accounted for 85.19% of the isolates, with Klebsiella pneumoniae predominating on
external surfaces and Escherichia coli predominating in foregut samples. Antimicrobial resistance was observed among isolates of K.
pneumoniae, Enterobacter cloacae, E. coli, and Acinetobacter baumannii complex. One K. pneumoniae isolate demonstrated ESBL
activity, while no resistance to the tested carbapenems and aminoglycosides was detected. The findings indicate that P. americana in
urban environments may harbor antimicrobial-resistant Gram-negative bacteria and may therefore represent a potential environmental
reservoir of organisms relevant to public health. The results reinforce the importance of sanitation, pest control, and environmental
surveillance in densely populated urban settings.
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1. Introduction

Antimicrobial resistance has become a major public-health concern because it reduces the effectiveness of commonly
used therapeutic agents and complicates the management of bacterial infections. Although antimicrobial resistance may
arise naturally through genetic mutation, its development and dissemination can be accelerated by inappropriate and
extensive antimicrobial use. Among Gram-negative bacteria, particularly members of the family Enterobacteriaceae,
resistance to beta-lactam antibiotics is frequently associated with the production of beta-lactamase enzymes. Of particular
concern are extended-spectrum beta-lactamases (ESBLs), which can inactivate several classes of beta-lactam
antimicrobials, including penicillins and broad-spectrum cephalosporins (Cruz et al., 2014; World Health Organization
[WHO], 2017). This concern parallels other domains of infectious-disease burden in the Philippines and the wider
ASEAN region, where sustained analytic attention to disease transmission and treatment access remains a recognized
public-health priority (Atento, Quinto, & Morcilla, 2026).

The spread of antimicrobial-resistant organisms is not limited to clinical settings. Environmental reservoirs and
mechanical vectors may contribute to the persistence and movement of pathogenic microorganisms between contaminated
environments and human populations. Insects that inhabit areas containing food waste, sewage, decomposing organic
material, and other contaminated substrates can acquire microorganisms on their external surfaces or within their
digestive systems. Cockroaches are particularly relevant because of their feeding behavior, mobility, and tendency to
move between unsanitary environments and areas occupied by humans. Previous studies have identified cockroaches as
carriers of pathogenic and potentially pathogenic microorganisms associated with gastrointestinal, urinary, respiratory,
and other infections (Brown & Alhassan, 2014; Etim et al., 2013).



The American cockroach, Periplaneta americana, possesses external body structures capable of mechanically
carrying microorganisms and a gastrointestinal tract that can harbor diverse microbial populations. Its alimentary canal
includes the foregut, midgut, and hindgut, with microorganisms potentially surviving within different components of the
digestive system (Bagde et al., 2013). This capacity is important from a public-health perspective because cockroaches
commonly inhabit densely populated environments where improperly disposed waste and food residues provide favorable
conditions for their proliferation.

Urban commercial areas may therefore provide conditions that facilitate interaction among cockroaches,
environmental contaminants, pathogenic bacteria, and human populations. Recto Avenue in Manila represents such an
environment because of its dense concentration of commercial establishments, residences, food outlets, and educational
institutions. The presence of improperly disposed waste in highly populated areas may support cockroach populations and
increase opportunities for these insects to acquire and transport microorganisms. The potential carriage of antimicrobial-
resistant bacteria in such settings warrants attention because environmental reservoirs may contribute to broader pathways
through which resistant organisms persist and circulate. These same commercial corridors are also served by large
private-sector healthcare and retail-pharmacy networks that have had to adapt their operations to national public-health
reforms, illustrating the broader systemic context within which environmental health conditions in dense urban areas
intersect with the wider healthcare-delivery landscape (A. G. Atento & R. G. Atento, 2025).

Previous investigations have demonstrated that cockroaches may harbor Gram-negative bacteria, including Klebsiella
pneumoniae, Escherichia coli, Enterobacter species, Pseudomonas aeruginosa, and other organisms of medical
importance. Some cockroach-associated bacterial isolates have also demonstrated resistance to multiple antimicrobial
agents (Brown & Alhassan, 2014; Kassiri & Kazemi, 2012; Tilahun et al., 2012). However, the detection of
antimicrobial-resistant organisms, particularly ESBL-producing bacteria, among cockroaches remains important to
examine within specific local environments because patterns of bacterial carriage and antimicrobial resistance may vary
across locations and ecological conditions. This locally grounded emphasis mirrors a broader regional pattern in which
evidence-based forecasting of disease burden, whether infectious or noncommunicable, is increasingly used to inform
health-system planning across Southeast Asia (Diwa, Quinto, & Atento, 2026).

Accordingly, the present study examined Gram-negative bacteria isolated from the external surfaces and foreguts of
P. americana collected from selected sites in Manila. Rather than assuming that the presence of these organisms
constitutes direct transmission to humans, the study evaluates their occurrence and antimicrobial-resistance characteristics
as evidence of the potential role of cockroaches as environmental reservoirs or mechanical carriers of medically relevant
bacteria.

Objectives of the Study

This study aimed to determine the occurrence and antimicrobial resistance profiles of Gram-negative bacteria isolated
from the external surfaces and foreguts of Periplaneta americana collected from selected sites in Manila. Specifically, it
sought to:

1. identify the Gram-negative bacterial species isolated from the external surfaces and foreguts of P. americana;
2. determine the antimicrobial resistance profiles of the identified bacterial isolates;
3. determine the occurrence of ESBL activity among the bacterial isolates; and

4. assess the potential public-health significance of antimicrobial-resistant bacteria carried by P. americana in the
sampled urban environment.

2. Review of Related Literature

2.1 Cockroaches as Carriers of Medically Important Bacteria

Cockroaches are widely distributed in human environments and are commonly associated with areas where food
waste, sewage, decomposing organic matter, and other sources of microbial contamination are present. Their feeding
behavior, body structure, and mobility allow them to come into contact with a variety of microorganisms and
subsequently transport these organisms to areas frequented by humans. The American cockroach, P. americana, is among
the species commonly found in domestic and urban settings, where it may function as a mechanical carrier of pathogenic
and potentially pathogenic microorganisms (Etim et al., 2013; Iboh et al., 2014).
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Previous studies have documented the presence of medically important Gram-negative bacteria on or within
cockroaches collected from hospitals, residential areas, student hostels, and other human environments. Kassiri and
Kazemi (2012) identified bacterial pathogens carried by P. americana, while Brown and Alhassan (2014) reported
multiple antibiotic-resistant bacteria from cockroaches captured in a public hospital and a nearby student hostel.
Similarly, Tilahun et al. (2012) demonstrated that cockroaches collected from a neonatal intensive care setting carried
multidrug-resistant bacterial pathogens. These findings reinforce concerns that cockroaches may constitute an
environmental reservoir of organisms with potential clinical significance.

Several studies have also identified members of the family Enterobacteriaceac among the predominant organisms
recovered from cockroaches. Klebsiella pneumoniae has repeatedly been reported among the commonly isolated species
(Kassiri & Kazemi, 2012; Moges et al., 2016; Tilahun et al., 2012). In a Brazilian healthcare institution, Prado et al.
(2006) likewise isolated medically important bacterial species from P. americana and documented their antimicrobial
resistance profiles. Taken together, these studies suggest that the microbial carriage of cockroaches extends beyond
ordinary environmental flora and may include bacteria associated with human infection.

2.2 Antimicrobial Resistance Among Cockroach-Associated Bacteria

The public-health importance of cockroach-associated bacteria increases when the organisms carried by these insects
demonstrate resistance to commonly used antimicrobial agents. Antimicrobial resistance may arise through several
mechanisms, including enzymatic degradation of antimicrobial agents, alterations in drug targets, changes in membrane
permeability, and horizontal gene transfer (Todar, 2012). These mechanisms permit resistant organisms to survive
antimicrobial exposure and may contribute to the persistence and spread of resistance within human and environmental
microbial populations.

Previous investigations have reported multidrug resistance among bacterial isolates obtained from cockroaches.
Wannigama et al. (2014) documented the prevalence and antibiotic resistance of Gram-negative pathogenic bacteria
isolated from P. americana and Blattella germanica. Tilahun et al. (2012) similarly reported multidrug-resistant pathogens
carried by cockroaches in a hospital environment. In another investigation, Prado et al. (2006) identified resistance among
bacterial isolates from cockroaches collected in a healthcare institution, including resistance to antimicrobial agents
commonly used against Gram-negative bacteria.

Resistance patterns among particular bacterial species may also reflect intrinsic or acquired mechanisms. K.
pneumoniae, for example, has been reported to exhibit resistance to multiple antimicrobial agents and is naturally
resistant to ampicillin in many clinical and environmental contexts (El Bouamri et al., 2015). Escherichia coli has
likewise demonstrated resistance to ampicillin and trimethoprim-sulfamethoxazole in clinical studies, including isolates
associated with urinary infections (Rodrigues et al., 2016; Vranic & Uzunovic, 2016). These observations are relevant to
environmental surveillance because the detection of resistant organisms outside clinical environments indicates that
antimicrobial resistance may persist in ecological reservoirs beyond hospitals and healthcare facilities.

2.3 ESBL-Producing Gram-Negative Bacteria and Public-Health Risk

A particularly important mechanism of resistance among Gram-negative bacteria is the production of extended-
spectrum beta-lactamases. ESBLs are enzymes capable of hydrolyzing several beta-lactam antimicrobial agents, including
penicillins and broad-spectrum cephalosporins, thereby reducing the effectiveness of commonly used treatments. Their
occurrence among Enterobacteriaceae has become an important concern because ESBL-producing organisms may display
resistance to multiple antimicrobial classes and may complicate the treatment of bacterial infections (Cruz et al., 2014).

Among Gram-negative pathogens, E. coli and K. pneumoniae are frequently associated with ESBL production. Lim
et al. (2015) identified these organisms as important ESBL-positive Gram-negative bacteria in urologic infections, while
Miranda et al. (2016) reported carriage of ESBL-producing Enterobacteriaceae among travelers returning from India and
Southeast Asia. ESBL-related resistance has therefore been documented in both clinical and community-associated
contexts.

Evidence also indicates that cockroaches may harbor ESBL-producing bacteria. Ikechukwu et al. (2017) reported
ESBL-producing pathogenic bacteria isolated from P. americana, supporting the possibility that cockroaches may serve as
reservoirs of organisms with significant antimicrobial resistance mechanisms. Although ESBL production is commonly
associated with members of Enterobacteriaceae, resistance mechanisms involving beta-lactamases have also been
observed among non-enteric Gram-negative organisms such as Pseudomonas aeruginosa and Acinetobacter baumannii
(Sonmezer et al., 2016). The presence of such organisms in environments occupied by humans raises concern because
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ecological reservoirs may facilitate continued circulation of resistant bacteria even outside direct clinical transmission
pathways.

2.4 Synthesis and Research Gap

The reviewed literature consistently indicates that cockroaches can harbor medically important Gram-negative
bacteria on their external surfaces and within their digestive systems. Studies conducted in hospitals, residential settings,
and other urban environments have identified species such as K. pneumoniae, E. coli, Enterobacter spp., P. aeruginosa,
and other organisms with recognized clinical relevance (Brown & Alhassan, 2014; Kassiri & Kazemi, 2012; Moges et al.,
2016; Prado et al., 2006; Tilahun et al., 2012). Several of these studies further demonstrate that cockroach-associated
bacterial isolates may exhibit resistance to multiple antimicrobial agents (Prado et al., 2006; Tilahun et al., 2012;
Wannigama et al., 2014).

The literature also establishes ESBL production as an important mechanism of antimicrobial resistance, particularly
among Enterobacteriaceae such as E. coli and K. pneumoniae (Cruz et al., 2014; Lim et al., 2015; Miranda et al., 2016).
However, the occurrence and resistance characteristics of bacteria carried by cockroaches remain dependent on local
environmental conditions and the microbial ecology of specific settings. The existing literature cited in the study contains
limited evidence specifically addressing cockroach-associated antimicrobial-resistant bacteria in densely populated urban
areas of Manila.

The present study therefore addresses this context-specific gap by examining Gram-negative bacteria isolated from
both the external surfaces and foreguts of P. americana collected from selected urban sites in Manila. It further evaluates
the antimicrobial resistance profiles of the recovered organisms and determines the occurrence of ESBL activity, thereby
providing local evidence concerning the potential role of cockroaches as environmental reservoirs of medically important
antimicrobial-resistant bacteria.

3. Methodology

3.1 Research Design

The study employed a laboratory-based descriptive design to identify Gram-negative bacterial species associated
with Periplaneta americana and to determine their antimicrobial resistance profiles, including the occurrence of extended-
spectrum beta-lactamase activity. Bacterial isolates were obtained separately from the external surfaces and foreguts of
collected cockroaches and were subjected to identification and antimicrobial susceptibility testing.

3.2 Sampling Area and Specimen Collection

Cockroaches were collected from selected locations along Claro M. Recto Avenue in Manila. The area is a densely
populated commercial thoroughfare characterized by food establishments, residential facilities, and educational
institutions. Ten sampling sites were identified along the area.

A total of 100 cockroaches were collected, with 10 specimens obtained from each sampling site. The collected
cockroaches from each site were pooled, resulting in 10 pooled specimen groups. Direct collection was performed using
sterile gloves and forceps, with beer used as an attractant. Specimens were placed in sterile containers, and only live
cockroaches with complete external structures were included in the analysis. Species identification as P. americana was
confirmed with the assistance of an entomologist. The specimens were subsequently transported to the laboratory for
microbiological examination.

3.3 Preparation of External-Surface Samples

For bacterial sampling of the external body surface, pooled cockroaches from each collection site were suspended in
20 mL of phosphate-buffered saline to dislodge adherent microorganisms. The resulting washings served as the external-
surface samples.

Following external-surface sampling, the cockroaches were immersed in 90% ethanol for five minutes and air-dried
to decontaminate their external surfaces prior to dissection. This procedure was based on the method cited in the original
study.
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3.4 Preparation of Foregut Samples

After external washing and surface decontamination, the cockroaches were placed in sterile Petri dishes, rinsed again
with phosphate-buffered saline, and allowed to dry at room temperature. The specimens were then dissected using sterile
entomological instruments.

The foreguts were excised and pooled according to sampling site. The excised foreguts were placed in a mortar
containing 10 mL of phosphate-buffered saline and aseptically macerated to produce a homogeneous foregut sample. This
procedure generated 10 foregut homogenates corresponding to the 10 sampling sites.

3.5 Bacterial Isolation and Identification

Homogenate samples obtained from both the external surfaces and foreguts were initially inoculated into Trypticase
Soy Broth and incubated for 24 hours to promote bacterial growth. Growth from the enrichment broth was subsequently
streaked onto MacConkey agar to obtain pure Gram-negative bacterial isolates.

Identification and characterization of the recovered bacterial isolates were performed using the VITEK 2 automated
system. More broadly, laboratory validation research has shown that pre-analytical preparation and protocol selection can
materially influence the quality and interpretability of downstream biological measurements, underscoring the importance
of controlled specimen handling and standardized procedures (Morcilla et al., 2025).

3.6 Antimicrobial Susceptibility and ESBL Testing

Antimicrobial susceptibility testing was performed on the bacterial isolates using the VITEK 2 system. The resulting
susceptibility profiles were used to determine resistance to the antimicrobial agents included in the testing panel.

The antimicrobial agents evaluated included representatives of several antimicrobial classes, including penicillins,
beta-lactam/beta-lactamase inhibitor combinations, cephalosporins, carbapenems, aminoglycosides, trimethoprim-
sulfamethoxazole, and ciprofloxacin. Detection of extended-spectrum beta-lactamase activity was likewise performed
using the VITEK 2 system as part of the characterization of the bacterial isolates.

3.7 Data Treatment

The bacterial isolates were summarized according to species and source of isolation, namely external-surface
washings and foregut homogenates. Frequency and percentage distributions were used to describe the occurrence of the
identified bacterial species. Antimicrobial resistance patterns were summarized according to bacterial species and tested
antimicrobial agent, while ESBL activity was reported based on the results generated for the isolates.

Because specimens were pooled by sampling site, the unit of laboratory analysis was the pooled sample rather than
the individual cockroach. Accordingly, the findings were interpreted in terms of bacterial occurrence and resistance
characteristics within the sampled pools and not as individual-cockroach prevalence estimates.

4. Results and Discussion

4.1 Gram-Negative Bacteria Isolated from Periplaneta americana

A total of 100 cockroaches were collected from 10 sampling sites, with specimens pooled by site. Laboratory
processing generated 20 homogenate samples composed of 10 external-surface samples and 10 foregut homogenates. All
pooled external-surface and foregut samples yielded bacterial growth. Across these samples, 27 Gram-negative bacterial
isolates representing six medically important species were identified.

Members of the family Enterobacteriaceae accounted for 85.19% of the isolates. The identified enteric organisms
included Klebsiella pneumoniae, Escherichia coli, Proteus mirabilis, and Enterobacter cloacac. Two non-fermenting
Gram-negative organisms, Pseudomonas aeruginosa and Acinetobacter baumannii complex, were also recovered.

The distribution of isolates differed between external surfaces and foregut samples. K. pneumoniac was the most
frequently recovered organism from external-surface samples, accounting for approximately one-third of the external
isolates. In contrast, E. coli represented the largest proportion of foregut isolates.

Table 1. Distribution of Gram-Negative Bacterial Isolates from External Surfaces and Foreguts of Periplaneta
americana

Bacterial species External surface, n (%) | Foregut, n (%)
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Klebsiella pneumoniae 5(33.33) 3 (25.00)
Escherichia coli 3 (20.00) 4(33.33)
Enterobacter cloacae 1(6.67) 1(8.33)
Proteus mirabilis 3 (20.00) 3 (25.00)
Pseudomonas aeruginosa 2 (13.33) 1(8.33)
Acinetobacter baumannii complex 1(6.67) 0 (0.00)
Total 15 (100.00) 12 (100.00)

The predominance of Enterobacteriaceae among the recovered organisms indicates that P. americana in the sampled
environment carried bacteria commonly associated with intestinal, urinary, and opportunistic infections. The recovery of
both enteric organisms and non-fermenting Gram-negative bacteria from cockroach-associated samples further
demonstrates the diversity of medically relevant bacteria that can be present on or within these insects.

4.2 Antimicrobial Resistance Patterns

Antimicrobial susceptibility testing showed variability in resistance among the recovered bacterial species.
Resistance was most evident among selected isolates of K. pneumoniae, E. cloacae, E. coli, and A. baumannii complex.

One external-surface isolate of K. pneumoniae demonstrated the broadest resistance pattern, including resistance to
ampicillin and several cephalosporins. Other K. pneumoniae isolates showed narrower resistance profiles, most
commonly involving ampicillin.

An external-surface isolate of E. cloacae and a foregut isolate of the same species demonstrated resistance to
amoxicillin/clavulanic acid, cefuroxime, cefuroxime-axetil, and cefoxitin. The single A. baumannii complex isolate,
recovered from an external-surface sample, likewise exhibited resistance to several beta-lactam agents.

Among the E. coli isolates, resistance was less extensive. The manuscript reports one resistant external-surface
isolate, whereas the foregut E. coli isolates were susceptible to the tested antimicrobial agents. All recovered P. mirabilis
isolates and the identified P. aeruginosa isolates were reported as susceptible to the tested agents.

Importantly, none of the isolates demonstrated resistance to the tested carbapenems—ertapenem, imipenem, and
meropenem—or to the aminoglycosides amikacin and gentamicin.

Table 2. Summary of Antimicrobial Resistance Among Gram-Negative Bacterial Isolates

Organism Main resistance findings

Klebsiella pneumoniae Resistance  primarily to ampicillin, one isolate
additionally resistant to multiple cephalosporins

Escherichia coli Limited resistance; one external isolate resistant to
ampicillin and trimethoprim-sulfamethoxazole

Enterobacter cloacae Resistance to amoxicillin/clavulanic acid, cefuroxime,
cefuroxime-axetil, and cefoxitin

Proteus mirabilis No resistance reported

Pseudomonas aeruginosa No resistance reported

Acinetobacter baumannii complex Resistance to ampicillin, amoxicillin/clavulanic acid,
cefuroxime, cefuroxime-axetil, and cefoxitin

The pattern observed in the study indicates that antimicrobial resistance was concentrated in selected isolates rather
than uniformly distributed across all recovered organisms. The presence of resistance to commonly used beta-lactam
agents is nevertheless notable because it demonstrates that cockroach-associated bacteria within the sampled urban
environment included strains with clinically relevant resistance characteristics.

4.3 Occurrence of ESBL Activity

Extended-spectrum beta-lactamase activity was detected in only one of the 27 bacterial isolates. The ESBL-positive
isolate was identified as K. pneumoniae recovered from an external-surface sample. This isolate also demonstrated
resistance to multiple beta-lactam antimicrobial agents, including several cephalosporins.

The low frequency of ESBL detection indicates that ESBL production was not widespread among the isolates
recovered in the study. However, the identification of even a single ESBL-positive K. pneumoniae isolate is relevant
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because it demonstrates that cockroaches from the sampled environment were capable of harboring bacteria possessing a
resistance mechanism of recognized clinical importance.

The study did not detect ESBL activity among the recovered E. coli, E. cloacae, P. aeruginosa, or A. baumannii
complex isolates.

4.4 Discussion

The findings demonstrate that P. americana collected from selected urban sites in Manila carried several medically
important Gram-negative bacterial species on their external surfaces and within their foreguts. The predominance of
Enterobacteriaceae is consistent with previous studies that identified cockroaches as carriers of enteric and opportunistic
Gram-negative organisms in human environments (Brown & Alhassan, 2014; Kassiri & Kazemi, 2012; Moges et al.,
2016; Prado et al., 2006; Tilahun et al., 2012). Comparable findings have been reported in other pooled Metro Manila
environmental samples, where automated identification systems similarly recovered Gram-negative bacteria associated
with a different urban vector species, suggesting that Gram-negative bacterial contamination may be a broader feature of
Metro Manila's food and environmental supply chains (Ylagan et al., 2026a).

The predominance of K. pneumoniac among external-surface isolates is also consistent with reports in which this
organism was frequently recovered from cockroaches (Kassiri & Kazemi, 2012; Moges et al., 2016; Tilahun et al., 2012).
Its presence on external body surfaces is particularly relevant to the concept of mechanical carriage because organisms
adhering to cockroach surfaces may potentially be transferred between contaminated substrates and human environments.

In contrast, E. coli was the most frequently recovered organism from foregut samples. This finding supports the
broader observation that cockroach gastrointestinal tracts may harbor enteric bacteria and other microorganisms acquired
through feeding in contaminated environments. However, because the study did not investigate transmission events, the
results should be interpreted as evidence of carriage rather than direct proof of cockroach-to-human transmission.

The antimicrobial susceptibility findings further indicate that some cockroach-associated isolates exhibited clinically
relevant resistance. The broader resistance profile demonstrated by one K. pneumoniae isolate is consistent with earlier
reports documenting multidrug resistance among K. pneumoniae recovered from cockroaches (Tilahun et al., 2012;
Wannigama et al., 2014). The frequent ampicillin resistance observed among K. pneumoniae isolates is also consistent
with the established resistance characteristics of this organism reported in previous studies (E1 Bouamri et al., 2015).

Resistance identified among E. cloacae and A. baumannii complex further demonstrates that antimicrobial resistance
in cockroach-associated bacteria is not restricted to a single bacterial species. Prado et al. (2006) similarly reported
resistance among bacteria isolated from cockroaches, including resistance to commonly used beta-lactam agents. In the
present study, however, susceptibility to carbapenems and aminoglycosides remained preserved among the tested isolates,
indicating that the resistance patterns observed were selective rather than extensive across all antimicrobial classes.

The recovery of a single ESBL-positive K. pneumoniae isolate represents one of the study's most clinically relevant
findings. ESBL-producing K. pneumoniae and E. coli have been repeatedly identified as important resistant Gram-
negative pathogens (Lim et al., 2015; Miranda et al., 2016). Previous research has also documented ESBL-producing
bacteria associated with P. americana (Ikechukwu et al., 2017). Although ESBL activity was detected in only one isolate
in the present study, its occurrence demonstrates that cockroaches in an urban environment may harbor organisms
carrying significant antimicrobial resistance mechanisms.

Overall, the findings support the interpretation of P. americana as a potential environmental reservoir or mechanical
carrier of medically important Gram-negative bacteria. The results do not establish direct transmission to humans, nor do
they provide individual-cockroach prevalence estimates because specimens were pooled by sampling site. Nevertheless,
the simultaneous recovery of pathogenic bacterial species, antimicrobial-resistant isolates, and an ESBL-producing K.
pneumoniae strain provides evidence of a plausible environmental health concern in densely populated urban settings
where cockroaches, human activity, food establishments, and waste may coexist. This inferential restraint is consistent
with the broader principle that findings generated under controlled laboratory conditions establish evidence within the
tested system but do not, by themselves, demonstrate population-level exposure or transmission (Diaz et al., 2025;
Laxamana et al., 2025).
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5. Conclusions, Recommendations, and Implications

5.1 Conclusions

The study demonstrated that Periplaneta americana collected from selected urban sites in Manila carried medically
important Gram-negative bacteria on their external surfaces and within their foreguts. The recovered organisms included
Klebsiella pneumoniae, Escherichia coli, Enterobacter cloacae, Proteus mirabilis, Pseudomonas aeruginosa, and
Acinetobacter baumannii complex, with members of the family Enterobacteriaceae comprising the majority of isolates.

Antimicrobial susceptibility testing further showed that resistance was present among selected isolates, particularly
K. pneumoniae, E. cloacae, E. coli, and A. baumannii complex. Resistance was primarily observed against beta-lactam
agents and selected commonly used antimicrobials, while no resistance to the tested carbapenems and aminoglycosides
was detected.

Extended-spectrum beta-lactamase activity was identified in one K. pneumoniae isolate recovered from an external-
surface sample. Although ESBL activity was not widespread among the isolates, its detection indicates that cockroaches
in the sampled environment can harbor bacteria possessing clinically significant antimicrobial resistance mechanisms.

Taken together, the findings support the conclusion that P. americana may function as an environmental reservoir or
mechanical carrier of antimicrobial-resistant Gram-negative bacteria in densely populated urban environments. The study
does not establish direct cockroach-to-human transmission; however, the recovery of medically important and
antimicrobial-resistant organisms from cockroach-associated samples indicates a potential environmental health concern.

5.2 Recommendations

Urban sanitation and pest-control measures should be strengthened in areas where food establishments, residences,
educational institutions, commercial activity, and waste disposal systems are located in close proximity. Particular
attention should be given to reducing conditions that support cockroach proliferation, including exposed food waste,
improperly disposed garbage, moisture accumulation, and accessible breeding sites.

Food establishments and other facilities in densely populated commercial areas should maintain routine pest-
management and sanitation programs to reduce opportunities for cockroaches to come into contact with food preparation
surfaces, storage areas, and other environments where bacterial contamination could occur.

Environmental and public-health surveillance programs may also consider cockroaches and other synanthropic
insects as potential indicators of antimicrobial-resistant bacterial contamination in high-risk environments. Where
resources permit, periodic microbiological monitoring may help characterize patterns of resistant organisms outside
conventional clinical settings. Such monitoring is also an organizational-capacity issue: effective surveillance depends not
only on laboratory tools but on trained personnel, coordinated systems, and analytic capacity to translate observations into
action (Atento, Quinto, & Espelita, 2025). Such community-level surveillance capacity may draw on models of
community health worker readiness and service-delivery integration piloted in selected CALABARZON local
government units, which highlight practical pathways for building local capacity in support of environmental and public-
health monitoring (Morcilla & Quinto, 2026).

Future studies should include larger and more geographically diverse sampling areas and should analyze individual
specimens when feasible rather than relying exclusively on pooled samples. This would allow more precise estimates of
bacterial carriage and resistance patterns. Molecular methods may also be used to characterize resistance genes, identify
specific ESBL determinants, and examine whether related resistant strains occur across cockroach-associated,
environmental, and clinical samples. Parallel local research assessing medical technologists' readiness to adopt artificial-
intelligence-assisted diagnostic tools in Metro Manila laboratories suggests that expanding future surveillance capacity
should be paired with workforce preparedness and institutional support (Fernandez et al., 2026). Complementary research
exploring plant-derived antimicrobial agents combined with conventional antibiotics against resistant bacterial pathogens
may likewise inform future strategies for managing antimicrobial-resistant organisms identified through environmental
surveillance (Parallag et al., 2026).

5.3 Implications of the Study

The findings have implications for environmental health, antimicrobial-resistance surveillance, and urban sanitation.
Antimicrobial resistance is frequently examined within hospitals and clinical populations, but the recovery of resistant
organisms from cockroach-associated samples demonstrates that relevant bacteria may also persist in environmental
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reservoirs. Comparable Philippine environmental-health research has used field-based biomonitoring and standards-based
laboratory interpretation to evaluate contamination and consumer risk in urban waterways, illustrating the value of
sustained environmental surveillance even when the hazard under study differs from microbial resistance (Ylagan et al.,
2025). Related Manila-based work characterizing microplastic contamination in household drinking-water containers
similarly demonstrates that accessible field and laboratory methods can be used to identify and quantify environmental
health hazards in comparable urban communities (Ylagan et al., 2026b).

From a public-health perspective, the results reinforce the importance of integrated sanitation and pest-control
strategies as part of efforts to reduce environmental exposure to potentially pathogenic microorganisms. Cockroach
management should therefore be viewed not only as a matter of nuisance control but also as a component of
environmental hygiene, particularly in densely populated urban locations. This preventive orientation is consistent with
Philippine community-health evidence showing that sanitation, cleanliness, food-safety practices, and enabling services
are central components of environmentally mediated disease prevention (Temporada et al., 2025). This link between
household conditions and disease occurrence has been directly documented in nearby dense Manila barangays, where
inconsistent water, sanitation, and hygiene practices were associated with reported diarrheal illness, reinforcing the
broader rationale for sustained sanitation investment in comparable urban settings (Marcos et al., 2026).

The study also contributes local evidence to the broader understanding of antimicrobial resistance as an ecological
issue involving interactions among humans, microorganisms, animals, insects, and the built environment. Although the
study cannot determine transmission pathways, the presence of resistant Gram-negative bacteria and an ESBL-positive
isolate in cockroach-associated samples supports the value of examining environmental reservoirs alongside conventional
clinical surveillance. From a surveillance perspective, this broader ecological framing is compatible with integrated
health-analytics approaches that emphasize connecting heterogeneous data sources and analytic capability to improve the
quality and timeliness of health-related decisions (Atento, Quinto, Espelita, & Castaneda, 2025). Comparable Philippine
evidence from urban barangay settings has similarly shown that awareness of zoonotic transmission risk does not always
translate into consistent preventive practice, underscoring the persistent gap between knowledge and behavior that
environmental and zoonotic health interventions must address (Quinto et al., 2026).

Methodologically, the study further highlights the importance of distinguishing bacterial occurrence in pooled
environmental specimens from individual-specimen prevalence. Future surveillance designs that combine individual
sampling, molecular characterization, and environmental comparison may provide a more detailed understanding of the
potential role of cockroaches in the ecology and movement of antimicrobial-resistant bacteria. It also supports an
interpretive approach in which quantitative observations are retained within their contextual and ethical boundaries rather
than treated as self-sufficient indicators detached from setting and meaning (Atento, Quinto, Espelita, & San Juan, 2025).
Institutional accreditation frameworks in Philippine hospitals, which increasingly emphasize quality-improvement and
infection-control standards among frontline staff, further illustrate how facility-level governance structures intersect with
broader efforts to contain antimicrobial-resistant organisms (Garcia & Atento, 2026).
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