


Identification and Characterization of Multidrug Resistant Bacteria from the gut and the external surface of Cockroaches (Periplaneta americana) Found within Homes in Abakaliki Metropolis

Abstract
Cockroaches (Periplaneta americana) are one of the important vectors that spread multidrug resistant pathogenic bacteria in environment. We screened the presence of multi-drug-resistant bacteria from cockroaches (n=150) found in homes within Abakaliki metropolis through standard microbiological techniques. Antibiotics susceptibility studies on the isolate were conducted using Kirby-Bauer disc diffusion method with penicillin G, streptomycin, ciprofloxacin, imipenem , trimethoprim-sulfamethoxazole, chloramphenicol, gentamicin, tetracycline, ceftazidime, cefotaxime, amoxicillin-clavulanic acid, ceftriaxone, vancomycin and erythromycin and the results were determined using the Clinical and Laboratory Standards Institute (CLSI) guidelines. Multidrug resistance index of the test bacteria was determined using the formula; MARI = x/y, where x = number of antibiotics to which the test isolate showed resistance and y= total number of antibiotics to which the test isolate has been evaluated or showed sensitivity. The result of this study revealed an occurrence rate of 104(69.3%) bacteria present in the external surface washes of cockroaches. These include Escherichia coli 17(11.3%), Psudomonas aeruginosa 11(7.3%), Klebsiella pneumoniae 9(6%), Salmonella species 28(18.7%), Shigella species 8(5.3%) and S. aureus 31(20.7%) while overall bacteria occurrence rate of 39(26%) was recorded in guts sample of cockroaches which includes Escherichia coli 19(12.7%), Klebsiella pneumoniae 3(2%), Salmonella species12 (8%) and Shigella species5 (3.3%). Antibiotic susceptibility result of the isolates revealed 100% resistance  against tetracycline, trimethoprim-sulfamethoxazole, penicillin G and amoxicillin-clavulanic acid while all the other isolates were highly sensitive to imipenem and ciprofloxacin (100%) and ceftazidime (90.9%) respectively. Multidrug resistance index result shows that majority of the isolate were multidrug resistant with a range of 0.4-0.7 recorded against isolates from gut content and surface washed samples of cockroaches. Therefore, infection caused by bacteria isolated from cockroaches in this study may be treated with, ciprofloxacin and ceftazidime while imipenem should be used with caution.
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INTRODUCTION
Background of Study
“Cockroaches inhabit dirty environment such as home sewage and could contaminate human foods with pathogenic agents. They can spread germs mechanically as they move freely from areas that may harbor pathogenic organisms: for example, from sewers to food or food preparation surfaces” (Musa et al., 2025). “A number of cockroaches have become pests and live in or around homes where they are omnivorous scavengers” (Islam et al., 2016). “The two most significant pest cockroaches worldwide are the German cockroach Blattella germanica and the American cockroach Periplaneta americana. German cockroach is more common inside homes particularly in kitchens while the later is found around the home close to water pipes and drainage systems” (Bell et al. 2007; Hashemi-Aghdam and Oshaghi 2014). “The presence of cockroach in human dwellings causes damage and distress worldwide” (Arlian, 2002).
“Antibiotic resistance is a major public health global concern, with fears expressed that we shortly could run out of antibiotics. Many research articles on antibiotic resistance start with a statement about the threat drug resistance poses towards public health” (Livermore, 2009). “Bacterial drug resistance is a worldwide problem that is aggravated by the diminishing number of new antimicrobial drugs in the pharmaceutical pipeline” (García-Quintanilla et al., 2015). “The effectiveness of currently available antibiotics is decreasing due to the increasing number of resistant bacteria strains. The available therapeutic options for antibiotic-resistant organisms are also severely limited, as these organisms frequently display a multi-drug resistant (MDR) phenotype” (Nkang et al., 2009). “Antimicrobial resistant bacteria can be transferred across by human, animal and insect vectors” (Davies and Davies, 2010). “Pests that develop in decaying organic material may transmit drug resistant bacteria from the manure of animals and other decaying organic substrates to residential settings” (Macovei and Zurek, 2006). “Different arthropods such as cockroaches can move freely between human/animal wastes and may play a significant role in the dissemination of drug resistant bacteria to the environment and human beings” (Ahmad et al., 2011). 
Several studies confirmed the potential of cockroaches in carrying drug resistance pathogens through their cuticle and guts. For instance, food borne illness associated bacteria isolated from cockroaches in Ethiopia (Tachbelle et al., 2006), India, Brazil, Taiwan and Libya (Pai et al., 2004; Marinésia et al., 2006; Elgderi et al., 2006) were resistant against tested anti-microbial drugs. In these studies, about 30–100% S. aureus and 14%–100% Enterobacteriaceae isolates were reported to be resistant against ampicillin, streptomycin, tetracycline, erythromycin or trimethoprim-sulfamethoxazole (Pai et al., 2004; Marinésia et al., 2006; Elgderi et al., 2006). 
Even though cockroaches are medically important as many of infectious diseases have been associated with them, the public health importance of this vector has not been well documented in the study area. Therefore, the aim of the study is to phenotypically screen for the presence of multi-drug resistant bacteria from cuticle and guts of cockroach trapped in house hold environment in Abakaliki metropolis.
Statement of Problem
“The problems caused by cockroaches vary between hospitals, food-handling establishments, public institutions, and multi-family dwellings. At the household level, there is a relationship between cockroaches’ infestation and standards of hygiene” (Owoade et al., 2019). “In hospitals, cockroaches can act as potential vectors in the epidemiology of nosocomial infections, especially the transmission of drug-resistant Escherichia coli, Pseudomonas aeruginosa, Klebsiella spp and several other potential pathogens. Various bacteria may simply be carried on the insect's cuticle or be ingested and, sometime later, regurgitated or excreted. Moreover, several species of bacteria of public health significance have been isolated from, or have passed through, cockroaches (Periplaneta americana) and their digestive tract. These organisms include Staphylococcus aureus, Streptococcus spp., Enterobacteriaceae and Pseudomonas aeruginosa. Numerous pathogenic bacteria, including Salmonella  spp., Shigella spp., Campylobacter spp., P. aeruginosa, and Klebsiella pneumoniae have been isolated from cockroaches and these insects greatly contribute to food-borne disease outbreaks. As a result, insects like cockroaches collected in hospitals and households have been found to harbor multidrug resistant (MDR) bacteria and hospital cockroaches with drug-resistant Klebsiella spp. have been suggested to play a role in the epidemiology of nosocomial infections” (Abdullateef et al., 2021). This work is aimed at isolating and screening for the presence of multi-drug-resistant bacteria from cuticle and guts of cockroach trapped in holes within homes in Abakaliki metropolis.



Materials
Culture Media
The following media was used to culture the isolates: Nutrient agar, MacConkey agar, Muellar-Hinton agar, mannitol salt agar, Simmon citrate agar, centrimide agar, Salmonella  Shigella agar. All culture media was procured from Merck, Germany.
Antibiotics: The following antibiotics were used: penicillin G (10µg), streptomycin (10µg), ciprofloxacin (5µg), imipenem (30µg), trimethoprim-sulfamethoxazole (25 μg), chloramphenicol (30μg), gentamicin (10μg), tetracycline (30μg), ceftazidime (30μg), cefotaxime (30 μg), amoxicillin/clavulanic Acid (30 μg), ceftriaxone (30μg), vancomycin (10ug) and erythromycin (15μg) all antibiotic disks was procured from Oxoid limited (oxoid, UK).
Equipment and Instrument
The under listed equipment were used: microscope (B-Bran, UK), centrifuge (Techmel and Techmel, USA), autoclave, incubator (Techmel and Techmel, USA), hot air oven (Gallencomp/England China), water bath (Thermostatic, China), refrigerator (Haier, Nigeria), analytical Balance (Metter Toledo PL 303, Germany).


Reagents/Chemicals
The reagent and chemical used are:  Oxidase reagent, Crystal violet, Lugols Iodine, Acetone Alcohol, Safranin, Hydrogen peroxide, Kovacs reagents, phenol red (Fisher Scientific company USA).
Sample Collection 
Oral consent for capturing of cockroach was sought from respective home owners before setting traps. Cockroaches were captured with the help of sticky cockroach traps. The traps were placed in areas which are hard to reach, dark and crammed corners at different sections of human dwellings in Abakaliki metropolis. Sticky traps containing cockroaches was picked with sterile surgical gloves, sealed in sterile plastic bags and transported to Ebonyi State University Microbiology Laboratory Unit by cold chain system for bacteriological analysis. These containers were decontaminated with water and soap, then dried and disinfected with 70% alcohol. Cockroaches were immobilized by freezing at 0oC for 5mins. 
Methods
Culture Media Preparation 
All Media used include: MacConkey agar, nutrient agar, Mueller Hinton agar, Nutrient broth, cetrimide agar and Salmonella  Shigella agar were prepared following manufacturer’s instructions.
1. Cetrimide Agar: This was prepared according to manufacturer’s instruction. About 24.3g of cetrimide agar powder was measured and dissolved in 500ml of distilled water. Then it was sterilized by autoclaving at 121oC for 15 minute at 15psi and allowed to cool to 45oC before pouring into petri dishes and allowed to solidify on the bench and incubated at 37oC for 24 hrs to ascertain sterility.
2. Nutrient Broth: Exactly 13g of nutrient broth was weighed and dissolved in 1000ml of distilled water with 5ml pipetted into 200 test tubes and corked properly. It was sterilized by autoclaving at 121oC for 15 minute at 15psi. It was allowed to cool to 40oC, before inoculation of the test sample. 
3. Nutrient Agar: The nutrient agar used was prepared by weighing and dissolving 14grams of nutrient agar powder in 500ml of distilled water in 1000ml conical flask. This was properly mixed and heated under flame to dissolve. Then it was sterilized by autoclaving at 121oC for 15 minute at 15psi and allowed to cool to 45oC before pouring 20ml each into petri dishes. They were left on the bench to solidify and was incubated at 37oC for 24hrs to ascertain sterility (Cheesbrough, 2006).
4. MacConkey Agar: This was prepared according to manufacturer’s instruction. Exactly 24.3g of MacConkey agar powder was measured and dissolved in 500ml of distilled water. Then it was sterilized by autoclaving at 121oC for 15 minute at 15psi and allowed to cool to 45oC before pouring into petri dishes and allowed to solidify on the bench and incubated at 37oC for 24 hrs to ascertain sterility.
5. Mueller Hinton Agar: According to manufacturer’s instruction. About 39g of Mueller Hinton agar powder was dissolved in 1000 ml of distilled water in a beaker. This was properly stirred and mixed to homogenize. The medium was sterilized by autoclaving at 121oC for 15 minute at 15psi and allowed to cool 45oC before pouring into petri dishes and allowed to solidify on the bench and incubated at 37oC to ascertain sterility (Ochie and Kolthktar, 2000).
6. Salmonella  Shigella Agar
A total of 17.0grams of Salmonella  Shigella agar powder was suspended in 400ml of distilled water. The medium was heated to boil to dissolve completely without autoclaving. The media was poured into a sterile petri dishes and allowed to solidify on the bench and incubated at 37oC to ascertain sterility (Ochei and Kolhatkar, 2000).
Isolation of Surface-adhering Bacteria 
“Isolation of surface-adhering bacterial isolates from the cockroaches was carried out by adding 5 ml of sterile normal saline (0.9 %) into each sterile universal container with a cockroach. This was shaken for 2 mins” (Abdullateef et al., 2023).  An aliquot of  0.1ml of the washing (external body homogenate sample) was inoculated onto plates of MacConkey, mannitol salt agar, cetrimide agar, Salmonella  Shigella agar and incubated for 18-24hrs at 37oC. After overnight incubation, the colonies on agar plates was subcultured on freshly prepared Petri dishes containing freshly prepared nutrient media to obtain pure culture. This was  incubated aerobically at 37oC for 18-24hrs. Colonial characteristics such as colour and colony shape was noted in the typical appearance of bacteria on solid culture media. Routine conventional laboratory techniques including Gram staining, motility, coagulase, catalase, oxidase, indole, citrate utilization, and carbohydrate fermentation tests such as mannitol, sucrose, glucose and lactose was carried out to identify the isolated bacteria using the methods described by Cheesbrough. (2006). 
Isolation of Bacteria from the Guts 
After external body washing, decontamination of the external surfaces of the cockroaches was carried out by soaking in 90 % ethanol for 5 mins. The cockroaches were further re-washed using sterile normal saline to remove the possible traces of ethanol. Digestive tract (gut) of each of the cockroaches was then removed using sterilized entomological instruments and the whole gut placed in a sterile universal container. It was homogenized in sterile universal container containing sterile water and digestive tract (gut) of cockroach. This was shaken for 2mins. An aliquot of 0.1 ml of the homogenized gut was cultured onto plates of MacConkey, mannitol salt agar, Cetrimide agar, Salmonella  Shigella agar and incubated aerobically for 18-24hrs at 37oC. After overnight incubation, the colonies on the positive plates was subcultured onto Petri dishes containing freshly prepared nutrient media to obtain pure culture. This was incubated aerobically at 37oC for 18-24hrs.Colonial characteristics such as colour and colony shape was noted in the typical appearance of bacteria on solid culture media. Routine conventional laboratory techniques including Gram staining, motility, coagulase, catalase, oxidase, indole, citrate utilization, and carbohydrate fermentation tests such as mannitol, sucrose, glucose and lactose was carried out to identify the isolated bacteria using the methods described by Cheesbrough. (2006). 

Morphological Identification
Gram Staining Reaction
This was carried out using a clean grease free slide. A sterile wireloop was used to aseptically pick a colony of each test organisms and this was placed on the slides and air dried. The smear was first covered with crystal violet for 30-60seconds. The stained slides were washed off with tap water. The smear on the slide was covered with lugol‘s iodine for 30 seconds and was washed off with clean tap water. The smears were rapidly decolourized with acetone-alcohol and was immediately washed with clean tap water. The stained slides were counter stained with safranin for 30-60second and washed off with clean water. The slides were air-dried and the under surface blotted. Immersion oil was added to the stained slide and examined using 100x objective. 
Motility test (Hanging Drop Method)
Two drops of wet suspension of the test organism was placed on a grease-free coverslip and quickly inverted over a depression grease-free glass slide supported by a ring of petroleum jelly. It was examined under the microscope with 10x and 40x objective lenses. Visible movement of the organism indicate motility. Absent of this movement indicates no motility (Cheesbrough, 2006).
Biochemical Test
The following biochemical test carried out in this study include: oxidase, catalase, coagulase, indole, citrate utilization, and carbohydrate fermentation tests.
1. Oxidase Test 
A piece of filter paper was placed in a clean petri dish and 2 -3 drops of freshly prepared oxidase reagent was added on it. With the aid of glass rod, a colony of the tested organism was aseptically picked and smeared on the filter paper .This was observed for blue-purple colour appearance after few seconds.
2. Catalase test: A drop of 3% hydrogen peroxide solution was placed on a clean, grease-free glass slide. Sterile wireloop was used to pick the test organisms. This was emulsified with the hydrogen peroxide. The slide was observed immediately for bubble formation, which signify catalase production.
3. Coagulase Test: A Staphylococcal colony was emulsified in a drop of sterile water on a clean and grease free glass slide.  A similar suspension of control positive and negative strains was made to confirm positive and negative test result. An inoculation wire loop was flamed and allowed to cool into the undiluted plasma at room temperature and was used to stir the adhering traces of plasma (not a loopful) into the staphylococcal suspension on the slide. This was read as positive if a coarse clumping of the organism is visible to the naked eye within 10 seconds or as negative in the absence of clumping or any reaction taking more than 10 seconds to develop. 
4. Indole test: A dense suspension of the test organism in 24hours nutrient broth culture was added with 3ml of Kovac‘s reagent and observed for red surface layer appearance within 3 minutes which indicates indole positive. Yellow surface layer shows negative result.
5. Citrate utilization test (Simmon citrate agar): “The principle of citrate test is base on the ability of an organism to utilize citrate as its only source of carbon, and ammonium as its only source of nitrogen. The Simmon citrate agar was prepared by weighing 9.1g of the agar and dissolved in 250ml of distilled water. A 5ml volume was pipetted into a test tube. It was corked properly and sterilized by autoclaving at 121oC for 15minute at 15psi and allowed to cool to 45oC on the bench. After inoculation the tubes will be incubated at 37oC for 24 hrs. Growth with blue colony indicate positive test” (Ochei and Kolhatkar, 2000). 
6. Triple sugar Iron agar
“This media is use to differentiate enterobacteria from non-fermentative gram- negative bacteria such as Pseudomonas aeruginosa. Exactly 1.7g of triple sugar iron agar was weighed and dissolved in 100ml of distilled water. A 5ml volume was pipetted into a sterilized test tube and sterilized by autoclaving at 121oC for 15 minutes at 15psi and allowed to cool to 45oC (placed to form slant 3cm each) before inoculation of the isolate 3-5mm into the bottom of the tube  and incubated at 37oC for 24 hrs to ascertain sterility” (Ochei and Kolhatkar, 2000).  
Carbohydrate Fermentation Test: This test is used to determine whether or not bacteria can ferment a specific carbohydrate. Durham’s tube was inverted in three different tubes containing different types of sugar (Glucose, Lactose, Sorbitol, Arabinose, Xylose, Sucrose) in broth and then sterilized by autoclaving. The tubes were allowed to cool at room temperature and later inoculated with a cell suspension in aseptic condition. The tubes were incubated at 37oC for 24 hours after which the tubes was examined for acid and gas production. Phenol red was used as pH-sensitive indicator. Red colour of broth indicates no fermentation. Yellow colour of broth indicate acid formation while yellow colour of broth with gas accumulation in Durham’s tube indicates acid and gas formation. 


Preparation of 0.5 McFarland Turbidity Equivalent Standards
“Turbidity standard equivalent of 0.5 McFarland standards was prepared by adding 1.0 ml of concentrated tetraoxosulphate (VI) acid (H2S04) to 99ml of distilled water. Then 0.5g of dehydrated barium chloride (BaCl2 .H2O) was dissolved in 50ml of distilled water in a separate flask. A volume of 0.6ml of barium chloride solution was introduced into tetraoxosulphate (vi) acid solution (99.4ml) in a separate conical flask. It was mixed well to obtain 0.5 MacFarland turbidity equivalent standards. Some portions of the mixed solutions was transferred to test tube and stored at room temperature (280C). This was used to compare the turbidity of the test organisms prior to susceptibility test” (Cheesbrough, 2006).
Standardization of Test Bacteria
“All the test bacteria were standardized before use by inoculating a loopful of a 24hour culture of the test organism from a nutrient agar slant into test tubes with 5ml sterile water. Then dilutions using loopful of the test organism and sterile water was carried out in order to obtain microbial population of 1x106 colony forming unit per milliliter (cfu/ml) by comparing it with 0.5 MacFarland turbidity standards” (Ochei and Kolhatkar, 2000; Iroha et al., 2017).
Antibiotic Susceptibility Testing 
In-vitro susceptibility of the bacterial isolates to different antibiotics was determined using Kirby-Bauer disk-diffusion technique (Bauer et al., 1996). Sterile Petri – dishes of Mueller Hinton agar was prepared according to manufacturer’s specification. The test organism (1x106 colony forming unit per milliliter (cfu/ml) was adjusted to 0.5 MacFarland turbidity standard and was swabbed onto each of the Petri dishes containing solidified Mueller-Hinton agar. This was allowed to stand for 30 mins to enable the inoculated organisms to pre-diffuse. Commercially available antibiotics discs containing the following antibiotics: penicillin G (10µg), streptomycin (10µg), ciprofloxacin (5µg), imipenem (30µg), trimethoprim-sulfamethoxazole (25 μg), chloramphenicol (30μg), gentamicin (10μg), tetracycline (30μg), ceftazidime (30μg), cefotaxime (30 μg), amoxicillin-clavulanic acid (30 μg), ceftriaxone (30μg), vancomycin (10ug) and erythromycin (15μg) (Oxoid, UK) were aseptically placed onto the surfaces of the solidified sensitivity agar plates with a sterile forceps and gently pressed to ensure even contact. The plates were then incubated at 37°C over night and zones of inhibition after 24hours of incubation were measured to the nearest millimeters (mm) using a meter ruler. The interpretation of the measurement as sensitive and resistant was made according to the Clinical Laboratory Standard interpretation guideline for antibiotics sensivity (CLSI, 2017).
Determination of Multiple Antibiotic Resistance (MAR) index 
“Multiple antibiotic resistance (MAR) index was determined using the formula MAR=x/y, where x is the number of antibiotics to which test isolate displayed resistance and y is the total number of antibiotics to which the test organism has been evaluated for sensitivity” (Christopher et al. (2013). Isolates that are resistant to three or more antibiotics was taken to be multi-drug resistant. 

Results
Gut and surface-adhering bacteria isolated from P. americana were identified through morphological and biochemical characterization as presented in Table 1.
Table 1: Morphological and biochemical characterization of gut and surface-adhering bacteria isolated from Periplaneta americana (cockroaches)
	Shape
	Colour
	Gram  staining
	Oxidase
	Citrate
	Catalase
	Motility
	Indole
	Triple Sugar Iron
	Mannitol
	Glucose
	Sucrose
	Maltose
	Lactose
	Sorbitol
	Organism

	Rod
	Pink
	-
	-
	-
	-
	+
	+
	A
	+
	+
	+
	+
	+
	-
	Escherichia coli

	Rod
	Green
	-
	+
	+
	+
	+
	-
	K
	+
	-
	-
	-
	-
	-
	P. aeruginosa

	Rod
	Pink and drew
	-
	-
	+
	-
	-
	-
	
	+
	+
	+
	+
	+
	-
	Klebsiella pneumoniae

	Rod
	Black
	-
	-
	+
	+
	+
	-
	K/A
	+
	+
	-
	-
	-
	+
	Salmonella  species

	Rod
	Light brown
	-
	-
	-
	-
	+
	-
	A
	+
	+
	-
	-
	-
	+
	Shigella species

	Cocci
	Golden-yellow
	+
	-
	-
	+
	-
	-
	-
	+
	+
	+
	+
	+
	-
	S. aureus



KEYS: (+)-  positive, (-)-  negative, A-Acid,  K- Alkaline, K/A- Akaline/Acid,

Surface-adhering bacteria isolated from P. americana revealed high proportion of S. aureus recording 20.7 % while the least proportion 5.3 % was recorded against Shigella species.
Table 2: Distribution of Surface-adhering Bacteria isolated from Periplaneta americana (cockroaches)
	Bacteria isolated
	Prevalence rate (%)

	
	

	Escherichia coli
	17(11.3)

	P. aeruginosa
	11(7.3)

	Klebsiella pneumoniae
	9(6)

	Salmonella  species
	28(18.7)

	Shigella species
	8(5.3)

	S. aureus
	31(20.7)

	Total
	104(69.3)



Total number of sample = 150?




Guts sample of P. americana  revealed the presence of Gram negative bacteria with total occurrence rate of 26% as presented in Table 3.
Table 3: Distribution of Bacteria isolated from the Guts of Periplaneta americana (cockroaches)
	Bacteria isolated
	Prevalence rate (%)

	
	

	Escherichia coli
	19(12.7)

	Klebsiella pneumoniae
	3(2)

	Salmonella  species
	12 (8)

	Shigella species
	5 (3.3)

	Total
	39(26)



Total number of sample = 150
Antibiotics resistance profile of surface-adhering E. coli isolated from P. americana revealed 94.1, 88.2, 64.7 and 5.9 % resistance to chloramphenicol, streptomycin, ceftriaxone and ceftazidime as displayed in Table 4.
Table 4: Antibiotics resistance profile of Surface-adhering E. coli isolated from Periplaneta americana (cockroaches)
	Antibiotics (μg)
	Resistance (%)
	Susceptibility (%)

	Ampicillin (10)
	17(100)
	0(0.0)

	Amoxycillin CA (30)
	17(100)
	0(0.0)

	Cefotaxime (30)
	17(100)
	0(0.0)

	Ceftazidime (30)
	1(5.9)
	16(94.1)

	Ceftriaxone (30)
	11(64.7)
	6(35.3)

	Ciprofloxacin (5)
	2(11.8)
	15(88.2)

	Chloramphenicol (30)
	16(94.1)
	1(5.9)

	Gentamicin (30)
	3(17.6)
	14(82.3)

	Imipenem (10)
	0(0.0)
	17(100)

	Penicillin G (10)
	17(100)
	0(0.0)

	Streptomycin  (10)
	15(88.2)
	2(11.8)

	Tetracycline (30)
	17(100)
	0(0.0)

	Trimethoprim-Sulfamethoxazole (30)
	17(100)
	0(0.0)



Number of isolate =17

Majority of P. aeruginosa isolated from P. americana  were 100% resistance to Ampicillin, Amoxycillin-clavulanic acid, penicillin G and tetracycline respectively.
Table 5: Antibiotics resistance profile of Surface-adhering P. aeruginosa isolated from Periplaneta americana (cockroaches)
	Antibiotics (μg)
	Resistance (%)
	Susceptibility (%)

	Ampicillin (10)
	11(100)
	0(0.0)

	Amoxycillin CA (30)
	11(100)
	0(0.0)

	Cefotaxime (30)
	6(54.5)
	5(45.6)

	Ceftazidime (30)
	1(0.9)
	10(90.9)

	Ceftriaxone (30)
	7(63.6)
	4(36.4)

	Ciprofloxacin (5)
	3(27.3)
	8(72.7)

	Chloramphenicol (30)
	6(54.5)
	5(45.6)

	Gentamicin (30)
	4(36.4)
	7(63.6)

	Imipenem (10)
	0(0.0)
	11(100)

	Penicillin G (10)
	11(100)
	0(0.0)

	Streptomycin  (10)
	9(81.8)
	2(18.2)

	Tetracycline (30)
	11(100)
	0(0.0)

	Trimethoprim-Sulfamethoxazole (30)
	11(100)
	0(0.0)



Number of isolates =11


As shown in Table 6, Klebsiella pneumoniae was highly sensitive to imipenem, ceftazidime and gentamicin respectively.
Table 6: Antibiotics resistance profile of Surface-adhering Klebsiella pneumoniae isolated from Periplaneta americana (cockroaches)
	Antibiotics (μg)
	Resistance (%)
	Susceptibility (%)

	Ampicillin (10)
	9(100)
	0(0.0)

	Amoxycillin CA (30)
	9(100)
	0(0.0)

	Cefotaxime (30)
	2(22.2)
	7(77.8)

	Ceftazidime (30)
	0(0.0)
	9(100)

	Ceftriaxone (30)
	5(55.6)
	4(44.4)

	Ciprofloxacin (5)
	0(0.0)
	9(100)

	Chloramphenicol (30)
	4(44.4)
	5(55.6)

	Gentamicin (30)
	0(0.0)
	9(100)

	Imipenem (10)
	0(0.0)
	9(100)

	Penicillin G (10)
	9(100)
	0(0.0)

	Streptomycin  (10)
	8(88.9)
	1(11.1)

	Tetracycline (30)
	9(100)
	0(0.0)

	Trimethoprim-Sulfamethoxazole (30)
	6(66.7)
	3(33.3)



Number of isolates =9


Antibiotics resistance profile of Surface-adhering Salmonella  specie isolated from P. americana had low susceptibility against cefotaxime, Trimethoprim-Sulfamethoxazole, ceftazidime, ceftriaxone and gentamicin at 3.6, 10.7, 17.9, 32.1 and 25 % respectively.
Table 7: Antibiotics resistance profile of Surface-adhering Salmonella  specie isolated from Periplaneta americana (cockroaches)
	Antibiotics (μg)
	Resistance (%)
	Susceptibility (%)

	Ampicillin (10)
	28(100)
	0(0.0)

	Amoxycillin CA (30)
	10(35.7)
	18(64.3)

	Cefotaxime (30)
	27(96.4)
	1(3.6)

	Ceftazidime (30)
	25(89.3)
	3(10.7)

	Ceftriaxone (30)
	19(67.9)
	9(32.1)

	Ciprofloxacin (5)
	13(46.4)
	15(53.6)

	Chloramphenicol (30)
	28(100)
	0(0.0)

	Gentamicin (30)
	21(75)
	7(25)

	Imipenem (10)
	0(0.0)
	28(100)

	Penicillin G (10)
	28(100)
	0(0.0)

	Streptomycin  (10)
	28(100)
	0(0.0)

	Tetracycline (30)
	28(100)
	0(0.0)

	Trimethoprim-Sulfamethoxazole (30)
	23(82.1)
	5(17.9)



Number of isolates =28
Resistance pattern at 75% was recorded against tetracycline and trimethoprim-sulfamethoxazole while 37.5% was documented against ampicillin and ciprofloxacin respectively.
Table 8: Antibiotics resistance profile of Surface-adhering Shigella specie isolated from Periplaneta americana (cockroaches)
	Antibiotics (μg)
	Resistance (%)
	Susceptibility (%)

	Ampicillin (10)
	3(37.5)
	5(62.5)

	Amoxycillin CA (30)
	8(100)
	0(0.0)

	Cefotaxime (30)
	8(100)
	0(0.0)

	Ceftazidime (30)
	1(12.5)
	7(87.5)

	Ceftriaxone (30)
	2(25)
	6(75)

	Ciprofloxacin (5)
	3(37.5)
	5(62.5)

	Chloramphenicol (30)
	4(50)
	4(50)

	Gentamicin (30)
	5(62.5)
	3(37.5)

	Imipenem (10)
	0(0.0)
	8(100)

	Penicillin G (10)
	8(100)
	0(0.0)

	Streptomycin  (10)
	8(100)
	0(0.0)

	Tetracycline (30)
	6(75)
	2(25)

	Trimethoprim-Sulfamethoxazole (30)
	6(75)
	2(25)



Number of isolates =8


Antibiotics resistance profile of Surface-adhering S. aureus isolated from P. americana revealed 9.7, 16.1, 28.6 and 32.2% susceptibility of the isolate to ampicillin, trimethoprim-sulfamethoxazole, penicillin G and tetracycline as presented in Table 9.
Table 9: Antibiotics resistance profile of Surface-adhering S. aureus isolated from Periplaneta americana (cockroaches)
	Antibiotics (μg)
	Resistance (%)
	Susceptibility (%)

	Ampicillin (10)
	28(90.3)
	3(9.7)

	Amoxycillin CA (30)
	31(100)
	0(0.0)

	Cefoxitin (30)
	17(54.8)
	14(45.2)

	Ceftazidime (30)
	4(12.9)
	27(87.1)

	Ciprofloxacin (5)
	0(0.0)
	31(100)

	Erythromycin (15)
	9(29.0)
	22(71.9)

	Gentamicin (30)
	0(0.0)
	31(100)

	Imipenem (10)
	0(0.0)
	31(100)

	Penicillin G (10)
	24(77.4)
	7(28.6)

	Streptomycin  (10)
	31(100)
	0(0.0)

	Tetracycline (30)
	21(67.7)
	10(32.2)

	Trimethoprim-Sulfamethoxazole (30)
	26(83.9)
	5(16.1)

	Vancomycin (30)
	8(25.8)
	23(74.2)



Number of isolates = 31?
A close look at the susceptibility profile of E. coli isolated from Gut of P. americana. The isolates were 100% susceptible to ciprofloxacin and imipenem as explained in Table 10.
Table 10: Antibiotics resistance profile of E. coli isolated from Gut of Periplaneta americana (cockroaches)
	Antibiotics (μg)
	Resistance (%)
	Susceptibility (%)

	Ampicillin (10)
	19(100)
	0(0.0)

	Amoxycillin CA (30)
	7(36.8)
	12(63.2)

	Cefotaxime (30)
	9(47.3)
	10(52.6)

	Ceftazidime (30)
	7(36.8)
	12(63.2)

	Ceftriaxone (30)
	8(42.1)
	11(57.9)

	Ciprofloxacin (5)
	0(0.0)
	19(100)

	Chloramphenicol (30)
	19(100)
	0(0.0)

	Gentamicin (30)
	9(47.3)
	10(52.6)

	Imipenem (10)
	0(0.0)
	19(100)

	Penicillin G (10)
	19(100)
	0(0.0)

	Streptomycin  (10)
	12(63.2)
	7(36.8)

	Tetracycline (30)
	19(100)
	0(0.0)

	Trimethoprim-Sulfamethoxazole (30)
	15(78.9)
	4(21.1)



Number of isolates =19

Resistance to convectional antibiotics was observed at 100% against five antibiotics which include ampicillin, amoxycillin, cefotaxime, penicillin G, tetracycline and trimethoprim-sulfamethoxazole respectively.
Table 11: Antibiotics resistance profile of Klebsiella pneumoniae isolated from Gut of Periplaneta americana (cockroaches)
	Antibiotics (μg)
	Resistance (%)
	Susceptibility (%)

	Ampicillin (10)
	3(100)
	0(0.0)

	Amoxycillin CA (30)
	3(100)
	0(0.0)

	Cefotaxime (30)
	3(100)
	0(0.0)

	Ceftazidime (30)
	0(0.0)
	3(100)

	Ceftriaxone (30)
	1(25)
	2(75)

	Ciprofloxacin (5)
	0(0.0)
	3(100)

	Chloramphenicol (30)
	2(75)
	1(25)

	Gentamicin (30)
	1(25)
	2(75)

	Imipenem (10)
	0(0.0)
	3(100)

	Penicillin G (10)
	3(100)
	0(0.0)

	Streptomycin  (10)
	1(25)
	2(75)

	Tetracycline (30)
	3(100)
	0(0.0)

	Trimethoprim-Sulfamethoxazole (30)
	3(100)
	0(0.0)



Number of isolates =3

Salmonella  species isolated from gut of P. americana was 50% resistance to tetracycline, gentamicin and cefotaxime  as arranged in Table 12.
Table 12: Antibiotics resistance profile of Salmonella  specie isolated from Gut of Periplaneta americana (cockroaches)
	Antibiotics (μg)
	Resistance (%)
	Susceptibility (%)

	Ampicillin (10)
	12(100)
	0(0.0)

	Amoxycillin CA (30)
	2(25)
	9(75)

	Cefotaxime (30)
	6(50)
	6(50)

	Ceftazidime (30)
	4(33.3)
	8(66.7)

	Ceftriaxone (30)
	5(41.7)
	7(58.3)

	Ciprofloxacin (5)
	0(0.0)
	12(100)

	Chloramphenicol (30)
	12(100)
	0(0.0)

	Gentamicin (30)
	6(50)
	6(50)

	Imipenem (10)
	0(0.0)
	12(100)

	Penicillin G (10)
	12(100)
	0(0.0)

	Streptomycin  (10)
	7(58.3)
	5(41.7)

	Tetracycline (30)
	6(50)
	6(50)

	Trimethoprim-Sulfamethoxazole (30)
	12(100)
	0(0.0)


	
Number of isolates =12

Shigella species isolated from gut of P. americana were 100% susceptible to cephalosporins (Ceftazidime and Ceftriaxone) while 20% susceptibility was documented against streptomycin and cefotaxime as shown in table 13.
Table 13: Antibiotics resistance profile of Shigella specie isolated from Gut of Periplaneta americana (cockroaches)
	Antibiotics (μg)
	Resistance (%)
	Susceptibility (%)

	Ampicillin (10)
	0(0.0)
	5(100)

	Amoxycillin CA (30)
	5(100)
	0(0.0)

	Cefotaxime (30)
	4(80)
	1(20)

	Ceftazidime (30)
	0(0.0)
	5(100)

	Ceftriaxone (30)
	0(0.0)
	5(100)

	Ciprofloxacin (5)
	1(20)
	4(80)

	Chloramphenicol (30)
	3(60)
	2(40)

	Gentamicin (30)
	1(20)
	4(80)

	Imipenem (10)
	0(0.0)
	5(100)

	Penicillin G (10)
	5(100)
	0(0.0)

	Streptomycin  (10)
	4(80)
	1(20)

	Tetracycline (30)
	5(100)
	0(0.0)

	Trimethoprim-Sulfamethoxazole (30)
	5(100)
	0(0.0)



Number of isolates =5
Multiple Antibiotic Resistance Index of gut and surface-adhering bacteria isolated from P. americana revealed Multiple Antibiotic Resistance value ≥ 0.4 as shown in Table 14.
Table 14: Multiple Antibiotics Resistance Index of gut and surface-adhering bacteria Isolated from Periplaneta americana (cockroaches)
	Organism isolated
	Multiple Antibiotic Resistance Index (MARI)

	
	Gut
	Surface-adhering bacteria

	E. coli
	0.4
	0.6

	P. aeruginosa
	-
	0.6

	Klebsiella pneumoniae
	0.5
	0.5

	Salmonella  species
	0.6
	0.7

	Shigella species
	0.5
	0.6

	S. aureus
	-
	0.4



Discussion 
“Periplaneta americana (cockroaches) are among the most notorious pests, having nocturnal and filthy habits, which do not only contaminate food by indiscriminate deposition of fecal materials and cause food poisoning but also transmit bacteria and other pathogenic microorganisms in infested areas” (Pai et al., 2005). “Cockroaches are common in many of human habitations, particularly in place where food is stored, processed, prepared or served. Apart from that, they are also frequently detected in hospital environments, such as wards, operational rooms, area of intensive care units, and laboratory rooms. Indeed, cockroaches are found everywhere and possess nocturnal and omnivorous features; these characteristics make them the ideal carriers of pathogenic, virulent and resistant microorganisms” (Pai et al., 2005).  We screened the presence of multi-drug resistant bacteria pathogens from cockroach trapped in holes within homes in Abakaliki metropolis and showed that 69.3% of Surface-adhering bacteria were isolated from cockroach while 26% was isolated from guts sample of Cockroach. Of the isolates, S. aureus (20.7%) and Salmonella  species (18.7%)were the leading isolate from external surfaces of cockroaches followed by E. coli (12.7%) and Salmonella  species (8%) for gut of cockroaches. The predominant of E. coli on gut of cockroaches in this study support the finding of Feleke et al. (2016).
S. aureus has been introduced as one of the most prevalent pathogenic bacteria isolated from the external washing samples of P. americana cockroaches all-around the world (Akinjogunla et al., 2012; Menasria et al.,2014; Wang and Ruan, 2017). Previously, multiple bacterial species of public health significance were isolated from P. americana by other authors; the isolated bacteria wereEnterobacter (53.3%), Streptococcus (60%), Klebsiella (47.9%), Proteus (73.3%), Pseudomonas (37%), Escherichia coli (86.7%), Shigella (33.3%), Staphylococcus aureus (60%), Serratia (13.3%) and Bacillus (66.7%) (Feizhaddad et al., 2012; Hamid and Shahnaz, 2012). “Though the occurrence rate from previous study do not conform with data obtained in this study. The presence of bacteria isolated in this study is suggestive of the prospective role of cockroaches in the dissemination and contamination of environment with those public health significant bacteria through Americana cockroach’s species in Abakaliki. It is known that most of the isolates are the main causes of diverse types of nosocomial and community acquired infections, notably pneumonia, urinary tract infection, respiratory tract infection, skin infections, septicemia, and gastroenteritis” (Todar, 2006; Graczyk et al., 2005). “Likewise, previous reports have also indicated that the above-mentioned bacteria pathogens were the common isolates from cockroaches” (Mpuchane et al., 2006; Prado et al., 2006; Brown and Alhassan, 2015).
This study has also explored antibiotic susceptibility patterns of E. coli isolated from surface body wash samples of cockroaches and it was surprising that all the isolate was 100% susceptible to Imipenem as presented in Table 4. This is in agreement with 100% susceptibility of E. coli isolates from cockroaches to imipenem reported by Ghasemi-dehkordi et al. (2015). Like other Gram-negative bacteria, P. aeruginosa possesses an inducible amp C gene, encoding the hydrolytic enzyme β-lactamase. This enzyme is able to break the amide bond of β-lactam ring, leading to inactivation of β-lactam antibiotics (Wright, 2005) resulting in 100% resistance of P. aeruginosa to penicillin G and ampicillin as shown in Table 5. Additionally, β lactamases can be divided into four classes, A, B, C and D, based on their amino acid sequences. The enzyme classes A, C, and D hydrolysed β-lactams through an active site serine.  The class C β-lactamase produced by P. aeruginosa has been shown to inhibit antipseudomonal cephalosporins, a class of β-lactams (Berrazeg et al., 2015). P. aeruginosa resistant to antipseudomonal cephalosporins (cefotaxime and ceftriaxone) in this study support the findings of  Berrazeg et al. (2015).
Ciprofloxacin is one of the most active fluoroquinolones against Gram-negative bacteria, 100% susceptibility of Klebsiella pneumoniae isolate (in Table 6) to ciprofloxacin is consistent with the findings of Feleke et al. (2016). The Presence of enteric bacteria such as Salmonella  species and Shigella species from body wash of cockroach indicated that cockroaches are known to harbor pathogens, which can cause potentially devastating diseases, such as gastroenteritis, typhoid, and diarrheal syndromes (Graczyk et al., 2005). Salmonella  species and Shigella species resistance to gentamycin (75% and 62.5%), tetracycline (100% and 100%), chloramphenicol (100% and 50%) as presented in Table 7 and 8 is in support of report documented by Feleke et al. (2016). The observed resistance pattern may result in less therapeutic option for treatment of infection associated with Salmonella  and Shigella species.
“S. aureus is commonly found in nose and respiratory system and on the skin” (Wang and Ruan, 2017). “It is responsible for the occurrence of nosocomial and community-acquired infections, food-borne diseases and food poisoning” (Wang and Ruan, 2017). “S. aureus strains are usually resistant against different classes of antibiotics” (Safarpoor et al., 2017; Hasanpour et al., 2017). “Nowadays, methicillin-resistant S. aureus (MRSA) has become a serious problem in hospitals antibiotics” (Safarpoor et al., 2017; Hasanpour et al., 2017). Cockroach harboring S. aureus is of significant public health concern and may result in dissemination of antibiotic resistance gene.  Abdolmaleki et al. 2019 has reported the presence of blaZ, dfrA, tetK and tetM antibiotic resistance genes in S. aureus isolated from cockroach which encode resistance against penicillin, folate inhibitors (trimethoprim-sulfamethoxazole) and tetracycline, respectively. S. aureus isolated from cockroach resistance to Penicillin G (77.4), trimethoprim-sulfamethoxazole (83.7), tetracycline (67.7) in Table 9 may be conferred by the aforementioned antibiotic resistance gene. Fowoyo and Ogunbanwo, (2017) reported that S. aureus strains exhibited the highest prevalence of resistance against ampicillin (86.70%), trimethoprim–sulfamethoxazole (74.90%), amoxicillin-clavulanic acid (52.50%) Fowoyo and Ogunbanwo, 2017) and this report is almost similar with result documented in this study.
E. coli and K. pneumoniae strains isolated from gut samples of cockroaches harbored the highest prevalence of resistance against penicillin (100%). This may result from the Gram-negative rod ability to express plasmid-encoded β-lactamases including TEM-1, TEM-2, and SHV-1 (Ghasemi-Dehkordi et al., 2015). TEM-1 is one of the commonest factors conferring resistance to penicillin (Ghasemi-Dehkordi et al., 2015). Additionally, in this study 100% resistant of Escherichia coli  to chloramphenicol is not consistent with 30% reported by Prado et al. (2006) on profile of antimicrobial resistance of bacteria isolated from cockroaches in a Brazilian health care institution (Prado et al., 2006). Exploiting niches within human habitation and being a persistent pest owing to their omnivorous habit of feeding may leads to ingestion of substance containing cat1 antibiotic resistance gene which confer resistance to chloramphenicol. 
Susceptibility pattern of Salmonella  species (100 %) and Shigella species (80 %) to ciprofloxacin in Table 12 and 13 is in accordance with 100 % susceptibility of the above mentioned isolates to ciprofloxacin reported by Feleke et al. (2016) who investigated cockroaches as a source of high bacterial pathogens with multidrug resistant strains in Gondar Town, Ethiopia (Feleke et al., 2016). Surprisingly, this study showed that multiple antibiotic resistance strains have been demonstrated from cockroaches with multiple antibiotic resistance Index of ≥ 0.4 recorded against bacteria isolated from surface wash and gut of cockroach. Multi-drug resistance bacteria from cockroaches has been reported by Feleke et al. (2016). “It is known that multiple antibiotic strains could arise due to accumulation of resistant genes in a single bacterial cell or expression of genes that code for multidrug efflux pumps, extrudinga? wide range of drugs” (Nikaido, 2009). Since cockroaches are the main source of bacterial pathogens and antibiotic resistance strains, effective prevention and control are necessary to reduce nosocomial and food-borne bacterial infections.


Summary
The study revealed that cockroaches (Periplaneta americana) from human dwellings in Abakaliki harbor a wide range of pathogenic bacteria on both their external surfaces (69.3%) and in their guts (26%), including Staphylococcus aureus, Salmonella spp., Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, and Shigella spp. Most isolates showed high levels of resistance to commonly used antibiotics such as tetracycline, trimethoprim-sulfamethoxazole, penicillin G, and amoxicillin-clavulanic acid, while remaining highly susceptible to ciprofloxacin, ceftazidime, and imipenem. The multidrug resistance index (0.4–0.7) indicates significant antibiotic resistance pressure in the environment. These findings highlight the role of cockroaches as potential vectors of multidrug-resistant pathogens, posing a serious public health risk, though effective treatment options still exist with ciprofloxacin and ceftazidime, with imipenem reserved for cautious use.
Conclusion
Gut and surface body wash of Periplaneta americana has revealed the present of several species of bacteria of public health significancesuch as Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, Shigella and Salmonella  species. Enterobacteria were more predominant isolates in this study. Relatively, high resistance rates of 100% were noted in Penicillin G, tetracycline and ampicilin but carbapenem class (imipenem) and fluoroquinole (ciprofloxacin) were the most effective antibiotic against all isolates. Since cockroaches could be the potential source of bacterial pathogen and multi-drug resistance strains therefore, appropriate preventive, and control measures are suggested to reduce cockroach infestation and associated infections.
Recommendations
Based on the study, it is recommended that effective cockroach control measures be implemented within households and public environments to reduce their role as carriers of multidrug-resistant pathogens. Public health authorities should intensify sanitation campaigns, promote proper waste management, and encourage regular pest control practices to limit infestation. In addition, antimicrobial stewardship programs should be strengthened to reduce the misuse of antibiotics that drive resistance, while healthcare providers should prioritize the use of effective drugs such as ciprofloxacin and ceftazidime, reserving imipenem strictly for severe or resistant infections. Continuous surveillance of cockroach-borne pathogens is also advised to monitor resistance trends and inform public health interventions.
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