



Microbiological Air Quality Of Poultry Farms, Farm Houses and Their Antibiogram

Abstract

Investigating the microbial air quality of farms is very important for evaluating the impact of the poultry on the microbial air quality of the area and the effects of human exposure to these emissions. The microbiological air quality of poultry farms, farmhouses and their antibiogram were investigated to ascertain the air quality and antimicrobial resistance. The poultry farms assessed are in Ozuoba, Alcania, and Aluu in Obio-Akpor and Ikwerre Local Government Areas of Rivers State, Nigeria. The air microbial quality was determined using Koch’s sedimentation method by exposing sterile Nutrient agar, MacConkey agar, and Sabouraud dextrose agar plates one meter (1m) above ground level in the sites for the isolation of total heterotrophic bacteria, coliform, and fungi. Antibiotic susceptibility testing was done using the Kirby-Bauer disk diffusion technique with commercially available antibiotics. Total heterotrophic bacterial counts ranged from 2.31±0.21 to 4.31±0.63 log10 Cfu/M3, total coliform counts ranged from 0.0 to 2.4±0.2 log10Cfu/M3 and fungal counts ranged from 1.9±0.1 to 2.9±0.31 log10Cfu/M3. Percentage occurrence of the bacterial isolates were Bacillus sp (18.9%), E. coli (21.1%), Salmonella spp. ( 13%), Enterobacter spp. (12.5), Klebsiella spp. (9.5%), Micrococcus spp. (6.3%), Serratia spp. (3.1%) and Staphylococcus sp (15.6%) were isolated from the farms. Results showed that E. coli was the most dominant bacterial isolate followed by Bacillus spp. while Serratia was the least occurring bacterial isolate. The percentage occurrence of fungal isolates was Candida sp (13.2), Mucor sp (10.5%), Cryptococcus sp (13.2%), Rhizopus sp (7.9%), Penicillium sp (13.2%), Aspergillus sp (23.7%), Fusarium sp (7.9 %) and Microsporum sp (10.5 %). The most dominant fungal isolates were the Aspergillus spp. A high resistance (80-100%) to Augmentin, ceftazidime, and cefuroxime was observed for the Gram-positive and negative isolates. Additionally, S. aureus, E. coli, Serratia, Klebsiella, and Micrococcus spp. exhibited multidrug resistance. High microbial populations and types were recorded in the pens than in the living houses. Proper waste handling, hygiene, use of PPEs, and awareness of drug use are recommended to curb health-related diseases due to exposure to microbial aerosols and reduce antimicrobial resistance.
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Introduction
The commercial raising of birds for their meat and eggs, including chickens, ducks, turkeys, and geese, is known as poultry farming. One of the most effective sources of protein for human consumption for many years has been the poultry industry. Due to the scarcity of beef, pork, and other protein sources that take a lot longer to develop, the practice grew during World War II (Womack et al., 2010). It only takes about seven weeks to produce broilers and five months to produce laying hens, in contrast to these other animals. Breeder farms provide hatching eggs to hatcheries, which then incubate them before selling the resulting chicks to commercial poultry farms. Poultry farming has recently gained popularity as a beef and pork substitute. In response to public concerns about dietary fats, the demand for protein supplements in human and animal diets has increased, leading to a sharp increase in poultry and hatchery production to meet demand. This has made effective management of all aspects of the industry necessary, from waste management and adequate housing to efficient ventilation in poultry houses and hatcheries. Lonc and Plewa, (2010) opined that intensive poultry production—which involves high animal densities in constrained spaces is a major cause of air pollution and poses a serious risk to the health of the birds, farmers, and nearby residents. Several hazardous effluents and bioaerosols that come from the poultry and hatchery house can be controlled by reducing the contamination of broilers with microorganisms through good hygiene practices.
Livestock provides essential commodities and services to the majority of the world’s population. The demand for livestock products is rapidly increasing in developing countries due to urbanization and changes in food habits, in addition to the high nutritional need for animal products. The combination of intensive poultry production and certain climatic factors sometimes creates poor indoor air quality and emits air pollutants (Rajashekher et al., 2007). Pollution is the contamination of the environment with materials that interfere with human health, the quality of life, or the natural functioning of living organisms and their physical surroundings (Fabian et al., 2005). Although some environmental pollution is a result of natural causes such as volcanic eruptions, most are caused by human and animal activities (Udu-ibiam et al., 2016).

The presence of microorganisms as well as chemicals in the atmosphere which pose significant health challenges to humans, animals, and the environment has been referred to as air pollution (Hart, 2008). Since air pollution reduces the quality of the air around us, it has a great deal of negative effects, including making it difficult to breathe, increasing the risk of cancer, and damaging plants, animals, and the ecosystem in which they live (Hart, 2008). Chemical or particulate droplets and airborne microorganisms known as bioaerosols are two examples of the origins of air pollution.

The composition and structure of bioaerosols are affected by some factors including farming methods, seasons of the year, the species of the poultry or livestock and the stages of the animals (Almatawah et al., 2023). On the other hand, the spread of bioaerosol on the outside of animal housing may result in local or even more extensive environmental pollution (Udu-ibiam et al., 2016). Large numbers of various microbial groups, primarily bacterial and fungal cell aggregation, spores, and mycelium fragments, as well as metabolites like Gram-negative bacteria endotoxins and fungal 1,3-beta-glucan, are commonly present in the surroundings of large scale poultry production (Udu-ibiam et al., 2016). These substances could be pathogenic or non-pathogenic, viable or non-viable, and are suspended as indoor and outdoor bioaerosols that can be produced as liquid droplets or as dry particles and move through the air singly or in clusters (Millner, 2009; Udu-ibiam et al., 2016). Their presence in the indoor air could affect workers including those living very close to poultry houses. Bioaerosols can gain access to the inner organs through the respiratory tract as it enters the alveoli and infect several organs through the oxygen-blood exchange site resulting in potential health risks to man (Wang et al., 2024). Having a good understanding of the various types of microorganisms and the loads in the poultry environment is important for the prevention and control of diseases in birds and farm workers. Many studies have considered the air quality of different residential and recreational facilities but studies on the air quality of poultry farms and living houses attached to poultry farms and the antibiogram are very scanty. Thus, this study is aimed at investigating the microbiological air quality of poultry farms and farmhouses attached to the poultry farms.

MATERIALS AND METHODS
Description of the study area

The study was carried out in three different poultry farms located in Ozuoba and Alcania, in Obio-Akpor Local Government Area (LGA), and Omuko community, Aluu, Ikwerre LGA all of Rivers State, Nigeria. The farms had between 1,860 and 2,000 birds. The birds were fed twice daily - morning and evening. The poultry birds (layers) in the farm located in Ozuoba were 5 weeks old while those located in Alcania and Aluu were 6 weeks old. All poultry farms houses both layers and broilers, using the deep litter system. Before the birds were put into the pens, the pen was thoroughly washed, disinfected and laid with wood shavings. 
Indoor Air Sampling
Koch’s sedimentation method also known as the “settling plate” or “passive” air technique adopted by Udochukwu et al., (2015) was employed. In this method, plates containing sterile media were exposed to the atmosphere of the poultry farms. This was done to allow bacterial and fungal isolates within the pens to settle on the exposed plates. Plates were kept one meter above the ground. The air was sampled for two durations of the day (i.e., before and after feeding of birds). The plates were exposed for 15 minutes at each sampling time.

Enumeration and Isolation of Bacteria

Freshly prepared nutrient agar (NA) and MacConkey Agar, plates in duplicates were exposed to the atmosphere of the different sampling sites for 15 minutes to allow air microflora within the pen to settle on the surface of the medium by gravity. The plates were kept about 1m above ground level to eliminate possible contamination and aid the quick settling of microbial particles. The plates before feed was carefully dropped 30 minutes before they were fed. While after feeding was done one hour thirty (1:30) minutes after the birds were fed. Samples for the living houses were collected between 10 and 10:30am in all locations.  These plates were transported to the Microbiology laboratory, Rivers State University, Port Harcourt and incubated for 24- 48 hours at 37oC. Counts were made for plates that showed growth at the end of incubation. Discrete colonies on the different media plates were picked and inoculated onto freshly prepared nutrient agar plates with the aid of a sterile wire loop. Pure cultures of the isolates were obtained by streaking the isolates on a freshly prepared nutrient medium until it was ascertained that pure culture had been obtained (Douglas and Lumati, 2018).

Enumeration and Isolation of Fungi
Sabouraud Dextrose Agar (SDA) plates in duplicate were exposed to the atmosphere of different sampling sites for about 15 minutes to allow air microflora within the pen to settle on the surface of the medium by gravity (Diesegha et al., 2024). The plates were kept 1m above ground level to eliminate possible contamination and aid quick settling of microbial particles. These plates were transported to the Microbiology laboratory and incubated for 3-7 days at 22℃ (Golofit-Szymczak et al., 2020). Counts were made for plates that showed significant growth at the end of the incubation period. The counts were used to calculate the fungal load in the indoor air of the poultry pens. Fungal isolates were isolated by picking spores of discrete fungi with a sterile wire loop and sub-cultured onto freshly prepared SDA plates which were later incubated at 22℃ for 3 days (Douglas and Robinson, 2019).

Estimation of the Colony Forming Units (CFU) 
The colonies from each plate were estimated using Koch’s sedimentation formula.
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……………………………………………………Eqn1                                      Where:

A = CFU
a= average number of colonies

r = radius of Petri dish

t = time (minute) of exposure of the plate

Maintenance of Pure Cultures

Pure cultures of bacteria were stored in duplicate in 10% (v/v) frozen glycerol suspensions in a refrigerator (Haier thermocool refrigerator) and on nutrient agar slants. This served as stock cultures. Pure cultures of fungi were stored on SDA slants and stored in the refrigerator, at 4oC. These also served as stock cultures (Amadi et al., 2014)

Characterization and Identification of Bacterial Isolates
Cultural methods of characterization employed were colour, shape, texture, odour, and microscopy under an oil immersion light microscope. Biochemical tests adopted include motility, catalase test, citrate utilization, oxidase, Methyl-Red, Voges-Proskauer, indole, and sugar fermentation tests (glucose, lactose, sucrose, and mannitol). The reagents and tests were carried out according to Cheesbrough, (2005). Isolates were identified based on cultural, morphological and biochemical characteristics with reference to Bergey’s Manual of Determinative Bacteriology (Holts et al., 1994).
Characterization and Identification of Fungal Isolates

The fungal isolates were identified macroscopically by observing the colour and growth pattern of their spores, texture, surface topography and shape. The spores of the fungi were stained on clean, grease-free microscope slides. This was done by placing a drop of lactophenol blue on the slide and spores of the fungus were transferred into the drop of lactophenol blue using sterile forceps. The slide was covered using a cover slip before viewing under the light microscope at X40. References were drawn from the textbook Koneman’s colour Atlas and Textbook of Diagnostic Microbiology (Koneman et al., 1997).

Kirby Bauer Disk Diffusion Method
Kirby Bauer's disk diffusion method was adopted to determine the antibiotic susceptibility pattern of the test isolates. Unto a sterile solid Muller Hinton agar plate, each of the tests isolates which has been standardized using the 0.5 McFarland standard was aseptically inoculated using a sterile swab stick. The test isolates were seeded horizontally and vertically (Cheesbrough, 2005) and allowed to dry for 5 minutes before the antibiotic disc was aseptically placed on the solid medium using sterile forceps. The plates were incubated at 37°C for 24 hours after which the diameter of the zones of inhibition was measured to the nearest millimeter and the readings were recorded as described by the Clinical Laboratory Standard Institute (2019). Diameters were calculated and presented as resistant, susceptible, or intermediate (CLSI, 2019).

Statistical Analysis
The mean microbial counts were calculated using descriptive statistics and ANOVA to check for significant differences. The Scheff pairwise comparison was used in separating the means. The percentages of zones of inhibition were also calculated. The statistical tool used in this study was SPSS (version 27).

Results
Results of the total heterotrophic bacterial, total coliform, and fungal counts of the poultry farms are presented in Figures 1 to 3. The ranges of the total heterotrophic bacterial, total coliform, and fungal counts of the Ozuoba farm were: 1.8±0.20 to 4.31±0.3 log10CFU/m3, TCC 0.4 to 2.4 log10Cfu/M3 and fungal counts 1.4±0.02 to 2.9±0.02log10Cfu/M3, respectively. There were significant bacterial counts in all the farms. Total heterotrophic bacteria, coliform and fungal counts for Ozuoba farm all increased with time, from week 1 to 3. While counts in the farm houses (living house) was significantly lower than the counts in the farm house(pen), and slightly varied in week 2, but increased again in week 3. Ozuoba farm had higher counts than the other two farms. Aluu farm had the lowest counts when compared to the other two farms. In Alcania farm (Fig. 2), THBC ranged from 1.6 to 3.75 log 10 Cfu/M3, TCC ranged from 0 t0 2 log10 Cfu/M3whie the FC ranged from 1.2 to 2.6 log10 Cfu/M3. Aluu farm (Fig. 3) with THBC ranged from 1.3 to 3.6log10 Cfu/M3, TCC ranged from 0.1 to 1.9log10 Cfu/M3 and FC ranged from 1.1 to 2.5log10 Cfu/M3. 
The counts in the living house ranged from 1.31 to 2.51log10Cfu/M3 for total heterotrophic counts, 0 to 0.5log10Cfu/M3 for total coliform and 1.2 to 1.8 log10Cfu/M3. Indoor THBC was higher compared to the total coliform and fungal counts, with TCC being the least. There was no TCC in week 5 in Alcania living house.
[image: image5.png]g 4

p=)

2

o

R

o

S

£

g 2

E

s

o

S o1

P

3

°

2 0 4

s

BFWk1 BFWk2 BFWK3 AFWk1 AFwk2 AFwk3 Hwk1l Hwk2

a1

Time (weeks)

Fig. 1: Total heterotrophic, total coliform and fungal counts in Ozuoba farm
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Fig. 2: Total heterotrophic, total coliform and fungal counts in Alcania farm
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Keys: Wk = week, H = house, THBC = total heterotrophic bacterial counts, TCC = total coliform counts, fungal counts, AF = after feeding, BF = before feeding
Cultural Characteristics of Bacterial Isolates / Frequency Distribution
The results of the bacteria isolated in the poultry farms showed that all thirty-six isolates identified belonged to Staphylococcus sp, E coli, Serratia sp, Bacillus sp, Enterobacter sp, Micrococcus sp, Salmonella spp. and Klebsiella sp. The frequency of occurrence of bacterial isolates were Bacillus sp (18.9%), E. coli (21.1%), Enterobacter sp (12.5%), Klebsiella sp (9.5%), Micrococcus sp (6.3%), Serratia (3.1%), Salmonella spp. (13%) and Staphylococcus sp (15.6%) (Fig.2). The results showed that E. coli was the most dominant bacterial isolates followed by Bacillus sp while Serratia was the least occurring bacterial isolates.

Thirty-eight fungi were isolated in this study. The results of the cultural characteristics of fungal isolates showed that all eighteen fungal isolates belonged to Candida sp, Mucor sp, Cryptococcus sp, Rhizopus sp, Penicillium sp, Aspergillus sp, Fusarium sp and Microsporum sp. The frequency of occurrence of fungal isolates was Candida sp (13.2%), Mucor sp (10.5%), Cryptococcus sp. (13.2%), Rhizopus sp (7.9%), Penicillium sp (13.2%), Aspergillus sp (23.7%), Fusarium sp (7.9%) and Microsporum sp (10.5%) (Fig. 3). Except for Microsporum spp which was not isolated in the Aluu poultry farm, all the listed fungal isolates were isolated from all the farms studied.
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Fig. 4: Frequency of occurrence of bacterial Isolates
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Fig. 5: Frequency of occurrence of Fungal Isolates

       Antibiogram
The results of the antibiogram of the Gram-negative and Gram-positive bacterial isolates are presented in Tables 1 and 2, respectively. Results showed that the bacterial isolates were resistant to one or more antibiotics. Thus, multidrug resistance was observed in both gram-negative and positive bacterial isolates.

Results for the gram-negative bacteria isolates showed that Enterobacter, Serratia, E. coli, and Klebsiella sp were completely resistant to Augmentin, Ceftazidime, and Cefuroxime while being susceptible to Ciprofloxacin, Gentamycin, Cefixime and Ofloxacin. Although resistance to Nitrofurantoin by Serratia sp was recorded (Table 1).

Results of the antibiogram for the gram-positive bacteria isolates (Table 2) showed that all Bacillus and Micrococcus spp were completely resistant to Augmentin while only 80% of Staphylococcus spp were resistant to Augmentin. Although Bacillus sp was resistant to Ceftazidime, they were completely susceptible to Cefuroxime, Gentamycin, Ceftriaxone, Cloxacillin, and Ofloxacin antibiotics. The Staphylococcus spp which were completely resistant to Ceftazidime and Cloxacillin showed 60%, 40%, 40%, 80%, and 40% resistance to Cefuroxime, Gentamycin, Ceftriaxone, Erythromycin, and Ofloxacin, respectively. Results also showed that isolates of Micrococcus sp were completely resistant to Cefuroxime, Erythromycin, Cloxacillin, and Ofloxacin while being susceptible to Ceftazidime, Gentamycin, and Ceftriaxone. 

Table 1: Antibiogram of Gram-Negative Bacterial isolates

	Isolates
	AUG
	NIT
	CPR
	CAZ
	CRX
	GEN
	CXM
	OFL

	Enterobacter (4)
	R
	S
	S
	R
	R
	S
	S
	S

	Serratia (1)
	R
	R
	S
	R
	R
	S
	S
	S

	E. coli (9)
	R
	S
	S
	R
	R
	S
	S
	S

	Klebsiella (4)
Salmonella(4)
	R
R
	S
S
	S
S
	R
R
	R
R
	S
S
	S
	S


Keys: R: resistant, S: susceptible, I: intermediate, AUG: Augmentin, NIT: Nitrofurantoin, CPR: Ciprofloxacin, CAZ: Ceftazidime, CRX: Cefuroxime, GEN: Gentamycin, CXM: Cefixime, OFL: Ofloxacin

Table 2: Antibiogram of Gram-Positive Bacterial Isolates
	Isolates
	AUG
	CAZ
	CRX
	GEN
	CTR
	ERY
	CXC
	OFL

	Bacillus sp(7)
	R
	R
	S
	S
	S
	I
	S
	S

	Staphylococcussp(5)
	R (80%), S (20%)
	R
	R (60), S (40)
	I (40), R (40), S (20)
	I (40), S (40), R (20)
	R (80), S (20)
	R
	I (40), S (40), R (20)

	Micrococcus sp(2)
	R
	S
	R
	S
	S
	R
	R
	R


Keys: R: resistant, S: susceptible, I: intermediate, AUG: Augmentin, CAZ: Ceftazidime, CRX: Cefuroxime, GEN: Gentamycin, CTR: Ceftriaxone, ERY: Erythromycin, CXC: Cloxacillin, OFL: Ofloxacin

Discussion

Evaluation of the microbiological indoor air quality of poultry farms and houses within the poultry farm is an important addition to other measures geared towards improving the health of poultry workers and people around the environment. The main hazard of dust pollution and its role in the transmission of infectious disease should be regulated in such a way that the level of pollution is kept at a minimum level in the immediate surroundings of the stock as distinct from that of the total air space of the building (Harry, 2007). The bacterial counts obtained after feeding the birds were higher than the counts obtained before feeding the birds. Although the counts obtained after feeding the birds in Ozuoba farm were significantly higher (P ≥ 0.05) than counts obtained in Alcania farms before and after feeding, there was no significant difference between counts obtained in the pen, of the Aluu poultry farm. Similarly, the total coliform and fungal counts recorded in the farms after feeding were higher than the counts recorded before feeding the birds. The highest total coliform counts were recorded in the broiler pen of the Aluu farm while the lowest total coliform counts were recorded in the Alcania living house. 
In fungal counts, results showed that the fungal populations were highest in the pen of Ozuoba poultry farm (2.9±0.1log10Cfu/M3) followed by the living house in the Ozuoba farm. These high fungal counts observed in the living house could either be an exchange of air between both buildings which are very close and opposite each other. 

The findings in this current study showed that the microbiological populations within the indoor air of these poultry houses were higher after the feeding of birds compared to those recorded before feeding. These differences in microbial populations between the feeding times could be attributed to the generation of dust which houses microbial particles as a result of their flapping of wings, rush for the food and flying movements. The high microbiological populations could also be related to the exchange of air between the indoor and outdoor environment as well as the activities being carried out around the environment where the farm is located including the cleanliness of the surroundings. The high bacterial load observed in the Ozuoba farm unlike other farms could be attributed to the untidy environment around the farm. During the sample collection, it was observed that decomposing wastes which are wastes containing poultry droppings (organic fertilizers) were heaped at a very close proximity to the building and allowed for weeks before being sent to farmers to be used as fertilizers for crops.

The living houses/farmhouses were also sampled since they are areas where poultry farmers stay or relax. The microbial populations in this area were also high and could be related to the shedding of microorganisms by individuals as well as the exchange of bioaerosols between the poultry house and the outside environment. Generally, the microbial counts of the farms in this study were higher than 148CFU/m3 reported by Udu-ibiam et al. (2016) of the outdoor microbiological quality of the air in poultry and hatchery in Ebonyi State, Nigeria. They reported that higher microbial load could be attributed to the bioaerosols generated or shed from birds. Moreover, birds house different microbes both on body surfaces and intestines and the influx of birds in an area could increase the microbial load. Wemedo and Robinson (2018) in a study of indoor air reported that the influx of persons as well as the type of persons and the activities taking place within such enclosed space could increase the microbial load as well as the diversity of the microorganisms. This statement could also be true for poultry since many birds were found within a pen and could shed different microbial particles. Other studies have suggested that poor ventilation as well as the exchange of microbial flora during talking, sneezing, and sweeping by persons within the enclosed space could lead to the release of microbes into the atmosphere (Latika and Ritu, 2011; Udochukwu et al., 2015). There are no approved reference criteria for the microbiological quality of air in the human environment, thus even with the high microbial counts found in this study, it would be difficult to declare that the microbial populations were above the suggested limits. Because most air microbiological agents do not have dose-response relationships, there may be no quantitative health-based standards, values, or thresholds for the permissible level of microbial contamination in the air (Golofit-Szymczak and Gorny, 2010). 
The bacterial isolates which includes: Staphylococcus sp, E coli, Serratia sp, Bacillus sp, Enterobacter sp, Micrococcus sp, Salmonella spp. and Klebsiella sp were all isolated in all the sites except Serratia sp which was only isolated in the Ozuoba poultry farm. The presence of these organisms could be due to contamination from outside the environment which may have been introduced during the feeding of the birds. The frequency of occurrence of bacterial isolates showed that the most frequently occurring bacterial isolates were E. coli while Bacillus sp was the second most occurring isolates. E. coli are total coliforms whose presence in an environment is a confirmation of faecal contamination of that environment especially since they reside in the intestines of animals (Prescott et al., 2011). Thus, their dominance could be attributed to the high level of faecal matter that was dispersed by the birds. Moreover, Bacillus sp is known to be widely distributed in the environment and could withstand different environmental conditions due to the production of endospores (Prescott et al., 2011). This no doubt could have aided their dominance. The findings in this study contradict the report by Makut et al. (2014) who reported that Staphylococcus sp was more prevalent, although, theirs was mostly on the outside environment. The bacterial isolates such as Staphylococcus sp, Micrococcus sp, and Klebsiela sp in this current study agree with those reported in previous studies (Udu-ibiam et al., 2016; Makut et al., 2014). The bacterial isolates isolated in this current study were found to be in line with the work of Makut et al., (2014), and Gorny, (2004) who also isolated the said organisms in their various study of air quality.

The fungal isolates in this current study except for Microsporum and Cryptococcus sp have been reported in indoor air in previous studies (Latika and Ritu, 2011; Udochukwu et al., 2015; Udu-ibiam et al., 2016; Makut et al., 2014). Aspergillus sp., Rhizopus sp., Fusarium sp., and Penicillium sp. isolates from this investigation also supported those from Karwowska (2004), who documented the organisms' existence in air. Bacillus sp, E. coli, Micrococcus sp, Staphylococcus sp, Rhizopus, Aspergillus, Penicillium, and Fusarium were reported in a previous study (Wójcik et al., 2010) and this study as well. The release of these potentially pathogenic organisms from the poultry farm to the outside environment can serve as a source of air pollution. Microbial population and types in the poultry emissions is also an indication of the sanitary conditions of the environment (Wang et al., 2024)
The microorganisms such as E. coli, Staphylococcus sp, Klebsiella sp, and Aspergillus sp isolated in this study have been reported to be associated with many health issues ranging from gastroenteritis, boils, urinary tract infections to pulmonary diseases and toxigenic illnesses (Prescott et al., 2011). Fusarium sp are known as pathogens of plants and animals. They are pathogenic, toxigenic, and saprophytic but do not exhibit phytopathogenic, dermatophyte or antibiotic-producing traits(Disegha et al., 2024) Cryptococcosis is a pulmonary disease that is caused by Cryptococcus sp while Aspergillus sp is an opportunistic pathogen, capable of the production of toxins which causes pulmonary aspergillosis, especially in immune-compromised persons (Prescott et al., 2011). Penicillum spp produce mycotoxins which causes invasive diseases (Wang et al., 2024). The presence of these organisms in the air could predispose people within or around this environment to danger and an increased number of poultry farms in a geographical area could mean that the environment could be heavily polluted with microorganisms generated by poultry farms. This concurred with Udu-ibiam et al., (2016), who believed that hatchery and poultry operations release a significant amount of bioaerosol into the atmosphere, affecting the outdoor environment's microbiological air quality. Recent production scale improvements have also shown that workers in these industries and those in the surrounding area are exposed to high levels of bioaerosol, which raises the risk of disease, particularly in immunocompromised people. More fungal populations and types were recorded in the farm pens than in the house. This may be due to the activities going on in the pens and the influence of the surrounding air from outside.
Previous research has also shown the potential health risk caused by high contaminant levels in poultry houses to men and farm animals (Wang et al., 2024). Continuous exposure to an environment with high populations of bioarosol could lead to several health effects such as respiratory tract infections, cerebrovascular and cardiovascular diseases (Wang et al., 2024). 
Antibiogram of Bacterial Isolates
The results of the antimicrobial susceptibility showed that ciprofloxacin was the most potent antibiotic. It completely inhibited the growth of the bacterial isolates. Ciprofloxacin is among the fluoroquinolone antibiotics that possess broad-spectrum activities (they possess bactericidal effects on both Gram-negative and Gram-positive bacteria). According to The American Society of Health-System Pharmacists (2015), ciprofloxacin is used for the treatment of different forms of infections such as endocarditis, respiratory infections, urinary tract infections, cellulitis, gastroenteritis, and lots more. Thus, this statement is in agreement with the findings in this current study as the Ciprofloxacin antibiotic was completely sensitive against all the bacterial isolates in this study. The effects of Ciprofloxacin on some bacterial isolates known to cause infections have been reported in a previous study (Wemedo and Robinson, 2018). The ciprofloxacin antibiotic like other fluoroquinolones functions by inhibiting the DNA gyrase and type II topoisomerase and topoisomerase IV which is needed to unwind the DNA of the bacteria (Pommier et al., 2010). Gentamycin was also very sensitive to Enterobacter sp, Serratia sp, E. coli, Klebsiella sp, Bacillus sp, and Micrococcus sp. Although, they were not completely sensitive to Staphylococcus sp as 40% resistance was recorded. This contradicts reports of previous studies of the complete sensitivity of gentamycin to Staphylococcus species (Smolinski et al., 2003; Caroline et al., 2013). The resistance of Staphylococcus species to gentamycin in this study is higher than the 28.6% reported by Shittu and Lin, (2006). Gentamycin belongs to the aminoglycoside antibiotics that function by binding to the 30S ribosomal subunit thereby disrupting the proof-reading functions which leads to the synthesis of toxic proteins caused by wrong interpretation of the mRNA (Tom et al., 2011).

Generally, it was observed that the bacterial isolates in this study were multi-drug resistant. Continuous exposure of antibiotics to these bacterial isolates especially including them in animal feeds would have increased their level of resistance which may have led to the multi-drug resistance observed in this study. This statement agreed with Obire et al. (2009) who stated that continued exposure as a result of self-medication could lead to a proliferation of multi-drug resistant bacteria isolates. Furthermore, the alteration of antibiotic target sites by bacteria could lead to resistance to antibiotics to which they were sensitive especially when the target site where the antibiotics bind has been altered; the antibiotics may not have any known impact on the bacteria. Other methods that could increase resistance to antibiotics include the production of inactivating enzymes that hydrolyse the active component of the antibiotic (an example of an inactivating enzyme is beta-lactamase) (Tom et al., 2011).

Conclusion
Based on the results from this study, the microbial counts in the living house and the pen varied based on feeding times, and higher microbial counts were associated with the activities of the birds in the pen after feeding. The bacterial and fungal isolates in this study are among those commonly isolated from the air as well as those associated with poultry. The hygiene and sanitary conditions of the farms could affect the microbial types and population in the environment. This study has revealed the bacterial and fungal populations and the types of microorganisms in the environment. The following microbial groups were identified: Bacillus, Salmonella, Enterobacter, Klebsiella, Micrococcus, Serratia, Staphylococcus, E. coli, Mucor, Aspergillus, Fusarium, Microsporum and Penicillum. Results showed that E. coli was the most dominant bacterial isolate followed by Bacillus spp. while Serratia was the least occurring bacterial isolate. The most dominant fungal isolates were the Aspergillus spp. Some of the isolates identified are potential pathogens and toxigenic species that may affect the health of the farm workers. Higher microbial counts were recorded in the poultry pens than in the farm houses more varieties of organisms were also observed in the pens than indoors living rooms.  

This study has also shown high antimicrobial resistance amongst bacterial isolates which is a problem since bacterial isolates may not be treatable with these drugs. A high resistance (80-100%) to Augmentin, ceftazidime, and cefuroxime was observed for the Gram-positive and negative isolates. Additionally, S. aureus, E. coli, Serratia, Klebsiella, and Micrococcus spp. exhibited multidrug resistance.
Regular monitoring of the microbiological air quality of the farms is recommended in order to put control measures to prevent air pollution, To reduce risks of inhalation problems, facemasks should be worn at all times inside the poultry, this no doubt would prevent respiratory infections and inhalation of gaseous substances which could predispose one to illness.
Further study is required to develop strategies for proper control and prevention of these bioaerosols in the environment of the poultry farm.
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