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Abstract

Microbial analysis was carried out to determine the Salmonella and Fungi concentration within the
aerosol of Captain Elechi Amadi Polytechnic Poultry Farm, Rumuola, and employing sedimentation
technique for two sessions daily during the study period. The average range of Salmonella concentration
in the indoor analysis is 6.6 x 101 cfu/m3 to 4.41 x 102 cfu/m3 (morning session) and 4.25 x 105 cfu/m3
to 9.4 x 105 cfu/m3 (afternoon session), while the outdoor air analysis ranged from 6.0 x 102 cfu/m3 to
6.39 x 105 cfu/m3 (morning session) and 8.0 x 103 cfu/m?3 to 1.61 x 104 cfu/m?3 (afternoon session). The
average fungal count in the indoor air analysis ranged from 4.4 x 102cfu/m3 to 2.0 x 104 cfu/m3 (morning
session) and 2.6 x 102 cfu/m3 to 1.0 x 10* cfu/m3 (afternoon session). The average fungal count for
outdoor air analysis ranged from 4.2 x 102 cfu/m3 to 1.2 x 103 cfu/m3 (morning session) and 9.7 x 102
cfu/m3 to 1.2 x 105 cfu/m3 (afternoon session). The results obtained from the poultry farm shows that
few values are outside the recommended limit of 5000 cfu/m3. Hence, reqular orientation and sanitation
is needed, particularly in a post COVID-19 era as this will reduce the risk of possible infection and
health hazards to the poultry users.
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INTRODUCTION

A poultry farm is a place where domestic birds such as chickens, ducks and turkeys are raised
for commercial purposes or for food. Poultry farming has recently become a popular
substitute for beef in response to the public concern over dietary fats. Its need has been on the
rise and this rise in the need for protein supplements in human and animal diets, has brought
about a drastic rise in poultry farms in order to meet the needs and this has necessitated the
need for effective management ranging from adequate housing and waste management to
efficient supply of ventilation to the poultry houses (Karwowska, 2005).

Airborne microorganisms are abundant in the air of livestock houses. They can cause
detrimental effect on the health of both the farmers and animals and can be responsible for
infectious and non-infectious diseases (Bonlokke et al., 2009). Although most airborne
microorganisms in livestock houses are non-pathogenic, airborne pathogens can be found in
small concentrations (Seedorf et al., 1998) reported a concentration of total airborne bacteria
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of 6 log colony forming unit (cfu) per m3 in broiler houses, whereas the levels of
Enterobacteriaceae (a family which include pathogenic species) were 3 log cfu per m3. When
pathogens are zoonotic and airborne transmittable, long-distance transmission to nearby
farms can occur and the health of not only the farmers but also the people living near the
livestock hoses may be threatened (Radon et al., 2007).

Salmonella species are responsible for a variety of acute and chronic diseases in both poultry
and human (Acha, 2003). Infected poultry products are among the most important sources of
food-borne outbreaks in humans. Isolation of Salmonella is reported more often from poultry
and poultry product than from any other animal species. A common concern of the poultry
industry is the presence of fungal pathogens in the bird’s environment, which may constitute
a considerable health hazard to the birds, poultry farmers and those living in the proximity of
the farm (Lonc and Plewa, 2009). Production that deals with large densities of animals in small
areas is a significant source of mycoflora air contamination that may constitute a considerable
risk which may also transfer different micro-organisms from one livestock to another or from
a livestock to the farmer and those living in the proximity of the farm (Sikorska, 2006).

Hazardous effects of microorganisms on human, animals and plants health can be minimised
by monitoring the quality of air to know the diversity, abundance and variation according to
seasonal changes. Nevertheless, to determine whether a certain airborne pathogen can
furthermore cause infection, not only its presence, but also its concentration in the air is
necessary (Blackall et al., 2010).

The day-by-day changing atmosphere affect the quality of air, reasoned due to changes in its
biological and non-biological components. Continuous air sampling is needed, the
concentrations of mycoflora in the indoor air are significantly correlated with the indoor
temperature, indoor relative humidity and the outdoor climatic factors. Sikorska (2006)
analysed mycoflora air contamination in poultry houses and found that the main sources of
microbes are birds, feeds, litter and droppings and that microbial counts are affected primarily
by the efficiency of a ventilation system and air dustiness.

Recent advances in the scale of production have demonstrated that poultry farms, farmers
and those living in the proximity of the farm are exposed to large quantities of fungi which
possess a potential risk for diseases, especially among immune-compromised individuals.
(Karwowska, 2005). Numbers of syndromes have been recognised in workers in the intensive
poultry industries which range from an acute syndrome, which develops within few hours to
days of exposure to the bird’s houses, and is accompanied by a variety of clinical signs
including lethargy, headaches, joints and muscles aches (Donham et al., 2000). Both viable
forms of these fungi and their metabolites (mycotoxins) may cause a number of disorders in
birds and poultry breeding workers, concerning mainly the respiratory tract such as mucus
membrane irritation, invasive mycoses of lungs, allergic rhinitis, allergic pulmonary alveolitis,
asthma and skin diseases (Dutkiewiez et al., 1999).

Due to limited information or limits for the microbiological quality of air in a human
environment, qualitative and quantitative information on the composition and concentrations
of micro-organisms in the air environment of human habitations at any point in time would
help a great deal in alerting the public of possible risk that maybe encountered by vulnerable
individuals (Lonc and Plewa., 2010). Therefore, there is then a need for assessment of
Salmonella and fungi air contamination in the Poultry Farm of Captain Elechi Amadi
Polytechnic, Rumuola, Port Harcourt.
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MATERIALS AND METHODS

The study was carried out in the Captain Elechi Amadi Polytechnic poultry farm, Rumuola,
Port Harcourt. For the purpose of this study, the Captain Elechi Amadi Polytechnic poultry
was divided into sampling points Indoor (front), Indoor (Middle), Indoor (End) and Outdoor

Salmonella -Shigella (SS) agar, a medium for Salmonella isolation was prepared according to
the manufacturer’s instruction. Sixty-three grammes (63g) were weighed and transferred into
250ml of conical flask and 1000ml of distilled water was added to it. The mixture was brought
to a boil with frequent agitation and allowed to simmer gently to dissolve the agar. The
mixture was cooled to about 45°C and about 20 ml was poured into Petri-dishes and allowed
to set. Sabouraud Dextrose Agar (SDA), a medium for fungi isolation was prepared according
to the manufacturer’s instruction. Sixty-five grammes (65g) of the medium was dissolved in
1000ml of distilled water and soaked for 10 minutes to be dissolved in a conical flask which
was stopped with cotton wool and aluminum foil. The medium was then autoclaved at 121°C
for 15 minutes, and allowed to be cooled up to 45°C, thereafter about 20ml of the medium was
dispensed into the Petri dishes and allowed to set.

The Petri dishes containing the medium were transported to the study area and were exposed
at each sampling point to the air for twenty minutes in sessions (morning and afternoon). The
same method was repeated in subsequent sampling, with the completion of media exposed
to the indoor and outdoor air of the poultry farm, the Petri dishes were kept in tight sealed
case and transported to the microbiology laboratory for incubation. The samples were
incubated at 37°C for 3-5 days. The average colony-forming units (cfu) of Salmonella and fungi
were calculated and converted to organisms per cubic meter of air (Stryjakowska-Sekulska et
al., 2007).

cfu/m3=a10000/p.t.0.2

Where

a = the number of colonies on the Petri dishes (plates)

p = surface of Petri dishes (plates)

t = the time of Petri dishes (plates) exposure.

RESULTS

The average Salmonella count obtained from the Captain Elechi Amadi Polytechnic poultry
farm is shown in Table 1. It also reveals the variation in fungi concentration between indoor
and outdoor air quality during each day of analysis. The count for the first sampling of indoor
air analysis of the poultry farm ranges from 6.6x10! cfu/m? (middle) to 3.19x102 cfu/m? (end)
for the morning session, and 4.39x103 cfu/m?3 (end) to 9.17x10% cfu/ m?3 (front) for an afternoon
session. The outdoor count ranges from 6.0x102 cfu/m3 (morning) to 8.0x10%cfu/m3
(afternoon). The count for the second sampling of indoor air analysis of the poultry farm
ranges from 6.25x10! cfu/m?3 (end) to 4.17x102 cfu/m?3 (front) for the morning session and
4.25x103 cfu/m?3 (front) to 7.64x10° cfu/m3 (end) for an afternoon session. The outdoor count
ranges from 6.38x10% cfu/m3 (morning) to 1.61x104cfu/m3 (afternoon). The count for the third
sampling of indoor air analysis of the poultry farm ranges from 4.11x102 cfu/m? (end) to
4.41x102 cfu/m3 (front) for the morning session, and 5.56x10°% cfu/m?3 (front) to 9.4x103 cfu/m?3
(end) for the afternoon session; the outdoor Salmonella count ranges from 4.72x103 cfu/m3
(morning) to 1.05x105cfu/m3 (afternoon).
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Table 1 Salmonella Concentrations within the air of Captain Elechi Amadi
Polytechnic Poultry Farm

Number of Sampling Sessions

Sampling Points Morning (cfu/m3)  Afternoon (cfu/m3)

First Indoor (front) 8.02x101 9.17x103
Indoor (middle) 66.2x10! 5.06x103
Indoor (end) 3.19x102 4.39x103
Outdoor 6.0x102 8.00x103

Second Indoor (front) 4.17x102 4.25x103
Indoor (middle) 2.78x102 6.39x103
Indoor (end) 6.25x10! 7.64x103
Outdoor 6.39x10°% 1.61x104

Third Indoor (front) 4.41x102 5.56x10%
Indoor (middle) 3.82x102 8.6x103
Indoor (end) 4.11x102 9.4x103
Outdoor 4.72x108 1.05x104

The average fungi count obtained from the Captain Elechi Amadi Polytechnic poultry farm is
shown in Table 2. It also reveals the variation in fungi concentration between indoor and
outdoor air quality during each day of analysis. The first sampling of indoor air analysis of
the poultry farm ranges from 4.4x102cfu/m3 (front) to 1.5x10%cfu/m? (end) for the morning
session, and 1.0x103cfu/m3 (front) to 1.2x103cfu/m? (middle) for an afternoon session. The
outdoor count ranges from 9.7x102 cfu/m3 (afternoon) to 1.0x10% cfu/m3 (morning). The
second sampling of indoor air analysis of the poultry farm ranges from 1.1x103 cfu/m3 (front)
to 5.0x10° cfu/m?3 (middle) for the morning sessions, and 5.0x10%cfu/m3 (front) to
8.0x10%cfu/m3 (middle) for an afternoon session. The outdoor count ranges from
4.2x102cfu/m?3 (morning) to 1.2x103cfu/m?3 (afternoon). The count for the third sampling of
indoor air analysis of the poultry farm ranges from 2.6x103cfu/m? (End) to 2.0x104fu/m?3
(middle) for the morning session, and 2.6x10%cfu/m3 (front) to 1.0x10*cfu/m?3 (end) for an
afternoon session. The outdoor fungi count ranges from 1.1x103cfu/m?3 (afternoon) to
1.2x10%cfu/m3 (morning).

Table 4.2 Fungi Concentrations within the Air of Captain Elechi Amadi Polytechnic
Poultry Farm

Number of Sampling Sessions

Sampling Points Morning (cfu/m3)  Afternoon (cfu/m3)

First Indoor (front) 4.4x102 1.0x103
Indoor (middle) 1.2x103 1.2x103
Indoor (end) 1.5x103 1.1x103
Outdoor 1.0x103 9.7x102

Second Indoor (front) 1.1x103 5.0x103
Indoor (middle) 5.0x103 8.0x103
Indoor (end) 4.0x10° 8.0x103
Outdoor 4.2x102 1.2x103

Third Indoor (front) 1.0x104 2.6x102
Indoor (middle) 2.0x104 9.0x103
Indoor (end) 2.6x103 1.0x104
Outdoor 1.2x108 1.1x103

1.26x108 CFU/m3 and 3.77x104 CFU/m3 , respectively

DISCUSSION

In the present study, the average Salmonella concentration in the indoor air analysis ranged
from 6.6 x 10 cfu/m?3to 4.41 x 102 cfu/m3 (morning session) and 4.25 x 103 cfu/m3 to 9.4 x 103
cfu/m?3 (afternoon session). Yasmeen et al. (2020) reported that the dark centered and off-white
colonies (Salmonella) were counted and on an average of 4.50x102+1.27x102 cfu/m?3, 2.70x102
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+3.82x102 cfu/m3 and 3.78x10%+5.35%103 cfu/m? respectively for three groups of analysis in a
poultry farm which are within the range observed in this study, while Matkovic et al. (2013)
reported 1.0x104 cfu/m3. However, Skora et al. (2016) reported a higher bacterial count of
3.2x10° cfu/ g in settled dust within the poultry. The study also revealed that the outdoor air
analysis around the poultry ranged from 6.0 x 102cfu/m?3 to 6.39 x 10%cfu/m?3 for the morning
session and 8.0 x 103 cfu/m3 to 1.61 x 104 cfu/m3 for the afternoon session. This was below the
value of 9.23x102 + 2.61x10° reported by Yasmeen et al. (2020).

The average fungal concentration in the indoor air analysis ranged from 4.4 x 102cfu/m?3 to
2.0x104cfu/m? for the morning session and 2.6x102 cfu/m?3 to 1.0x104cfu/m3 for the afternoon
session. Gorny et al. (2023) reported levels reaching 3.77x104 cfu/m3 in their study, while
Yasmeen et al. (2020) also reported a range of 2.88x103 cfu/m?3 to 4.89x104 cfu/m3. These counts
are within the ranges observed in Captain Elechi Polytechnic poultry farm. The average fungal
count for outdoor air analysis ranged from 4.2x102 cfu/m?3 to 1.2x10% cfu/m3 for the morning
session and 9.7x102 cfu/m3 to 1.2x103 cfu/m3 for the afternoon session, this was within the
range reported by Yasmeen et al. (2020) reported fungal counts for outdoor samples were
4.28%x10243.19x10! cfu/m3, 3.09%103+7.01x102 cfu/m? and 1.22x103 + 6.37%10! cfu/ms3.

Gorny and Dutkiewicz. (2002) recommended 5000cfu/m?3as one of the valuable proposals for
reference data called Residential Limit Values (RLV). It is observed that a few of the Salmonella
and fungal concentrations found in the Captain Elechi Amadi Polytechnic poultry farm
exceeded this limit (5000cfu/m?3). High values of the microorganisms concentration in the
poultry farm during the morning sessions can be explained by the fact that the poultry farm
is mostly polluted with particulate matter and harmful gases such as ammonia (NHs) which
is mainly caused by the birds decomposition, removal of birds faecal materials and litters
droppings (Sikorska, 2006); as well as sweeping of the poultry farm which is a main source of
microbiological contamination in the poultry farm (Wojcik, 2009).

During the afternoon session microbial air quality in the poultry farm is being affected due to
its biological and non-biological components and due to day-by-day atmospheric changes and
activities involved in and within the poultry farm (Lacey, 2007). Environmental conditions
such as temperature and relative humidity also affect the biological survival of
microorganisms (Cambra-Lopez et al., 2010). Salmonella spp. has been reported to survive
desiccation better than other Enterobacteriaceae (Carrique-Mas and Davies, 2008). During the
course of this study the poultry farm was observed to lack good ventilation even as the poultry
surrounding appears to be untidy. According to Jesse (2004), lack of proper litter
management, poor ventilation and environmental management practices will aid the increase
of microorganisms in the poultry farm; this would have influenced the variations experienced
during sampling periods.

Studies have shown that the presence of bacteria and fungi in facilities such as poultry farms
is natural as the facilities provide optimal environmental conditions that help to promote the
growth of microbes (Nonnenmann et al., 2010; Romanowska-Stomka and Mirostawski, 2009;
Vucemilo et al., 2008).

Goérny et al. (2023) stated that an assortment of physical, chemical, and microbiological
elements that make up the air is influenced by the quality of the air in processing plants. Also,
Jung et al. (2015) reported that some of the variables that affect indoor microbial air quality
include ventilation style, ambient air, soil, geographic location, sanitary practices, human
activity and microclimatic conditions (Jung et al., 2015). Airborne microbes are highly present
around the source (Burge, 2020). According to some research works these bioaerosols can
move to greater distances beyond geographical barriers. Another study also shows that
microbes from animals can disseminate up to 10 km range (Bai et al., 2022). Jerez et al. (2014)
have reported higher microbial count and more exposure of workers to bioaerosols with
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increasing age of birds. Poultry workers are likely to be exposed to high organic dust, hence,
there is an increased likelihood for the prevalence of various respiratory conditions such as
hypersensitivity pneumonitis, asthma and chronic bronchitis, asthma and have been
acknowledged among in sheep shearing workforce (Kasaeinasab et al. 2017).

Conclusion

This study investigated the Salmonella and fungi concentrations in the air within the Captain
Elechi Amadi Polytechnic poultry farm based on the sedimentation (open plate) technique.
The study therefore concludes that the concentrations of Salmonella and fungi were sometimes
higher than the recommended limit and there is variation in concentrations during the
morning and afternoon sessions. Also, the outdoor bioaerosols were higher than the indoor
bioaerosols. The study will act as baseline data for bioaerosols emissions from poultry farms
such as those found in Captain Elechi Amadi Polytechnic. It will also provide an evidence
base for the management and other operators to develop policies and mitigation strategies to
improve the environment for the birds and the health of poultry workers. Furthermore,
education of poultry workers as regards proper management and safety practices is key.
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