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ABSTRACT

Cleaning and disinfection are essential parts of farm management biosecurity. The present study aimed to
evaluate the presence of opportunistic bacteria on environmental surfaces and equipment in broiler houses on
Day O, just prior to the arrival of day-old chickens. Samples were collected from nine broiler houses, located
on different farms in two provinces in Southern Vietnam. Five swab samples were randomly collected from
each house, focusing on ceiling and wall surfaces, fan blades, feeders, and drinkers’ heaters. Each
environmental sample was analyzed for coliform and Staphylococcus aureus (S. aureus) counts and for the
presence of Clostridium perfringens (C. perfringens). Before placing chickens in the houses, samples were
collected from 10-day-old chickens on each farm. Feather swabs were collected from the body surface for
Escherichia coli (E. coli), Salmonella species, and S. aureus, while yolk samples were screened for E. coli and
Salmonella species. High bacterial loads were detected in all environmental samples. Specifically, coliform
and S. aureus counts reached 6 logy, CFU/cm? from ceilings and walls. Additionally, equipment surfaces
demonstrated substantial bacterial contamination, with counts of 6-11 log;q CFU per feeder or drinker, 9-11
log,o CFU per fan blade, and 6-10 log,q CFU per heater. Clostridium perfringens was found on environmental
surfaces and equipment in most broiler chicken houses, except for houses 1, 3, and 5, and in a feather sample
from a day-old chick. Escherichia coli was identified in all chicken samples. Salmonella spp. were found in
the yolk samples at six out of nine farms (66.7%), whereas S. aureus was isolated from 17 of 18 feather
samples (99.4%). The presence of these enteric bacteria and S. aureus on the environment and equipment
surfaces indicated that microorganisms from the previous flock persisted despite thorough cleaning and
disinfection. This residual contamination indicated that bacteria persisted mainly during the broiler cycle due
to insufficient environmental sanitation and the presence of already infected chickens. The current results
demonstrated that existing disinfection methods are insufficient to protect newly stocked flocks. These
findings underscore the need for improved hygiene standards to reduce the prevalence of zoonotic pathogens
in poultry production.
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INTRODUCTION

Effective cleaning and  disinfection are  essential
procedures in farm biosecurity. Facilities and equipment
are thoroughly sanitized between rotations to eliminate the
risk of pathogen transmission to new flocks. The purpose
of cleaning and disinfection is not solely to protect young
chickens from infection risks but also to mitigate antibiotic
use in disease control (Dhaka et al., 2023; Pinto Jimenez et
al., 2023). Chickens are susceptible to infections from
hens through wvertical and horizontal transmission
pathways (Oikarainen et al., 2019; Shaji et al., 2023).

Infections and contamination can occur at hatcheries and
during transportation (Khan et al., 2022). Furthermore, the
internal farm environment serves as a significant reservoir
of bacterial pathogens that can infect chickens
immediately after placement (Zhai et al., 2020). The
effectiveness of routine cleaning and disinfection in
removing residual bacteria from broiler houses before
chick placement and its impact on the microbial status of
day-old chickens (DOCs) remain poorly characterized.
Therefore, ongoing dependence on early antibiotic use,
especially in developing countries, not only harms the
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young chickens' health but also worsens the global
problem of antimicrobial resistance (Liang et al., 2023;
Ibeagha-Awemu et al., 2025). Thus, a risk-based approach
was used to select representative bacterial indicators and
pathogens associated with poultry to evaluate residual
contamination and potential early-detection exposure. The
current study aimed to evaluate bacterial contamination in
farm environments and equipment just before chicken
placement, as well as to screen newly arrived chickens for
prevalent bacterial pathogens, thereby clarifying potential
early transmission routes within the broiler production
cycle.

MATERIALS AND METHODS

Ethical approval

All animal procedures were approved by the Animal
Ethics Committee at Nong Lam University, Ho Chi Minh
City, Vietnam (Approval number: NLU 250429).

Study locations

Samples were collected from nine broiler houses
across nine different farms located in two Southern
provinces of Vietnam from 2020 to 2022. Each house had
a capacity of 50,000 to 150,000 broiler
chickens per rotation and was equipped with evaporative
cooling systems. All farms were managed in accordance
with comparable commercial biosecurity protocols,
including controlled access, routine sanitation procedures,
and standardized flock management practices. The houses
remained empty for 2 to 3 weeks following depopulation,
during which thorough cleaning and disinfection were
carried out. A double disinfection process was applied;
either formaldehyde or glutaraldehyde was used, followed
by a thorough rinse and then dried for a few days. Rice
husk bedding was placed, and clean equipment was set up.
The houses were then either disinfected with a mixture of
formaldehyde and KMnQ, or sprayed with glutaraldehyde.
The facilities remained sealed until the arrival of the new
batch. According to farm records, no major disease
outbreaks were reported before the preceding production
cycle, and antibiotics were used only for therapeutic
purposes rather than routine prophylaxis. Cleaning and
disinfection were conducted following the farm's routine
protocols and carried out by the farm's staff.

Environmental and equipment sampling

Sampling was conducted on-site on the day of chicken
arrival. Samples from the environment and equipment
were collected approximately 2-6 hours before the houses
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were refilled with the new broiler chicken stocks. From
each house, five pooled swab samples were collected from
ceilings and walls, feeders, drinkers, fan plates, and
heaters. Each surface was swabbed using sterile medical
gauze pre-moistened with a portion of 100 mL of sterile
saline (Schott bottle). After sampling, each gauze was
placed back into the original bottles, which included 100
mL. This method kept the total bacterial recovery volume
consistently at 100 mL. Sampling was standardized across
all farms to ensure consistency. Specifically, three 10 cm x
15 cm center areas of the ceiling and the two walls that did
not mount fans or cooling pads were swabbed and pooled
as a single sample. The surfaces of two random feeders
and two drinkers were entirely swabbed inside and
outside. Ventilation fans were sampled by swabbing the
entire blade surface. Similarly, the entire surface of the
heaters was swabbed. The five bottles containing swab
samples were placed in an ice box maintained at 4-8°C
and transported to the laboratory immediately after
sampling. Samples were analyzed within 12 hours upon
arrival at the laboratory.

Sampling newly arrived chickens

Upon arrival at each farm, and prior to placement in
the houses, 10 chickens were randomly selected from
different transport crates. The selected chickens were
divided into two groups of five chickens, placed in
separate clean containers, and transported to the
laboratory. A total of 90 chickens (10 per farm) were
euthanized by cervical dislocation. For every group of five
chickens, a pooled feather sample was collected by
swabbing the entire body surface of all five chickens using
sterile gauze pre-moistened with 10 mL of saline.
Following body surface sampling, the abdominal cavity of
each chicken was opened to aseptically remove the entire
yolk. Five yolks from each group were pooled into a
sterile zipper bag. As a result, two pooled replicates for
feathers and two for yolk samples were collected from
each farm.

Sample processing and bacterial culture

For the house and equipment surface samples,
coliforms (common enteric Gram-negative indicators) and
S. aureus (common Gram-positive pathogens in young
chickens) were determined. Each bottle containing swab
samples was vortexed. Serial ten-fold dilutions of each
sample were prepared in sterile saline using 1.5-mL sterile
Eppendorf tubes. Microbial counts were performed using
the drop technique as described by Wang et al. (2002).
Four consecutive dilutions (10™-10*) were prepared for
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each sample. Each dilution was inoculated in triplicate
with 10-uL drops onto selective agar plates. After
incubation, identified colonies were counted from the
highest countable dilution. The average count from the
three replicates was used to calculate the bacterial loads,
with results expressed as log;, CFU (Colony-Forming
Unit; Maturin and Peeler, 2001). MacConkey agar
(CM007, Oxoid Ltd., UK) and mannitol salt agar
(CMO0085, Oxoid Ltd., UK) were used for the detection of
coliforms and S. aureus, respectively. The plates were
incubated aerobically for 24 hours, and colony
morphology was assessed according to the standard
microbiological criteria described by Maturin and Peeler
(2001). On MacConkey agar, coliform colonies were
typically pink to red. Staphylococcus aureus  was
presumptively identified on Mannitol salt agar by the
formation of yellow colonies with a yellow halo. Bacterial
counts for the ceiling and wall samples were calculated
and reported as logi CFU/cm?. Bacterial counts of fans,
feeders, and drinkers were expressed as log;, CFUs per
item. Additionally, the presence of C. perfringens in the
surface samples was examined by plate-plating 10
microliters of each sample onto tryptose sulfite cycloserine

(TSC) agar (M8371, Himedia Laboratories, India)
containing TSC  supplement (FDO14, Himedia
Laboratories, India). The plates were anaerobically

incubated at 37°C for 48 hours.

Detection of Salmonella colonies was carried out
according to Vietnamese National Standard 10780-1
(2017), with minor modifications. Briefly, yolk samples (a
pool of five) were homogenized, and 25 g was transferred
into 225 mL of sterile buffered peptone water (RMOO01,
HiMedia Laboratories, India) for pre-enrichment.
Similarly, feather samples were diluted 1:9 (v/v) in
buffered peptone water, homogenized, and incubated at
37°C for 18 hours. One milliliter of each pre-enriched
culture was transferred into 10 mL of tetrathionate broth
(Oxoid, CM0029) and 0.1 mL into 10 mL of Rappaport-
Vassiliadis enrichment broth (CM0669, Oxoid Ltd., UK).
The inoculated tetrathionate broth and Rappaport—
Vassiliadis enrichment broth cultures were incubated for
24 hours at 37°C and 41.5°C, respectively. Each
enrichment was then streaked onto a xylose-lysine-
desoxycholate agar plate (CM0469, Oxoid Ltd., UK) and
incubated at 37°C for 24 hours. Two red colonies with
black centers from each plate were inoculated into triple
sugar iron (TSI) agar slants (103915, Merck KGaA,
Darmstadt, Germany) at 37°C for 24 hours. Typical
Salmonella spp. positive TSI reactions were characterized
by a red slant, a yellow butt, and blackening due to H,S
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gas production. For E. coli detection, yolk and feather
samples underwent pre-enrichment in peptone water.
Following pre-enrichment, the samples were streaked onto
eosin methylene blue agar (101347, Merck KGaA,
Darmstadt, Germany) and incubated aerobically at 37°C
for 24 hours (Lal and Cheeptham, 2007). Typical dark
purple colonies with a green metallic sheen were
subsequently tested with the IMViC biochemical test
series for E. coli (Powers and Latt, 1977; MacWilliams,
2009; McDevitt, 2009).

Statistical analysis

Data were analyzed descriptively, and no statistical
comparisons between farms or surface types were
conducted due to the observational nature of the study and
heterogeneous sampling units.

RESULTS

Detection of bacteria from environmental and
equipment

The results of bacterial recovery from the house
environment and the equipment of each farm were
summarized in Table 1. High numbers of coliforms and S.
aureus were detected across all samples and farms. In the
ceiling and wall samples, coliform counts ranged from 4.4
to 6.8 logs CFUs/cm?, while S. aureus levels ranged from
4.6 t0 6.6 log;o CFUs/cm?. Median coliform and S. aureus
count on feeders reached 8.2 and 8.4 log;, CFU/item,
respectively. Samples from the drinkers yielded similar
results, with coliforms ranging from 6.6 to 9.8 logy
CFUlitem and staphylococcal counts ranging from 6.7 to
11.1 log,o CFU/item. High bacterial loads were recovered
from ventilation and heating equipment samples. On fan
blades, coliform and S. aureus counts ranged from 5.8 to
10.9 log,y CFU/item, with a median of 8.1-8.2. Samples
from heaters indicated counts between 6.6 and 11.1 logig
CFUl/item for S. aureus and 6.8 to 9.3 logio CFU/item for
coliforms, with a median value of 8.1 for both bacterial
groups. Clostridium perfringens was not detected in
samples from farms 1, 3, and 5. However, C. perfringens
was detected in all samples from farm 7 and was
recovered from multiple equipment surfaces in five
additional farms (2, 4, 6, 8, and 9), while farms 1, 3, and 5
were negative, among a total of nine farms examined.

Bacterial detection from new flocks

Salmonella spp. were found in at least one sample
type across six farms. The analysis of 18 feather pools
indicated that E. coli was present in all samples (18/18),
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while S. aureus was detected in 94.4% (17/18) of samples
(Table 2). Staphylococcal loads on feathers ranged from
4.0 to 6.0 logyy CFU/sample. A single pooled feather
sample tested positive for C. perfringens. Notably, eight
feather samples from six farms contained three different
bacterial groups at the same time. Regarding internal
bacterial colonization, E. coli was isolated from 100%

(18/18) of the pooled yolk samples. Furthermore, E. coli
and Salmonella spp. were detected in 61.1% (11/18) of
yolk pools originating from six different farms. These
findings demonstrated that broiler chickens were
significant carriers of opportunistic pathogens upon
arrival, with contamination localized both externally on
feathers and internally within the yolk samples.

Table 1. Bacterial load recovered from facility and equipment surfaces across nine broiler chicken farms in two Southern

provinces in Vietnam from 2020 to 2022

Samples/ Farm Farm Farm Farm Farm Farm Farm Farm Farm Mi .

Bacteria 1 5 3 4 5 6 7 8 9 in Max Median

Ceiling and wall samples (logy, CFUs/cm?)
Coliforms 44 6.5 45 6.8 49 6.1 6.3 5.6 6.5 4.4 6.8 6.2
S. aureus 5.5 6.5 4.6 6.2 6.6 6.4 6.6 5.4 6.4 4.6 6.6 6.4
C. perfringens - - - - - Yes Yes Yes Yes

Feeders (logyg CFU/item)
Coliforms 7.8 9.0 9.2 7.0 7.3 9.5 6.7 9 7.0 6.7 9.5 8.2
S. aureus 6.8 8.1 9.4 10.5 8.0 8.5 8.0 9.1 8.2 6.8 105 8.4
C. perfringens - - - Yes - Yes Yes Yes Yes

Drinkers (logyy CFU/item)
Coliforms 6.6 8.2 7.2 7.8 9.1 8.3 9.8 8.3 9.1 6.6 9.8 8.3
S. aureus 8.0 7.7 6.8 6.7 7.2 7.6 8.4 11.1 7.9 6.7 111 7.7
C. perfringens - - - Yes - - Yes Yes -

Fans (log;o CFU/item)
Coliforms 5.8 8.4 8.3 7.2 9.4 6.8 10.5 6.7 8.0 58 105 8.2
S. aureus 6.8 8.2 9.0 7.2 10.9 6.3 10.5 7.5 8.0 6.3 109 8.1
C. perfringens - Yes - Yes - - Yes - Yes

Heaters (log;, CFU/item)
Coliforms 7.7 8.7 8.1 6.8 6.9 8.2 8.0 9.3 8.0 6.8 9.3 8.1
S. aureus 7.7 8.3 8.0 6.6 8.9 7.8 7.1 111 8.2 6.6 111 8.1
C. perfringens - Yes - Yes - Yes Yes Yes -

C. perfringens: Clostridium perfringens, S. aureus: Staphylococcus aureus, Min: Minimum, Max: Maximum

Table 2. Bacterial detection from yolk and feather wash from day-old chickens across nine broiler chicken farms in two

Southern provinces in Vietnam from 2020 to 2022

Samples/Bacteria

Number of positive samples Number of positive farms*

(N: 18) (N:9)
Feather wash
Salmonella spp. 7 (38.9%) 5 (55.6%)
E. coli 18 (100.0%) 9 (100.0%)
C. perfringens 1 (5.6%) 1 (11.1%)
S. aureus 17 (94.4%) 9 (100%)
E. coli and S. aureus 10 (55.6%) 3 (33.3%)
Three groups of bacteria 8(44.4%) 6(67.7%)
Salmonella, E. coli, S. aureus 7 (38.9%) 5 (55.6%)
E. coli, C. perfringens, S. aureus 1 (5.6%) 1(11.1%)
All four groups 0 (0.0%) 0 (0.0%)
Yolk samples
Salmonella spp. 11 (61.1%) 6 (66.7%)
E. coli 18 (100%) 9 (100.0%)
Salmonella and E. coli 11 (61.1%) 6 (66.7%)

* Each farm had two pooled samples of five chickens. C. perfringens: Clostridium perfringens, E. coli: Escherichia coli, S. aureus: Staphylococcus aureus
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DISCUSSION

Coliforms and E. coli have been used as microbial
indicators for assessing the potential presence of fecal
pathogens (Li et al., 2021). The coliform group includes
lactose-fermenting members of the Enterobacteriaceae.
Although coliforms are not inherently pathogenic, elevated
coliform counts indicate inadequate hygiene practices
(Center for Food Safety, 2017). Staphylococcus aureus is
prevalent in poultry facilities and hatcheries and is also a
common commensal of the skin and upper respiratory tract
mucosa. Additionally, S. aureus can be found in litter,
dust, drinking water, air, and on farm equipment (Matos et
al., 2024). Staphylococcus aureus can cause infection by
entering through damaged skin or mucous membranes, or
by infecting the vulnerable, unhealed navels of recently
hatched chickens (Shaheen et al., 2024). Staphylococcosis
in young chickens is typically characterized by localized
infections, including arthritis, tenosynovitis, osteomyelitis,
and omphalitis (Matos et al., 2024). In poultry, infections
are often caused by opportunistic bacteria, including
Gram-negative species such as Pseudomonas spp., Proteus
spp., and different coliforms, as well as Gram-positive
species such as Staphylococcus and Enterococcus (Crespo,
2024).

The high levels of coliforms and S. aureus found in
all surface samples during the present study, particularly
on feeders and drinkers, suggested inadequate cleaning
and disinfection. Additionally, the present findings
indicated the probable presence of other pathogens from
the previous contaminated batch. An environment and
equipment that were not properly cleaned might serve as a
major source of pathogens from the previous batch,
allowing bacteria and fungi to proliferate and increasing
the risk of disease exposure to the new flock (Liu et al.,
2025). Bacteria readily form biofilms on internal surfaces
and equipment, complicating cleaning and disinfection
efforts and leading to persistent contamination and a
higher risk of pathogen transmission to farms (Donlan,
2002).  Campylobacter  spp., Salmonella  spp., E.
coli and coliforms, Staphylococcus spp., Enterococcus
spp., and Clostridium spp. are among the major biofilm-
producing pathogenic bacteria in poultry farms (Butucel et
al., 2022). Clostridium perfringens is a spore-forming
bacterium that can survive for long periods in different
environmental conditions. Van Immerseel et al. (2004)
noted that chickens can be infected by C. perfringens from
a contaminated environment in the house, and it is
recognized as the primary etiological agent of necrotic
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enteritis, a disease that can lead to higher mortality and
significant subclinical production losses in poultry.

Day-old chickens have been identified as the primary
vectors for carrying pathogens into production facilities
(Moreno et al., 2019). In the present study, the recovery
rates of E. coli and Salmonella spp. from yolk samples
were remarkably high. Echershia coli was detected from
the yolk samples of all nine farms, and Salmonella spp.
was found from the samples of six farms. Staphylococcus
aureus was present in nearly all feather samples (17/18).
Infected chickens can carry microorganisms that rapidly
transmit these pathogens to other members of the same
flock, thereby contaminating the housing environment and
equipment.

Although mortality and causes depend on multiple
factors, colibacillosis, aspergillosis, and salmonellosis
were identified as the main causes of early chickens’ death
(Yadav et al., 2024). Crespo (2024) reported that yolk
infection, known as omphalitis, is a frequent cause of
death in newly hatched chickens, with mixed infections
often observed. Escherichia perfringens and Enterococcus
faecalis account for approximately 50% of omphalitis-
related mortality during the first week of life in chickens.
Salmonella enteritidis and E. coli strains can be
transmitted vertically from infected or carrier hens and are
present in egg Yyolk, the vitelline membrane, and the
albumen (Oikarainen et al., 2019; Shaji et al., 2023). Fecal
contaminants on the egg surface can penetrate through the
eggshell pores (Trudeau et al., 2020). An investigation in
Nigeria reported the isolation of E. coli and Salmonella
spp. from 54.4% and 10.3% of yolk samples, respectively
(Okorie-Kanu et al., 2016). Salmonella spp. was isolated
from the yolks of 5.2% of DOCs in a study conducted in
Korea (Im et al., 2015) and from 5.3% of DOCs in Kosovo
(Hulaj et al., 2016).

Hatcheries are known to contribute to the spread of
Salmonella spp., other pathogens, and antibiotic-resistant
bacteria across farms (Wales and Davies, 2020).
Congenitally infected chickens can readily spread the
organisms to other chickens in the same hatch,
contaminate the hatchery environment, and transportation
containers (Khan et al., 2022). Moosavy et al. (2015)
reported cross-contamination between contaminated and
non-contaminated eggs in hatcheries. Additionally, Khan
et al. (2022) reported the detection of Salmonella spp. in
sources such as eggshell fragments and chicken fluff from
hatcheries. Furthermore, hatching facilities are considered
a reservoir for transmission of  antimicrobial-
resistant bacteria (ARM) and resistance genes (Osman et
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al., 2018). Marin et al. (2011) reported that delivery-box
liners and feces were the leading sources of Salmonella
spp. in Spanish broiler houses, with contamination rates of
32.0% and 31.2%, respectively. Marin et al. (2011)
indicated that the house environment following cleaning
and disinfection, the arrival of infected DOCs, and feed
contamination within feeders were the main risk factors
associated with Salmonella presence in flocks at the end of
the production cycle.

The combination of transport-related  stress,
adaptation to new housing, and the possibility of
congenital or post-hatch infection may explain the high
level of anxiety surrounding disease transmission in
poultry operations. Thus, preventive use of antibiotics in
young chickens is a widespread practice in commercial
poultry farming, especially in developing countries (Liang
et al., 2023). However, early antibiotic administration has
been shown to disrupt gut microbiota development and
promote antimicrobial resistance (Liang et al., 2023;
WHO, 2023). In aOne Healthapproach, reducing
antimicrobial reliance in poultry production depends on
preventive strategies such as improved hygiene,
biosecurity, vaccination, and the use of alternatives to
antibiotics (WHO, 2023; Ibeagha-Awemu et al., 2025). It
has been indicated that enhanced farm biosecurity was
associated with reduced antimicrobial use. Furthermore,
enhancing farm biosecurity measures, especially in lower-
and middle-income countries, was emphasized. Effective
cleaning and disinfection are critical measures to reduce
the incidence of infections and reduce antibiotic use
(Dhaka et al., 2023; Pinto Jimenez et al., 2023).

CONCLUSION
The current results demonstrated that, despite the
implementation of comprehensive cleaning and

disinfection protocols before the arrival of the new flocks,
substantial populations of coliforms and opportunistic
pathogens, such as Staphylococcus spp. and C.
perfringens, persisted in the housing environment and on
equipment surfaces. Additionally, day-old chickens were
identified as carriers of Salmonella spp. and other
opportunistic pathogens upon their arrival at the farms.
Mitigating early-life mortality and improving performance
in  poultry production requires a comprehensive
biosecurity approach across breeder farms, hatcheries, and
commercial facilities. Future studies should focus on long-
term monitoring of pathogen persistence over multiple
production cycles. Additionally, assessing improved
sanitation practices and hatchery-level interventions,
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combined with molecular epidemiological tools, would be
crucial for gaining a clearer understanding of
contamination sources and transmission pathways.
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