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A respiratory disease outbreak investigation was carried out from October to
December 2015 in three broiler farms and two hatcheries in Leyte. Three-to seven-
day-old chicks from farms were initially brought to CVM diagnostic laboratory for
necropsy and microbial analyses. Subsequent visits to hatcheries and farms were
made for random swabbing and sampling of physical facilities, equipment, vehicle,
unhatched eggs, 18-day old eggs, eggshells, and day-old chicks. Chick necropsy,
embryo examination, and bacteriological method for Mycoplasma, Escherichia coli,
Salmonella, and Aspergillus were performed. Antimicrobial sensitivity testing was
conducted for Salmonella and E. coli isolates. The main clinical sign observed in
chicks was dyspnea. Necropsy revealed consistent bilateral fibrinous airsacculitis
and perihepatitis with few cases of pericarditis, wherein sampled organs
consistently showed the presence of E. coli. Out of 83 samples collected, 19
(22.89%) Salmonella, 40 (48.19%) E. coli, and no Aspergillus were isolated. Most E.
coli were isolated from chick embryos and necropsied chickens, while Salmonella
isolates were mostly from the environment. Mycoplasma was isolated from
63.64% (7/11) of sampled lungs, air sacs, and liver from unhatched embryos
(100%), 18-day old embryos (50%), and day-old chicks (33.33%). The majority of
Salmonella and E. coli isolates showed multidrug resistance against amoxicillin,
chloramphenicol, erythromycin, trimethoprim/sulfamethoxazole (TMPS), and
tetracycline. Few isolates were sensitive to ciprofloxacin. Our results should raise
awareness on the occurrence of antimicrobial-resistant E. coli and Salmonelfa, and
coinfection with Mycoplasma among broilers in Leyte. Therefore, proper selection
and usage of antibiotics should be advocated in all poultry farms.
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INTRODUCTION

In the Philippines, the industry of intensive broiler production through contract
growing flourishes over the years to achieve the increasing demand for broiler meat
in the market (Chang 2007). However, as broiler production becomes intensive,
different broiler diseases virtually emerge (Talebiyan et al 2014). Mycoplasma,
Escherichia coli, and Salmonella are the top three most common bacterial diseases
in broilers, causing economic drawbacks (Lutful Kabir 2010, Pourbakhsh et al 2010).

Avian mycoplasmosis is caused by Mycoplasma gallisepticum and M. synoviae
producing chronic respiratory disease (CRD) and infectious synovitis, respectively.
Mycoplasma is transmitted through eggs and disseminated in the hatchery (Khalifa
etal 2013). Usually, flock infected with Mycoplasma experience a low hatching rate,
diminished day-old chick quality, and stunted broiler growth. Moreover, a broiler
infected with Mycoplasma has shown to be more sensitive to E. coli infection
(Stipkovits etal 2012).

The serogroups of avian pathogenic E. coli (APEC) are principally associated
with extraintestinal infections, damaging the respiratory tract and other vital organs
inthe later stage. APEC causes septicemia, airsacculitis, and pericarditis, enhanced
by Mycoplasma, viral agent, and stressful environment (Blanco et al 1998). Similar
to Mycoplasma, APEC leads to embryonic mortality and significant morbidity and
mortality among day-old to 3-week-old chickens (Daho-Moulin and Fairbrother
1999).

Avian salmonellosis is caused by the host-adapted Salmonella biovar gallinarum
and pullorum, and the non-host adapted but highly invasive Salmonella serotypes
enteritidis and typhimurium. Salmonella are both transmitted vertically (ie, from
infected hens to the eggs) and horizontally (ie, through feces), resulting in widespread
environmental contamination (Lutful Kabir 2010). Aside from its effect on chicken
egg production and broiler's health, it is well accepted that broilers are a significant
reservoir for human salmonellosis (Limawongpranee et al 1999).

Massive broiler deaths due to Mycoplasma, APEC, and Salmonella happen when
birds' immune system is down due to stressful environments or other predisposing
factors (eg, vaccination) that succumb to immunocompromised birds (Kleven 1998).
In addition, mixed infections or in association with a viral agent create a synergistic
effect that commonly results in high mortality (Landman 2014, Springer etal 1974). In
the Philippines, an outbreak of enterotoxigenic E. coli causing diarrhea in broilers was
first demonstrated in Southern Tagalog by Joya et al (1990). Also, approximately
75,000 cases of avian mycoplasmosis were reported in 1992 by the Bureau of Animal
Industry (Sato 1996). On the other hand, Salmonella was mainly reported from
chicken meat and eggs (Santos et al 2020, Manguiat and Fang 2013, Balala et al
2006).

Like other developing countries, securing disease-free chicks is difficult in the
current Philippine scenario, possibly due to economic barriers and the lack of existing
infrastructure and technology (Morrow 2014). Hence, the use of antimicrobials
becomes the vanguard of controlling and treating chicken diseases even without the
proper diagnosis (Pourbakhsh et al 2010). Unfortunately, due to the indiscriminate
usage of antimicrobials, there were already reports of antimicrobial-resistant (AMR) E.
coli and Salmonella in the Philippines (Jiao et al 2007) and AMR Mycoplasma in other
countries (Morrow 2014).
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In this paper, we demonstrate the occurrence of Mycoplasma colonies from chick
embryo and day-old chick, and AMR E. coli and Salmonella from the chick and
environment during an outbreak investigation in Leyte, Philippines. We further
describe the clinicopathological findings and emphasize the importance of
conducting antimicrobial sensitivity tests at the height of broiler disease outbreaks.

MATERIALS AND METHODS

Description of the Study Area

An outbreak investigation was conducted in three commercial broiler farms
located in the municipality of Leyte (11°22'N 124°29'E) and Kananga (11°11'N
124°34'E) and the city of Baybay (10°41'N 124°48'E) (Figure 1). Two of the farms
were tunnel-ventilated with a flock capacity of 30,000 to 40,000 birds, while one
farm followed a conventional practice with a flock capacity of 20,000 to 30,000
birds. In addition, hatcheries in Ormoc (11°01'N 124°37'E) and Tacloban Cities
(11°14'N 125°00'E) were sampled after the three farms experienced high mortality
on the first 14 days of growth. The two hatcheries supplied the day-old chicks to the
three broiler farms.

Chronology of Outbreak Investigation and Sample Collection

In October 2015, a total of 20 heads of 3-to-7-day-old chicks from broiler farms
were brought to CVM diagnostic laboratory. Necropsy of apparently healthy and
diseased birds with early and advanced clinical signs was performed following the
procedure described by CEVA (2007). The organs with lesions were sampled for
fungal and bacterial analyses. In addition, presenting clinical signs and gross
lesions were recorded. The disease history and other relevant information were
derived through interviews of farm owners.

A one-time visit to hatcheries and farms was made in December 2015. Random
sampling of hatcheries was carried out in physical facilities, equipment, and vehicle.
These involved the chick van, floor, and fan at receiving area, floor and air-condition
of egg rooms, fumigation room, incubators, egg tray, drainage, vaccinator, and
vaccine. In addition, 18-day-old eggs, chick embryos from unhatched eggs, day-old
chicks, eggshells, and infertile eggs (“penoy”) were randomly collected and
analyzed. The hatching rate records were also gathered. Farm sampling was also
conducted on a similar date. The team randomly sampled the on-site broiler chicks,
feeds, water, floor, feeder, and waterer.

Isolation and Identification of E. coli

The sampled organs and swabs in buffered peptone water (BPW) were initially
incubated aerobically for 24h at 37°C. Bacterial inoculum from the BPW was
streaked on sheep blood agar and incubated for 24h at 37°C. The colonies from
blood agar were then classified into gram-positive and gram-negative through the
gram staining method. Isolated colonies were streaked into three selective and
differential media: Xylose Lysine Deoxycholate Agar (XLD agar), Eosin Methylene
Blue agar (EMB agar), and MacConkey agar. The morphology of the colonies was
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noted for typical E. coli characteristics after 24h of aerobic incubation at 37°C. E.
coli colonies appeared yellow in XLD agar, bluish metallic in EMB agar, and reddish-
pink in MacConkey agar. Biochemical analyses conducted to confirm E. coli
phenotypically included IMViC test (indole test [+], methyl red test [+], Voges-
Proskauer test [-] and citrate test [-]), triple sugar iron (TSI) slant reaction (K/A with
gas), motility test (brush-like), ornithine decarboxylase test (-), and selected
carbohydrate fermentation tests (ie, dulcitol, glucose, maltose and rhamnose)
(Timoney etal 1988).

©2011 Magand

Figure 1. The map of Leyte Island showing the outbreak investigation sites. Red pins indicate the
hatcheries, while the blue pins were the broiler farms. (Map source: http://www.maphill.com/)

Isolation and Identification of Salmonella

The collected samples were pre-enriched in BPW for 24h at 37°C, and one mL
aliquot was transferred into tetrathionate broth for 48h enrichment at 42°C. A loop of
inoculum was streaked on the XLD agar and incubated for 24-48h at 37°C. After
incubation, the plate was examined for colonies with blackened centers which are
typical for Salmonella. The isolated colonies were then streaked on EMB agar and
MacConkey agar to observe amber pink and colorless colonies, respectively. The
biochemical analyses conducted for further biotyping were IMViC test (Indole [,
methyl red [+]; Voges-Proskauer [-] and citrate [+]) TSI slant reaction (K/A with gas and
blackening), motility test (-/+), ornithine decarboxylase test (-), and carbohydrate
fermentation tests (ie, dulcitol, glucose, maltose, and rhamnose) (Timoney et al 1988).
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Aspergillus Isolation

The collected samples were inoculated in potato dextrose agar (PDA) and
Sabaroud dextrose agar. The plates were incubated for five days at 26°C. The gross
morphology of fungal colonies was recorded, and the microscopic morphology was
identified using a lactophenol blue stain (Timoney et al 1988).

Mycoplasma Isolation

Mycoplasma spp. from embryos was isolated using a Mycoplasma Agar Base
(Pleuropneumonia-like organism [PPLO] agar) with 10% horse serum as a growth
stimulant. The Swab-inoculation technique was carried out in the liver, air sacs, and
lungs, where lesions were observed. The plates were incubated in an anaerobic
environment for 14 days at 37°C. After incubation, the colonies were observed under
the microscope (40x magnification) for a “fried egg” appearance (Zimbro et al 2009,
Freundt 1983).

Antimicrobial Sensitivity Testing

The antimicrobial susceptibility pattern or antibiogram of E. coli and Salmonella
isolates was determined using the disk diffusion method or Kirby-Bauer (K-B) test on
a Mueller-Hinton agar plate incubated at 37°C for 16-18h (Coyle 2005). Six
commercially available antibiotic discs (Bioanalyse®) were tested; these were 25ug
amoxicillin, 30ug chloramphenicol, 5ug ciprofloxacin, 15ug erythromycin,
1.25/23.75ug trimethoprim/sulfamethoxazole, and 30ug tetracycline. Bacterial
isolates were classified as sensitive (S), intermediate (I), and resistant (R) to
antibiotics based on the diameter of the zone of inhibition. The categorization was
based on the published data of the Clinical and Laboratory Standards Institute (CLSI)
(2013) and the British Society for Antimicrobial Chemotherapy (BSAC) (Andrews
2009) for the Enterobacteriaceae family (Table 1).

Table 1. Zone of inhibition breakpoints (mm) of the selected antimicrobials used to test the
susceptibility of E. coliand Salmonellaisolate

Zone Diameters in mm

Antimicrobial Agent Potency

R | S
Amoxicillin 25ug <11 12-14 215
Chloramphenicol 30ug <12 1317 >18
Ciprofloxacin 5ug <16 17-19 220
Erythromycin 15ug <13 1417 >18
Trimethoprim/Sulfamethoxazole 1.25/23.75u9 <10 11-15 >16
Tetracycline 30ug <11 12-14 215

R=Resistant, | = Intermediate, S= Sensitive
Source: CLSI,2013; Andrews, 2009

RESULTS AND DISCUSSION

Interviews indicated that broiler farms were operational for at least three years
under a contract growing company. The broiler chicks were vaccinated against
infectious bronchitis on day 1, Newcastle disease on days 7 and 15, and infectious

78



Lanada et al

bursal disease on day 15. The antibiotics administered during outbreaks were
amoxicillin and doxycycline. However, a remarkable mortality rate remained on day
2, reaching about 60% upon harvest in one of the farms, which is 15-fold higher than
the typical mortality rate of 4% in broiler farms under the Philippine conditions
(BMSMED 2009). Gasping or dyspnea was the typical clinical sign observed by
owners and was confirmed upon examination by the veterinarian.

Necropsy of chicks presented no apparent gross lesion in the infraorbital sinus
and trachea. However, all sampled chicks showed thickened and opaque air sacs
with adherent caseous deposits (Figure 1). The necropsy also showed retention of
the yolk sac and fibrinous exudates in the lungs, the surface of the liver, and the
pericardial sac. The chick embryos from unhatched eggs showed fibrinous
inflammation of the airsacs, liver, and pericardial sacs. Also, few 18-day old chickens
manifested fibrinous exudates in similar organs. Fibrinous exudates suggested
severe acute vascular injury attributed to bacterial endotoxins. These lesions were
typical for avian pathogenic E. coli of O serogroups and Mycoplasma infection
(Blanco 1998, Kleven 1998). Although we cannot confirm any viral association since
the tests were unavailable, the lesions presented were least likely to be a clinical viral
disease based on lesions or possibly a subclinical infection in synergy with the
bacterial agent.

. SIS L . »
Figure 2. Gross lesions of examined 7-day old broiler chicks showed fibrinous airsacculitis
(left arrow), fibrinous perihepatitis (middle arrow) and pericarditis (middle *), and yolk sac
retention (right*)

Bacterial culture and identification in sampled chicks, egg embryos, and
environment showed E. coli, Salmonella, and Mycoplasma (Table 2). Aspergillus was
not isolated from the necropsied chicks, eggs, embryos, and the environment. It
should be noted that the identification was based only on the results of conventional
biotyping; hence, the determination of species and serotypes of some bacteria was
not possible. Furthermore, tests for viral agents were not available.

Almost half (48.18%) of the samples were positive for E. coli, and the majority
were isolated from air sacs, lungs, liver, kidney, and heart of unhealthy chicks and
embryos. In addition, E. coli was isolated from the eggshells in the incubator and the
floor of the egg room and chick van. Our results suggested that the isolated E. coli
could be one of the APEC serogroups, as evident by the clinical presentation and
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typical extraintestinal lesions. Biochemically, all E. coli isolates from chicks and
embryos were dulcitol fermenters, which is an indicator for an APEC isolate (Daho-
Moulin and Fairbrother 1999).

Also, we were able to isolate Mycoplasma spp. (Figure 2) from the lesioned organs
of embryos of 18-day old and unhatched eggs and day-old chicks. Coinfections with E.
coli were also common among samples that tested positive for Mycoplasma spp. All
of the unhatched embryos at the late developmental stage showed severe fibrinous
and caseous deposits on airsacs, liver, and heart. This finding may have contributed to
the relatively lower average hatching rate than 85% standard (Copur et al 2010) in
Hatchery A (82.73%) and Hatchery B (78.72%) from September to November 2015. In
many studies, chicken infected with Mycoplasma demonstrated a faster spread of E.
coli infection, resulting in septicemia as evident by polyserositis, airsacculitis,
pericarditis, and perihepatitis (Stipkovits et al 2012).

Salmonella was also isolated from 19 of the 83 samples (22.89%), in which many
positive samples were from the equipment and facilities of hatcheries and farms. The
contamination of Salmonella in the environment is expected since a massive amount
of the bacteria are shed through feces (Lutful Kabir 2010). In young broilers,
Salmonella isolates were usually from the liver showing congestion and perihepatitis.
This finding agrees with the reports stating that the liver serves as an important
multiplication site for Salmonella (Foley et al 2013).

Table 2. The proportion of E. coli, Salmonella, and Mycoplasma isolated from broiler chicks, eggs,
and environment during the outbreak investigation

E. coli Salmonella *Mycoplasma Aspergillus
Sample N % % N % N %
Farm
3-7 Day-old Chick 21 20 9524 1 10 - - 0 0
Facility and 4 0 0 2 50 - - 0 0
Equipment
Hatchery
18-dayold Eggs 12 8  66.67 1 8.33 2/4 50 0 0
Unhatched Eggs 8 5 6250 1 12.5 4/4 100 0 0
Egg Shells 10 0 0 0 0 0 0
Day-old Chick 6 3 50 4 66.67 1/3 3333 0 0
Facility, Equipment, 22 4 1818 10 4545 - 0 0

and Vehicle
Total 83 40 4819 19 2289 7/11 6364 0 0

*Only selected samples were cultured for Mycoplasma colonies.
N= total sample; n= positive sample

The antibiogram pattern of the isolated E. coli and Salmonella from broiler
chicks, embryos, and environment during the outbreak is shown in Figure 3. Al E. coli
isolates showed 100% resistance to amoxicillin. The majority were also resistant to
TMPS (95.45%), erythromycin (95.45%), tetracycline (85%), chloramphenicol (70%),
and ciprofloxacin (63.64%). There were very few isolates that were susceptible to
ciprofloxacin, tetracycline, and chloramphenicol. On the other hand, Salmonella
exhibited 100% resistance to amoxicillin, tetracycline, and erythromycin. Of the
Salmonella isolates, 76.92% were susceptible to ciprofloxacin. However, a high rate
of resistance was observed against TMPS (92.31%) and chloramphenicol (84.62). It
is alarming to note that all isolates were resistant to at least one antibiotics
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(Figure 4), suggesting the presence of multidrug-resistant (MDR) E. coli and
Salmonella among broiler farms in Leyte. Of note, a bacterium is classified as MDR
if it is resistant to three or more classes of antibacterial agents based on results of
in vitro antimicrobial susceptibility assay (Magiorakos et al 2012). The
antimicrobial sensitivity test may also explain the poor recovery rate and the
continued manifestation of clinical signs even after amoxicillin and doxycycline
administrations. MDR E. coli and Salmonella from chicken were also reported in
Manila and Laguna (Manguiat and Fang 2013, Jiao et al 2007); however, these were
notfromclinical cases.

Figure 3. Mycoplasma colonies on a Mycoplasma Agar Base enriched with 10% horse serum
showing the typical “fried egg” appearance. (A=40x magnification; B=Magnified colony at
100x)

Selecting an antibiotic at the height of any disease outbreak is vital to control the
infection. Based on the in vitro antibiotic sensitivity testing conducted against the
isolated organisms, the fluoroquinolone group of antibiotics showed a likelihood of
therapeutic success. Furthermore, after treating the broiler chicks with enrofloxacin,
the farm owners reported significant improvement in the daily mortality rate of
chicks. In Mexico, the use of enrofloxacin in broilers showed remarkable clinical
efficacy against E. coli and Mycoplasma mixed infection (Sumano et al 1998).
Conversely, the inability of amoxicillin and doxycycline in minimizing the death of
chicks during the disease outbreak was confirmed by the in vitro results showing
antimicrobial resistance.

The high broiler mortality rate experienced by the farmers suggested the
involvement of multiple factors at the level of the farm, hatchery, and breeders. The
three organisms are transmitted vertically; therefore, it is assumed that the infection
was derived from breeders. Hatcheries may have a significant role in spreading the
pathogens since poor hygiene in handling eggs and day-old chicks was observed
during our visits. Also, infected breeders may have been the source of infected
embryos, producing weak day-old chicks that were vulnerable to stress. Once a
stressful environment sets in, these bacteria will multiply, resulting in high mortality
rates. Hence, effective medication and vaccination are vital in controlling these
pathogens (Kleven 1998). Appropriate flock-health management system and
biosecurity program in the breeder farms and hatchery facility should be in place to
prevent and control disease outbreaks in broiler farms.
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Figure 3. The proportion of resistant, intermediate, and sensitive E. coli and Salmonella
isolates from hatchery and broiler farm samples
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Figure 4. Disc diffusion antibiotic sensitivity testing of one of the E. coli isolates showing the
zone of inhibition exhibited by ciprofloxacin (5ug CIP) and resistance against amoxicillin (25ug

AX), chloramphenicol (30ug C), erythromycin (15ug E), pg trimethoprim/sulfamethoxazole
(1.25/23.75pug SXT), and tetracycline (30ug TE)

CONCLUSION

Through bacteriological method, we demonstrated the presence of Mycoplasma
and antimicrobial-resistant E. coli and Salmonella during broiler disease outbreak
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investigation in Leyte, Philippines. Alarmingly, all E. coli and Salmonella isolates
were resistant to at least one antibiotics. The clinicopathological presentation of
the affected broiler principally involved dyspnea, airsacculitis, pericarditis, and
perihepatitis. In vitro antibiotic sensitivity testing showed a high likelihood of
therapeutic success using the fluoroquinolone group and was evident in vivo as it
minimized the daily chick mortality rate. Therefore, proper selection and usage of
antibiotics should be advocated in all poultry farms.
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