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Abstract

Bacterial isolates from different cases of respiratory infections in small and large ruminants were evaluated
using bacterial culture and semi-nested PCR and identification was confirmed by DNA sequencing. Universal
primers targeting the bacterial 16S rRNA for bacteria were used. Other sets of primers that were specific for Gram-
positive bacteria and combinations of primers specific for Gram-negative organisms were used in the second PCR.
The amplified PCR products were subjected to DNA sequence analysis. The DNA sequences of the isolated bacteria
were aligned with the DNA sequences of bacteria in the GenBank through BLAST. Results confirmed isolation of
three Gram-positive and two Gram-negative organisms. Gene sequence studies demonstrated identification of the
Gram-positive microorganisms as Staphylococcus sciuri, Staphylococcus sporosarcinae and Bacillus pumilus while the
identified Gram-negative organisms were Acinetobacter schindleri and Pseudomonas aeruginosa from ruminants
manifesting clinical signs of respiratory infection.
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Introduction

Central Luzon, Philippines is an agricultural
region where farmers raise cattle, water buffaloes,
sheep and goats to augment family income. In raising
these animals, a range of respiratory infections can be
observed during inclement weather. Cases of
respiratory infection in small and large ruminants are
tentatively diagnosed based on the clinical signs
observed in sick animals (VOR, 2012). Relying on the
clinical signs without performing appropriate
diagnostic procedures to identify the cause of the
disease does not warrant full recovery in sick animals.
Administering a medication without a definitive
diagnosis may lead to unsuccessful treatment, further
spread and aggravation of existing respiratory
infection.

Respiratory infections among ruminants
raised in local field conditions is not well documented
in spite of a pool of overseas report that describe the
susceptibility of cows and goats to Staphylococcus
infections (Kleine et al., 2010; and Erickson et al.,
2013), sheep receptivity to infections caused by
Bacillus pumilus (Tena et al., 2007), vulnerability of
animals to Acinetobacter infections (Garnacho et al.,
2003; Allen and Hartman, 2005), conditions marked
by inflammation and sepsis associated with
Pseudomonas aeruginosa (Leitner and Krifucks, 2007)
and other respiratory disease syndromes in cattle
(Dariusz et al., 2012) and in young dairy calves
(Garcia and Daly, 2010).

A method that validates the existence of
respiratory infections in ruminants is necessary as a
reference in initiating measures that prevent the

spread of infection through the oral route when
ruminants graze on pastures. As there is a limited
source of information on the involvement of bacteria
in respiratory infections of ruminants raised in
different farming conditions in the region,
conventional analysis of samples from the respiratory
system in adjunct to a DNA-based protocol was
applied to identify bacteria and confirm diagnosis of
respiratory infection. A research work was
undertaken to look into the relevance of PCR as a
recognition system for bacteria that are associated
with respiratory ailments in ruminant. The delivery of
a fast, sensitive and accurate result of disease
detection is a practical approach in planning for
treatment and in strengthening the diagnostic
component of existing animal health programs.

Materials and Methods

Criteria in the selection of animals used in the study:
Ruminants (cattle, buffaloes, goats and sheep, 5-head
each) from different farms showing signs of
respiratory distress for two to three days and did not
receive medication as reported by owners and
caretakers during the interview were considered as
sources of sample for examination. Animals with
respiratory infection accompanied by a fever as
indicated by a body temperature above 40°C,
excessive viscous mucus secretions from the nostrils,
bloody diarrhea and cyanotic mucus membranes
upon physical examination were selected for the
study.
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Collection of samples for bacteriological examination
: Four cotton tipped swabs were used in taking
samples from both nostrils of animals with the above
clinical signs. The swabbed samples were temporarily
held in a test tube containing normal saline, placed in
test tube racks and held in Styrofoam boxes during
transport to the laboratory.

Bacterial cultivation and DNA extraction: The
protocols of Gabinaitiene et al. (2011) and Kleine et al.
(2010) were adapted in the cultivation of bacteria with
slight modifications. Briefly, the samples in normal
saline were inoculated in blood agar plates then
incubated at 370C for 24 hours. Colonies of bacteria
that showed different colony characteristics and
growth patterns in blood agar after incubation were
picked up separately with the use of a sterile
inoculating loop and representative smears of each
colony were made to evaluate Gram stain reactions.
Different bacterial colonies were separately isolated
and transferred in Trypticase Soy Agar (TSA),
incubated at 370C for 24 hours before evaluation of
biochemical characteristics (GEN III Microbial
Identification System, Biolog).

Pure culture of each bacterium was
transferred in 1 ml Luria-Bertani (LB) broth
containing 50% glycerol in 1.5 ml tubes before DNA
extraction. The samples were incubated with shaking
(200 rpm) at 37°C for 16 hours. After incubation, the
samples were centrifuged at 14000 rpm for 1 min. The
supernatants were decanted while the pellets were
vortexed. Cell lysing solution (700 pl per tube) was
added to the samples and vortexed. The samples were
again centrifuged at 14000 rpm for 1 min and the
supernatants were discarded. The pellets were
vortexed before adding cell lysing solution (600 pl per
tube). The samples were again centrifuged at 14,000
rpm for 1 min before adding the nuclei lysing
solution. The samples were vortexed before adding
the protein precipitating solution (100 pl per tube).
The samples were again vortexed and centrifuged at
14,000 rpm for 10 min and after which the
supernatants were collected. Isopropanol (500 ul) was
added to each sample and gently mixed before
centrifugation at 14,000 rpm for 1 min. The
supernatants were discarded before the addition of
500 pl 70% ethanol. The samples were again
centrifuged at 14000 rpm for 1 min and the pellet was
allowed to dry for 1 hour. The dried DNA samples
were rehydrated with 50 ul DNA rehydration solution
and used for PCR.

Primers for PCR: A pair of universal primers (NF and
NR) targeting the 165 rRNA gene of most bacteria was
used in PCR adapting the protocol of Carroll et al.
(2000). The forward primer (NF, 5 GGCGGCAK
GCCTAAYACATGCAAGT 3')) and the reverse
primer (NR, 5 GACGACAGCCATGCAS CACCTGT
3’) are expected to amplify DNA of many bacteria.
Another pair of primers which included the forward
primer (P2F) 5 GCGRCTCTCTGGTCTGTA 3’ and a
copy of the reverse primer (NR) from the universal
primer pair was applied in the next PCR which is
expected to amplify DNA of Gram-positive bacteria.
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A third set of primers included a copy of the forward
primer (NF) 5 GGCGGCAKGCCTAA
YACATGCAAGT 3’ from the universal primer paired
with (N6R) 5° GTTCCCGAAGGCACC 3'. This set of
primers is expected to amplify DNA of Gram-
negative bacteria. The reaction mixture contained
11.3 pl sterile DDW, 4 ul 5 times PCR buffer, 2 ul
MgCl2, 0.5 ul DNTP, 0.5 pl forward primer, 0.5 ul
reverse primer, 0.2 pl TAQ, and 2 pul DNA template
making up a total volume of 20 pl.

DNA amplification through PCR: PCR was carried
out using a thermocycler which was programmed to
function with an initial denaturation at 949C for 5 min,
denaturation at 949C for 30 sec, annealing at 50°C for
30 sec and extension at 72°C for 30 sec, performed in
35 cycles. Final extension was done at 720C for 2 min
and final hold at 4°C.

Gel electrophoresis of PCR products: PCR products
were resolved in 2% agarose gel in 25 ml 1x TAE
buffer. PCR products (3.0 pl) and the bp marker (5 pl)
were loaded to the wells. Electrophoresis was
undertaken for 30 min in a 10-volt electric current.
PCR products were visualized and photographed in a
UV trans-illuminator (Gel Doc, USA).

DNA sequencing: PCR products were purified and
sequenced (AsiaGel, Malaysia) before alignment. The
identity of each isolate was confirmed through BLAST
made after comparison of aligned sequences with
those of bacteria in the GenBank which had similar
DNA homologies.

Results

Results demonstrated that from the 80
samples collected, there was a total of 42 bacterial
isolates coming from cattle (10), buffaloes (14), sheep
(8) and goats (10) (Table 1). Based on Gram stain
reactions and biochemical profiles of bacterial isolates,
three species of Gram-positive bacteria were
recognized as Staphylococcus sciuri, Staphylococcus sp.
and Bacillus pumilus while two were Gram-negative
recognized as Acinetobacter schindleri and Pseudomonas

sp.

Result of PCR show that in using the
universal primers NF/NR, DNA products were
detected with an amplicon size of 1025 bp (Fig 1). This
finding indicated that the DNA products from all
samples evaluated were of bacterial origin. In a
second PCR run where specific primers for Gram-
positive bacteria (P2F/NR) were applied, DNA
products with amplicon size of 355 bp were detected
(Fig 2). Results validated a prior observation on 3
possible bacterial isolates from ruminant samples
with Gram-positive reaction.
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Table 1 Samples for microbiological examination

M 123 45678 9101112131415 16 1718 15 20 21 22
-

Number of = Number

Animal Identified bacterial - -
source samples of isolates
collected isolates
Cattle 20 10 A. schindleri [6],
S. sporosarcinae[2], T T
B. pumilus [2]
Buffaloes 20 14 S. sporosarcinae [5],
P. aeruginosa [5],
B. pumilus [2],
S. sciuri [2]
Sheep 20 8 B. pumilus [5], Figure 1 Gel electrophoresis of PCR products from bacterial
P. aeruginosa [1], isolates with the use of the universal primers
S. sciuri [2] (NF/NR). Lanes 1 to 3 (Staphylococcus sciuri),
Goats 20 10 S. sciuri [7], Lanes 4 to 6 (Staphylococcus sporosarcina), Lanes 7
B. pumilus [2], to 9 (Bacillus pumilus), Lanes 10 to 12
D. aeruginosa [1] (Staphylococcus sciuri), Lanes 13 to 16 (Acinetobacter
Total 80 42 schindleri), Lanes 17 to 20 (Pseudomonas aeruginosa),
S. sporosarcinae (Staphylococcus sporosarcinae), Lane 21 (Negative control, DDW), Lane 22
S. sciuri (Staphylococcus sciuri), B. pumilus (Bacillus pumilus), (Positive control, E. coli). Lane M (100 bp DNA
A. schindleri (Acinetobacter schindleri), marker, 100 ng/ pl).

P. aeruginosa (Pseudomonas aeruginosa).

In utilizing another set of primers (NF/N6R )
intended to recognize DNA from Gram-negative
bacteria in the next PCR, DNA products with
amplicon size of 985 bp were demonstrated from two [P —— . .
bacterial isolates (Fig 3). This data provided a
confirmation of a previous observation on two
possible Gram-negative bacteria as isolates from
ruminant samples.

A summary of the DNA sequences of the
bacterial isolates derived after alignment and

Figure 2 Gel electrophoresis of PCR products from bacterial
isolates with the use of the Gram-positive bacterial
primers (P2F/NR). Lanes 1 to 3 (Staphylococcus

identification through BLAST is shown in Table 2. sciuri), Lanes 4 to 6 (Staphylococcus sporosarcinae),
These data revealed that the three Gram-positive Lanes 7 to 9 (Bacillus pumilus), Lanes 10 to 11
organisms exhibiting DNA products with a molecular (Staphylococcus sciuri), Lane 11 (Negative control,
weight of 355 bp during PCR that applied the DDW), Lane 12 (Positive control, Lactobacillus sp.),
P2F/NR primer combination were identified as Lane M (100 bp DNA marker, 100 ng/ ul).

Staphylococcus scuiri, Staphylococcus sporosarcina and
Bacillus pumilus. In addition, the two Gram-negative
organisms demonstrating DNA products with a
molecular size of 985 bp during PCR that applied the
NF/ N6R primer combination were identified as

. . . . 1000 bp Lo B - 985 bp
Acinetobacter schindleri and Pseudomonas aeruginosa. ;

——
=M bp

Based on these data, the nasal cavity of cattle
in course of respiratory infection was predominated
by A. schindleri (6 isolates), S. sporosarcina (2 isolates)
and B. pumilus (2 isolates) while P. aeruginosa and S.
sporosarcina (5 isolates each) outweighed B. pumilus (2

isolates) and S. scuiri (2 isolates) in water buffaloes. Figure 3 Gel electrophoresis of PCR products from bacterial
The nasal cavity of goats in the track of respiratory isolates with the use of a Gram-negative bacterial
infection was inhabited by S. scuiri (7 isolates), B. primers (NF/NGR). Lanes 1 to 3 (Acinetobacter
pumilus (2 isolates) and P. aeruginosa (1 isolate) while schindleri), Lanes 4 to 6 (Pseudomnas aeruginosa),
those of sheep were primarily colonized by B. pumilus Lane 7 (Negative control, DDW), Lane 8 (Positive

(5 isolates), P. aeruginosa (1 isolate) and S. scuiri (2 Contrfl’ E. coli), Lane M (100 bp DNA marker, 100
isolates) (Table 1). ng/ ul).
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Table 2 DNA sequences of bacterial isolates from ruminants with respiratory infections (AsiaGel, Malaysia)

Bacterial isolate

DNA Sequences

Amplicon
size (bp)

Staphylococcus spp.

S. sciuri,
Native goat

S. sciuri,
Boer goat

B. pumilus

A. schindleri

P. aeruginosa

GTGACTCTNTGGTCTGTAACTGACGCTGATGTGCGAAAGCGTGGGGATCAAACAGGATTAGATACCCT
GGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGATAAC

GCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGC
ACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAAATCTTGACATCCTTTG
AAAACTCTAGAGATAGAGCTTTCCCCTTCGGGGGACAAAGTGACAGGTGGTGCATGGTGTGTC

GCGGTAGTGAACGTGGGGATCACAGGATTAGATACCCTGGTAGTCCCGCCGTAAACGATGAGTGCTA
AGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGAC
CGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGA
AGCAACGCGAAGAACCTTACCAAGTCTTGACATCCTTTGACCGCTCTAGAGATAGAGTCTTCCCCTTCGG
GGGACAAAGTGACGGGTGGTGCGTGGCTGTCC

ACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCC
CTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGG
AATTGACGGGGACCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACC
AAATCTTGACATCCTTTGAAAACTCTAGAGATAGAGCTTTCCCCTTCGGGGGACAAAGTGACAGGTGGT
GCATGGCTGTCGTC
GCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCC
TGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAAC
GCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGC
ACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTG
ACAACCCTAGAGATAGGGCTTTCCCTTCGGGGACAGAGTGACAGGTGGTGCATGGCTGTCGTC

GGCGAACAGGTGAGTAACNTCNCGAAANTNCGTGATAGANGGGGATAACTACNGGAAANGGTNG
NTAATATTTTCATANCGTCGCNTTACCANTGAGAGGGNNCTGGCCTAACACATGCAAGTCGAGCGGG
GAAGGTTGCTTCGGTAACTGACCTAGCGGCGGACGGGTGAGTAATGCTTAGGAATCTGCCTATTAGTGG
GGGACAACGTTCCGAAAGGAACGCTAATACCGCATACGCCCTACGGGGGAAAGCAGGGGATCTTCGGA
CCTTGCGCTAATAGATGAGCCTAAGTCGGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGA
TCTGTAGCGGGTCTGAGAGGATGATCCGCCACACTTGGTTGTAAAGCACTTTAAGCGAGGAGGAGGCTC
CTTTAGTTAATACCTAAAGAGAGTGGACGTTACTCGCAGAATAAGCACCGGCTAACTCTGTGCCAGCAG
CCGCGTACTGGAAAGCTAGAGTATGGGAGAGGATGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAG
AGATCTGGAGGAATACCGATGGCGAAGGCAGCCATCTGGCCTAATACTGACGCTGAGGTACGAAAGCA
TGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGATGTCTACTAGCCGTTGGGGCC
TTTGAGGCTTTAGTGGCGCAGCTAACGCGATAAGTAGACCGCCTGGGGAGTACGGTCGCAAGACTAAA
ACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAG
AACCTTACCTGGCCTTGAGGTGAAATGACGTAAAGATATGGAGGAACCCAGTGGCGAAGGCGACTT
TCTGGTCTGTAAC

GGGAATTTAAGCATGTCAGGCCAGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCA
CCGCTTGTGCGGGCCCCCGTCAATTCATTTGAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGTCGA
CTTATCGCGTTAGCTGCGCCACTAAGATCTCAAGGATCCCAACGGCTAGTCGACATCGTTTACGGCGTGG
ACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGCACCTCAGTGTCAGTATCAGTCCAGGTGGT
CGCCTTCGCCACTGGTGTTCCTTCCTATATCTACGCATTTCACCGCTACACAGGAAATTCCACCACCCTCT
ACCGTACTCTAGCTTACCAGTTTTGGATGCACTTCCCAGGTTGAGCCCGGGGATTTCACATCCAACTTGC
TGAACCACCTACGCGCGCTTTACGCCCAGTAATTCCGATTAACGCTTGCCCCCTTCGTATTACCGCGGCT
GCTGGCACGAAGTTAGCCGGTGCTTATTCGGTTGGTAACGTCAAAGCAGCAAGGTATTAACTTACTGCTC
TTCCTCCCAACTCAAAGTGCTTTACAATCCGAAAACCTTCTTCACACACGCGGCATTGCTGCATCAGGCT
TTCGTCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTG
ACTGATCATCCTCTCAGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTA
ACTGTTAGGATGNTTCCGCCCCTAATGCTGCACTAACCATTAGGCGATCCGCCTGGGGGAGTACGGNCN
CAAGATTAAAACTCAANNAATTGACGGGGCCCGCACAAGCGGTGNNCATGTAGNTTNATTCAAAGC
ANCNCNAGAACCTTACCNGGCCNTGACATGC

337

306

287

337

864

932

Discussion

The study identified 5 species of bacteria that
went along with respiratory infections of ruminants.
Identification of bacteria with the use of conventional
and DNA-based protocols assisted in coming up with
a confirmatory diagnosis of respiratory infections.
Amplification of DNA from bacterial isolates by PCR
that made use of universal primers NF and NR and
specific primers P2F and N6R paired with either of
the two universal pairs of primers were found to be
efficient in the detection of bacterial isolates. PCR has
been in extensive use in the detection of infectious
diseases (Clarridge, 2004), bacterial DNAs in pleural
fluids (Cremades et al., 2011), Pseudomonas infections
(Lodeng et al., 2006; and Lavenir et al., 2007) and in
the differentiation of Gram-positive and Gram-
negative bacteria utilizing the sets of primers (Carrol
et al., 2000) employed in this study. DNA sequencing
that confirms identity of specific bacteria in bovine
respiratory tract (Gabinaitiene et al, 2011),
Staphylococci in food-borne (Landeta et al., 2011; and
Irlinger et al., 2012) and clinical infections (Couto et

al., 2000; Novakova et al., 2006; Kleine et al., 2010),
molecular identification of Acinetobacter species (La
Scola et al., 2006), identification of Bacillus species in
skin infections (Tena et al., 2007) and other bacterial
pathogens (Kolbert and Persing, 1999) have been
reportedly undertaken.

The isolation and identification of bacteria
during the course of respiratory infection in
ruminants described in this paper is a preliminary
attempt to document this information in the absence
of a previous record. These data explain the possible
participation of these bacteria in the process of
respiratory infection in ruminants. Several accounts
on the pathogenicity of bacteria like the ones isolated
have been cited. The involvement of Staphylococcus
has been described in urinary and other clinical
infections in animals and humans (Novakova et al.,
2006; Chen et al., 2007; Ferreira et al., 2012; Erickson et
al., 2013). The pathogenic participation of B. pumilus
in cutaneous infections has been discussed (Tena et
al., 2007). The opportunistic nature of Acinetobacter sp.
explains the participation of the bacterium in
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pneumonia cases (Garnacho et al, 2003), in
bacteremia (Loubinoux et al., 2003), and in respiratory
and eye infections (Allen and Hartman, 2005).
Conditions marked by general inflammation, sepsis,
gangrenous infections and mastitis have been claimed
to be mediated by Pseudomonas aeruginosa (Leitner and
Krifucks, 2007).

The results of the study provide evidence
that PCR facilitates that diagnosis of respiratory
bacterial infections in ruminants and DNA
sequencing proves to be the ultimate arbiter in
bacterial identification (Kolberg and Persing, 1999;
Clarridge, 2004; Cremades et al., 2011; Al-Khaldi et al.,
2012). This study presents initial information on DNA
sequences of bacterial isolates from ruminants with
respiratory infections.

Conclusion

Based on the above findings, potential
microbial pathogens that accompany respiratory
infections in ruminants can be isolated using basic
microbiological in vitro protocols and the identity of
which can be evaluated by PCR and confirmed by
DNA sequencing. It is seen that the integration of
PCR-based methods in laboratory diagnostic systems
harnesses the competence of existing animal health
programs.
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