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Cases of Pneumonia in Small Ruminants
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ABSTRACT

Mannheimia is a Gram-negative, bipolar organism that is frequently involved in respiratory infections of bovines and small ruminants. In
the present study, a total of 92 nasal swab samples were examined from enzootic pneumonia cases of sheep and goat, out of which 30
Mannheimia isolates have been identified. The 16S rRNA sequence analysis of the isolate revealed a close genetic distance between the
Mannheimia species from different geographical regions. However, it formed a separate clade in the phylogenetic tree and the isolate
is closely related to the M. hemolytica and M. caviae species. Three methods (Standard Tube method, Congo Red method and Microtiter
Plate assay) were evaluated for identifying the biofilm forming Mannheimia isolates. Among them, Microtiter plate assay was the best
method for quantification of biofilm production, by which 29 out of 30 isolates were identified as biofilm producers. In antibiogram
study, the Mannheimia isolates exhibited resistance towards ampicillins, gentamicin, co-trimoxazole, tetracyclines and amoxicillin. All
30 isolates developed a multiple antibiotic resistance index (MAR) of more than 0.2. This indicates that there is a potential threat of
antimicrobial resistance (AMR) transmission through food animals. In conclusion our study provides insights into the genetic relation
between Mannheimia from India with other Mannheimia species from a different geographical region, and their capabilities of biofilm

production.
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INTRODUCTION

he Mannheimia species are one among the major

pathogens of small ruminants that are involved in
respiratory tract infections (Bkiri et al., 2021). The Mannheimia
bacterium is a Gram negative, non-spore forming; non-
motile bipolar/cocco-bacillary organisms that produces
opportunisticinfections in animals. These organisms, resides
as commensals of the respiratory tracts and under stress
conditions, converted to pathogenic Mannheimia. Several
Mannheimia associated factors have been identified that
promote the virulence and pathogenesis of the organism. The
major virulence factors of Mannheimia include leukotoxin,
OmpA, Capsule, metallo-endopetidase, siderophores, biofilm
and cell adhesion (Gharibi et al., 2021).

Mannheimia has the ability to produce biofilm, an
extracellular matrix composed of mucopolysaccharide,
proteins and DNA, that encase the bacterial cells and offers
a hostile environment for resistance against host immune
defenses (Yilmaz et al., 2016). In apparently healthy animals,
Mannheimia resides within the biofilms formed in the
oropharynx and tonsillar crypts, whereas in clinical cases
of pneumonia, the biofilms may exist in many parts of the
nasal mucosa, nostrils, crypts of the trachea and respiratory
tract (Pillai et al., 2018). Within these biofilms the bacteria
can be protected from therapeutic drugs, phagocytic cells
and provide congenial environment for exchange of genetic

124Department of Veterinary Microbiology, NTR college of
Veterinary Science, Sri Venkateswara Veterinary University (SVVU),
Gannavaram-Andhra Pradesh-521102, India

3Department of Veterinary Public Health and Epidemiology, College
of Veterinary Science, SVVU, Garividi- Andhra Pradesh-535101,
India

Corresponding Author: Sivarama Krishna G, Department of
Veterinary Microbiology, College of Veterinary Science, SVVU,
Garividi- Andhra Pradesh, 535101, India. E-mail: sivaramavety22@
gmail.com.

How to cite this article: Thatavarthi, S. N. S. R. K. M., Krishna, S. G.,
Supriya, A. R.,, & Kumar, P. A. (2024). Phylogeny, Multiple Antibiotic
Resistance Index and Biofilm Characterization of Mannheimia
species Isolated from Clinical Cases of Pneumonia in Small
Ruminants. Ind J Vet Sci and Biotech. 20(2), 7-13.

Source of support: Nil

Conflict of interest: None
Submitted 20/11/2023 Accepted 29/12/2023 Published 10/03/2024

elements between bacteria, thus acts as one of the potential
sources of transfer of antibiotic resistance among the
bacterial communities (Boukahil, 2016; Ocak and Turkyilmaz,
2022).Inthe present study, Mannheimia species were isolated
from the clinical cases of pneumonia in sheep and goats from
coastal districts of Andhra Pradesh state, India. The biofilm
forming ability of the isolates, phylogenetic relationship,
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antibiogram and multiple antibiotic drug resistance indices
was revealed through this study.

MATERIALS AND METHODS

Sample Collection: A total of 92 nasal swab samples were
collected from clinical cases of pneumonia in sheep and
goats which exhibited clinical signs like nasal secretions,
mucopurulent discharges from nostrils, coughing, sneezing,
dull, depressed with high fever. The sterile swabs were
inserted deep into the nasal cavity, rotated with pressure
along the mucosa of the nasal concha and aseptically
transported in sterile PBS to the laboratory at 4°C for further
processing (Abate and Fentie Kassa, 2023).

Primary Isolation of Mannheimia: The nasal swabs were
enriched in Brain Heart Infusion broth (BHI) at 37°C for 24 h,
followed by inoculation onto BHI agar. The small pin-point
dew drop like colonies on BHI agar were expanded in Blood
agar (BA) and MacConkey agar (MCA). The grayish haemolytic
colonies on BA and small pin-point pink colored colonies
on MCA agar were maintained as pure cultures and stored
at -80°C by glycerol preservation method. At every step the
bipolar/coccobacillary morphology was checked in Gram’s
staining. The pure cultures of Mannheimia isolates were
biochemically characterized for Catalase, Oxidase, Indole,
Methyl red, Voges-Proskauer, Triple sugar Iron (TSI) test and
Urease test (Carter and Cole, 1990; Cruickshank, 1975)

Molecular Typing of Mannheimia Isolates: The
pure cultures of the Mannheimia isolates were typed
using primers targeting genus specific 16S rRNA gene of
Mannheimia. The primers used for amplification were:
Forward 5- GCTAACTCCGTGCCAGCAG-3' and Reverse 5-
CGTGGACTACCAGGGTATCTAATC -3" which can amplify the
target region with an amplicon size of 304 bp (Sahay et
al.,2020). The DNA was extracted by boiling and snap chill
method from the overnight grown pure cultures. The PCR
reaction was optimized in 25ulL reaction with 12.5 uL of
Promega 2X master mix, 0.625 uL of forward primer, 0.625
pL of reverse primer, 1.25 uL of template DNA and 10 pL of
nuclease free water. The PCR was standardized with thermal
cyclic conditions of 94°C for 5 min, 30 cycles of 94°C for 30
sec, 56°C for 60 sec, 72°C for 1 min and final extension at
72°C for 10 min. The amplified PCR products were analyzed
in 1.5% agarose gels with 0.5 pg/ mL ethidium bromide.
The PCR products were electrophoresed at 90V for 60 min
in submarine gel electrophoresis unit (BIORAD, UK). The
agarose gels were visualized under UV trans-illumination
using BIORAD Gel documentation system, Syngene, UK. The
PCR amplicon size was analyzed in comparison with that of
the quantitative DNA ladder (Sisco Research Laboratories
Pvt. Ltd, Mumbai).

Sequencing and Phylogenetic Analysis of
Mannheimia Isolates

The purified DNA was sequenced by using two primers
by Barcode Biosciences, Bengaluru. The sequences obtained
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were analyzed using Clustal omega, multiple sequence
alignment (MSA) and phylogeny tool using MEGA 11 software.
The overlapping sequences were aligned and constructed
a Mannheimia genus specific partial length coding region
of 16S rRNA. The details of the sequences retrieved
from Genbank for MSA and phylogeny are M75080.1-M.
haemolytica strain-USA, M75063.1-M. haemolytica-USA,
NR_024899.1-M. granulomatis-Denmark, 24898.1-M.
ruminalis-Denmark, 024896.1-M. glucosida-Denmark,
NR_181249.1-M. pernigra-Switzerland, NR_179403.1-M.
massilioguelmaensis, HM439607.1-M. caviae-Denmark, M.
haemolytica-Canada.

Characterization of Biofilm Production by
Mannheimia: The biofilm production of Mannheimia was
characterized qualitatively by well established methods such
as Standard Tube method (ST) described by Christensen et al.
(1982), Congo Red Agar method (CRA) described by Freeman
et al. (1989) and quantitatively by 96-well Microtiter plate
(MTP) assay as described by Dhanawade et al. (2010).

Evaluation of Multiple Antibiotic Resistance Index
(MAR): The MAR index of the Mannheimia isolates was
phenotypically evaluated by Kirby-Bauer antibiotic disc
diffusion method, with most commonly used antibiotics
by field Veterinarians (Bauer et al., 1966). The results were
analyzed and MAR index was calculated as the ratio of
number of antibiotics to which the organism is resistant to
the total no. of antibiotics to which the organism is exposed.
A MAR index of >0.2 was considered as high-risk source of
contamination where indiscriminate use of antibiotics was
in practice.

ResuLts AND DiscussioN

In the present study, a total of 92 clinical cases of pneumonia
in sheep and goats were studied for Mannheimia prevalence,
its biofilm forming abilities, antibiotic drug resistance, MAR
index and its phylogenetic analysis. Out of 92 clinical samples,
30 Mannheimia isolates were isolated by conventional
methods. On Gram'’s staining, a clear coccobacillary/bipolar
nature of the organisms was observed and biochemical
characterization revealed that these isolates were positive
for Catalase, Oxidase and negative for Indole, Methyl red,
Voges-Proskauer, Triple sugar Iron (TSI) tests and Urease test
which are characteristic for Mannheimia. On blood agar, these
isolates developed small, greyish, rough, haemolytic colonies
and on MCA, small, dew drop, pink pin-point colonies were
observed.

Prevalence of Mannheimia in Clinical Cases of
Pneumonia in Small Ruminants

A prevalence of 32.6% (30/92) of Mannheimia isolates was
observed from the nasal swabs collected from clinical cases
of pneumonic sheep and goats (Fig. 1). In general, most of
the reports revealed a low prevalence rate of Mannheimia
species isolated from nasal swabs, while a high prevalence
of Mannheimia reported from the samples collected from
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the pneumonic lungs at post-mortem (Sahay et al., 2020;
Gharibetal., 2021; Abate and Kassa, 2023). The type of sample,
seasonal variations, sample processing techniques and many
additional factors attributes for the perfect isolation of the
Mannheimia species from the pneumonic sheep and goats.
The nasal swabs collected from clinical cases are most useful
for therapeutic studies and characterization of the organism
during disease progression.

Prevalence of Mannheimia detected
by phenotypic and genetic methods
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Fig. 1: Prevalence of Mannheimia detected by phenotypic and genetic
methods

Fig 2: Detection of 16SrRNA gene of Mannheimia isolates (304 bp). M:
100 bp Ladder, PC: Positive Control (Mannheimia isolated from Sample
Number S12); NC: Negative Control (Pseudomonas aeruginosa); Lane
1-3: Samples positive for Mannheimia species

Molecular Confirmation of Mannheimia Isolates

The morphologically and biochemically characterized
Mannheimia isolates were subjected for confirmation in PCR
targeting the gene coding for genus specific 165 rRNA. The
genus specific primers amplified a product size of 304 bps
using the template DNA of Mannheimia (Fig. 2). The results
indicated that all 30 isolates were genetically confirmed the
genera Mannheimia.The purified PCR product was sequenced
and the overlapping sequences were aligned, constructed a
partial sequence of 16S rRNA gene of Mannheimia using
Multiple sequence alignment tool, Clustal Omega, EMBL
Online program. The MSA revealed that the isolate belongs
to the genus Mannheimia.

Phylogenetic Relationship of Mannheimia Isolate
from Sheep with Those Available Sequences of
Mannheimia species in Genbank

The genetic distances between Mannheimia isolated from
Sheep, India and other Mannheimia strains from different
geographical locations was evaluated in MEGA 11.0.13
software with maximum likelihood statistical method, and
Tamura-Nei Model (Tamura et al., 2021). The Mannheimia
species isolated from sheep of Andhra Pradesh, India
clustered into a different clade with close relation to M.
hemolytica, Canada and M. caviae, Denmark. The remaining
Mannheimia species clustered into different clades, and
segregated species wise clusters, even though they are from
different geographical regions. This implies a close genetic
relation within the species and between the strains. The 16S
rRNA is the most frequently used gene for confirming the taxa
of a bacterium (Christensen and Bisgaard, 2010). Based on
the phylogenetic analysis the isolated species may be closely
related to M. haemolytica (Fig. 3) and it is a very useful tool
for review of this family’s taxa (Boudewijns, 2006).

M.pernigra Switzerland-NR 181249.1-
M.pernigra-China-NR 180065-
M.granulomatis- Switzerland-NR 115215
M.granulomatis-Denmark-NR 024899
M.bovis- Chaina-NR 181418.1

M.varigena-Denmark-NR 024897

M. lis-De k-NR 024898.1

M. i France -NR 179403
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ia) haemolytica-Canada-AF 176283.1

anada-AF176284.1

Pasteurella(Mannheimia) haemolytica- Canada-AF 176280.1

o Pasteurella(Mannheimia) haemolytica-Canada-AF 176279.1

Fig. 3: Phylogenetic tree of Mannheimia isolated from India using partial
16S ribosomal RNA

Characterization of Biofilm Production by
Mannheimia Isolates from Small Ruminants

The Mannheimia species have evolved through several ways
of protection and escape from host immune system. One
among the most common factor is biofilm formation in the
respiratory air ways. In the present study, three methods
were used to characterize the biofilm forming ability of
Mannheimia isolates. Out of 30 Mannheimia isolates, the ST
method detected 14 (46.66%) isolates as biofilm producers,
CRA detected 25 (83.33%) isolates as biofilm producers and
MTP assay detected and quantified 29 (96.66%) isolates as
biofilm producers (Fig. 4). In ST method, out of 14 positives,
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6 isolates were characterized as strong biofilm producers and
8 were moderate producers (Fig. 5). In CRA method, out of
25 positives, 12 were strong positives and 13 were moderate
biofilm producers. In MTP assay, out of 29 positive isolates, 4
(13.33%) were strong, 16 (53.33%) were moderate, and 9 (30%)
were categorized as weak biofilm producers. Among the
three methods, the MTP assay was found to be the best, which
can detect the production as well as quantification of biofilm
formation by bacteria. The members of the Pasteurellaceae
family, isolated from bovine respiratory infections can form
biofilms within 4 h under static growth conditions (Tremblay
etal., 2013). Under in-vitro conditions using bovine epithelial
cells system or plastic surfaces, the biofilm was formed after
48 h of incubation at 37°C (Boukahil et al., 2016). In our study
the biofilm was recorded after 36 h of post incubation period
in borosilicate glass test tubes & MTP assay while it took less
than 18 h to develop black colonies on CRA agar. The possible
reason for early detection of black colonies is that availability
of adherent surface area in the form of CRA for the bacterium
to form biofilms.
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0 - : :
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Methods of biofilm detection
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Fig. 4: Detection of Biofilm by different methods
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Fig 5: Comparison of methods for Categorization of Biofilm producing
Mannheimia

Under stress conditions and underlying infections bring
transient change from commensal bacterium to a respiratory
pathogen. Several studies have proven that stress factors
like epinephrine, nor-epinephrine and substance P can
disperse the biofilm (Pillai et al., 2018). Similarly, the addition
of mucin, a component of mucous, can reduce the formation
of biofilm over bovine bronchial epithelial cells (Boukahil
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etal., 2016). The addition of 0.25% glucose to the medium was
used in our study to enhance the production of biofilms by
Mannheimia isolates. Most studies have focused on biofilm
of Mannheimia isolates from bovine respiratory infections
and the information on biofilm forming Mannheimia isolates
from pneumonic cases of small ruminants is scanty. Through
this paper, we reported the biofilm forming Mannheimia,
isolated form enzootic pneumonia cases of sheep and goats.
In addition to the protection from hostimmune system, the
biofilms also confer resistance against certain antibiotic drugs
(Olson etal., 2002, Boukahil et al., 2016; Sivarama et al., 2023).

Evaluation of Multiple Antibiotic Resistance (MAR)
Index

The effective control of enzootic pneumonia in sheep
and goats mainly rely on selection of appropriate
chemotherapeutic agents. In field conditions, farmers and
veterinarians depends on early diagnosis of the disease,
and correct drug selection by antibiotic sensitivity test
(ABST). In our study, for understanding drug resistance
pattern of Mannheimia isolates, we have chosen the
most commonly used antibiotics by the field vets, viz.
Ampicillin, Gentamicin, Co-Trimoxazole, Tetracycline,
Amoxicillin-Clavulanic acid, Ceftriaxone, Streptomycin,
and Enrofloxacin. Among the 30 Mannheimia, the observed
percent resistance pattern was Ampicillin (80%) followed
by Gentamicin (50%), Co-Trimoxazole (43%), Tetracycline
(40%), Amoxicillin-Clavulanic acid (40%), Ceftriaxone
(36.6%), Streptomycin (36.6%), and Enrofloxacin (26.6%)
(Fig. 6). An increase in antibiotic resistance of Mannheimia
and Pasteurella species have been reported (Catry et al.,
2006). Our study revealed that enrofloxacin, streptomycin
and ceftriaxone are effective against most of the isolates.
The results are in agreement with some reports and
contradict with other reports. Seker et al. (2009) reported
gentamicin as the most effective drug against Mannheimia
haemolytica while Post et al. (1991) revealed 90% resistance
to gentamicin. On the contrary, our study revealed that 50%
isolates exhibit resistance to Gentamicin. Similar pattern of
antibiogram was reported for Mannheimia isolated from
pneumonic sheep, where it showed chloramphenicol and
tetracyclines were the most effective while gentamicin
was least effective drug (Marru et al., 2013). Similar to
antibiogram results of our study, Ponnusamy et al. (2017)
reported that the drugs enrofloxacin and ceftriaxone were
the most effective drugs against Mannheimia isolates.
The highest drug resistance towards pencillins followed
by streptomycin, tetracyclines and gentamicin was
reported by Sahay et al. (2020). All these results indicate
a dissimilarity and confusion for a veterinarian to choose
an effective therapeutic drug. Under these circumstances,
the antibiotic susceptibility patterns need to be monitored
and renewed periodically which will be useful for effective
control of the disease (Onat et al., 2010).
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The MAR index was calculated for each isolate and
revealed a MAR index of greater than 0.2 for all isolates
(Fig. 7). A MAR index of more than 0.2 indicates a potential
threat to the public health from rising number of drug
resistant bacteria entering a food chain. A MAR index
average of 0.7 was reported in this study. Our findings
are clinically significant because it provides data on
emergence of multidrug resistant bacteria in least studied
small ruminants. Additionally, the rising of biofilm forming
strains of Mannheimia isolates further aggravates the
emergence of MDR pathogens. Similar to our findings a
high percentage of multidrug resistance was reported in
>70% isolates of Pasteurella and Mannheimia from bovine
respiratory infections of cattle (Depenbrock et al., 2021). In
a study on M. hamolytica isolated from sheep in Vietnam
revealed that more than 74% of the isolates were reported
to be multidrug resistant (Van Nguyen et al., 2023). Tang et
al.(2009) reported a gradual increase in antibiotic resistance
from 47% in 2003 to 97.1% in 2007. The emergence of multi-
drug resistance bacteria was high in Mannheimia isolates in
comparison to that of Pasteurella isolates (Singh et al., 2019).
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These findings alarm a potential threat of MDR Mannheimia
pathogens entering the food chain of humans and animals,
which needs to be addressed for effective control of multi-
drug resistant Mannheimia.

CONCLUSION

In conclusion, our study provides clinically significant data
on prevalence of Mannheimiain clinical cases of pneumonia
in sheep and goats with 32.6% prevalence in the study
region. The isolate is closely related to the M. haemolytica
species and segregated as a separate clade in the phylogenic
tree. The biofilm forming ability of 29 Mannheimia isolates
from sheep and goats were probably demonstrated for
the first time by three different methods, and MTP assay
is found to be the best method for biofilm quantification.
Mannheimiaisolates exhibit resistance towards ampicillins,
gentamicin, co-trimoxazole, tetracyclines and amoxicillin
and developed a MAR index of more than 0.2, which alarms
a potential threat of emergence of multidrug resistant
bacteria in food animals.
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