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Gastrointestinal diseases are considered the most prevalent and economically
considerable diseases in the ostrich breeding industry, in which necrotic enteritis
caused by C. perfringens induces high mortality, especially in ostrich chicks.
Several antimicrobial agents are used to prevent enteric diseases, enhancing
growth rate and increasing feed conversion ratio. This procedure results in a high
prevalence of resistance among enteric bacteria with the possibility of a
consequent emergence of antibiotic resistance in zoonotic enteropathogens. This
study determined the susceptibility of C. perfringens strains isolated from the
intestine and faeces of disease and healthy ostriches in southeast Iran to 8
antimicrobial agents. A total of 40 C. perfringens isolates were collected from
several ostrich flocks and were tested using the broth microdilution method. The
susceptibility of obtained isolates to antibiotics was as follows: ceftriaxone (80%),
cefazolin (77.5%), florfenicol (72.5%), tetracycline (62.5%), penicillin (47.5%),
sulfadiazine (20%), sulfadimidine (7.5%) and neomycin (7.5%). In conclusion,
C. perfringens strains isolated from ostriches should be tested and monitored for
antibacterial susceptibility patterns. The present study is the first to determine the
antimicrobial susceptibility of C. perfringens isolated from ostrich.

Keywords: Ostrich, C. perfringens, necrotic enteritis, Broth Microdilution, Antimicrobial

Susceptibility.

Article history:

Received 19 February 2023
Revised 29 April 2023
Accepted 04 May 2023
Published online 01 June 2023


https://jpsad.com/
https://www.jpsad.com/
http://dx.doi.org/10.61838/kman.jpsad.1.2.4
http://creativecommons.org/licenses/by/4.0
https://orcid.org/0000-0002-1352-3957
https://orcid.org/0000-0001-5911-2654
http://orcid.org/0000-0002-2659-9002
http://orcid.org/0000-0002-1247-4591
http://creativecommons.org/licenses/by/4.0
https://crossmark.crossref.org/dialog/?doi=10.61838/kman.jpsad.1.2.4

4

b Daei Niaki et al.
L‘ SANA®
LN BOSPITAL

1 Introduction

lostridium perfringens (C. perfringens) is a common

environmental Gram-positive spore form in anaerobic
bacterium, and normal gastrointestinal tract flora is the
causal agent of a broad range of diseases in humans and
animals (1-3). This bacterial species is the most significant
cause of clostridial enteric disease in domestic animals (4,
5). Necrotic enteritis (NE) is one of the most economically
crucial enteric poultry diseases, especially in broilers and
turkeys, which induces more generally determined fulminant
infection, which can result in outbreaks with various
mortality rates (6-8). In addition to the economic
significance of C. perfringens in poultry, it poses a risk to
public health via the food chain (2, 9-11). Gastrointestinal
diseases are considered the most prevalent and economically
considerable diseases in the ostrich-rearing industry. The
predisposing factors contributing to disease development are
poor management, stress, lack of environmental hygiene,
and other similar diseases primarily caused by different
bacterial infections (2, 12, 13). NE with different types and
species of Clostridium as causative agents, such as C.
perfringens, C. difficile, and C. sordellii, have been often
associated with necrotising enterocolitis in ostrich in which
C. perfringens is the most common agent involved in ostrich
enteritis among this pathogenic microbial population (14-
17). Several antibiotic drug combinations called Antibiotic
Growth Promoters (AGPs) are added to poultry feed at sub-
therapeutic levels to enhance growth rate, improve feed
conversion ratio, and decrease the outbreak of different
diseases (8, 18-23). AGPs have been used worldwide in
poultry production since their beneficial outcomes were
demonstrated for the first time (22, 24-26). Over the years,
the widespread use of antibiotics in human and animal
medicine has induced a significant microflora pressure and,
subsequently, manifestation of antibiotic resistance
phenomenon among pathogenic bacteria (27-29). In Iran, all
poultry-producing areas and most of the broiler-producing
countries of Europe, avian clostridial diseases such as NE in
ostrich are controlled by the routine use of a combination of
antimicrobial agents and ionophore anticoccidial agents,
both of which possess antibiotic effects on Gram-positive
bacteria such as C. perfringens (15, 21, 23, 30, 31). Hence,
antibiotic resistance has significantly increased in different
groups of bacteria in recent years and has become a global
issue with significant repercussions for public health. So, the
scientific community has noted the necessity for antibiotic
susceptibility evaluation in indicator bacteria from various
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sources to measure antibiotic resistance's evolution.
Subsequently, much attention is being focused on this
worldwide problem, which has led to the banning and
regulation of AGP usage by some countries.

There are various recommended methods for antibiotic
susceptibility testing based on the Clinical and Laboratory
Standards Institute (CLSI) (32) in which the agar dilution
method has been mentioned as the reference method to
which all other methods should be compared according to
the National Committee for Clinical Laboratory Standards
(NCCLS) (33). Minimum Inhibitory Concentrations (MICs)
are considered the gold standard method for specifying the
susceptibility of organisms to antibiotics and, hence, are
used to judge the performance of all other susceptibility
testing methods. MICs are used in diagnostic laboratories to
confirm uncommon resistance and give a decisive answer
when a borderline result is obtained by different testing
methods (34). In the ostrich breeding industry of Iran, NE,
mainly caused by C. perfringens, is one of the most
important fatal diseases in which antimicrobial agents are
used extensively to prevent diseases; therefore, assessing
potential increases in antibiotic resistance is a concerning
subject. Since there is no information about the antibiotic
susceptibility of C. perfringens strains in ostriches, this is the
first study to determine the in-vitro resistance of C.
perfringens to eight common antibiotics relevant to ostrich
breeding.

2 Methods and Materials
2.1 Source of isolates

A total of 40 C. perfringens isolates were collected from
40 ostrich flocks located in different parts of Iran, which
have been obtained and archived in a previous field study
from 2010 to 2014 (35). Twenty bacterial isolates with the
acute form of NE were obtained from twenty ostrich flocks,
and the remaining isolates were selected from twenty healthy
flocks. In the history of these farms, the commonly used
antibiotics include oxytetracycline, neomycin, enrofloxacin
and trimetprim+sulfadimethoxin. Ostriches from healthy
flocks were subjected to the autopsy, and isolates of C.
perfringens were collected aseptically with sterilised cotton
swabs from intestinal samples. Also, all isolates obtained
from diseased ostrich flocks with high mortality due to NE
were confirmed by autopsy, and sampling was performed by
scrubbing the intestinal wall of affected birds.
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2.2  Bacterial identification and growth conditions

All intestinal samples were inoculated on blood agar
containing 7% defibrinated sheep blood and incubated
anaerobically at 37°C for 48 hr. Colonies which showed
characteristic double hemolysis zones were selected and
sub-cultured on selective culture media of C. perfringens,
including Tryptose Sulfite Cycloserine agar (TSC) and
Tryptose Sulfite Neomycin agar (TSN), to obtain purified
bacterial isolates. The identity of all isolates was verified by
their colonial and microscopical morphology, hemolytic
pattern, Gram staining of faecal specimens and intestinal
scraping and biochemical tests as described previously (36).
Gram staining of tissue specimens from field cases of NE
was also performed. All culture media used in this study
were purchased from Merck® (Germany). All confirmed C.
perfringens isolates were stored at -70°C in 20% glycerol in
brain heart infusion (BHI) until further usage. The reference
strain of C. perfringens ATCC 13124 was used as a positive
control and included in every test batch (Pasteur Institute
Collection, Paris, France). This strain was stored under
conditions similar to those of the clinical isolates. All
treatments of birds were conducted according to Animal
Care Guidelines of the Research Committee, Faculty of
Veterinary Medicine Ferdowsi University of Mashhad.

2.3 Antimicrobial susceptibility testing

All the procedures, interpretive criteria and breakpoints
were according to Clinical and Laboratory Standards
Institute guidelines (32). The anti-clostridial activity of eight
different antimicrobials was evaluated in the susceptibility
testing technique using broth microdilution (Table).
Antimicrobial dilution ranges were established based on
previously published studies (37, 38). The broth
microdilution plates were purchased in a frozen flat bottom
tissue culture 96-well format (BIOFIL®, Guangzhou,
China). Each well contained 50 ul of 2 x antimicrobial
dilution in supplemented brucella broth for anaerobes. Serial
two-fold dilutions of antibiotics were made. For MIC
determination, after C. perfringens growth at 37°C on blood
agar plates under anaerobic conditions for 24 h, 2 to 3
confirmed colonies were resuspended into 5 ml of buffered
saline to achieve a 0.5 McFarland turbidity. This suspension
was diluted 20-fold, and approximately 1x10° colony-
forming units of each bacterial strain were inoculated using
a Denley multipoint inoculator. One hundred microliters of
this suspension were then transferred to 11 ml of
supplemented brucella broth. This suspension was
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thoroughly mixed, and 50 pl aliquots were dispensed into
each of the wells on MIC microplates for a final volume of
100 pl. The microplates were sealed with perforated sealers
and incubated overnight at 37°C in square anaerobic jars
(Merck®, Germany).

A reference strain of C. perfringens ATCC 13124 was
included as a control with every batch tested. Two different
MICs were tested for this strain in triplicate on three other
days, yielding 18 test replications and readings. A fresh
bacterial suspension was prepared for each replicate in 5 ml
of distilled water from overnight bacterial growth on blood
agar plates. Bacterial counts were performed to distinguish
the bacterial numbers in the plate wells. Following the
susceptibility test, panels were inoculated with the bacterial
suspension,100 ml was withdrawn from antimicrobial-free
growth control wells and serially diluted in phosphate-
buffered saline solution. Aliquots of these dilution series
were plated on blood agar plates, and bacterial counts were
registered after 24 h incubation in an anaerobic condition at
37°C. Meanwhile, a sterility test was done by inoculating a
panel with supplemented brucella broth only, followed by
incubation. The MIC50 and MIC90 were read randomly
using a lightbox (Sensititre, Trek Diagnostic systems), and
they were determined as the lowest concentration of the
antimicrobial agent, which inhibited at least 50% and 90%
of the visible bacterial growth.

3 Results

The reproducibility of MICs with reference C.
perfringens was established by 18 independent experiments
for each antimicrobial agent within one doubling dilution.
Identical MIC values were obtained with all replicates for
each antimicrobial agent. The average colony forming units
of C. perfringens ATCC 13124 per ml of growth media was
1x105, as evaluated in each experiment. The lowest value
was 9.2x104 CFU/ml, and the highest was 1.1x10% CFU/ml.
The isolates were categorised as susceptible or resistant
according to the microbiological criteria based on MIC
distributions of the National Committee for Clinical
Laboratory Standards guidelines (32). According to the
CLSI instructions for reading the MIC of antimicrobial
agents, ceftriaxone and cefazolin showed the lowest MIC50
(1 ng/ml) against ostrich isolates with susceptibility of 80%
and 77.5%, respectively. Penicillin and florfenicol were in
second place with MIC50 of 4 pg/ml MIC and susceptibility
levels of 47.5% and 72.5%, respectively. Tetracycline and
neomycin were placed in the third and fourth rank with the
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MIC50 of 16 pg/ml and 512 pg/ml, and the susceptibility
level of C. perfringens isolates against them was 62.5% and
7.5%. Sulfadimidine and sulfadiazine showed the highest
MIC50 (>1024 pg/ml) and lowest susceptibility levels of
7.5% and 20%. MIC90 was most insufficient for penicillin,
florfenicol and tetracycline (256 mg/ml), followed by
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ceftriaxone, cefazolin and neomycin (512mg/ml),
sulfadimidine and sulfadimidine (>1024 pg/ml). The MIC
values, MIC50 and MIC90 values for each antimicrobial
agent against obtained C. perfringens isolates are
summarised in Table 1.

Table 1. Frequency distribution of MICs of eight antimicrobial agents obtained by broth microdilution method on 40 C. perfringens strains

isolated from ostriches.

MIC (ug\ml)
Antibiotic <0.125 025 05 1 2 4 8 16 32 64 128 256 512 1024 >1024 MICso MICgo MICp,*
CTR 0 0 16 6 2 4 2 0 2 0 0 0 8 0 0 1 512 <16
TCN 0 7 1 1 3 3 3 7 2 4 1 8 0 0 0 16 256 <4
FFC 0 5 2 3 8 6 1 2 2 1 1 9 0 0 0 4 256 <8
NEO 0 1 1 1 0 1 1 1 2 5 0 0 27 0 0 512 512 ---
SFD 0 0 0 0 1 0 0 1 0 6 2 2 0 3 25 >1024 >1024 ---
SDM 0 0 0 0 1 0 0 O 0 2 2 3 2 6 25 >1024 >1024 ---
CEZ 0 0 0 2. 3 3 1 3 0 0 0 0 9 0 0 1 512 <16
PEN 12 5 1 1 0 2 2 2 1 0 0 14 0 0 0 4 256 <0.05

(CTR: Ceftriaxone, TCN: Tetracycline, FFC: Florfenicol, NEO: Neomycin, SFD: Sulfadiazine; SDM: Sulfadimidine, CEZ: Cefazolin, PEN: Penicillin).

MICyp: Minimal Inhibitory Concentration Break-point (Susceptibility level)

1 All MIC breakpoints were adopted from CLSI 2018. Methods for antimicrobial susceptibility testing of anaerobic bacteria. Twenty-eight edition. Approved
Standard M100. National Committee for Clinical Laboratory Standards, Wayne, P.A.)

The resistance percentage of C. perfringens strains to
sulfadimidine, sulfadiazine and neomycin in both healthy
and diseased groups was high. Despite the high
susceptibility (73.6%) of isolates to cefazolin in diseased
ostriches, interestingly, C. perfringens strains belonging to
the healthy group showed low susceptibility. Furthermore,

in both groups, the susceptibility of isolates to penicillin,
florfenicol, tetracycline and ceftriaxone was high. The
antibiotic susceptibility pattern of C. perfringens strains
obtained from healthy and diseased ostriches is presented in
Table 2. Biochemical properties of C. perfringens strains in
this study are shown in Table 3.

Table 2. Antibiogram profile of C. perfringens isolates obtained from healthy (H) and diseased (D) ostriches.

Frequency Percentage
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CTR: Ceftriaxone, TCN: Tetracycline, FFC: Florfenicol, NEO: Neomycin
SFD: Sulfadiazine, SDM: Sulfadimidine, CEZ: Cefazolin, PEN: Penicillin
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Table 3. Biochemical properties of C. perfringens strains isolated in this study

Basic Characteristics Properties
Gram staining +_ /40/0
Hemolysis o /B / Double Zone 0/ 0/ 40
Motility Motile / Non-motile 0/40
Shape Straight Rods with Blunt Ends
Capsule +_ 40/ 0
Gas +_ 40/ 0
Spore +_ 40/ 0
Indole +_ 0/ 40
Glucose +_ 38/ 2
Maltose +_ 36/ 4
Lactose + 39/ 1
Sucrose +_ 39/ 1
Manitol +_ 29/11
Oxidase +_ 0/ 40
Catalase +_ 0/ 40
Fructose +_ 40/0
Gelatin Hydrolysis ~ +/_ 40/0
Lecithinase +_ 40/0
Lipase +_ 0/40
Amylase +_ 40/0
Elastase +_ 40/0

4 Discussion tetracycline in the third rank, suggesting relative

Antibiotic feed additives in poultry nutrition lead to high
outbreaks of resistance between their intestinal bacterial
flora, resulting in antibiotic resistance in zoonotic
enteropathogens. Despite increasing concerns about the
emergence of antimicrobial-resistant strains, which indicates
diverse spread in different geographic regions, more work
needs to be done to investigate this issue in ostrich with NE.

To the best of our knowledge, the present study is the first
report about the determination of antimicrobial
susceptibility of C. perfringens strains collected from
ostriches with faecal and intestinal origin. In this study, we
tried to obtain widespread data on the resistance situation of
C. perfringens on ostrich farms in Iran. The purpose of
providing specimens from many different flocks and farms
rather than including many strains from a few farms is to
evaluate the C. perfringens reference strain. The broth
microdilution method used in this study is a reproducible
way of specifying MICs for different antimicrobial agents.
Although there is no data about the antimicrobial
susceptibility of C. perfringens isolated from ostriches'
intestines and faeces, several similar studies on the poultry
field exist. In Iran, the most common antimicrobial agents
used in the ostrich industry during NE and gastrointestinal
diseases include tetracycline, neomycin, sulfadiazine and
sulfadimidine, respectively. Nevertheless, the C. perfringens
isolates obtained from both groups were still susceptible to
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susceptibility to this common antibiotic among the C.
perfringens bacterial population. In contrast, there is a high
resistance against neomycin, sulfadimidine and sulfadiazine,
which are used in the ostrich industry in both groups, which
shows the necessity to restrict the application of these
antibiotics.

On the other hand, C. perfringens isolates had high
susceptibility to ceftriaxone and cefazolin as human
medicine antibiotics and their use is forbidden in veterinary
medicine. The high resistance of isolates obtained from
healthy ostrich flock to sulfadimidine, sulfadiazine and
neomycin would be due to their widespread usage and
transfer of plasmids containing resistance genes between C.
perfringens strains.

In recent studies, the researchers stated that all C.
perfringens isolated from broiler chickens with NE were
susceptible to penicillin, which is consistent with the present
research on the susceptibility of ostrich-origin isolates to this
antibiotic (39, 40). In several studies, the researchers
reported higher levels of tetracycline resistance in Swedish
C. perfringens strains isolated from different broiler farms
(40-42). In contrast, despite the extensive use of tetracycline
in cases of ostrich with NE in Iran, little resistance against
C. perfringens isolates has been found in the current study.
In Egypt, the antimicrobial susceptibility of C. perfringens
strains in broiler chickens revealed that florfenicol is one of
the helpful antimicrobial agents similar to our research with
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high susceptibility to ostrich isolates (43). In keeping with
our results, an investigation in Belgian broilers showed that
all tested isolates were sensitive to florfenicol, which shows
complete susceptibility of obtained strains against C.
perfringens with NE (44). Meanwhile, they stated that most
of the isolates showed acquired resistance to tetracycline,
which this finding was in contrast with the present study in
which susceptibility of tetracycline against C. perfringens
isolates was demonstrated. In another investigation, the
researchers recommended that C. perfringens infections in
broilers of Jordan could be treated with either penicillin or
tetracycline. Their finding was similar to ours but with
different poultry origins (45).

In the current study, MIC50 of penicillin and tetracycline
were 4 ug/ml and 16 pg/ml, respectively. Still, in an analysis
from Ontario, Canada, to evaluate antimicrobial
susceptibility in various animal species, the MIC of
penicillin and tetracycline were lower and higher in chickens
than in this study. Hence, they stated that higher
susceptibility of penicillin against chicken C. perfringens
strains and resistance to tetracycline was spread across all
species, such as chicken origin, in contrast to the present
investigation (38).

A surprising finding in this study was the decreased
susceptibility of penicillin against C. perfringens isolates
compared to the results of other studies in broilers and
turkeys (38, 40, 43, 46, 47). On the other hand, several
studies in human medicine reported resistance to beta-lactam
antibiotics mediated by the decreased affinity of essential
penicillin-binding protein (48-52), and this report is in
agreement with our results. Hence, the lower susceptibility
of ostrich isolates compared to broiler strains could be due
to decreased affinity of the mentioned protein or increased
usage of human medicine drugs in studied ostrich farms
without our knowledge. Meanwhile, in a study, the
researchers reported high penicillin susceptibility against C.
perfringens strains obtained from broilers. However, they
increased the MIC of this antibiotic compared to a similar
study several years ago, indicating resistance formation over
several years (45). Although C. perfringens is innately
resistant to neomycin, we have found 7.5% susceptibility of
C. perfringens strains against this antibiotic in this study.
This finding is inconsistent with previous studies in broilers
and turkeys, which reported poor efficacy of this antibiotic
to C. perfringens isolates with 93% and 94% resistance
levels, respectively (43, 46). According to the antimicrobial
susceptibility testing of C. perfringens isolates in canine
species, the researchers reported the high resistance of
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bacterial strains against tetracycline, which this antibiotic
should be avoided for the treatment of C. perfringens-
associated diarrhea in dogs (53-55), and this finding is |
contrast with result of our study that we reported
susceptibility of ostrich C. perfringens isolates to this
antibiotic.

Due to the relatively high prevalence of resistance and the
potential for the outbreak of antimicrobial resistance, this
agrees with the other studies. However, there was still
relative susceptibility of C. perfringens against (49, 56). A
decreased susceptibility to some antimicrobial agents of
practical relevance for therapy and prevention of ostrich
enteric diseases induced by C. perfringens, the most
prevalent antibiotics, was observed. As explained, decreased
susceptibilities were distributed less regularly between the
investigated poultry species. They indicated a potential
correlation with the particular antimicrobial use practices in
each of these poultry species, so various distributions of
several antimicrobial agents were observed in ostrich
isolates similar to other poultry species, as described before.
These findings agree with the published reports on the
distribution of MIC values of tetracycline used in enteric
diseases of poultry (38, 41, 44) but in contrast with the
susceptibility of this antibiotic to the C. perfringens of
ostrich origin.

In summary, for the first time, this study creates a
baseline for antimicrobial agent susceptibility of C.
perfringens isolated from ostrich in southeast Iran. The
results indicate widespread resistance of C. perfringens
strains to antimicrobial agents. Some decreased
susceptibility to multiple antimicrobials customarily used in
enteric diseases of the ostrich was observed in this study,
thus suggesting the potential for therapeutic challenges in the
future if the necessary attention is not given to avoid the
selection of multi-resistant organisms.

5 Conclusion

In conclusion, based on the results of the current study,
monitoring of antibacterial susceptibility patterns of C.
perfringens strains isolated from infected ostriches should be
routine to investigate the tendencies in susceptibility of C.
perfringens isolates, considering the possibility of occurring
antibiotic resistance between animal and human pathogenic
bacterial population. In addition, C. perfringens infections
diagnosed and isolated in ostriches of Iran should be treated
with tetracycline and florfenicol, for which resistant isolates
are rare.
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