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Abstract
Citrobacter freundii is had an important in medical and economical issues, there are few local studies about it in animals, this
study aimed to isolate and identify Citrobacter freundii from others that have a similar biochemical and morphological
characteristics. One hundred fecal samples were collected from sheep’s (female and male) in Baghdad city, during december
2019 to Feburury 2020. 25 (25%) of Citrobacter isolates was isolated from the collected fecal samples by using culture media
and identified by biochemical tests, antimicrobial susceptibility test was susceptibly to all antibiotic which tested and the
identification was confirmed using Vitek 2 compact, polymerase chain reaction (PCR) and sequencing for 16S rRNA and the
isolated positively identified as 98% C. freundii by vitke2 and 100% by sequencing when homology with references in
Genbank. This study concluded that identification of C. freundii by PCR was in accordance with those of biochemical test
and vitke2 it providing a valuable tool for rapid detection of C. freundii in clinical samples from sheep.
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Introduction
Citrobacter, a genus of the Enterobacteriaceae

family, Gram-negative, facultative anaerobic bacteria that
look as Coccobacilli or rods (Abbott, 2011). They are
motile using their peritrichous flagella. Their species such
as C. amalonaticus, C. koseri, and C. freundii can
ferment mannitol with making of H2S and can use citrate
as their single source of carbon ( Doran, 1999; Thompson
et al., 2018).

Citrobacter species were considered the intestinal
inhabitants of human and animals and commonly existed
in sewage, water and soil (Frederiksen et al., 2005) and
are uncommon opportunistic nosocomial bacteria can
cause respiratory tract infection, septicemia and
encephalitis in sheep (Yimer- Asseged, 2018; Huisheng
et al., 2018). In Iraq, almost the isolation of citrobacter
from human, while few researcher isolated from animals
(Al-Hashimi, 2002). C. freundii isolated from some
diarrhoetic cases in infants at Mosul City (Al-Muslemaw,
2007). and also, C. freundii was isolated from urinary
tract infections, wound infections, otitis media infections,
intestinal tract infections and from the environment of
the ward in the hospital. Also isolated from chicken meat

sample in different markets at Baghdad city (Hashim-
AlKhafaji, 2018). The conventional diagnosis of bacteria
has been based on clinical sings, isolation of the organism,
extensive phenotyping and capsular serotyping (Hunt et
al., 2000); molecular identification improved
accurateness of characterization, speed of detection,
determination of taxonomic position and understanding
of intra-species genetic relationships (Hunt et al., 2000).
Citrobacter freundii was successfully detected by using
primers pairs based 16S rRNA gene that belongs to its
chromosomes and produces 1500 bp from chicken meat
in Baghdad city (Hashim-AlKhafaji, 2018) and the aim
of this study is to isolate and identification C. freundii
from sheep using biochemical and molecular analysis.

Materials and Methods
Samples collection:

One hundred of sheep fecal samples were collected
from different regions in Baghdad city, Information
including sex, age and location were fixed on container
labile, then placed in ice and transported to laboratory
within period less than two hours (Quinn et al., 2011).
Isolation
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test tube containing 10 ml of normal saline, 0.1ml of each
sample suspension is inoculated on the Salmonella
shigella (SS) agar medium or MacConkey agar, and then
incubated at 37°C for 24-48 hours. The suspected
colonies inoculated on Xylose lysine deoxycholate (XLD)
agar then are incubated at 37°C for 24-48 hours (Quinn
et al., 2011).
Identification

The Citrobacter isolates were identified to the level
of species using the traditional morphological, biochemical
tests, vitek2 compact system, antimicrobial susceptibility
test and pathogenicity test such as PCR assay of virulence
gene. Vitek 2 system (bioMérieux, Lyon, France)
according to manufacturer’s instructions was used to
identify the bacterial isolates and Antimicrobial
susceptibility test. DNA extraction to identify of
Citrobacter freundii by PCR, DNA was extracted using
Presto Mini g DNA bacteria Kit according to
manufacturer’s instructions (Geneaid, KOBA). The
DNA concentration was measure by NANODROP-2000
spectrophotometer (Thermo Scientific Inc., USA). 16S
rRNA Primer: F5‘-AGAGTTTGATCCTGGCTCAG-
3‘R5‘-TACGGTTACCTT GTTACGACTT-3‘
amplification size 1500bp (Hashim-AlKhafaji, 2018).

PCR amplification was performed final volume (25µl)
containing (12.5 µl) Master mix (promega), (1 µl) forward
primer, (1 µl) reverse primer, (8.5 µl) nuclease free water,
and (2 µl) DNA template. The protocol for PCR condition
was initial denaturation 95°C for 5 min. denaturation 95°C
for 30 sec., annealing 60°C for 30 sec. extension 72°C
for 1 min. and final extension 72°C for 7min. The PCR
product tubes of sample with forward and reverse primer
of 16S rRNA were sent for DNA sequencing.

Results
Results of one hundred fecal samples (normal feces

and diarrhea) of female were 6(12%) and 12(24%)

Table 2: Source and isolation rate of Citrobacter freundii.

Studies\ No. of Sexes Type No. Positive
months examined and and of perce

samples age source positive ntage
of isolates %

sample
November 2019 Female Normal 6 12%
December 2019 12 moth feces
January 2020 100 diarrhea 12 24%
February 2020 Male Normal 0 0%

9 month feces
diarrhea 7 14%

              Total 100 25 25%

respectively, while, 0(0%) and 7(14%) C. freundii isolates
were isolated from male (normal feces and diarrhea)
respectively, table 2.

Identification of C. freundii was done by study
colonial morphology on SS, M.A and XLD agar, all isolates
showed similar appearance on SS agar as small or large

Fig. 1: Citrobacter isolates on (a) SS agar (b) M.A agar (c)
XLD agar.

Fig. 2: Gram negative stain of Citrobacter isolates.

pale flattened colonies with black center due to their
ability to produces H2S on S.S agar after 24 hrs Fig. 1.
Citrobacter isolates were appeared as pink colonies
on MacConkey agar due to lactose fermenter while
Salmonella is pale colonies (Non lactose fermenter)
MacConkey agar, on XLD Citerobacter appeared as
yellow colonies while Salmonella appeared as red
colonies with black center. To confirm the primary
identification Gram stain was performed to examine the
microscopic properties which were Gram negative bacilli
Fig. 2. All isolates and standard strain examined by
biochemical tests table 3.

To confirm the identification of Citerobacter spp.
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Table 3: Biochemical test of Citrobacter isolates.

Results Test
Pink colonies Growing on MacConkey agar
Black center S.S agar

Yellowish colonies XLD agar
G- Gram stain reaction
- Urease
+ Catalase
- Oxidase
- Gelatinase

Fig. 4: Amplified PCR products of 16SrRNA gene (1500 bp):
Agarose gel electrophoresis, ethedium bromide
stained, 1.5 % agarose, electrophoresed in 75 volt for
2 hrs and photographed under ultraviolet trans-
illuminator. M: The DNA molecular weight marker (100
bp ladder) and 1: the amplified PCR product of 16SrRNA
of Citrobacter freundii.

Table 4: results of Vitek 2 compact system ad antimicrobial susceptibility.

Vitek 2 compact system ad antimicrobial susceptibility
were depended and the result showed that the isolated
bacteria in this study was Citrobacter and the species
freundii as shown in table 4.

The isolate was tested to present 16 s rRNA. Hence,
the isolate was positive for 16SrRNA gene amplification
using monoplex PCR technique, 1.5% agarose gel
electrophoresis Fig. 4.

Sequences were analyzed with the Basic Local
Alignment Search Tool (BLAST) in National Center for
Biotechnology Information (NCBI) website (http://
www.ncbi.nlm.nih.gov). The Citrobacter freundii isolate
shared 100% homology with reference strains in GenBank
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Table 5: Result of Citrobacter freundii homology with Genbank.
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(Accession No. MN548424.1) table 5.

Discussion
Citrobacter spp. are uncommon opportunistic

nosocomial bacteria can cause urinary tract, hematologic,
or neonatal infections (e.g. meningitis, sepsis, general
bacteremia); intra-abdominal sepsis; brain abscesses; or
pneumonia (Ryan et al., 2004; Raphael-Riley, 2017). The
positive results for isolation (25%) of C. freundii were
observed from one hundred fecal samples (normal feces
and diarrhea) of female and male. these results were in
agreement with (Al-Muslemaw, 2007). Which isolated
eight C. freundii isolate from 250 of clinical samples
such as fecal and urine in Baghdad city and C. freundii
was the most common type, occupying 75% of clinical
isolates. These results also in agreement with (Hashim-
AlKhafaji, 2018). Which isolated (3) C. freundii from
25 chicken meats sample in local market also in Baghdad
city. The results of antimicrobial susceptibility was in
agreement with (AL–Gannabee, 2006). Who pointed the
isolates of C. freundii  were sensitive (100%) to
Ciprofloxacin, Imipenem and Gentamycin. The results
of identification of Citrobacter isolate by PCR analysis,
the isolate was tested to present 16 s rRNA. Hence, the
isolate was positive for 16SrRNA gene amplification at
1500bp. This results was in agreement with (Hashim-
AlKhafaji, 2018). Who found the C. freundii was
identification by PCR analysis and positive to the presence
16 s rRNA gene. The results was also in agreement with
(El-Barbary-Hal, 2017) which pointed the use of universal
primer 27F was succeeded to amplify the 16S rRNA
gene in the PCR reaction and the resulting sequences
covered variable regions of 16S rRNA in bacterial isolates
in order to accurately identify the bacterial species.
Comparing the nucleotide sequences of 16S rRNA gene
using BLASTN, showed that the similarity of studied
bacterial isolates was a 99% match with that of C.
freundii (accession No. KX156769).

Conclusion
The results of this study concluded that identification

of C. freundii by PCR was in accordance with those of
biochemical test and vitke2 it providing a valuable tool
for rapid detection of C. freundii in clinical samples from
sheep in Baghdad city for the first time.
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