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LETTER

T4-like coliphage ΦKAZ14 virulent to pathogenic and extended 
spectrum β-lactamase-producing Escherichia coli of poultry 
origin
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Dear Editor,

Bacteriophages (otherwise called phages) are a type 
of virus that infect bacteria. This viral type has found 
useful applications in the control of bacterial pathogens 
in foods and food processing environments. In addi-
tion, phages may be useful to prevent colonization and 
shedding of bacteria into the surrounding environment. 
Bacteriophages have been applied in the biocontrol of 
colibacillosis caused by avian pathogenic Escherichia 
coli (APEC) 078 serotype (Lau et al., 2010). There is a 
scarcity of literature on the application of bacteriophag-
es in the biocontrol of APEC 01 serotype and extend-
ed-spectrum β-lactamase (ESBL)-producing E. coli in 
poultry. APEC 01 causes mortality in chickens and is a 
probable cause of ur  inary tract infection and ne  wborn 
meningitisin in humans; thus, APEC 01 is a threat to 
public health. The aim of the present study was to isolate 
bacteriophages for the pre-harvest biocontrol of APEC 
01 and ESBL-producing E. coli in chicken, in order to 
mitigate the risk of these pathogens to the food chain. 
Isolation and characterization of the T4-like coliphage 
KAZ14, lytic to APEC 01 and ESBL-producing E. coli, 
is reported and discussed. 

Avian pathogenic E. coli (ATCC 11775: Serovar 
O1:K1:H7) was purchased from ATCC, and ESBL-
producing E. coli was isolated by plating cloacal swabs 
onto Chromocult® coliform agar (Chromocult, Merck, 
UK). Blue or violet colonies observed on the media were 
sub-cultured onto CH  ROMagar-ESBL (CHROMagar, 
Paris, France) and incubated aerobically overnight at 37 
ºC. Colonies that appeared dark pink to reddish in color 
were presumptively identifi ed as ESBL-producing E. coli 
(Coudron et al., 2000; Lagacé-Wiens et al., 2010; Turner 
et al., 2000). Iso  late identities were confi rmed by poly-
merase chain reaction (PCR) using specific primers for 
the detection of the blaTEM gene, which confers resis-
tance to cephalosporins in Enterobacteriaceae. The prim-
ers used were 5'-AAAATTCTTGAAGACG-3' (forward) 
and 5'-TTACCAATGCTTAATCA-3' (reverse). PCR was 
performed as previously described (Bora et al., 2014; 
Sharma et al., 2010). Bacteriophages were isolated based 

on an established method (Oliveira et al., 2009). Host range 
and susceptibility of host bacteria to the isolated bacte-
riophage were determined by the modifi ed double-layer 
technique (Carey-Smith  et al., 2006). The isolated bac-
teriophage was purified and its morphology examined 
using a transmission electron microscope (LEO 912AB 
EFTEM) at 100,000–260,000×magnification (Carey-
Smith et al., 2006). The identity of the phage was con-
fi rmed based on PCR to detect the g23 capsid gene (Filée 
et al., 2005) using the following primers: MZIA1bis 
(5′-GATATTTGIGGIGTTCAGCCIATGA-3′, forward), 
MZIA6 (5′-CGCGGTTGATTTCCAGCATGATTTC-3′, 
reverse).

E. coli was isolated from chicken cloaca and charac-
terized based on presumptive phenotypic identifi cation, 
using Chromocult coliform agar and CHROMagar as 
selective media for isolation of ESBL-producing E. coli. 
CHROMag  ar has been demonstrated as a suitable me-
dium for specific isolation of ESBL-producing bacteria 
(Lagacé-Wiens et al., 2010). These isolates were resis-
tant to some cephalosporins (cefotaxime, cefpodotaxime, 
ceftoxime and cetriaxone) based on disk sensitivity test. 
Molecular characterization was performed to confirm 
that E. coli isolates produced ESBL. PCR was performed 
with primers specifi c to the blaTEM gene, and the gene 
was detected in all five wild-type E. coli isolates. The 
blaTEM gene was identified 1080 base pairs (bp) in 
length on the gel (Figure 1A). The blaTEM gene is prev-
alent and confers resistance to cephalo  sporins in E. coli, 
Kleibsella pneumonaea, and other Enterobacteriaceae 
(Bora et al., 2014; Sharma et al., 2010; Manoharan et al., 
2011). These investigations confi rmed that E. coli isolat-
ed from the chicken cloaca were ESBL-producing.

Interest in the application of phages as biocontrol 
agents against bacterial infections and antibiotic resis-
tance has steeply risen and is continuing to grow (Huff  
et al., 2004; Sulakvelidze  et al., 2001; Chanishvili et 
al., 2001; Yosef et al., 2014). In the present study, we 
isolated a bacteriophage lytic to APEC 01 and ESBL-
producing E. coli. The phage infected and lysed APEC 
01 and three out of fi ve ESBL-producing E. coli strains 
(used as host range indicators) (Table 1). The fact that 
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only three strains were infected and lysed indicates that 
the other two strains were not susceptible or lacked re-
ceptors for the initial attachment of the phage necessary 
for infection. The ability of the isolated phage to infect 
both APEC 01 and ESBL-producing E. coli demonstrates 
its polyvalent nature. This may provide a dual advantage 
compared with monovalent-type phages in biocontrol 
applications. Morphological observations indicated that 
the phage had an icosahedral head measuring 50 nm by 
45 nm, with a long contractile tail measuring 78 nm by 
10 nm (Figure 1B). Phages with similar morphological 
characteristics have been identified in previous inves-
tigations based on transmission electron microscopy 
(Ackermann and Nguyen, 1983). Previously, molecular 
characterization using PCR led to the detection of a 600 
bp g23 capsid gene, consistent with other isolated bac-
teriophages classifi ed as T4-like coliphages (Filée et al., 
2005). The phage identifi ed in the present study belongs 

to the family Myoviridae (Figure 1C). The detected g23 
capsid gene is widespread in T4-type myoviruses, further 
confi rming the classifi cation of the identifi ed phage as a 
T4-type myovirus. 

Although T4-like phages infectious to avian pathogen-
ic E. coli strains have been previously reported (Oliveira  
et al., 2009), there is a scarcity of published studies on 
T4-like bacteriophages virulent to ESBL-producing E. 
coli of poultry origin. We report for the fi rst time identi-
fication of a phage designated as KAZ14, which was 
lytic to cephalosporins resistant and ESBL-producing E. 
coli strains isolated from chicken. These results may be 
useful in the biocontrol of susceptible APEC 01, ceph-
alosporins resistant and wild-type ESBL-producing E. 
coli in chicken. Further studies on the applications of 
KAZ14 may help in developing better strategies to im-
prove food safety and security.
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Table 1. Host range spectrum of the isolated bacteriophage 
ΦKAZ14

No. Species of Host Strain

Plaque 
formation 
and size*

 (mm)
1 Escherichia coli APEC (O1:K1:H7) +
2 Escherichia coli ESBL 1 -
3 Escherichia coli ESBL 2 -
4 Escherichia coli ESBL 3 +
5 Escherichia coli ESBL 4 +
6 Escherichia coli ESBL 5 -

* Approximately 2mm; ESBL: Extended spectrum beta lact-
amase E. coli strains; APEC (O1:K1:H7): Avian pathogenic E. 
coli; “+”: positive lytic zones; “-”: negative.

Figure 1. (A) Detection of blaTEM genes in E. coli isolated from chicken. M: Marker (100 bp); Lane 1: Klebsiella 
pneumoniae (ATCC 700603); Lane 2-6: E. coli isolated from chicken. The blaTEM gene was detected at 1080 
bp. (B) Micrograph of fi eld transmission electron microscopy of coliphage KAZ14 isolated from chicken faeces 
capable of infecting avian pathogenic and extended spectrum β-lactamase producing E. coli from Chicken. (C) Gel 
electrophoresis amplifi ed g23 gene fragments from coliphage ΦKAZ14 isolated from faeces of Chicken.  M: 100 bp 
marker; 1: detected g23 gene fragment.
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