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on or within a host of a particular species and enhance 
it’s potential to cause disease (Johnson, 1991). VFs include 
bacterial toxins, cell surface proteins that mediate bacterial 
attachment, cell surface carbohydrates and proteins that 
protect a bacterium and hydrolytic enzymes that may 

contribute to the pathogenicity of the bacterium (Momtaz 
et al., 2013). 

Recently, work on E. coli has sought to investigate the 
relationship between extra-intestinal pathogenic E. coli 
(ExPEC) strains (Ewers et al., 2007; Moulin- Schouleur et 
al., 2007; Johnson et al., 2008). These include mainly avian 
pathogenic E. coli (APEC) which causes colibacillosis in 
poultry, UPEC and neonatal meningitis E. coli (NMEC). 
Comparisons of these isolates have generally revealed 
that some overlaps exist in serogroups, virulence geno-
types and abilities to cause disease in certain animal 
models (Rodriguez- Siek et al., 2005; Ewers et al., 2007; 
Moulin-Schouleur et al., 2007). 

Work on virulence genes in the western world and most 
of Asia is on the rise, but in Africa very little information 
seems to be available (van der Westhuizen and Bragg, 
2012; Randall et al., 2012). This study was undertaken to 
screen for avian-related virulence genes in UPEC. Use of 
the avian-related virulence genes was meant to allow us 
to compare virulence genes found in E. coli responsible 
for human UTIs to APEC in diseased chicken. 

The 12 virulence genes that were used for molecular 
characterization of uropathogenic E. coli in the present 
study included the frz operon (Rouquet et al., 2009); 
vacuolating autotransporter toxin, vat (Parreira and 
Gyles, 2003); type 1 fimbrial adhesion gene, fimH (Mellata 
et al., 2003); capsule formation transporter gene, kpsM 
(Pavelka et al., 1991); the gene ompT (Cavard and 

Lazdunski, 1990); the sitA and sitD genes which are part 
of the sitABCD system (Runyen-Janecky et al., 2003); a 
putative avian haemolysin gene, hlyF; an aerobactin 
siderophore receptor gene, iutA (Williams and Warner, 
1980; Morales et al., 2004); a transcriptional regulator of 
iron uptake gene in APEC, uvrY (Li et al., 2004); the gene 
pstB (Lamarche et al., 2005) and the plasmid partitioning 
protein encoded by sopB which is common in various 
plasmids.  

Antibiotic resistance/sensitivity patterns are important in 
the selection of antibiotics that can be used as 
combinations in the treatment of urinary tract infections. 
In a recent report by the World Health Organisation 
(WHO) it was mentioned how we are headed for a post-
antibiotic era, in which common infections and minor 
injuries which have been treatable for decades will once 
again kill. The report draws on data from 114 countries, 
and focuses on antibiotic resistance in bacteria that 
cause common but serious diseases such as sepsis, 
diarrhea, pneumonia, urinary tract infections and 
gonorrhea (WHO, 2014). Because of the lack of an 
effective vaccine to combat UTIs, antimicrobial therapy 
remains crucial for the control of urinary tract infections. 
Another  major  objective  of  this  study  was  to  provide 
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current antibiotic resistance patterns of UPEC isolates 
from Zimbabwe. 
 
 
METHODOLOGY 
 
Sample collection  
 
Between the months of July and August 2013, 86 urine samples 
were obtained from patients visiting a leading diagnostic Medical 
Laboratory in Harare. These samples were from both symptomatic 
and asymptomatic patients being tested for UTIs. Of the 86 urines 
samples, only 13 were found to have E. coli as the cause of bac-
teriuria. Over a period of three months (October-December 2013) 
27 E. coli isolates were obtained from a leading diagnostic Medical 
Laboratory in Bulawayo, these were also from suspected UTIs 
cases. A total of 40 E. coli isolates were used in this study, 13 from 
Harare and 27 from Bulawayo. 
 
 
Isolation and identification of E. coli   
 
Samples were cultured on cysteine lysine electrolyte deficient agar 
(CLED agar), blood agar and MacConkey agar (Oxoid, England) 
and then incubated aerobically at 37°C for 24 h. Biochemical tests 
were carried out including the Gram stain and the indole, citrate and 
methyl red test. 
 
 
Antimicrobial susceptibility testing 
 
The disc diffusion method was used to determine antibiotic suscep-
tibility of the isolates on Mueller Hinton agar (Oxoid, UK). Each 
isolate was tested for antibiotic susceptibility using a panel of the 
following antibiotics: nitrofurantoin (50 µg), ampicillin (25 µg), nail-
dixic acid (30 µg), tetracycline (30 µg), ciprofloxacin (5 µg) and gen-
tamycin (10 µg). All antibiotic disks were from Oxoid, United Kingdom. 
The plates were incubated at 37°C for 24 h, and inhibition zones 
were measured. Interpretation of results followed criteria recom-
mended by the Clinical Laboratory Standard Institute (CLSI, 2009). 
 
 
DNA Isolation 
 
Bacterial strains were subcultured at 37°C overnight in Luria-Bertani 
(LB) broth (Oxoid, Basingstoke, Hampshire, UK) and genomic DNA 
was extracted using a standard Phenol-Chloroform method 
(Sambrook and Russell, 2001). To check for purity, DNA was run 
along a 1% ethidium bromide stained agarose gel (Sigma-Aldrich, 
St Louis, USA) with a 1 kb DNA ladder (Thermo Scientific, USA) in 
TBE buffer for 1 h at 100 V and then viewed using a Uvipro-Silver 
Gel Documentation System (Uvitec, UK). The concentration of DNA 
was estimated by comparing the band light intensity to the band 
intensity on the 1 kb ladder on the Uvipro-Silver Gel Documentation 
System. DNA concentration of samples ranged from 75 ng/0.5 µg – 
100 ng/0.5 µg. 
 
 
Multiplex PCR for virulence genes   
 
The presence of genes encoding virulence factors was detected 
using multiplex PCR amplification. Four multiplex PCR assays were 
used to detect 12 virulence genes (Table 1). The multiplex design 
was done  according to that reported by van der Westhuizen and 
Bragg (2012) with slight changes in the primer and final magnesium 
chloride concentrations. The effected changes were done using 
primer concentrations of 0.5 µM for the frz, sitD, fimH, ompT, iutA, 
pstB and sopB genes and adjusting the final MgCl2 concentration to  
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Table 1. Final primer concentrations used in the different multiplex PCRs. 
 

Multiplex 
Primer  

set 
Conc  
(µM) 

Primer 
set 

Conc 
(µM) 

Primer 
set 

Conc. 
(µM) 

Additional 
MgCl2 (mM) 

Final MgCl2 
(mM) 

1 frz 0.5 sitD 0.5  fimH 0.5 1 3 
2 sitA 2.0 kpsM 1.0  vat 0.5 1 3 
3 ompT 0.5 iutA 0.5  pstB 0.5 1 3 
4 sopB 0.5 uvrY 1.0  hlyF 0.5 1 3 

 
 
 

Table 2. Frequency of 12 virulence genes in 40 uropathogenic E. coli isolates. 
 

Name of gene Primer name Frequency (%) 

Aerobactinsiderophore receptor  iutA 35 
Type 1 fimbrial adhesin fimH 32.5 
Vacuolating autotransporter toxin vat 17.5 
SitABCD system  sitA 17.5 
SitABCD system  sitD 15 
Putative avian haemolysin  hlyF 12.5 
PstSCAB system  pstB 10 
frz operon  frz 7.5 
APEC virulence regulator uvrY 0 
Capsule-protein transport of polysaccharides kpsM 0 
Episomal outer membrane protease ompT 0 
Plasmid partitioning protein  sopB 0 

 
 
 
3 mM for all multiplex reactions. The primers used in our study are 
listed in Table S1 in the supplementary material. All primers used 
were obtained from Inqaba Biotech, South Africa. Three microliters 
of each of the DNA samples were mixed with all necessary 
components for amplification in a 0.2 ml PCR tube (Perkin-Elmer, 
USA) in a 25 µl reaction. The reaction mixture included 2.5 µl of 
×10 PCR Dream Taq buffer (Thermo scientific, USA), 2 µl of 
dNTPs, 10 mM; 0.25 µl of Dream Taq polymerase (Thermoscientific, 
USA), 5 U/µl, nuclease free water to maintain a total volume of 25 
µl. The appropriate primers were added to a maximum primer con-
centration of 2 µM and the MgCl2 concentration was adjusted to a 
final concentration of 3 mM as shown in Table 1. Negative controls 
comprised of a water control. An Applied Biosystems GeneAmp® 
PCR System 9700 was used for the PCR thermal cycling conditions 
with an initial denaturation step at 94°C for 5 min, 35 cycles {den-
aturation 94°C for 30 s, annealing at 63°C for 45 s, extension 72°C 
for 1 min and 45 s and a final elongation step at 72°C for 10 min. 
The amplified products were then run along a 1% ethidium bromide 
stained agarose gel with a 100 bp DNA ladder (Thermo scientific, 
USA) in TBE buffer for 1 h at 100 V and then viewed using a 
Uvipro-Silver Gel Documentation System (Uvitec, UK).  

The multiplex PCRs described were used to screen for the 
presence of 12 virulence genes in the UPEC isolates in duplicate. 
Prevalence of each virulence gene was then calculated (Table 2). 
 
 
RESULTS 
 
All 40 isolates obtained from the two leading diagnostic 
laboratories in Harare and Bulawayo were positively iden-
tified and confirmed to be E. coli through culturing and 

biochemical tests. After successful DNA isolation and 
quantification, the DNA of each of the 40 UPEC isolates 
was subjected to 4 different multiplex PCRs. Each multiplex 
reaction amplified three virulence gene regions. This was 
done in order to screen the UPEC isolates for 12 APEC 
associated virulence genes. The percentage frequency of 
each gene was then determined and the results are shown 
in Table 2. The iutA gene had the highest presence rate 
of 35%; followed by fimH (32.5%), vat (17.5%) sitA (17.5%) 

and sitD (15%). The data obtained from electrophoresis 
agarose gels was used to assign virulence gene profiles to 

each UPEC isolate, this is summarized in Table 3.   
Antibiotic susceptibility testing was done for all 40 UPEC 

isolates. The isolates were assayed against a panel of six 
antibiotics. The results shown in Table 4 suggest a high 
resistance of UPEC to ampicillin (90%) and tetracycline 

(75%) whilst a high sensitivity to gentamycin (82.5%) and 

nitrofurantoin (62.5%) was observed. The prevalence of 

antibiotic resistance phenotypes of all E. coli isolates is 
presented in Table 5. Sixty five percent of the isolates 

showed resistance to at least 3 antibiotics, and 11 different 
antibiotic resistance patterns were observed. The most 
common resistance pattern, exhibited by 10 isolates, was 
resistance to ampicillin, nalidixic acid, ciprofloxacin and 
tetracycline (pattern D). This study was sanctioned by the 
NUST ethical committee and no names were recorded 
during the study.  
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Table 3. Presence or absence of expected amplicons and virulence profiles of UPEC isolates 
 

Isolate 
Multiplex 1 Multiplex 2 Multiplex 3 Multiplex 4 Tota

l/12 
Virulence 

profile frz sitD fimH sitA kpsM vat ompT iutA pstB sop B uvrY hlyF 

1 + + + + - + - + - - - - 6 C 
2 - + + - - - - - - - - - 2 A 
3 - + + - - - - - - - - - 2 A 
4 + + + - - + - + - - - - 5 B 
5 - - - - - - - - - - - - 0 A 
6 + + + - - - - + - - - - 4 B 
7 - - - - - - - - - - - - 0 A 
8 - - - - - - - - - - - - 0 A 
9 - - - - - - - - - - - - 0 A 
10 - + + - - - - - - - - - 2 A 
11 - - - - - - - + - - - - 1 A 
12 - - - - - - - - - - - - 0 A 
13 - - - - - - - + - - - - 1 A 
14 - - - - - - - - - - - - 0 A 
15 - - - - - - - - - - - - 0 A 
16 - - - - - - - - - - - - 0 A 
17 - - + - - - - - - - - - 1 A 
18 - - + - - - - + - - - - 2 A 
19 - - - - - - - - - - - - 0 A 
20 - - - - - - - - - - - - 0 A 
21 - - - - - - - - - - - - 0 A 
22 - - - - - - - - - - - - 0 A 
23 - - - - - + - + - - - - 2 A 
24 - - - - - - - - - - - + 1 A 
25 - - - - - - - - - - - - 0 A 
26 - - - - - - - + - - - + 2 A 
27 - - - - - - - - - - - - 0 B 
28 - - - - - - - - - - - - 0 A 
29 - - - - - - - - - - - - 0 A 
30 - - + + - + - - + - - + 5 B 
31 - - + - - - - + - - - - 2 A 
32 - - + + - - - + - - - - 3 B 
33 - - - + - - - - - - - - 1 A 
34 - - - - - - - + - - - - 1 A 
35 - - + + - + - - + - - - 4 B 
36 - - - + - - - + + - - - 3 B 
37 - - - - - + - - + - - + 3 B 
38 - - - + - + - + - - - + 4 B 
39 - - - - - - - + - - - - 1 A 
40 - - + - - - - - - - - - 1 A 

 

Presence (+) or absence (-) of the expected amplicons during the four different multiplex PCRs. Last column indicates virulence profiles assigned to 
each isolate. A indicates presence of between 0 and 2 virulence genes, B between 3 and 5 genes and C indicate 6 or more virulence genes. 
 
 
 
DISCUSSION 
 
Virulence gene profiles 
 
In  this  study 40 E. coli isolates were obtained from patients 

with suspected UTIs and screened for 12 virulence genes, 
some of which have been well characterized in previous 
studies (Karimian et al., 2012; Guiral et al., 2012; Farshad et 
al., 2012). The uvrY gene has not been used to screen for 

UPEC in previous studies using multiplex PCR tech niques.  
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Table 4. Antibiotic susceptibility profiles of 40 uropathogenic E. coli isolates. 
  

Antibiotic Concentration (µg) Resistant no. (%) Intermediate no. (%) Susceptible no. (%) 

Gentamycin 10 4 (10) 3 (7.5) 33 (82.5) 
Nitrofurantoin 50 13 (32.5) 2 (5) 25 (62.5) 
Ciprofloxacin 5 19 (47.5) 2 (5) 19 (47.5) 
Nalidixic Acid 30 23 (57.5) 1 (2.5) 16 (40) 
Tetracycline 30 30 (75) 2 (5) 8 (20) 
Ampicillin 25 36 (90) 1 (2.5) 3 (7.5) 

 
 
 

Table 5. Antimicrobial resistance patterns of the 40 uropa-
thogenic E. coli isolates. 
 

Pattern No. of isolates Resistance pattern* 

A 2 
Amp, Nit, Nal, Cip, Tet, 

Gen 
B  2 Amp, Nit, Nal, Cip, Tet 
C 1 Amp, Nal, Cip, Tet, Gen 
D 10 Amp, Nal, Cip, Tet 
E 1 Amp, Nal, Cip, Gen 
F 2 Amp, Nit, Nal, Tet 
G   3 Amp, Nit, Tet 
H 2 Amp, Nal, Tet 
I  1 Amp, Nal, Cip 
J  1 Amp, Nit, Nal 
K 1 Amp, Cip, Tet 
 

*Amp- ampicillin, Nit- nitrofurantoin, Nal- nalidixic acid, Tet- 
tetracycline, Cip- ciprofloxacin, Gen- gentamycin. 

 
 
 
Similarly, the frz and pstB genes have been shown to 
contribute to virulence but are new in the diagnostic 
context (Li et al., 2004; Lamarche et al., 2005; Rouquet et 
al., 2009). The multiplex PCRs of this study have an advan-
tage over previous studies as they include these recently 
discovered virulence genes. 

An aerobactinsiderophore receptor gene, iutA, which is 
known to contribute to iron uptake (Williams and Warner, 
1980; Morales et al., 2004) was present in 35% of UPEC 
isolates (Table 2). Presence of the gene in UPEC agrees 
with other studies (Johnson, 1991; Guiral et al., 2012) 
that have shown that the bacterial sidephore “aerobactin” 
is associated with E. coli strains which cause pyelone-
phritis and cystitis. It is an iron sequestration and tran-
sport system which enables E. coli to grow in iron poor 
environments such as dilute urine (Johnson et al., 2008). 

The type 1 fimbrial adhesin gene, fimH, contributes to 
protection from host heterophils (Mellata et al., 2003). 
The gene had the second highest frequency (32.5%) and 
may be useful by UPEC for adhesion to uroepithelial cells. 
FimH is the adhesin protein known to be responsible for 
binding to mannosylated glycoproteins and is located at 
the distal tip of the heteropolymeric type I pilus rod (Johnson, 
1991; Slavchev et al., 2009). Detection of the gene in the 

present study agrees with most studies (Tiba et al., 2008; 
Johnson, 1991; Karimian et al., 2012), however values as 
high as 79.67% have been reported in other studies 

(Karimian et al., 2012). 
The sitA and sitD genes which are part of the SitABCD 

system, and are classified as a bacterial iron transporter 
(Runyen-Janecky et al., 2003) were also found in 17.5 
and 15% of the UPEC isolates respectively. Apart from 
mediating iron and manganese transport, the SitABCD 
operon has also been suggested to confer resistance to 
oxidative stress possibly required during interaction with 
phagocytes (Sabri et al., 2008). The presence of these 
genes agrees with other studies (Schouler et al., 2004; 
Snyder et al., 2004; Rodriguez et al., 2005) who believe 
that in E. coli, SitABCD-encoding genes are associated 
with clinical strains isolated from extra-intestinal 
infections from poultry and human UTIs. 

The vacuolating autotransporter toxin, vat gene which 
has been shown to induce cytotoxic effects in host cells 
(Parreira and Gyles, 2003) was present in 17.5% of our 
isolates. This disagrees with a study by Johnson et al. 
(2008) who found a prevalence of 62.3% for the vat gene 
in UPEC isolates. A putative avian haemolysin gene, hlyF, 
responsible for iron uptake (Williams and Warner, 1980; 
Morales et al., 2004) was also amplified in 12.5% of the 
isolates. A 50.4% presence for hly A was observed by 
Karimian et al. (2012), but our findings agree with recent 
studies by Farshad et al. (2012) who obtained a 15.62% 
for hemolysin (hly) in UPEC from children in Iran. In 
another study on 531 UPEC isolates, Johnson et al. 
(2008) found a prevalence of 5.6% for the hlyF gene. Also, 
according to Johnson (1991) the percentage frequency of 
genes from the hly operon varies with the patient’s 
condition. HlyF and vat have been well documented in chic-
kens suffering from colibacillosis (van der Westhuizen 
and Bragg, 2012) and very little seems to have been 
published on the genes in UPEC. 

The pstB gene which is part of the pstSCAB operon, 
has been shown to increase resistance to polymyxin, 
rabbit serum and acid shock (Lamarche et al., 2005). We 
detected it in 10% of the studied UPEC isolates. Some 
studies (Surin et al., 1985; Rao and Torriani, 1990) sug-
gest that the gene may be responsible for mediating the 
uptake of phosphate from the outside to the inside of the 
cell. The  frz  operon  was  present  in  7.5% of the UPEC 



 
 
 
 
isolates and work by Rouquet et al. (2009) suggests that 
the gene products from the frz operon are used by E. coli 
to promote growth in serum during oxygen-restricted 
conditions. Urine, like serum is also oxygen-restricted, 
therefore UPEC may use this gene for their survival. Very 
little has been published on the pstB and frz operon in 
UPEC. 

Four (uvrY, sopB, kpsM and ompT) of the twelve 
genes were not detected in all the 40 E. coli isolates 
(Table 2). Transcriptional regulator of iron uptake genes, 
uvrY (Li et al., 2008) together with the plasmid 
partitioning protein encoded by sopB known to be 
common in various plasmids were both absent. If a 
virulence gene in APEC does not have a homologue in 
UPEC the gene region cannot be amplified except in 
cases of a zoonotic infection. APEC virulence regulator 
(uvrY) is a VF particularly found in E. coli associated with 
chicken suffering from colibacillosis. Therefore, the 
gene’s absence in all UPEC isolates studied supports 
work done by Randall et al. (2012), who suggested that 
E. coli strains in diseased chickens are generally different 
from those causing disease in humans.  

Another gene that was absent was the capsule 
formation transporter gene kps M (Pavelka et al., 1991). 
This finding differs from some previous studies by 
Momtaz et al. (2013) and Tiba et al. (2008) who indicated 
presence of the kpsMT gene in UPEC. The gene ompT 
which encodes for the episomal outer membrane 
protease that cleaves colicins (Cavard and Lazdunski, 
1990) was also absent in the samples. These findings 
agree with other recent studies by Karimian et al. (2012) 
and Momtaz et al. (2013). 

Virulence profiles were generated for each E. coli 
isolate used in our study (Table 3).The UPEC isolates 
were profiled as being 75% profile A, 22.5% profile B and 
2.5% profile C. None of the isolates had more than 6 
virulence genes. Generally, the UPEC isolates did not 
possess most of the APEC virulence genes assayed for 
(Table 3). This suggests that UPEC isolates may have 
different virulence genotypes than those reported for 
APEC (Johnson et al., 2008). A potential bias and 
limitation in our study could have been the use of E. coli 
isolates from both symptomatic and asymptomatic 
patients and failure to test each isolate using in vivo 
animal models to determine actual virulence. 

We also report that E. coli isolates which were resistant 
to all of the six antibiotics had none or only one of the 
VFs studied. This may suggest that some of the isolates 
were related, but it however also supports recent studies 
in Turkey by Giray et al. (2012) who found that E. coli 
strains with low numbers of virulence genes exhibit a high 
antibiotic resistance. A larger sample size as well as more 
VFs should be studied to fully investigate this relationship. 
 
 

Antibiotic susceptibility profiles 
 

The studied UPEC isolates showed a high resistance to 
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ampicillin (90%) and tetracycline (75%) whilst showing a 
high sensitivity to gentamycin (82.5%) and nitrofurantoin 
(62.5%) (Table 4). The results agree with previous studies 
done in the country by Mbanga et al. (2010) who found 
that UPEC showed the highest resistance to ampi-cillin 
(84%) whilst showing a low resistance to nitro-furantoin 
(16%). Our findings are also similar to previous studies 
from Mexico City (Molina-Lopez et al., 2011), Sri Lanka 
(Perera et al., 2012), Nigeria (Okonko et al., 2009) India 
(Mandal et al., 2012) and Iran (Barati et al., 2011) which 
found a low resistance to nitrofurantoin and a high resis-
tance to ampicillin.  

UPEC strains tend to be resistant to drugs that are 
frequently used. However, gentamycin is inappropriate for 
frequent use, rather it is commonly used for severe UTIs. 
Our findings show that most isolates were susceptible to 
gentamycin (82.5%) but this differs from a study done in 
Iraq by Chateen et al. (2007), who found UPEC to be 
highly resistant to gentamycin.  

E. coli isolates clearly demonstrated high resistance to 
most examined antibiotics (Table 5) and this has been 
reported in other studies (Dromigny et al., 2005). Five 
percent of UPEC isolates were resistant to all six antibiotics 
and none of the isolates were susceptible to all the 
antibiotics. All E. coli showed resistance to at least one or 
more antibiotics. Sixty five percent of the E. coli isolates 
were responsible for the 11 different multi-drug resistance 
(MDR) patterns (UPEC showing resistance to ≥3 anti-
biotics) as shown in Table 5. This agrees with recent 
findings in Iran by Farshad et al. (2012), but differs from 
other studies were lower levels of MDR isolates have 
been reported (Linder et al., 2005; Rijavec et al., 2006). 
The most common pattern was pattern D followed by 
pattern G (Table 5). 
 
 
Conclusion  
 
Low percentage frequencies of the studied VFs were 

detected in UPEC causing UTIs. Half of all UPEC isolates 
in the present study possessed none, or only one, of the 
VFs characterized and, as such, it is reasonable to assume 
that UPEC isolates have different virulence factors than 
those reported for APEC. However, to fully investigate 
zoonosis between chicken and humans, virulence genes 
exclusive to chicken isolates should be used. The anti-
biotic resistance results show that antibiotic resistance is 
on the rise and nitrofurantoin should be the drug of 
choice in Zimbabwe.  
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Table S1. Primers used for amplifying regions in APEC virulence genes. 
 

Primer name Name of targeted region/gene Primer Sequence (5’ – 3’) 
Source of Primer 
Sequence 

Expected amplicon 
size (bp) 

sitA-F sitA-R 
SitABCD system  
 

Forward primer: CGCAGGGGGCACAACTGAT 
Reverse primer: CCCTGTACCAGCGTACTGG 

Sabri et al. (2008)  661 

     

sitD-F sitD-R 
SitABCD system  
 

Forward primer: CTGTGCGCTGCTGTCGGTC 
Reverse primer: GCGTTGTGTCAGGAGTAC 

Sabri et al. (2008)  571 

     

ompT-FP ompT-RP 
Episomal outer membrane 
protease 

Forward primer: TCATCCCGGAAGCCTCCCTCACTACTAT 
Reverse primer: TAGCGTTTGCTGCACTGGCTTCTGATAC 

Johnson et al. (2008)  496 

     

fimH-FP fimH-RP 
Type 1 fimbrial adhesin fimH  
 

Forward primer: GGATAAGCCGTGGCCGGTGG 
Reverse primer: CTGCGGTTGTGCCGGAGAGG 

Van der Westhuizen 
and Bragg (2012) 

331 

     

frz-FP frz-RP 
frz operon  
 

Forward primer: GAGTCCTGGCTTGCGCCGTT 
Reverse primer: CCGCTCCATCGCAGCCTGAA 

Van der Westhuizen 
and Bragg (2012) 

843 

     

hlyF-FP hlyF-RP 
Putative avian haemolysin  
 

Forward primer: GGCCACAGTCGTTTAGGGTGCTTACC 
Reverse primer: GGCGGTTTAGGCATTCCGATACTCAG 

Johnson et al. (2008)  450 

     

iutA-FP iutA-RP Aerobactinsiderophore receptor  
Forward primer: GGCTGGACATCATGGGAACTGG 
Reverse primer: CGTCGGGAACGGGTAGAATCG 

Johnson et al. (2008) 302 

     

kpsM-FP kpsM-RP 
Capsule-protein transport of 
polysaccharides 

Forward primer: CAGCCTCGCGGCTTAGCTCC 
Reverse primer: TGCACGCGCACTGCTTGAGA 

Van der Westhuizen 
and Bragg (2012) 

335 

     

vat-FP vat-RP 
Vacuolating autotransporter toxin 
 

Forward primer: CGCTTCAGGTGCGCTGACCA 
Reverse primer: AAGGGAGACGATGCCCGCCT 

Van der Westhuizen 
and Bragg (2012) 

498 

     

pstB-FP pstB-RP 
PstSCAB system  
 

Forward primer: CGCGCTCGTCCATGTCAGCA 
Reverse primer: CGGAACAGCGTGCGGAAGGT 

Van der Westhuizen 
and Bragg (2012) 

198 

     

uvrY-FP uvrY-RP 
APEC virulence regulator 
 

Forward primer: TGAGTGCGATTCGTTCTGTC 
Reverse primer: TCTCCGCATTACACAGACCA 

Herren et al. (2006) 286 

 
 


