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This study aimed to identify some important virulence factors, including pap, fim, sfa, aer and hly 
genes, typical of uropathogenic Escherichia coli (UPEC) in isolates collected from diarrheic and urinary 
tract infected patients in Khartoum State by multiplex polymerase chain reaction (PCR) assay. A total of 
100 clinical specimens (50 urine and 50 diarrhea) were collected. Samples were cultured and identified 
by conventional method. Most study population were females 57/100 (57%); 42 suffering from urinary 
tract infections (UTIs) and 15 from diarrhea, while males were 43/100 (43%); 8 suffering from UTIs and 
35 from diarrhea. Among enrolled subjects, 83 were positive for one or more uropathogenic E. coli 
virulent genes, while 17 isolates were negative for all genes. The results of multiplex PCR revealed that 
thirty two (n=32) diarrheal samples and fourteen (n=14) urine samples were aer positive. Thirty three 
(n=33) urine samples and eight (n=8) diarrheal samples appeared as fim positive. The genes pap and hly 
were found in 24 and 14 urine samples, respectively and in 9 and 3 diarrheal samples, respectively, 
while sfa gene was detected only in 15 urine specimens. The study concluded that fim gene was highly 
prevalent among UTI patients while aer gene was highly prevalent among diarrhea patients. 
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INTRODUCTION 
 
Escherichia coli are a genetically diverse species that 
includes many pathotypes, both intestinal and extra-
intestinal, most of which own specialized mechanisms 
characterized by their high efficiency in both colonization 
and pathogenicity. The appearance of  different  bacterial 

pathotypes is mainly due to horizontal transfer and 
exchange of genes responsible for virulence (Johnson, 
2002). 

E. coli possess genes encoding many pathogenicity 
associated factors including adhesions, siderophores 
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(that is, aerobactin), capsule and toxins implicated in 
urinary tract infection (UTI) pathogenesis. Several patho-
genicity-associated genes were identified after the 
publication of the sequence of the whole genome of 
strain CFT073, a uropathogenic E. coli (UPEC). This 
strain was identified as the most cytotoxic that cause 
acute pyelonephritis as it was found to cause cytotoxicity 
in tissue culture cells in less than 18 h. Another strain that 
has been identified as invasive, the uropathogenic E. coli 
strain 536 (O6:K15:H31), which was isolated from acute 
pyelonephritis patient, this strain possess certain 
virulence factors; hemolysin (hly), P-related and S 
fimbriae (fim, prf, sfa), fimbrial adhesins type 1, the 
siderophores enterobactin (ent) and yersiniabactin (ybt) 
(Mobley et al., 1990). Moreover, acquisition of PIAs 
through horizontal gene transfer was also identified 
(Welch et al., 2002). Regardless of the common 
presence of type 1 fimbriae among Enterobacteriaceae, 
type 1 fimbriae may increase the virulence of UPEC for 
the urinary tract infection through several mechanisms 
including the promotion of bacterial persistence as well 
as enhancing the inflammation (Wullt, 2003).  

Toxins produced by UPEC include hemolysin, cytotoxic 
necrotizing factor 1 (CNF1) and secreted auto transporter 
toxin (Sat) which has been shown to have a cytopathic 
effect on various bladder and kidney cell lines (Bahrani-
Mougeot et al., 2002). In strain 536, four PAIs have been 
characterized which carry many pathogenicity associated 
genes (Dobrindt et al., 2002). The K15 capsule 
determinant of UPEC strain 536 is also found on a PAI 
(PAI V536) (Schneider et al., 2004). Some PAIs show 
genetic instability, whereas others appear to be relatively 
stable (Middendorf et al., 2004). 

Some strains of E. coli considered as a common 
source of UTI and are able to colonise the vagina and 
found to originate from the lower GI tract (Czaja et al., 
2009; Obata-Yasuoka et al., 2002). These strains usually 
originate from the stool, colonise the vagina and the 
periuretheral area through which they enter the UT 
(Salyers and Whitt, 2002). The presence of these 
bacteria in the UT without clinical symptoms is known as 
bacteriuria (Johnson, 1991; Mabbett, 2009). E. coli 
strains that colonise the UT may ascend towards bladder 
to cause cystitis and most probably, pyelonephritis, that 
may lead to kidney failure and death (Scholes et al., 
2005). 

The most accepted theory today is that UPEC 
germinated from non-pathogenic strains by gaining new 
virulence factors via accessory DNA horizontal transfer 
often organized into clusters (pathogenicity islands) 
located at chromosomal locus (Bahalo et al., 2013). The 
most common operons encoding P, S fimbriae are 
pyelonephritis associated pili (Pap) and S fimbrial 
adhesion (sfa) (Ribeiro et al., 2008). The pathogenicity of 
UPEC can be mediated by several virulence factors 
including bacterial adherence, in addition to the 
production  of  hemolysin  and  aerobactin  (Arisoy  et  al.,  
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2005). This study was performed to determine the 
virulence factors of UPEC in Khartoum. 
 
 

MATERIALS AND METHODS 
 

One hundred E. coli isolates were obtained from 100 clinical 
samples (50 urine, 50 diarrhea) collected from patients attending 
different hospitals in Khartoum state complaining from urinary tract 
infection and diarrhea, in the period from March to May, 2017. Urine 
samples were cultured on CLED agar, while diarrhea samples were 
cultured on MacConkey agar. Biochemical tests including indole as 
a key test, then urease, citrate and Kliger Iron Agar (KIA) test 
(according to CLSI guidelines) were used for identification of 
bacteria, in addition to the lactose fermentation on the MacConkey 
agar (Bahalo et al., 2013).  

Bacterial isolates were grown on nutrient agar for an overnight 
then used for DNA extraction by boiling method (Yamamoto et al., 
1995). 
 
 

Polymerase chain reaction  
 
Specific primers from Macrogen (Korea) were used to amplify the 
fimH, pap, sfa, hly and aer genes as shown in Table 1. The 
multiplex PCR assay was carried out in a total volume of 25 μL of 
mixture containing 2 μL Maxime PCR Premix (iNtRON, Korea) 
containing 1X PCR buffer, 1.5 mM MgCl2, 200 μM of each dNTP, 
and 1 U Taq DNA polymerase, 0.5 μL of each of the virulence 
gene-specific primers, forward and reverse primers for each gene 
(a total of 5 μL for the 5 target genes), 2 μL of template DNA and 16 
μL of deionized water. The amplification conditions included three 
steps: heating at 94°C for 3 min; 35 cycles of denaturation at 94°C 
for 1 min, annealing at 60°C for 30 s, and extension at 72°C for 30 
s; and the final extension at 72°C for 7 min (Jalali et al., 2015). 
Amplification was done using TECHNE® Ltd. peltier thermal cycler 
(Germany). 
 
 
Visualization of the PCR products 
 
The PCR product was visualized on 1.5% agarose gel in TBE 
buffer, 100-bp DNA ladder (iNtRON, Korea) was used to determine 
product size. 
 
 
Data analysis 
 
Statistical Package for Social Science Program (SPSS) version 
(11.5) was used for data analysis, p-value of less than 0.05 was 
considered significant (IBM SPSS Statistics for Windows, Version 
21.0. Armonk, NY: IBM Corp, Released, 2012). 

 
 

RESULTS 
 
A total of 100 patients (50 patients suffering from UTIs 
and 50 patients suffering from diarrhea) attending 
Khartoum hospitals during March to May, 2017, were 
enrolled in this study. Table 2 shows the association 
between UPEC virulence genes and gender while the 
association between UPEC virulence genes and the type 
of clinical specimen is shown in Table 3. The results of 
agarose gel electrophoresis for multiplex PCR are as 
shown in Figure 1A and B. 
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Table 1. Primers used for detection of virulence genes of UPEC strains.  
 

Identified gene Primer                     -    Product size (bp) 

papE/F  
pap3 GCAACAGCAACGCTGGTTGCATCAT 

336 
pap4  AGAGAGAGCCACTCTTATACGGACA  

    

fimH 
fim1 GAGAAGAGGTTTGATTTAACTTATTG 

508 
fim2  AGAGCCGCTGTAGAACTGAGG  

    

sfaD/E  
sfa1 CTCCGGAGAACTGGGTGCATCTTAC 

410 
sfa2  CGGAGGAGTAATTACAAACCTGGCA  

    

Aer 
aer1 TACCGGATTGTCATATGCAGACCGT  

602 
aer2 AATATCTTCCTCCAGTCCGGAGAAG  

    

hlyA 
hly1 AACAAGGATAAGCACTGTTCTGGCT  

1177 
hly2 ACCATATAAGCGGTCATTCCCGTCA  

 

Jalali et al., 2015. 
 
 
 
Table 2. Association between the presence of UPEC virulence genes and gender. 
 

Gene 
pap  fimH  sfa  aer  hly 

Total 
+ve -ve  +ve -ve  +ve -ve  +ve -ve  +ve -ve 

Male 11 32  11 32  3 40  21 22  6 37 43 

Female 22 35  30 27  12 45  25 32  11 46 57 

Total 33 67  41 59  15 85  46 54  17 83 100 

P-value 0.171  0.006  0.051  0.621  0.481 - 

 
 
 

Table 3. Frequency of UPEC virulence genes in urine and diarrhea samples. 
 

Gene 
pap  fimH  sfa  aer  hly 

Total 
+ve -ve  +ve -ve  +ve -ve  +ve -ve  +ve -ve 

Urine 24 26  33 17  15 35  14 36  14 36 50 

Diarrhoea 9 41  8 42  0 50  32 18  3 47 50 

Total 33 67  41 59  15 85  46 54  17 83 100 

P-value 0.001  0.000  0.000  0.000  0.003 - 

 
 
 
There was significant association between the 

presences of pap gene and gentamicin, ciprofloxacin and 
co-trimoxazole susceptibility testing (p-value = 0.000, 
0.039 and 0.035, respectively) and relatively significant to 
Amikacin (p-value= 0.068). Also there was significant 
association between the presences of hly gene and 
amikacin, ciprofloxacin and co-trimoxazole susceptibility 
testing (p-value = 0.002, 0.002 and 0.041, respectively) 
and relatively significant to gentamicin (p-value = 0.073) 
fimH gene statistically associated with co-trimoxazole 
susceptibility testing (p-value = 0.042) (Table 4). The 
frequency of virulence genes in stool and urine 

specimens is shown in Table 5,  the most frequent 
multiple genes present in one isolate were pap an fimH 
genes in both urine and stool samples. However, when a 
single virulence gene frequency was considered, it was 
found that fimH is the most frequent among urine isolates 
while aer is the most frequent among stool isolates. 
 
 
DISCUSSION 
 
The gene of importance as indicated by the results of the 
present study, was shown to  be  fimH,  which  is  present 
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Figure 1. Agarose gel electrophoresis of multiplex PCR product: A; 1= positive hly gene, 2: positive fimH 
gene, 3, 5: negative samples, 4: 100 bp ladder, 6: positive pap gene, B: positive aer gene 

 
 
 
Table 4. The association between the presence of UPEC virulence genes and antimicrobial susceptibility testing. 
  

Gene Pap  fim  Sfa  aer  hly 
Total 

Antibiotics +ve -ve  +ve -ve  +ve -ve  +ve -ve  +ve -ve 

gentamicin 

S  10 45  21 34  9 46  23 32  6 49 55 

R  23 22  20 25  6 39  23 22  11 34 45 

P-value  0.000  0.526  0.673  0.354  0.073  

            

Amikacin 
S  30 66  38 58  14 82  43 53  14 82 96 

R  3 1  3 1  1 3  3 1  3 1 4 

 P-value 0.068  0.158  0.568  0.235  0.002  

            

 ciprofloxacin 

S  14 43  21 36  5 52  23 34  4 53 57 

R 19 24  20 23  10 33  23 20  13 30 43 

P-value  0.039  0.330  0.045  0.192  0.002  

            

Co-trimoxazole 

S  16 47  21 42  7 56  29 34  7 56 63 

R  17 20  20 17  8 29  17 20  10 27 37 

P-value 0.035  0.042  0.155  0.993  0.041  
 

+ve: Positive, -ve: negative, S: sensitive; R: resistant.  

 
 
 
with high frequency (66%) in urine isolates as compared 
to the rest of the genes; this may indicate its essential 
role in E. coli causing UTI among Sudanese patients. It is 
well documented that type 1 pili are important for the 
invasion and persistence of the UPEC in the urinary 
bladder after its colonization. Type 1 pili colonization is 
enhanced by adhesin FimH (Hannan et al., 2012) 

encoded by fimH gene which recognizes certain α1β3 
integrins (Guiton et al., 2012; Eto et al., 2007). It was also 
confirmed that FimH is important in pathogenesis and 
that the pathogenicity of a UPEC strain depends greatly 
on the ability of FimH to switch between conformations 
and this is also dependent on the different alleles that can 
be expressed by this gene, affecting FimH conformation 
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Table 5. Frequency of virulence gene(s) of E. coli isolated from urine and stools specimens. 
 

Source of isolate Number of genes Number of isolate pap fimH sfa aer Hly 

Urine N=44 

Four genes 

N=7 

2 + + + +  

4 + + + - + 

1 + - + + + 

Three genes 

N=11 

4 + + + - - 

1 + - + + - 

5 + + - - + 

1 - + - + + 

Two genes 

N=13 

4 + + - - - 

1 - + + - - 

3 - + - + - 

2 + - - + - 

1 + - - - + 

2 - - - + + 

One gene 

N=13  

                

9 - + - - - 

2 - - + - - 

2 - - - + - 

Stool  

N=93 

Three genes N=1 1 + + - + - 

       

Two genes  

N=11 

9 + + - - - 

4 + - - + - 

1 + - - - + 

1 - + - + - 

2 - - - + + 

       

One gene N=77   
74 - - - + - 

3 - + - - - 
 

+: Positive; -: Negative.  

 
 
 
and function (Schwartz et al., 2013). These results agree 
with published reports, which emphasize the 
predominance of fimbriae type 1 among the UPEC 
strains (Jalali et. al., 2015; Tarchouna et al., 2013; Usein 
et al., 2001). One important virulence factor of E. coli 
causing UTI is fimbriae-mediated adherence. While the 
role of type 1 fimbriae in virulence is unknown, it is well 
defined that specific adherence and increased induction 
of mucosal inflammation are the mechanisms used by P 
fimbriae to increase the virulence of UPEC (Connell et 
al., 1996). Significant association (p-value 0.006) was 

found between fimH gene and gender; this association 
may be due to difference in anatomical structure of urinary 

tract between male and female (Hickling et al., 2015). 
The results confirmed the existence of aer gene with 

more prevalence in diarrheal isolates, this finding totally 
agreed with Oswald et al. (1991), who found that aer 
gene was positive in 70% of diarrheal samples and 
Micenková et al. (2014) who found aer gene was positive 
in 68%. High frequency of aer gene in diarrheal isolates 
may be attributed to the deficiency of iron concentration 
within gastrointestinal tract, while iron is responsible for 

microbial metabolism. Excretion of siderophores, such as 
enterobactin is a method by which most E. coli can 
increase access to iron. Aerobactin, salmochelin, and 
yersiniabactin are three other siderophores linked with 
pathogenesis, produced by a smaller proportion of 
isolates (Meyrier, 1999). Prevalence of aerobactin, which 
confers the ability to bind iron among isolates, was similar 
to those reported by other investigators in diarrhea 
isolates. The result show 64% aer gene positive in 50 
diarrhea isolates and this percentage is near to other 
researches (Oswald et al., 1991) result of 70% aer gene 
positive and Micenková et al. (2014) result is 68% aer 
gene positive.  

The result shows 24/50 (48%) pap gene positive in 50 
urine isolate and this result is not far from Jalali et al. 
(2015) who found 46% pap positive gene, and Tarchouna 
et al. (2013), who found 41% pap positive gene. 
Pyelonephritis associated pili (pap) play an important role 
in the pathophysiology of pyelonephritis caused by E. coli 
(Tarchouna et al., 2013). UPEC colonize the bladder by 
binding urinary tract endothelial cells through utilization of 
P fimbria that bind D-galactose-D-galactosemoieties on  



 
 
 
 
uroepithelial cells (Todar, 2007). 

The result shows 14/50 (28%) hly gene positive in 50 
urine isolate and this percentage is less than the result of 
Jalali et al. (2015) who found (47%) hly positive gene. 
There was a clear relation between tissue damage and 
the presence of hemolysin. Prevalence of these genes 
differs on the basis of phylogenetics, geographical 
distribution, and clinical presentation (Oliveira et al., 
2011; Blanco et al., 1997). A huge variation in the 
frequencies of these genes was recorded worldwide (Abe 
et al., 2008). 

When antibiotic resistance was investigated among the 
virulent isolates, a significant relation was observed since 
strains carrying the virulence genes were more resistant 
to several antibiotics. This agrees with a previous study 
from Iran (Derakhshandeh et al., 2015).  

Eighteen isolate (18%) of E. coli were negative for 
UPEC virulence genes and sensitive to all antibiotics 
used in this study, 12 of them were in diarrheal samples 
and 6 were in urine samples. These negative isolates 
may be part of the normal flora that lack these virulent 
genes or may be due to the possibility of corresponding 
gene mutations, as negative PCR does not indicate the 
absence of the corresponding operon while a positive 
PCR usually confirms the presence of the virulence 
genes (Tarchouna et al., 2013). 
 
 
Conclusion 
 
The present study results showed that the UPEC strains 
isolated in Sudan have a different virulence profile when 
compared with other studies and it seems that the 
virulence of UPEC strains depends on the regional 
geography and climate. However, a recent study in Egypt 
showed similar distribution of virulence genes (Morsi and 
Elsaid Tash, 2016). This indicates that some social and 
environmental factors may contribute in the virulence 
pattern of UPEC in different communities. 
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