
 
Int.J.Adv.Microbiol.Health.Res.2019; 3(3):1-9 

 
              International Journal of Advanced Microbiology and Health Research 

ISSN: 2457-077X. Volume 3, Issue 3 (July-September 2019), PP. 1-9 
Available online at www.ijamhr.com  

 
Original Research Article 

 
Association of Sulphonamide Resistance with Integron-bearing 

Uropathogenic Escherichia coli in Alexandria, Egypt 
 

Ghada Hani Ali  
 

Department of Microbiology and Immunology, Faculty of Pharmacy and Drug Manufacturing, Pharos University, 
Alexandria, Egypt. 

   
                                          ABSTRACT   

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
INTRODUCTION 
Urinary tract infection (UTI) is regarded as one of 
the most frequent community and nosocomial 
infection. Among the various microorganisms 
related to UTIs, uropathogenicEscherichia coli 
(UPEC) is the primary etiological agent(1). 
 
Currently, the dissemination of resistance genes by 
horizontal transfer plays a crucial role in the 
development of multi-drug-resistant (MDR) strains 
due tothe resistance genes locatedon conjugative  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
plasmids, transposons, insertion sequences and 
integrons(2-4). Generally, integrons, harbor an 
integrase gene (int) and are mobile DNA elements 
which are able to express and integrate gene 
cassettes by site-specific recombination(5). Various 
classes of integrons related with resistance to 
several antibiotics were previously characterized 
depending on the sequence of integrase genes. The 
different classes of integrase have been reported 
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Article Info 
Introduction: Escherichia coli is by far one of the most common Enterobacteriaceae 
associated with community- and hospital-acquired infections. The dissemination of 
sulphonamide resistanceis causing serious problems in the treatment of infections 
worldwide. Of additional concern, some sulphonamide resistance genes are related 
to the presence of integrons which leads to transfer of these antibiotic resistance 
genes among other bacterial isolates. This study aimed to investigate the prevalence 
of sulphonamide resistance and to reveal the relatedness between sul genes with 
integron-associated int genes. Materials and Methods: Fifty-five uropathogenic 
Escherichia coli isolates were collected and their resistance to 27 antimicrobial 
agents was tested. PCR analysis was carried out to observe integron-associated int 
genes (both int1 andint2) and also 2 different sul genes, namely sul1 and sul2.  
Results: Forty-eight (87.3 %) isolates were multidrug-resistant, with the highest 
resistance (89 %) detected against beta lactams. Among the 55 isolates, 31 (56.4 %) 
were sulfonamide resistant. Of these sulfonamide resistant isolates, 25 (80.6%) 
carriedsul genes, where 23 (74.2%) and 22 (71%) contained sul1 and sul2, 
respectively. Twenty-one of 23 (91.3 %) harboring the sul1 gene, whilst 20 of 22 
strains (90.9%) positive for sul2 gene, were positive for int1. Class II integrase was 
not detected among the isolates. To the best of our knowledge, this is the first study 
in Egypt revealing the strong association of sul genes with class I integrase among 
uropathogenic E. coli isolates.  Conclusion: Multidrug resistant E. coli are 
increasingly being reported worldwide mainly in developing countries like Egypt. 
The occurrence and prevalence of integron was found to play an essential role in the 
dissemination of sulphoanmide resistance genes. 
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with   corresponding classes of integrons, with class 
1 integrons being the most frequently described(6). 
Trimethoprim-sulphamethoxazole (TMP-SMX) has 
been prescribed for several years due to its 
efficiency in  UTI treatment(7). However, in many 
countries, the prevalence of TMP-SMX resistance 
can result into treatment failure in many cases of 
UTIs(8). In general, sulfonamide resistance is due 
to the acquisition of dihydropteroate synthase 
(DHPS) genes found in integrons(9). Currently, 
three types of DHPS genes (sul1, sul2, and sul3) 
have been characterized(8).  
 
The sul1 gene is associated with other resistance 
genespresent in class 1 integrons and large 
conjugative plasmids (10), while sul2 is usually 
found on either small nonconjugative plasmids, 
large transmissible multi-resistance plasmids (8), or 
even through insertion element common region 
(ISCR2) element (11). The plasmid-bornesul3 gene 
has been rarely reported (10). 
 
This study is aimed to investigate the incidence of 
sulfonamide-resistant isolates and to examine the 
association of sul with int genes in UPEC strains 
from different hospitals in Alexandria, Egypt.   
 
MATERIALS AND METHODS 
Sample collection 
In total, 55nonduplicate uropathogenic strains of E. 
coli were obtainedfrom four major hospitals in 
Alexandria, Egypt. All isolates were identified 
using standard biochemical methods according to 
the identification flow charts after Gram stain(12, 
13). The identified stock cultures were preserved at 
−80 °C in 15% glycerol. 
 
Antimicrobial resistance 
For all isolates, the resistance to 27 antimicrobial 
drugs was determined by using the Kirby-Bauer 
test according to the CLSI 2016 guidelines 
(13).Theseantimicrobials were amoxicillin–
clavulanic acid (AMC 30); ampicillin (AMP 10); 
aztreonam (ATM 30); ceftazidime (CAZ 10); 
cefotaxime (CTX 5); cefepime (FEP 30); 
gentamicin (CN 10); imipenem (IPM 10); nalidixic 
acid (NA 30); nitrofurantoin (F 100); tetracycline 
(TE 30); tazobactam-ticarcillin  (TZP100/10); 
cefoxitin (FOX 30);cefotaxime (CTX5); 
cefuroxime (CXM 30); 
trimethoprim/sulphamethoxazole (SXT 125/23.75); 
amikacin (AK 30); cefaclor (CEC 30); meropenem 

(MEM 10); ertapenem (ETP 10); tobramycin (TOB 
10); ciprofloxacin (CIP 10); ampicillin/sulbactam 
(SAM 20); tigecycline (TGC 15); colistin (CL 25); 
levofloxacin (LEV 5); moxifloxacin (MXF 5); 
fosfomycin (FOS). Control strain E. coli ATCC 
25922 was included in the tests runs.All culture 
media and antibiotic discs used were Oxoid-made 
(Oxoid Ltd; Basingostok; Hampshire, England). 
 
Detection of integrons and sul genes by 
PCR 
The boiling method was used for the extraction of 
bacterial DNA(14). Colony lysates of bacterial 
isolate were considered as the PCR amplification 
template. For all sulfonamide-resistant (Sul R) 
isolates, Multiplex PCR was performed for 
amplification of sul1 and sul2.All primers used in 
this study and the PCR conditions of the resistance 
genes (8, 15, 16) are listed in Table 1.PCR products 
were separated on 2% agarose gel in TBE buffer, 
stained in 2 μg/ml ethidium bromide and were 
visualized under UV light.  DNA was stored at −20 
°C in elution buffer for further use. 
 
Statistical analysis 
Differences in the frequency of int genes between 
antimicrobial drug-resistant strains, were assessed 
by using χ 2 and Fisher’s exact tests. A P-value of 
<0.05 was considered statistically significant. 
 
RESULTS  
Antimicrobial-resistance patterns of the strainswas 
variable. In all, 48 (87.3 %) isolates were 
multidrug-resistant (resistant to at least one agent in 
more than 2 classes of antimicrobial agents). The 
highest resistance observed was against beta-
lactams (89 %), followed by aminoglycosides 
(60%). The resistance against tetracycline and 
sulfonamides was 59% and 56.4%, respectively. 
The most effective drugs were colistin and 
tigecycline as all isolates showed susceptibility to 
both antimicrobial agents (Table 2).    
 
In all, 30 (54.5 %) isolates were positive int1 gene, 
while class II integrase was not detected among the 
isolates.All isolates carrying int1 gene were 
multidrug resistant. In general, the incidence of 
MDR isolates among the integrase-positive strains 
was higher than that found among the integrase-
negative strains (18of 25) and 62.5% of MDR 
strainsharbored class 1 integrons. Furthermore, 
there was a significant relatedness betweenclass 1 
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integrons and resistance to ampicillin/sulbactam, 
gentamicin, tobramycin, ciprofloxacin and 
Trimethoprim/ Sulphamethoxazole( Table 3).  
 
Of the 55 isolates tested, 31 (56.4 %) revealed 
resistance to sulfonamides. These resistant strains 
were tested further for 2 allelic variations of sul 
gene (sul1 and sul2). Table 4shows the distribution 
of these allelic genes among both integron-positive 
and integron-negative strains. Of these Sul R 
isolates, 23 (74.2%) contained sul1, 22 (71%) 
harbored sul2 and 20 (64.5%) carried both sul1 and 
sul2. Twenty-one of 23 (91.3%) carrying sul1 gene, 
while 20 out of 22 strains (90.9%) containing sul2 
gene, were positive for class I integrase. 
Furthermore, we also found that 19.4%  (6/31) of 
the isolates that were resistant to sulphonamide did 
not harbor any sul alleles.   
 
It was revealed by PCR that out of the 31 
sulfonamide-resistant isolates, 23 (74.2%) carried 
class 1 integrons.Among the 23 isolates harboring 
class 1 integrons, 21 presented the sul1 gene, found 
alone (2 isolates) or simultaneously with sul2 (19 
isolates) (Table 4) 
 
While all integrase-positive isolates (except one 
isolate) carried sul gene, 12% (3/25) of isolates 
expressingsul alleles did not showany of the int 
genes. Furthermore, one isolate carrying class I 
integrase showed only the sul2 gene. Statistical 
analysis also confirmed the strong relationship 
between class I integrase and the sul alleles (Table 
5). 
 
DISCUSSION 
The widespread dissemination of Multidrug 
resistance is a critical problem in the treatment 
ofvarious infections and is expanding in developing 
as well as in developed countries(17). Multi-drug 
resistantE. coli are widely reported in community 
and hospital settings all over the word.  (18) 
 
In our study, A high percentage (87.3%) of UPEC 
isolates was multidrug resistant. In contrast our 
findings, lower results were stated by other studies, 
which ranged between 40% and 79% (19-21). The 
emergence of MDR classes indicated that the 
isolates tested were not descending from one clone, 
i.e. heterogeneous isolates, regardless to their 
antibiotic sensitivity, some had similar resistance 
pattern that may indicate that they come from the 

same clone. The high incidence of MDR of UPEC 
in the current study is of major concerns of public 
health since this reduces the first-line alternatives 
for therapy. 
 
The emergence of high level of resistance in several 
parts of the world is due to variations in antibiotic 
consumption. In our study, high-level resistance to 
beta-lactam antibiotics was observed, with 89% of 
isolates demonstrating resistance to AMP. This 
result is in agreement with other studies in Egypt 
(19),  India (22), Iran (21)  and Nigeria (23), where 
resistance to AMP was 89%, 80.2%, 91.3% and 
92.5%, respectively. A high percentage (60%) of 
UPEC isolates exhibited resistance to 
aminoglycosides, which was less than that reported 
by Kargar et al. (21). Concerning the resistance to 
tetracycline (59%) in our study, it was shown thatin 
comparison with another study in Egypt (19), 
higher results (65.6%) were demonstrated. 
 
The sulfonamide resistance among our isolates was 
56.4%, which wassimilar to the survey of 
Khoramrooz et al.  (20), yet higher than other 
studies (7, 24-26), whilst lower than that reported in 
other countries (19, 21-23). Tigecycline and colistin 
remain to be the most active agents against our 
isolates, as none of the isolates were resistant to 
colistin and tigecycline. These results are in 
agreement with other recent studies (27, 28). 
 
All the Sul R E. coli isolates were investigated for 
the occurrence of sul1, sul2, as well as int1 and int2 
gene by PCR. Sul1 and sul2 were found in 74.2% 
and 71% of the isolates, respectively.This result 
was in accordance with that of Antunes et al   
(25)and  midway between that stated by other 
studies with the range of 40-92%(24, 29). The 
emergence of sul2 was less than that of Frank et al 
(86%) (29) but greater than that of Antunes (36%)  
(25) 
 
In 64.5% of the investigated isolates both 
testedsulphonamide resistance genes (sul1 and 
sul2)were detected.   Our study shows similar 
abundance of both sul1 and sul2 genes. This 
finding was contradictory to previous surveys 
where the frequency sul2 was higher than sul1(24, 
26, 30). Interestingly, a high prevalence of Sul2 
correlated with class 1 integrons (P=0.003) was 
evident in the present study. Our finding was 
supported by some surveys  (31-34), however it 
was contradicted by others (8, 35, 36). 
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The sul1 gene is often located on class 1 integrons, 
which could be confirmed by the fact that, of the 23 
sul1-positive isolates in the present study, 21 
(91.3%) harbored class 1 integrons. This finding 
revealed the significant association (P > 0.05) of 
class 1 integron and sul genes. Interestingly, studies 
in Denmark and Portugal showed that the int1 
prevalence among sul1 positive isolates was 85.8 
and 98%, respectively (24, 25).  However, two 
isolates with sul1 gene did not harbourint1. The 
previous results suggest either that class I integrons 
in these 2 isolates have lost the sul1 gene region or 
that this gene is carried on another genetic element 
in this strain(30). 
 
Furthermore, we also found that about 19.4% of 
isolates that revealed resistance to sulphonamides 
did not harbor any sul alleles. This might be 
because of the occurrence of other sul alleles in 
those strains responsible for sulphonamide 
resistance (8). PCR analysis showed that, of 31 
sulfonamide-resistant isolates, 23 (74.2%) 
possessed class 1 integrons. Similar results were 
observed in Korea and Portugal   (7, 25). 
 
Integrons are the main cause of the acquisition and 
transmission of different resistance genes between 
bacteria through horizontal gene transfer (8, 18). 
Integrons are themselves not mobile but are mostly 
located in plasmids to be transferred to other strains 
(23, 37). Our results indicated that the int genes 
were correlated with the MDR property. All 
isolates carrying int genes were multidrug resistant. 
Like our study, the relatedness between the int1 
gene and resistance to different antimicrobial agent 
was investigated in other literature. A significant 
associa¬tion between class 1 integrons and 
resistance to co-trimoxazole, amoxicillin, 
ciprofloxacin, nalidixic acid, tetracycline and 
ceftazidime was reported by Khoramrooz et al. (20) 
and to trimethoprim, sulphafurazole, ampicillin, 
cephalothin, tetracycline, gentamicin, nalixidic acid 
or cefotaxime by Gundogdu et al.  (8) 
 
Out of the 55 tested isolates, 30 (54.5 %) isolates 
were positive for the presence of int1. In other 
studies, variable results of int1 were demonstrated 
ranging from 31% to 95%   (8, 18, 20, 21, 23, 29, 
37)Class 2 integrases are generally less frequent 
than class 1 integrases in Gram-negative 
organisms(20, 38). Surprisingly, class 2 integron 
was not detected in the present study. 
 

CONCLUSION  
From our study we conclude that sul genes is 
commonly related with the class I Integrase. In 
addition, the study revealed that integrons are 
extensively spread among MDR isolates and this 
could lead to outbreak ofantimicrobial resistance 
development, thus complicatingthe treatment of 
many infections in the future.Therefore, 
precautionarymeasurements are necessary to 
prevent thedissemination of theseintegrons. The 
antibiotic resistance should be continuously 
monitored and rational consumption of 
antimicrobials is to be adopted. The construction of 
a surveillance system is extremely needed to 
prevent further spread of resistance in Egypt. 
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Table 1: Primers and PCR conditions of the sul genes (sul1 and sul2) and integrons (int1 and int2) 

Resistant 
gene Primers sequence Band 

Size(bp) 
Annealing 
temperature Reference 

Sul1 
F:CGGCGTGGGCTACCTGAACG 

R:GCCGATCGCGTGAAGT TCCG 433 
 
65 

[15] 

Sul 2 
F:GCGCTCAAGGCAGATGGCATT 

R:GCGTTTGATACCGGCACCCGT 293 

Int1 
F : CAGTGGACATAAGCCTGTTC 

R: CCCGAGGCATAGACTGTA 160 54  [16] 
 
 Int2 

F:GTAGCAAACGAGTGACGAAATG 

R:CACGGATATGCGACAAAAAGGT 789 60 
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Table 2: Antibiotic susceptibility of Escherichia coli by Kirby Bauer method (n=55) 
S=Susceptible; R=Resistant 

Antimicrobial 
agent 

S (%) R (%) Antimicrobial 
agent 

S (%) R (%) 

CEC 9 (16.4%) 46 (83.6%) CN 43 (78.2%) 12 (21.8%) 

SAM 28 (51%) 27 (49%) TOB 22 (40%) 33 (60%) 

AMC 26 (47.3%) 29 (52.7%) AK 51 (92.7%) 4 (7.3%) 

TZP 52 (94.5%) 3 (5.5%) CIP 33 (60%) 22 (40%) 

FEB 38 (59%) 17 (31%) NA 25 (45.5%) 30 (54.5%) 

FOX 52 (94.5%) 3 (5.5%) SXT 24 (43.6%) 31 (56.4%) 

CTX 18 (32.7%) 37 (67.3%) FOS 54 (98.2%) 1 (1.8%) 

CXM 17 (31%) 38 (59%) F 52 (94.5%) 3 (5.5%) 

CAZ 20 (36.4%) 35 (63.6%) LE 30 (54.5%) 25 (45.5%) 

ETP 53 (96.4%) 2 (3.6%) MO 27 (49%) 28 (51%) 

MEM 53 (96.4%) 2 (3.6%) TE 17 (31%) 38 (59%) 

IPM 53 (96.4%) 2 (3.6%) CL 55 (100%) 0 (0%) 

AMP 6 (11%) 49 (89%) TGC 55 (100%) 0 (0%) 

ATM 34 (61.8%) 21 (38.2%)  
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Table 3: Prevalence of antibiotic drug resistance among 55 uropathogenic E. coli strains with and 
without int genes 
 

Antimicrobial 
agent Int1+ isolates (n=30) Int1- isolates (n=25) P-value 

 S (%) R (%) S (%) R (%)  

AMP 2 (6.7%) 28 (93.3%) 7 (28%) 18 (72%) FEp= 0.064 

SAM  9 (30%) 21 (70%) 19 (76%) 6 (24%) 0.001* 

TZP  29 (96.7%) 1 (3.3%) 23 (92%) 2 (8%) FEp= 0.585 

FEB  19 (63.3%) 11 (36.7%) 19 (76%) 6 (24%) 0.311 

FOX 28 (93.3%) 2 (6.7%) 24 (96%) 1 (4%) FEp= 1.000 

CTX 11 (36.7%) 19 (63.3%) 7 (28%) 18 (72%) 0.495 

CXM  11 (36.7%) 19 (63.3%) 6 (24%) 19 (76%) 0.311 

CAZ  12 (40%) 18 (60%) 8 (32%) 17 (68%) 0.539 

ETP 2  29 (96.7%) 1 (3.3%) 24 (96%) 1 (4%) FEp= 1.000  

MEM  28 (93.3%) 2 (6.7%) 25 (100%) 0 (0%) FEp= 0.495 

IPM  28 (93.3%) 2 (6.7%) 25 (100%) 0 (0%) FEp= 0.495 

CEC 5 (16.7%) 25 (83.3%) 1 (4%) 24 (96%) FEp= 0.204 

ATM 19 (63.3%) 11 (36.7%) 15 (60%) 10 (40%) 0.800 

CN  19 (63.3%) 11 (36.7%) 24 (96%) 1 (4%) 0.003* 

TOB  8 (26.7%) 22 (73.3%) 14 (56%) 11 (44%) 0.027* 

AK   27 (90%) 3 (10%) 24 (96%) 1 (4%) FEp= 0.617 

CIP  14 (46.7%) 16 (53.3%) 19 (76%) 6 (24%) 0.027* 

NA   14 (46.7%) 16 (53.3%) 11 (44%) 14 (56%) 0.843 

SXT  7 (23.3%) 23 (76.7%) 17 (68%) 8 (32%) 0.001* 

AMC 13 (43.3%) 17 (56.7%) 13 (52%) 12 (48%) 0.522 

FOS  29 (96.7%) 1 (3.3%) 25 (100%) 0 (0%) FEp= 1.000 

F  28 (93.3%) 2 (6.7%) 24 (96%) 1 (4%) FEp= 1.000 

LE  13 (43.3%) 17 (56.7%) 17 (68%) 8 (32%) 0.067 

MO  14 (46.7%) 16 (53.3%) 13 (52%) 12 (48%) 0.694 

TE 9 (30%) 21 (70%) 8 (32%) 17 (68%) 0.873 

CL 30 (100%) 0 (0%) 25 (100%) 0 (0%) - 

TGC 30 (100%) 0 (0%) 25 (100%) 0 (0%) - 

FE: Fisher Exact 
p: p value for chi square test 
*: Statistically significant for p ≤ 0.05 
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Table 4: sul and int gene distribution among sulphonamide-resistant isolates 
Values are no. of PCR-positive isolates. 

Integrase None Sul1 only Sul2 only Sul1 + Sul2 Total 

none 5 1 1 1 10 

Int1 1 2 1 19 23  

Int2 0 0 0 0 0 

total 6 3 2 20 31 

 
 
 
Table 5: Association between class I integron-associated integrase and presence of the sul1 gene 
Values are no. (%) of isolates. 
 

 Sul1- Sul1+ total P-
value Sul2- Sul2+ total P-value 

Int1- 6 
(75%) 

2 
(8.7%) 8 

FEp= 
0.001* 

6 (66.7 
%) 

2 (9.1 
%) 8 

FEp=  
0.003* Int1+ 2 

(25%) 
21 

(91.3%) 23 3 (33.3 
%) 

20 
(90.9 
%) 

23 

Total 8 23 31  9 22 31  

FE: Fisher Exact 
p: p value for chi square test 
*: Statistically significant for p ≤ 0.05 
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