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ARTICLE  INFO  ABSTRACT 

Article type: 
Research Article 

Background:     DAEC seems to be a neglected pathogen among diarrheagenic E. coli since its 
association with pediatric diarrhea is rarely reported. But, the emergence and spread of MDR diarrhea 
causing bacterial pathogens have become a global burden. This study investigated the prevalence of 
MDR DAEC among the Mizo pediatric diarrheal patients aged less than 5 years. 
Methods:     A total of 334 E. coli isolates isolated from the fecal samples were subjected to multiplex 
PCR assays to categorize the pathotypes of diarrheagenic E. coli and subjected to antimicrobial 
sensitivity assay, phenotypic and genotypic ESBL assays (blaCTX-M-9, blaCTX-M-15, blaOXA and 
CMY-2).    
Results:     Of 334 E. coli isolates, only 0.9% of the isolates were detected as DAEC, when compared 
with 0.9% and 1.2% of the isolates categorized as ETEC and EAEC from diarrheic samples and 0.6% 
of the EAEC also detected from the non-diarrheic samples.  Among the isolates, 25%, 50% and 8.3% 
of the isolates were carrying the blaCTX-M-9, blaCTX-M-15 and CMY-2 respectively and 8.3% 
isolates from non-diarrheic samples also carried CMY-2. 
Conclusion:     Though a low frequency of DAEC was observed in comparison to other pathotypes of 
DEC, majority of them being resistant to commonly used antibiotics and having a high MDR rate, 
which is a matter of concern to the public health. This pathotype could possibly a natural source for 
MDR spread among the other diarrheal pathogens of pediatric population. 
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   Introduction 

 

Acute diarrhea is a common medical problem in 

India and other developing countries. Almost 2.3 

million deaths are reported per year due to 

diarrhea in the pediatric population in India (1). 

Enteropathogenic Escherichia coli (EPEC), 

Shiga-toxigenic E. coli (STEC) and 

Enterotoxigenic E. coli (ETEC) are the most 

reported diarrheal pathogens from India; however, 

scarce information is available about the 

prevalence of diarrheagenic E. coli (DEC) 

associated with pediatric diarrhea (2, 3, 4). This 

study region Mizoram is situated in the extreme 

end of the Himalayan ranges in the North eastern 

part of India. Aizawl is the capital city, but still 

very remote and is located at 3715 feet from the 

sea level, which gets rainfall of 3,000mm with 

temperature in summer (20 °C to 30 °C ) and in 

winter (11 °C  to 21 °C) (5). 

   A rarely reported but an emerging diffusely 

adherent E. coli (DAEC) pathotype is 

characterized by the diffuse adherence pattern on 

cultured epithelial cells like HeLa or Hep-2 (6). A 

colonization factor that is an afimbrial adhesive 

sheath (Afa) for intestinal tract infections are used 

by DAEC strains (7).   Similarly, F1845 fimbria 

consists of at least five genes (daaA–E), which 

encode the products similar to Dr Adhesin 

systems, where DaaE is termed as the adhesin 

subunit (8). 

   The drug resistance in the developing countries 

has been attributed to the extensive use of 

antibiotics and poor prescription practices. Only 

few studies have reported the occurrence of drug 

resistant DEC in pediatric population of India, but 

not from the socio economically poor 

populations, where the awareness and 

understating of MDR remains limited (9, 10, 11).  

The present study investigated the prevalence of 

Diffusely Adherent E. coli (DAEC) in Mizoram 

children who were less than 5 years of age and 

suffering from diarrhea. In addition, this study 

examined the seasonal occurrence, multi-drug 

resistance (MDR) pattern and occurrence of 

Extended Spectrum β Lactamase (ESBL) variants 

(blaCTX-M-9, blaCTX-M-15, blaOXA) and AmpC 

enzyme gene CMY-2 among the isolates.  This 

report tried to create the awareness among the 

medical practitioners about the drug resistant 

Diarrheagenic Escherichia coli (DEC) pathogens 

which could have been the hidden cause for many 

treatment failures earlier in this region. This 

report will also help the researchers of the similar 

study population in developing countries to 

diagnose and render the timely treatment to avoid 

the further consequences. 

 

Materials and Methods 

 

Clinical specimens and bacterial strains 

 

   A total of 334 E. coli isolates were obtained 

from non-repetitive stool/rectal swab samples 

from the Mizo children aged less than 5 years 

from three tertiary care hospitals in Mizoram 

during November 2013 to October 2015.  Out of 

334 isolates, 246 were collected from children 

with acute diarrhea and the remaining 88 isolates 

were obtained from apparently healthy children 

who were admitted to the hospital for some non-

diarrheal illness. The clinical samples from the 

patients treated with antibiotics or from those 

infected with Salmonella, Shigella and co-

infected with parasites, were not included in this 

study. All the samples were cultured on Mac 

Conkey’s agar (HiMedia, India) and incubated at 

37 °C for 24 h. Lactose fermenting colonies were 

randomly selected from each sample and 

subjected to conventional microbiological and 

biochemical tests to identify E. coli (12). 

 

Serotyping 

 

   The serotyping of the E. coli isolates based on 

‘O’ antigen was carried out, as per the method of 

Edwards and Ewing, at National Salmonella and 

Escherichia Centre, Central Research Institute 

(CRI), Himachal Pradesh, India (13). 
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Preparation of bacterial DNA for PCR assay 

 

   Bacterial DNA was prepared by boiling lysis 

method. The isolates were inoculated into Luria 

Bertani (LB) broth (HiMedia, Mumbai, India) and 

incubated overnight at 37 °C. The broth was 

centrifuged at 3,000 rpm for 5 min to obtain a 

pellet that was dissolved in autoclaved distilled 

water and boiled for 10 min. The resulting 

bacterial lysate was centrifuged again and the 

supernatant containing DNA was used as a 

template for PCR assay (14).  

  

Molecular detection of virulence genes 

 

   PCR assay was carried out with the help of 

following primers: DaaE F (5’- 

GAACGTTGGTTAATGTGGGGTAA-3’) and 

DaaE R (5’- TATTCACCGGTCGGTTATC 

AGT-3’) for the detection of DAEC as previously 

described with minor changes in reaction mix 

concentrations to yield better PCR products (8). 

The primers and PCR conditions used for the 

detection of EAEC and ETEC were as per the 

method described earlier by Hegde et al. (2012) 

(2).  

 

HEp-2 Adherence Assay 

 

   The method described by Cravioto et al. (1979) 

(15) was adopted and applied with minor 

modifications, where the HEp-2 cells grown over 

night in Dulbecco’s Eagle’s medium containing 

penicillin, streptomycin and 2% fetal bovine 

serum on six-well chamber slides.   E. coli 

isolates were grown overnight in Luria broth 

without shaking at 37 °C (15).  The HEp-2 cells 

were washed with Phosphate buffered saline and 

then the medium was replaced with Dulbecco’s 

Modified Eagle’s Medium (DMEM) containing 

1% of mannose and about 10 μL of bacterial 

suspension was added per well and were 

incubated at 37 °C in 5% CO2 for 3 h. The 

monolayers were washed five times with PBS and 

then fixed with 70% methanol and stained by 

Giemsa. Strains that adhered to the monolayers 

were recorded as adhering in localized, diffuse, or 

aggregative patterns (15).  

 

Antimicrobial Susceptibility test 

 

   All the DEC isolates were subjected to 

antimicrobial susceptibility test against the 

selected antimicrobials (list of antibiotics as 

shown in table 4) by disc diffusion method in 

Mueller-Hinton agar. E. coli strain (ATCC 25922) 

used as a quality control strain and the results 

were expressed as sensitive, intermediate, and 

resistant as per CLSI guidelines (16). 

 

Phenotypic and genotypic confirmation of ESBL 

production 

 

   ESBL production in isolates were confirmed 

phenotypically by using CLSI recommended 

double disc diffusion tests, where the ceftazidime 

(30 μg) and ceftazidime plus clavulanate (30/10 

μg) disks,  cefotaxime (30 μg) and cefotaxime 

plus clavulanic acid (30/10 μg) disks (HiMedia, 

India) on Mueller- Hinton agar (HiMedia, India) 

are placed over the inoculum. After incubation 

period, the results were read and the isolates are 

categorized into ESBL producer and non- ESBL 

producers (16). Furthermore, irrespective of 

ESBL phenotype test results all the  isolates were 

subjected to PCR assay for the presence of the β-

lactamase (bla) genes, viz, blaCTX-M-9, blaCTX-

M-15, blaOXA, and CMY-2 by using the 

previously published primers and PCR reaction 

conditions (17, 18, 19, 20).   

 

Cloning and sequence analysis 

 

   PCR products of all the DAEC isolates carrying 

DaaE gene were purified (QIAGEN kit) and 

cloned using TA cloning vector  (MBI Fermentas) 

and sequenced in automated sequencer Applied 

Biosystems 3500 (USA) in the Dept. of 

Biotechnology, Mizoram University, India. 

Sequence data were analysed using BioEdit and 

deposited in NCBI Gene Bank for acquiring the 

accession Numbers.   
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Statistical analysis 

 

   The data were analysed using SPSS version 

17.0 software and the significant differences (p 

<0.05) between the prevalence of DAEC and 

other pathotypes in age groups, seasonal 

variations, Multiple Drug Resistance (MDR) 

occurrence, ESBL occurrence were compared 

using chi-square test or Fischer’s exact test when 

appropriate. The p-values less than 0.05 were 

considered statistically significant. 

 

Results 

 

Clinical features of children affected with DEC 

 

   Acute diarrhea lasting for more than one day 

was recorded of 73.7% (246/334) in children with 

different clinical symptoms. The occurrence of 

DEC in females 2.4% (8/334) is little higher than 

males 1.2% (4/334). Vomiting and abdominal 

pain were seen in 2.1% (7/334) and 2.7% (4/334) 

of DEC affected children. All the children 

infected with ETEC (25%, 3/12) and EAEC 

(16.6%, 2/12) showed fever at presentation than 

the DAEC affected children (8.3%, 1/12). In 

DAEC infection, the stool consistency was mostly 

watery (16.6%) or with mucous (8.3%) when 

compared with other types. The DEC affected 

cases have presented mild (8.3%), moderate 

(58.3%) to severe (33.3%) dehydration and the 

DAEC type presented with the severe dehydration 

in children (p>0.05, 95% CI= 0.08536 to 2.314). 

Although the symptoms were obvious in DAEC; 

no significant distinct symptoms among the 

pathotypes were found (p>0.05, 95% CI=0.08351 

to 2.944). Other major clinical features along with 

the pathotypes are summarized in table 1. 

 

Isolation and identification of E. coli pathotypes 

 

   DEC was significantly detected among diarrheal 

samples in 2.9 % (10/334) in comparison with 

non-diarrheic samples 0.6% (2/334) (p >0.05, 

95% CI = 0.8753 to 1.477). The DEC isolates 

were categorized as aggregative adherent, locally 

adhesive or local-like adherent by Hep-2 

adherence assay. Among the DEC pathotypes, 

DAEC and ETEC were less prevalent in the study 

population 0.9% (3/334) each and detected only 

from diarrheic children. EAEC was detected from 

both non diarrheic 0.6% (2/334) and diarrheic 

samples 1.2% (4/334) respectively (p >0.05, 95% 

CI = 0.8929 to 1.417). Majority of the DEC 

isolates belonged to the serogroups of O5, O141, 

O142, O128, O22, O86, Rough and UT (Non-

typable) (Table 2). The incidence of diarrhea 

associated with DAEC was highest during 

summer (8.3%) and monsoon (16.6%) than in 

winter (8.3%), among the infants and younger 

children of Mizoram. DAEC and ETEC were 

mainly found in the seasons of the summer and 

monsoon seasons, whereas the EAEC was found 

in all the seasons.   

 

Occurrence rate of DAEC with other DECs 

 

   The occurrence of DEC was significantly high 

amongst the children aged 13-36 months than in 

the age group of ≤12 months (figure 1). However, 

occurrence of DEC in different age groups were 

greatly varied, DAEC was associated with 

children aged >12 months (25%) than the infants 

aged less than 12 months. Whereas EAEC and 

ETEC occurred in almost all the age groups 

ranged from 4 -48 months. The incidence of acute 

diarrhea associated with DAEC increased 

significantly with the increasing age of the patient 

and was highest in children aged between 13 to 

36 months (16.6%) unlike in EAEC (8.3%) and 

ETEC (8.3%) where the rate of occurrence does 

not varied much among the age groups (Table 3). 
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Figure 1.      Percentage of occurrence of DEC pathotypes and the bla genes in different age group of 

Mizo children. DIA- Diarrheic, ND- Non- Diarrheic, DAEC- Diffusely adherent Escherichia coli, 

EAEC- Enteroaggregative Escherichia coli, ETEC- Enterotoxigenic Escherichia coli,  Age groups: 0-

12 months, 13-36 months and 37-60 months. 

Figure 2.     Percentage of Multi drug resistance occurred among the DEC isolates recovered from 

Mizo pediatric population.  MDR - multi drug resistant,   μg - microgram, AMP- ampicillin (AMP10 = 

10 μg),  AK- amikacin (AK10 = 10 μg), C- chloramphenicol (C 30 = 30 μg), CN-cephalexin (CN30 = 

30 μg), CI-ceftriaxone (CI 10 = 10 μg), CF- ciprofloxacin (CF10 = 10 μg), COT- co-trimoxazole 

(COT25 = trimethoprim 1.25 μg and sulphamethoxazole23.75 μg),  CST- cefoperazone–tazobactam 

(CST 75–10 μg), MRP- meropenem (MRP10 = 10 μg), NX-norfloxacin (NX10 = 10 μg), G-

gentamicin (G10 = 10 μg), CFM-cefixime (CFM 5 = 5 μg), DO-doxycycline hydrochloride (DO10 = 

10 μg) and OF-ofloxacin (OF 5 = 5 μg). 
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*DEC- diarrheagenic Escherichia coli, DAEC- Diffusely adherent Escherichia coli, EAEC- Enteroaggregative 

Escherichia coli, ETEC- Entero toxigenic Escherichia coli. Percentage in parenthesis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1.      Prominent clinical features found in different gender and age group of Mizo 

children infected with diarrheagenic Escherichia coli pathotypes. * 
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* DEC- diarrheagenic Escherichia coli, DAEC- Diffusely adherent Escherichia coli, EAEC- 

Enteroaggregative Escherichia coli, ETEC- Enterotoxigenic Escherichia coli. Percentage in parenthesis. 

 

 

 

 

 

Table 2.      Seasonal occurrence of serotypes of diarrheagenic Escherichia coli recovered 

from the Mizo pediatric population.* 
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Table 3.      Virulent and ESBL gene profiles of Diarrheagenic E. coli isolated from the 

pediatric patients in Mizoram, Northeast India.  DAEC- Diffusely adherent Escherichia coli, 

EAEC- Enteroaggregative Escherichia coli, ETEC- Enterotoxigenic Escherichia coli. 
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Table 4.     Multiple Drug resistance (MDR) Pattern of DAEC isolates recovered from 

children of Mizoram with acute diarrhea. 

Antibiotics 

(Disc content- μg) 

Resistant 

(%) 

Sensitive 

(%) 

Multiple Drug 

resistance (MDR) 

Pattern 

No. of 

MDR 

isolates 

(%) 

Ampicillin (AMP 10 μg)  10  (83) 02 (16.7) 

 

 

C-MRP-G-OF 06  (50) 

Amikacin (AK 10 μg) 01 (08.3) 11  (91.7) 

 

G-AK-C-MRP 02 (16.6) 

Chloramphenicol  (C 30 μg) 04  (33.3) 08 (66.7) MRP-AK-G 02 (16.6) 

Cephalexin (CN 30 μg) 11  (91.7) 01  (08.3) 

 

AMP-DO-NX- CO 

 

10  (83) 

 

Ceftriaxone (CI 10 μg) 10 (83.3) 02 (16.7) 

 

DO-CFM-NX-CST 07 (58.3) 

Ciprofloxacin (CF 10 μg)  09 (75) 03 (25) 

 

AMP-CN-CI-CST-

CFM 

07 (58.3) 

Co-Trimoxazole 

(trimethoprim 1.25μg and 

sulfamethoxazole 23.75 μg) 

07 (58.3) 05 (41.7) AK-C-G 01 (8.3) 

Cefoperazone-Tazobactam 

(CST-75- 10 μg) 

10  (83.3) 02 (16.7) AMP-CF-MRP-G-

OF 

06 (50) 

Meropenem(MRP 10 μg) 03 (25) 09 (75) 

 

AMP-CFM-OF-CI-

NX 

08 (66.6) 

Norfloxacin(NX 10 μg) 08  (66.7) 04 (33.3) 

 

AMP-CO-NX-DO-G 

 

08 (66.6)  

Gentamicin(G 10 μg) 02 (16.7) 10 (83.3) 

 

COT-CST-CF-CN-

AMP 

10 (83) 

Cefixime (CFM 5 μg) 10 (83.3) 02 (16.7) 

 

CFM-NX-DO-CST-

CN 

11 (91.6) 

Doxycycline (DO 10 μg) 09 (75) 03 (25) 

 

AMP-CST-CN-

CFM-CI 

11 (91.6) 

Ofloxacin (OF 5 μg) 05 (41.7) 07 (58.3) 

 

AMP-CI-CF-CST-

NX-DO 

11 (91.6) 

Total (%) 

(n=12) 

08 (66.7) 04 (33.3)  11 (91.6) 
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Antimicrobial resistance of diarrheagenic E. coli 

isolates 

 

   Altogether, 91.7% of DEC were recorded as 

multidrug-resistant (MDR), of which >75% 

isolates were resistant to ampicillin (83%), 

ceftriaxone (83%), cefoperazone-tazobactam 

(83%), cefixime (83%), and doxycycline (75%). 

There are few antibiotics against which the least 

resistant rate was found against Amikacin (8.3%), 

gentamicin (16.6%), chloramphenicol (16.6%) 

and meropenem (25%) (Figure-2)  (p <0.0001, 

95% CI= 10.105 to 42.872). Similarly, the DEC 

isolates have also exhibited different drug 

resistance patterns, of which the most common 

pattern shown was AMP-DO-NX- CO (83%) and 

the least was G-AK-C-MRP and MRP-AK-G 

(16.6%) (Table 4). 

 

Phenotypic and Genotypic detection of ESBL 

 

   Significant ESBL producers were detected from 

the diarrheic samples (91.6%) than the non 

diarrheic samples (8.3%) by phenotypic detection 

tests. High ESBL producing DEC was found 

associated with diarrheic children under the age 

group of 0-36 (66.6%) than >36 months (33.3%), 

whereas a less DEC isolates were found ESBL 

producing among the non- diarrheic (8.3%) (p 

>0.05, 95% CI = 0.2348 to 226.09).  The ESBL 

producing isolates were found prevalent in almost 

all the age groups; blaCTX-M-9 is been found 

only in the diarrheic samples (25%) and equally 

distributed in all the age groups (8.3%). Similarly, 

the blaCTX-M-15 also distributed among the 

diarrheal cases only, where the age group of 13-

36 found to be more vulnerable than other groups 

0-12 (16.6%), 13-36 (25%) and 37-60 (16.6%) (p 

>0.05, 95% CI = 0.06824 to 22.896). In the case 

of CMY -2, it was detected in one isolate each 

from diarrheic and non- diarrheic samples (8.3%). 

The ESBL variant of blaOXA gene was not found 

in any of the isolates screened by genotypic PCR 

assay (figure 1). As a whole the ESBL variant of 

blaCTX-M-15 (58.3%) is detected in significant 

rate as compared to blaCTX-M-9 (25%) and 

CMY-2 (16.6%) (Table 3). 

 

Discussion 
 

   Infectious diarrhea among the children and 

infants aged less than 5 years are still remaining 

the most common cause of death in India with 

estimated 1.3 million deaths annually (1). 

Although DEC pathotypes were well recognized, 

they are not routinely tested when compared to 

other diarrheal pathogen and thus the exact 

burden of diarrhea associated with DEC is less 

known in hospitalized paediatric patients in India 

and is unknown in the north east India region. 

Diarrheagenic E. coli was the predominant 

pathogen that was reported from diarrheal 

patients in previous studies of this region (14, 

21). Similarly in this study, E. coli isolates 

predominates the diarrheal pathogens recovered 

from diarrheic samples.  

   Although the symptoms were obvious in 

DAEC, no significant distinguishing symptoms 

among the pathotypes were detected and this 

cannot be used as a superior factor for the 

symptomatic diagnosis. In DAEC infection, the 

stool consistency was mostly watery or with 

mucous when compared with other types with 

mild, moderate to severe dehydration and the 

DAEC type shown the severe dehydration in 

children. Similar clinical symptoms were 

observed in patients from other studies in India 

(22). 

   The prevalence of DAEC varies between 

different regions and sometimes even between 

countries. A high prevalence of DAEC was 

reported in northeast Brazil whereas low 

prevalence was seen among Chilean children (8, 

23). Our finding is similar to those reported by 

Vidal et al., 2005 and Rajedran et al., 2015, 

wherein the prevalence of DAEC among the 

diarrheal patients was only 1% and 0.5%, 

respectively (3, 8). 

 

 

 



       Diffusely Adherent E. coli Burden …                                                                                                                               Chellapandi K, et al.  

 

J Med Bacteriol.                   Vol. 8, No. 5, 6 (2019): pp.44-55                jmb.tums.ac.ir 
53 
 

   Interestingly, EAEC and ETEC pathotypes 

were mostly isolated from the ≤12 months age 

group followed by 13 to 36 months age group, 

whereas, the DAEC pathotype occurred less 

frequent and mostly found in 13 to 36 months 

age group (Table 3).  Earlier reports shown the 

occurrence of diarrhea was higher (31.57%) in 

children who were breastfed for less than 6 

months compared to exclusively breastfed 

children (20.33%) and bottle-fed children 

(26.08%) (24). Similarly, our data showed a 

higher rate of DAEC occurrence in the weaning 

age groups than the breastfed groups which 

indicates the good hygiene practice among the 

breast feeding mothers and it also supports the 

earlier findings of Gupta et al., 2015.  Seasonal 

distribution of the DAEC in Aizawl, Mizoram 

indicated that most of the cases occurred in 

monsoon and summer probably due to the 

increase in temperature. The detection of 

serogroups belonging to O86, O128, and O142 

from DAEC strains are in agreement with the 

findings of earlier reports (25).  

   Among the MDR Patterns, AMP-CST-CN-

CFM-CI (ampicillin-cefoperazonetazobactam-

cephalexin-cefixime-ceftriaxone) pattern was 

shown by all the DAEC isolates. This is the first 

study to report the MDR Patterns of DAEC and 

other DEC in pediatric diarrhea from the entire 

north east India and our results concord with 

those reported from other countries (26, 27).  

Both the developed and developing countries are 

facing challenges in the treatment of antibiotic-

resistant pathogens and especially of those which 

have beta-lactam resistance, leading to the high 

mortality rate in hospitals (28).  In our study, the 

E. coli strains containing blaCTX-M-15 and 

blaCTX-M-9 were found to be resistant to all the 

cephalosporin drugs. Similar resistance pattern 

was also reported earlier in E. coli clinical 

isolates (18, 28). This is the first report to 

document the occurrence of blaCTX-M-15 ESBL 

resistance among human diarrheagenic E. coli 

isolates from North East India, indicating that the 

significant antibiotic resistance is the reason 

behind the failure of treatments earlier.  

   Utmost the E. coli isolates examined here 

showed the ability to adhere to epithelial cells in 

vitro; there is a probability that these strains can 

also colonize the intestinal epithelium of the 

children. The colonized children may become a 

potential source for spread of multi drug resistant 

ESBL producing E. coli stains in the hospital 

environment. 

 

Conclusion 

 

   In conclusion, our findings support the 

significant association of DAEC with diarrheal 

diseases in children of non breast feeding age 

group.  This study revealed that DAEC is less 

predominant pathotype but strongly associated 

with pediatric diarrhea in low socio economic 

population of Mizoram, India.  Although there is 

controversy about the pathogenesis of DAEC in 

children and adults, this study proves the 

pathogenic effect of DAEC in children by 

finding only from diarrheic cases and also by the 

pathological effects detected in Hep-2 cell lines. 

As it is impossible to discriminate the DEC 

strains by clinical symptoms it is suggested to 

identify the specific pathotype by specific 

virulent markers prior treatment. The less 

prevalence of DAEC in this region may be due to 

the climatic factors which are different from the 

neighbouring states and countries from where 

these pathotypes suspected to be transferred, also 

it was missed out in earlier studies which may 

because this is a pathotype affects only the 

weaning age groups with no breast feeding.  

Hence, an active surveillance is recommended to 

scale up efforts of control strategies to encounter 

multi drug resistance issues of diarrheal cases of 

this resource-poor region. 

 

Acknowledgment 

 

   Authors are highly thankful to the Dr. D. 

Kathiresan, Dean, C.V.Sc& AH, CAU, Selesih, 

Aizawl for granting permission to carry out the 

work and to the Director, RIPANS, Zemabawk, 

Aizawl for their constant support. The authors 



       Diffusely Adherent E. coli Burden …                                                                                                                               Chellapandi K, et al.  

 

J Med Bacteriol.                   Vol. 8, No. 5, 6 (2019): pp.44-55                jmb.tums.ac.ir 
54 
 

are also thankful to the DBT, New Delhi, India 

for funding a project on ADMaC for the 

laboratory equipment support in C.V.Sc & A.H, 

Selesih and Advanced State Level Biotech Hub, 

Mizoram University for the infrastructural 

facility to conduct the work. The authors are 

thankful to National Salmonella and Escherichia 

Centre, (CRI), Kasauli - India for serotyping of 

the E. coli isolates. 

 

Funding information 

 

   This research did not receive any specific grant 

from funding agencies in the public, commercial, 

or not-for-profit sectors. 

 

Ethics approval and consent to participate 

 

   All authors hereby declare that all the 

experiments have been examined and approved 

by the institutional ethics committee and have 

therefore performed in accordance with the 

ethical standards. 

 

Conflict of interest 

 
   All the authors have no conflict of interest. 

 

References 

 
1. Bassani DG, Kumar R, Aswathi S, et al. 

Million death study collaborators Causes of 

neonatal and child mortality in India: a 

nationality representative mortality survey. 

Lancet 2010; 376(9755):1853-60.  

2. Hegde A, Ballal M, Shenoy S. Detection of 

diarrheagenic Escherichia coli by PCR. 

Indian J Med. Microbiol 2012; 30(3): 279-

84.   

3. Rajendran P, Ajjampur SS, Chidambaram D, 

et al.  Pathotypes of diarrheagenic 

Escherichia coli in children attending a 

tertiary care hospital in south India.  Diag 

Microbiol Infect Dis 2010; 68(2):117-22.  

4. Veena AS, Sanath HK, Aviash KS, et al. 

Prevalence and characterization of 

diarrheagenic Escherichia coli isolated form 

Adults and children in Mangalore, India. J 

Lab Phys 2012; 4(1):24-9. 

5. Bora HR, Yadav A, Zohmingliana JH. 

Traditional practices in Mizoram, Northeast 

India to remove irritant of Amorphophallus 

nepalensis (Wall.) Bonger& Mayo: A highly 

irritating aroid. Int J Recent Scien Res 2017; 

8(12): 22494-5.  

6. Servin AL. Pathogenesis of Afa/Dr diffusely 

adhering Escherichia coli. Clin Microbiol 

Reviews 2005; 18(2):264-92.  

7. Bouguenec C, Servin AL. Diffusely adherent 

Escherichia coli strains expressing 

Afa/Dradhesins (Afa/Dr DAEC): hitherto 

unrecognized pathogens. FEMS Microbiol 

Lett 2006; 256(2):185-94.  

8. Vidal M, Kruger E, Duran C, et al. Single 

assay to identify simultaneously the six 

categories of Diarrheagenic Escherichia coli 

associated with enteric infections. J Clin 

Microbiol 2005; 43(10):5362-5. 

9. Rajeshwari K, Beena U, Singh R, et al. Multi 

drug resistant Enteropathogenic E. coli 

Diarrhea in children. America J Res 

Communication 2015; 3(9): 27-48. 

10. Lanjewar M, De Anuradha S, Mathur M. 

Diarrheagenic E. coli in hospitalized 

patients: Special reference to Shiga-like 

toxin producing Escherichia coli. Indian J 

Path Microbiol 2010; 53(1):75. 

11. Meraz IM, Jiang ZD, Ericsson CD, et al. 

Enterotoxigenic Escherichia coli and 

diffusely adherent e. coli as likely causes of 

a proportion of pathogen negative travelers’ 

diarrhea—a PCR based study. J Travel med 

2008; 15(6):412-8. 

12.  Collee JG, Miles RS, Wan B. Tests for the 

identification of bacteria. In: Collee, J.G., 

Fraser, A.G., Marmion, B.P., Simmons, A. 

Mackie and McCartney Practical Medical 

Microbiology. 1996; 14th ed. Edinburgh: 

Churchill Livingstone, Reprint–2014.  

13. Edwards PR, Ewing WH. Identification of 

Enterobacteriaceae. Minneapolis, Minnesota: 

Burgess Publishing Company. 1986; 4th 



       Diffusely Adherent E. coli Burden …                                                                                                                               Chellapandi K, et al.  

 

J Med Bacteriol.                   Vol. 8, No. 5, 6 (2019): pp.44-55                jmb.tums.ac.ir 
55 
 

edition. 

14. Begum J, Dutta TK, Chandra R, et al. 

Molecular and phenotypic characterization 

of shiga toxigenic Escherichia coli (STEC) 

and enteropathogenic E. coli (EPEC) from 

piglets and infants associated with diarrhoea 

in Mizoram, India. African J Biotech 2014; 

13(13).  

15. Cravioto A, Gross RJ, Scotland SM, et al. 

An adhesive factor found in Strains of 

Escherichia coli belonging to the traditional 

infantile Enteropathogenic Serotypes. Curr 

Microbiol 1979; 3:95-9. 

16. CLSI (Clinical and Laboratory Standards 

Institute). Performance standards for 

antimicrobial susceptibility testing; 22 

informational supplement. 2012; CLSI 

document M100-S22. Wayne, PA.   

17. Francois XW, Marie D, Didier T, et al. 

SHV–12-Like Extended-Spectrum--

Lactamase-Producing Strains of Salmonella 

enterica Serotypes Babel berg and 

Enteritidis Isolated in France among Infants 

Adopted from Mali. J Clin Microbiol 2004; 

2432-7. 

18. Mohamad H, Marie TK, John EC, et al. 

Frequency of conjugative transfer of plasmid 

encoded ISEcp1 – blaCTX-M-15 and 

aac(6′)-lb-cr genes in Enterobacteriaceae at a 

tertiary care center in Lebanon – role of 

transferases. Ann Clin Microbiol Antimicrob 

2010; 9:19.  

19. Kim J, Lim YM, Rheem I, et al.  CTX-M 

and SHV-12 b-lactamases are the most 

common extended-spectrum enzymes in 

clinical isolates of Escherichia coli and 

Klebsiella pneumoniae collected from 3 

university hospitals within Korea. FEMS 

Microbiol Lett 2005; 245:93-8. 

20. Susanne S, Carsten S, Karen AK. Transfer of 

antimicrobial resistance plasmids from 

Klebsiella pneumoniae to Escherichia coli in 

the mouse intestine. J Antimicrob Chemother 

2008; 62:1086-93.  

21. Karuppasamy C, Tapan KD, Indu S, et al. 

Prevalence of multi drug resistant 

enteropathogenic and entero invasive 

Escherichia coli isolated from children with 

and without diarrhea in Northeast Indian 

population. Ann Clin Microbiol Antimicrob 

2017; 16:49.     

22. Ghosh PK, Ali A. Isolation of atypical 

enteropathogenic Escherichia coli from 

children with and without diarrhea in Delhi 

and the National Capital Region, India. J 

Med Microbiol 2010; 59:1156-62. 

23. Scaletsky ICA, Fabbricotti SH, Carvalho 

RLB, et al.  Diffusely adherent Escherichia 

coli as a cause of acute diarrhea in young 

children in Northeast Brazil: a case-control 

study. J Clin Microbiol 2002; 40(2):645-8. 

24. Gupta A, Gautam S, Arup JR, et al.  Risk 

Correlates of Diarrhea in Children Under 5 

Years of Age in Slums of Bankura, West 

Bengal. J Glob Infect Dis 2015; 7(1):23-9. 

25. Okhuysen PC, DuPont HL. 

Enteroaggregative Escherichia coli (EAEC): 

a cause of acute and persistent diarrhea of 

worldwide importance. J Infect Dis 2010; 

202:503-5. 

26. Rosane MA, Alex LP, Loreny GG. Diffusely 

adherent Escherichia coli strains isolated 

from children and adults constitute two 

different populations. BMC Microbiol 2013; 

13:22.  

27. Ochoa TJ, Ruiz J, Molina M, et al.  High 

frequency of antimicrobial drug resistance of 

diarrheagenic Escherichia coli in infants in 

Peru.  American J Trop Med & Hyg 2009; 

81(2):296-301. 

28. Canizalez-Roman A, Flores-Villaseñor HM, 

Gonzalez-Nuñez E, et al. Surveillance of 

Diarrheagenic Escherichia coli strains 

isolated from diarrhea cases from children, 

adults and elderly at Northwest of Mexico. 

Front Microbiol 2016; 7:1924. 

29. Baraniak A, Fiett J, Hryniewicz W, et al. 

Ceftazidime-hydrolysing CTX-M-15 

extended-spectrum b-lactamase (ESBL) in 

Poland.  J Antimicrob Chemother 2002; 

50(3):393-6. 


