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        Infectious diarrheal diseases continue to be im-
portant causes of morbidity and mortality, espe-

cially in developing countries.  1 – 3   Among enteric 
pathogens, diarrhegenic  Escherichia coli  (DEC) be-
long to the most common bacteria causing intesti-
nal infections in both the temperate and the tropical 
areas of the world. In Kenya, bacterial diarrhea has 

been reported to account for up to 30% of all cases 
of infantile diarrhea  4   and is the most common cause 
of travelers ’  diarrhea (TD).  5 – 7   Contaminated water 
and food have been shown to be the most important 
vehicles for the transmission of TD.  6,8   The impor-
tance of food handlers as reservoirs and a possible 
transmission route of enteroaggregative  E coli  
(EAEC) and other causative agents of TD has not 
been clearly addressed. Most studies have concen-
trated on TD in tourists and its impact without a 
concomitant investigation of the food handlers 
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  Background .      Contaminated food and water are acknowledged vehicles for the transmission of travelers ’  diarrhea (TD). 
Importance of food handlers as reservoirs of enteroaggregative  Escherichia coli  (EAEC), enteropathogenic  E coli  (EPEC), 
and Shiga toxin – producing  E coli  (STEC) causing TD has not been clearly demonstrated. 
 Methods .      We undertook a 1-year prospective study to determine the presence and selected risk factors of carriage of 
EAEC, EPEC, and STEC by 1,399 food handlers working in tourist hotels in three popular tourist destinations of 
 Kenya.   Enterotoxigenic  E coli  (ETEC) was not sought in this study. 
 Results .      During the period April 2003 to May 2004, EAEC harboring the  aggR  gene were detected from 29 (2.1%) sub-
jects and EPEC harboring the  eaeA  gene and STEC harboring the  stx2  gene were detected from 11 (0.8%) and 2 (0.1%) 
of the study subjects, respectively. Mean age of subjects with EAEC was signifi cantly lower (24.6 y) than the rest of the 
study population (28.2 y) ( p  < 0.05). Pit latrines usage was signifi cantly associated with the isolation of EAEC (<0.001) 
but not with EPEC and STEC. Four of the 29 EAEC isolates were sensitive to all antibiotics tested, and 19 (65.5%) were 
multidrug resistant (MDR  ). Antibiotic resistance varied from 6.9% for cefuroxime to 72.4% for co-trimoxazole. Six 
EPEC isolates (6/13, 46.2%) showed multidrug resistance. Cluster analysis of the pulsed-fi eld gel electrophoresis 
(PFGE) profi les showed that the EAEC isolates belonged to two clonally unrelated genotypes. 
 Conclusions .      We conclude that food handlers working in tourist hotels are important carriers of EAEC that could 
cause TD and a high proportion of the EAEC are MDR. The isolation of MDR EAEC from food handlers working 
in tourist hotels is of potential public health importance. There is a need for a study employing molecular methods 
including PFGE to examine carriage of similar pathogens in food handlers, processed foods, and travelers consuming 
the food who develop diarrhea.  
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working in the tourist hotels. The current study was 
designed to investigate the epidemiology, etiology, 
and sanitary factors of carriage of EAEC, entero-
pathogenic  E coli  (EPEC), and Shiga toxin –
 producing   E coli  (STEC), which is also referred to as 
enterohemorrhagic    E coli  (EHEC), isolated from 
food handlers working in tourist hotels in three 
popular tourist destinations in Kenya.  

  Materials and Methods 

  Study Sites 
 The study was carried out in Nairobi, Malindi, and 
Diani, which are some of the main tourist destina-
tions in Kenya. Nairobi, with a population of about 
3 million people, is the capital city and has the main 
international airport used for the arrival of the major-
ity of tourists coming to Kenya.  9   Malindi, whose main 
economic activity is tourism, is a small, northern 
coastal town in Kenya with a population of about 
53,805 and is one of the major tourist destinations in 
Kenya.  10   Diani, with a population of about 50,000 
people in the south coast of Kenya, has a high concen-
tration of tourist facilities, especially along the beach.  

  Study Population 
 The study subjects were all food handlers working 
in tourist hotels in the three study areas. Inclusion 
criteria for this study included all food handlers who 
were defi ned as any person involved in any way with 
handling, processing, and serving of food such as 
waiters, cooks, chefs, barmen, butchers, and deliv-
ery people. Excluded from the study were food han-
dlers who refused consent, were away from work 
during the stool collection period, or workers who 
were not food handlers.  

  Stool Samples Collection and Initial Processing 
 The study subjects were asked to provide stool sam-
ples in sterile wide-mouth containers after obtain-
ing written informed consent from them. The form 
of stool was documented and presence of diarrhea 
established by asking the study subjects. The study 
was approved by the Scientifi c Steering Committee 
of the Kenya Medical Research Institute (KEMRI) 
and the National Ethical Committee. Socioeco-
nomic and demographic data on age, sex, water 
source, sanitation disposal, residence, and antibi-
otic use in the preceding 2 weeks were also obtained 
from each individual. The stool samples from work-
ers from Nairobi hotels were transported to the lab-
oratory in chilled boxes. These were processed 
within 1 hour of collection. For hotels in Malindi 
and Diani, the stool samples were collected in con-

tainers as before and transported chilled to the 
KEMRI laboratories in Malindi and Kwale for ini-
tial processing.  

  Microbiological Procedures 
  Isolation, Real-Time Polymerase Chain Reaction 
for Identifi cation and Serotyping of EAEC, EPEC, 
and STEC 
 Stool samples were inoculated onto McConkey agar 
and incubated aerobically at 37°C for 18 to 24 hours. 
Five pink/red lactose-fermenting colonies were 
picked at random from each plate and preserved in 
Trypticase Soy Broth with 15% glycerol until ana-
lyzed. Real-time polymerase chain reaction (PCR) 
was done by the method described previously.  11   The 
primers and probes used are shown in      Table   1 . The 
specimen was considered to be positive when both 
pathogen-specifi c target sequences were amplifi ed 
and when  C   T     value was less than 35. In each PCR 
run, Milli-Q water and bacterial DNA obtained 
from each of the pathogens served as negative and 
positive controls, respectively. Commercial  E coli  
agglutinating antisera (Denka Seiken, Tokyo, 
 Japan) was used to serotype the EAEC, EPEC, and 
STEC isolates. The stool samples were also cul-
tured for other enteric bacterial pathogens such as 
 Salmonella ,  Shigella , and  Vibrio  species and exam-
ined for enteric parasites using standard culture 
 media and routine microbiological techniques.  

  Antibiotic Susceptibility Testing 
 Antibiotic susceptibility testing was performed on 
the isolates using the Kirby – Bauer disc diffusion 
technique.  12   Sensitivity and/or resistance of the 
 isolates were interpreted according to the National 
Committee for Clinical Laboratory Standards 
(NCCLS).  13   The antibiotics used included ampicil-
lin (10  � g), chloramphenicol (30  � g), gentamicin 
(10  � g), co-trimoxazole (25  � g), cefuroxime 
(30  � g), ciprofl oxacin (1  � g), cefotaxime (10  � g), 
amoxicillin-clavulanate (30  � g), and tetracycline 
(10  � g). These antibiotics were chosen on the basis 
of their use in the management of enteric bacterial 
infections.  Escherichia coli  ATCC 25922 was used 
as a control for drug potency and growth.  

  Determination of Antibiotic Minimum 
Inhibitory Concentrations 
 The minimum inhibitory concentration (MIC) of 
antibiotics against the test isolates was determined 
by the agar dilution technique as described by the 
American Society for Microbiology and revised by 
the NCCLS.  13,14   
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 The MIC was defi ned as the lowest concentra-
tion of the antibiotic to prevent visible growth of 
the bacteria. Pure antibiotic powders of ampicillin, 
chloramphenicol, gentamicin, cefuroxime, cipro-
fl oxacin, tetracycline, and amoxicillin-clavulanate 
acid were used to prepare doubling dilutions of the 
antibiotics in Mueller – Hinton agar.  13   The concen-
trations to be tested were determined by the inter-
pretative breakpoints as provided by NCCLS. 
 Escherichia coli  ATCC 25922 was used to control for 
drug potency and growth.  

  Pulsed-Field Gel Electrophoresis 
 Pulsed-fi eld gel electrophoresis (PFGE) was per-
formed using the CHEF-III electrophoresis appa-
ratus (Bio-Rad, Richmond, CA, USA) according to 
the procedures described earlier  15,16   in 1% pulsed-
fi eld certifi ed agarose in 0.5× Tris Borate EDTA 
buffer (TBE)   buffer for 40 hours at 200 V at a tem-
perature of 14°C with the following modifi ed pulse 
times: 1 to 10 seconds for 10 hours, 3 to 28 seconds 
for 10 hours, 3 to 35 seconds for 5 hours, and 5 to 70 
seconds for 15 hours, a gradient of 6.0 V/s, and a 
120 degrees switch angle. The gels were then 
stained with ethidium bromide, destained, and 
photographed under ultraviolet illumination on 
GELDOC 2000(Bio-Rad) system. The DNA size 
standards used were the bacteriophage lambda lad-
der (Bio-Rad) ranging from 50 to 1,000 kb.    

  Results 

  Demographic Data of the Study Subjects 
 In this study conducted from April 2003 to May 
2004, a total of 1,399 food handlers working in the 
three designated study areas were recruited and 
their stool samples examined after obtaining indi-
vidual informed consent. The hotels sampled varied 

from low-budget backpackers’ hotels to deluxe fi ve-
star hotels. There were a total of 19 hotels sampled 
from Nairobi and 16 from Malindi and 7 from 
 Diani. The demographic data and other character-
istics of the study subjects are shown in    Table   2 . The 
age of the subjects from whom EAEC was isolated 
ranged from 15 to 63 years, with the mean age vary-
ing between 20 years in Malindi and 30.4 years in 
Nairobi ( p   =  0.108). It was, however, lower (24.6 y) 
than for the general study population (28.2 y) ( p  > 
0.05). The male-to-female ratio was also different: 
7.8:0.3 and 9.3:0.7, respectively. This difference 
was not statistically signifi cant ( p  > 0.05). The ratio 
of males to females varied between 7:3 in Nairobi 
and 8:2 in Malindi ( �  2   =  3.97,  p  < 0.05) to 9:1 in 
 Diani. There were signifi cantly more males than 
females in Diani study population than for 
either Nairobi or Malindi ( p  < 0.05). The median 
age between the three population samples was simi-
lar with only slight variations. 

 Only nine subjects responded to the questions on 
antibiotic use, water source, and sanitation disposal. 
There was no difference between the number of 
subjects who admitted to having used any form of 
antibiotic in the last 14 days and those who did not 
( �  2   =  0.80,  p   =  0.368). 

 The use of pit latrine as a means of sanitation dis-
posal was signifi cantly associated with the isolation 
of EAEC ( �  2   =  88.04,  p  < 0.001). The subjects from 
whom EAEC were isolated were mostly male and 
were signifi cantly much younger than the rest of the 
population studied ( �  2   =  3.97,  p  < 0.05).  

  Incidence of EAEC in the Stools of the Food 
Handlers Sampled 
 In total, 29 EAEC isolates were detected. No 
 enteroparasites were detected from any of the 
 subjects from whom an EAEC was isolated. 

     Table      1     Primers and fl uorogenic probe sequences for detection of STEC, EPEC, and EAEC       

  Bacterium Gene Sequence (5 ′  – 3 ′ )  T  m  (°C)    

STEC  stx1 F: TCTCGACTGCAAAGACGTATGTAGA 59  
R: TCCTGATGAAATAGTCTGTAATGGAGTAC 58  
P: r-TCGCTGAATGTCATTCGCTCTGCAATA-q 68  

 stx2 F: ACCCCACCGGGCAGTT 58  
R: GGTCAAAACGCGCCTGATA 58  
P: r-TTTTGCTGTGGATATACGAGGGCTTGATGT-q 68  

EPEC  eaeA F: TGTTGCTTTGTTTAATTC(T/C)GATAAGC 57/61  
R: GGAATCGGAGTATAGTTTACACCAA 57  
P: r-AGTCGAATCCTGGTGCGGC-q 62  

EAEC  aggR F: ATGCCCTGATGATAATATACGGAATAT 58  
R: TCAGCATCAGCTACAATTATTCCTTT 58  
P: r-AAAAGTAGATGCTTGCAGTTGTCCGAATTGG-q 68  

   F  =  forward primer; R  =  reverse primer; P = Probe; r  =  reporter; d  =  dye; q  =  quencher dye.      
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The isolation rates of EAEC were 1.2% (3/262) in 
Diani compared to 4% EAEC (10/253) in Malindi 
and 1.8% EAEC (16/885) in Nairobi. This gave an 
overall incidence rate of 29/1,399 (2.1%). All 
the EAEC harbored the  aggR  toxin gene. Only 7 of 
the 29 of the EAEC isolates were serotypable, and 
the serotypes were O8, O44, O119, O126, O128 
(two isolates), and O127. A total of 42 non-typhi  
Salmonella  species were isolated from 262 subjects 
sampled in Diani, giving an incidence of 16.0%. 
All the subjects from whom the salmonella were 
isolated were males. The stools were mostly diar-
rheic (26/42, 61.9%) with the rest being from 
 semiformed stools. No other enteropathogens 
were isolated.  

  Antibiotic Susceptibility Profi les of the Isolates 
 The isolates had varied antibiotic resistance 
levels from ciprofl oxacin 0%, cefotaxime 3.5%, 
augmentin 6.0%, gentamicin 6%, cefuroxime 
6.9%, chloramphenicol 27.6%, ampicillin 37.9%, 

co-trimoxazole 72.4%, and tetracycline 79.3%. The 
two isolates that showed resistance to  amoxicillin-
clavulanate were tested for extended-spectrum beta 
lactamase (ESBL) production by the  E -test strip 
method, and no ESBL production was detected. 
Multidrug resistance (resistance to three or more 
antibiotics) was seen in 19 of the 29 (65.5%) 
isolates. The most common resistance patterns 
seen were resistance to ampicillin, co-trimoxa-
zole, and tetracycline by three isolates (10.3%). 
Six isolates were resistant to one or two antibiot-
ics. No resistance was detected in 4 of the 29 
(30.1%) isolates. 

 Only one subject admitted to having taken an 
 antibiotic in the last 14 days before sampling. 

 The MIC for 13 of the 29 EAEC was tested using 
the  E -test method. Very high concentrations were 
required to achieve MIC 90  for tetracycline 
(>64  � g/mL) and ampicillin (>256  � g/mL). No re-
sistance to ciprofl oxacin, cefuroxime, cefotaxime, 
coamoxyclav, and gentamicin was detected by the 
MIC method (   Table   3 ).  

     Table      2     Demographic data and other characteristics of the study subjects       

  Parameter No pathogen isolated ( N   =  1,316) EAEC ( n   =  29),  N   =  1,399  p  Value    

Age (y)  
   Range 15.0 – 63.0 21.0 – 51.0  p   =  0.05  
   Mean 32.5 24.6  
   SD 8.1 16.42  
Sex  
   Males 1,021 (77.6%) 27/29 (93.1%)  �  2   =  3.97,  p  < 0.05  
   Females 295 (22.4%) 2/29 (6.9%)  
Stool form  
   Formed 563 (62.4%) 11  �  2   =  21.95,  p  < 0.0001  
   Loose * 82 (9.0%) 10  
   Mucoid 27 (3.0%) 0  
   Semiformed 222 (24.7%) 8  
   Watery * 1 (0.1%) 0  
   Mucoid/semiformed 1 (0.1%) 0  
   Loose/watery * 5 (0.5%) 0  
   Loose/mucoid/blood stained * 1 (0.1%) 0  
   Not indicated 1 (0.1%) 0  
Antibiotic use in the last 14 d  
   Yes 62/1,316 (4.7%) 1/9  �  2   =  0.80,  p  =   0.368  
   No 1,254/1,316 (95.3%) 8/9  
Water source  
   Rainwater/borehole 0 (0.0%) 0  �  2   =  0.83,  p   =  0.0001  
   Tap water 447 (80.8%) 5/9  
   Borehole 84 (14.5%) 1/9  
   Well water 5 (0.9%) 3/9  
Sanitation disposal  
   Pit latrine 282 (49.6%) 9/9  �  2   =  88.04,  p  < 0.001  
   Flush toilet 262 (46.1%) 0  
   Other 25 (4.4%)  —   
Parasites 31/1,316 (2.4%) No O/C seen 0.403  

   EAEC  =  enteroaggregative  Escherichia coli ; O/C = Ova/Cysts.     
  *Indicates diarrhea stool samples.       
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  Clonal Relationships of the Isolated EAEC 
 The clonal relatedness of the EAEC isolates from 
food handlers was determined by the use of pulsed-
fi eld electrophoresis method. The PFGE analysis 
revealed that 13 EAEC strains produced 11 distinct 
DNA fragment profi les. Each PFGE profi le dis-
played several bands from below 50 to about 600 kb 
within the 50 to 1,000 kb range (   Figure   1 ). The clus-
ter analysis of the PFGE profi les revealed that the 
EAEC tested belonged to two major genetic groups. 
Cluster I comprised eight isolates, whereas cluster 
II   consisted of fi ve isolates. There was a 100% simi-
larity between isolates UT134, UT140, and IC02. 
These were in turn closely related to WGC9. There 
were two subclusters in Cluster I with very close ge-
netic distance from each other. In Cluster II, there 
were two subclusters with one subcluster consisting 
of one isolate (TP299).   

  Discussion 

 Our study observed an incidence of EAEC of 
29/1,399 (2.1%). All the EAEC harbored the  aggR  
gene. The  aggR  gene controls the expression of 
 adherence factors, a dispersin protein, and a large 
cluster of genes encoded on the EAEC chromo-
some. The  aggR  gene – expressing EAEC are termed 
typical EAEC.  17   In a study on DEC in Tanzania, a 
prevalence of 18.8% of EAEC was found.  18   The car-
riage found in our study could be an underestima-
tion as the study population may not represent true 
proportion in the community. HEp-2 cell assay was 
not done due to limitation of resources, and this is a 
limitation as this may result in an underestimate of 
the true incidence of EAEC. Multiple groups have 
found asymptomatic infection in international trav-
elers, and it is now known what makes the EAEC 
strains virulent for humans and fi nding organisms in 
stool does not mean they are infected with a disease-
producing organism. Signifi cantly more males (27/29) 
than females (2/29) had EAEC, which was approxi-
mately 9:1 ( p  < 0.05). This closely mirrored the study 
population, which also had a  ratio of males to females 
of 7.8:2.2. EAEC was  isolated from 19/29 formed/
semiformed stools compared with 10/29 loose stools 
( p  < 0.0001).  Keskimaki and colleague found a ratio 
of 35 and 26% DEC in diarrheic and nondiarrheic 
stools, respectively.  6   

 EAEC, formerly called enteroadherent  E coli,  
was fi rst recognized as a pathogen causing diarrhea 
in infants and HIV patients and in some adults in 
1987.  19   Currently, EAEC are recognized as impor-
tant causative agents of TD  20,21   and also as causative 
agents of other diarrheal illnesses in both develop-
ing and developed countries.  22   The identifi cation of 
this bacterial pathogen is mainly by PCR, HEp-2 
cell culture, and DNA probes, all of which are 
 expensive and out of reach of clinical laboratories, 
especially in resource-poor countries. The testing 
of the strains for virulence factors is important and 

     Table      3     MIC resistance range, MIC 50 , and MIC 90  of the EAEC isolates     

  Antibiotic tested No. (%) resistant MIC range ( � g/mL) MIC 50  ( � g/mL) MIC 90  ( � g/mL)    

Chloramphenicol 1 (7.8) 4 to >256 8 12  
Amoxicillin-clavulanate 0 (0.0) 2 to 8 3 6  
Gentamicin 0 (0.0) 0.75 to 1.5 1 1.5  
Co-trimoxazole 11 (84.6) 1 to >32 >32 >32  
Ciprofl oxacin 0 (0.0) 0.012 to 0.75 0.016 0.023  
Ampicillin 4 (30.8) 3 to >256 6 >256  
Cefuroxime 0 (0.0) 3 to 8 4 8  
Tetracycline 24 (89.9) 1 to >64 >64 >64  
Cefotaxime 0 (0.0) 0.047 to 0.125 0.094 0.125  

   EAEC  =  enteroaggregative  Escherichia coli ; MIC  =  minimum inhibitory concentration.      

 
          Figure   1     The dendrogram outlining the clonal 
relationship of the EAEC isolates.  The genetic distance 
between isolates is shown on the scale. Isolates TP308, 
WAT309, and TP299 were from Malindi. The rest of 
the isolates were all from Nairobi.   
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simpler; rapid test needs to be developed, especially 
for resource-poor countries. 

 In an earlier study, EAEC was isolated from as-
ymptomatic adults in the tropics.  6   The EAEC iso-
lated in this study, however, carried  aggR  virulence 
genes, and no other bacterial pathogen was isolated 
from these subjects, about half of whom also had 
diarrhegenic stools. It therefore demonstrates a 
distinct possibility of the transmission of these 
 pathotypes to tourists by food handlers when the 
food handlers unhygienically handle foods, espe-
cially salads and cold cuts. ETEC and EAEC were 
found to be the most common causes of TD in a 
study conducted in three different geographical re-
gions, namely Goa in India, Ocho Rios in Jamaica, 
and Guadalajara in Mexico.  21   In that study, EAEC 
was isolated in 25, 30, and 38% in each of the three 
sites, respectively. Even though the overall carriage 
rate in the current study (2.1%) may appear low, it 
should be a cause of concern that the food handlers 
could easily disseminate these pathogens to the 
tourists and the rest of the community. 

 Antimicrobial-resistant bacterial diarrhea is a 
signifi cant public health problem throughout the 
developing world.  23   In our study, the fi nding of high 
rates of resistance and especially multidrug resis-
tance (19/29, 65.5%) to commonly used antibiotics 
in food handlers is of major public health impor-
tance as this could be a source of spread of resistance 
to clients and family members in close contact with 
hotel workers. In this study, high antibiotic resistance 
rates to tetracycline 79.3%, ampicillin 62.1%, chlor-
amphenicol 27.6%, and amoxicillin-clavulanate 
31.0% should be viewed with a lot of concern. These 
are inexpensive, widely available antibiotics that 
may be bought over the counter without prescrip-
tion in many drug outlets in Kenya. 

 These fi ndings are in agreement with the work 
done in children in southwest Nigeria where they 
found similarly high rates of resistance of 80.9% 
for ampicillin, 95.4% for tetracycline, and 46.5% 
for chloramphenicol.  24   Multidrug resistant (MDR) 
EAEC were also isolated from children in a study 
in Kenya.  25   This resistance has been demonstrated 
to be transferable and linked to virulence of EAEC 
and is carried on the same plasmid.  24   These fi ndings 
also mirror what was found from the feces of healthy 
volunteers from eight countries where they found 
resistance to ciprofl oxacin ranging from 1% to 
63%, >20% of resistance for gentamicin, and 
 similarly high levels of resistance to ampicillin, oxy-
tetracycline, and trimethoprim.  26   In Tanzania, a re-
sistance rate of 83.1% for ampicillin, 57% for 
chloramphenicol, 87.7% for tetracycline, and 

90.8% for co-trimoxazole was recorded.  18   These 
fi gures are much higher than what has been found 
in our current study. 

 Non-typhi  Salmonella  species were isolated from 
42/1,400 (3.0%) and more signifi cantly from only 
one of the three study sites and only from male food 
handlers (42/262, 16.0%). The male-to-female 
 ratio in Diani was 9:1, but this does not explain why 
the salmonellae were isolated only from the males. 
The isolation of a large number of  Salmonella  from 
one establishment, 31/103 (30.1%), and 11/35 
(31.4%) in another establishment in one of the 
study areas indicates very strongly that there was a 
possible salmonella outbreak, and this shows unac-
ceptably high numbers of carriage in food handlers. 
In a study on etiology of TD in three locations,  5   
  Salmonella  species was isolated from 3% of the 
 tourists sampled in Mombasa, Kenya. 

 It has been estimated that about 80% of residents 
of developing countries have no sanitary facilities 
for sewage disposal.  27   We found that over 90% of 
the respondents to our question on toilet type and 
sanitation disposal used pit latrines ( p   =  0.003). Sev-
eral factors such as urban migration with crowding 
and improper sewage disposal have been associated 
with the spread of antibiotic-resistant organisms 
between people and the exchange of resistance 
genes among bacteria, thereby increasing the prev-
alence of resistant bacteria.  27   All the aforemen-
tioned conditions were found in this study and could 
possibly explain the fi nding of such high levels of 
antibiotic-resistant EAEC. 

 PFGE is widely used as a molecular subtyping 
method of  E coli  strains due to its high discrimina-
tory power and good reproducibility.  28   In this study, 
the EAEC were all isolated from food handlers 
working in tourist hotels in three areas of Kenya. 
Our isolates were largely unrelated and hence not 
likely to be clonal in origin. This would imply that 
several genotypes of EAEC exist in the study popu-
lation and possibly in the community.  29   However, 
the 100% similarity of the three isolates UT134, 
UT140, and IC02 raises the possibility of a com-
mon source of infection for these three study sub-
jects. In resource-poor settings especially, it is very 
diffi cult to routinely test for the DEC and there is a 
scarcity of data from Sub-Saharan Africa. The use 
of basic isolation media, antibiotic susceptibility 
testing, real-time PCR, and PFGE profi ling has en-
abled the establishment of the status of carriage of 
EAEC by food handlers in Kenya. It has been sug-
gested that EAEC strains comprise a heterogenous 
set of pathogens that share certain chromosomal 
and plasmid-borne genes.  30   This study has also 
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 established the heterogeneity of the EAEC as 
 evidenced by the PFGE dendrogram profi le. 

 In conclusion, we found that food handlers work-
ing in tourist hotels are important carriers of clon-
ally unrelated, MDR  aggR -expressing EAEC strains 
that could cause TD and food poisoning and that a 
large proportion of these isolates are MDR. There 
is a need for a study employing molecular methods 
including PFGE to examine carriage of pathogens 
in food handlers and presence of the same patho-
gens in processed foods and in travelers consuming 
the food who develop diarrhea.    
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