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Abstract 

Diarrhea is a daily public health song in developing countries like Tanzania. The causative 

agents are theoretically known almost to everybody. However, the eradication of this killer 

disease for the under-fives is an enigma. This study aimed to provide update advantages of 

molecular diagnostic versus conventional methods as regards to acute diarrhea, and to 

determine bacterial causes of diarrhea among children aging five years and below in Dar Es 

Salaam, Tanzania, using multiplex PCR technique.  

Samples were collected from the under-fives from district hospitals in Dar Es Salaam city 

between June 2010 and February 2014. This included children admitted due to acute and/ or 
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chronic diarrhea. A total of 3600 stool samples were analyzed, of which 1800 samples were 

from diarrhea cases and 1800 samples from normal control cases. About 1080 (60%) of the 

patients recruited were aged less than 3 years and 983 (54.6%) were males. Diarrheagenic 

bacteria were isolated and identified using conventional stool cultures then were 

characterized by mPCR.  

Pathogenic bacteria were detected in 67.7% of the cases and in 20% of the controls. The 

pathogenic bacteria most strongly associated with diarrhea disease were diarrheagenic 

Escherichia coli (21.6% of cases, 6% of controls), Shigella spp. (16.1% of cases, 5% of 

controls) and Salmonellae, (10.6% of cases, 3% of controls. The pathogenic bacteria were 

mostly from children aging from 24 months and above.  

Diarrheagenic bacteria play an important role in relation to childhood diarrhea aging from 

two years and above. Proper diagnostic methods, prevention and control through fostering 

good hygiene and sanitation to water and food should be emphasized especially to oral-faecal 

age. 

Keywords: Childhood diarrhea, Diarrheagenic bacteria, Developing country 

1. Introduction 

Diarrheal diseases are a leading cause for morbidity and mortality for under-five children in 

developing countries, whereby in Africa, the under-five mortality is approximately 42%, and 

in Tanzania diarrhea is the fourth cause of morbidity and fifth cause of mortality (Kosek, et 

al., 2003, Parashar, et al., 2003, Bryce et al., 2005, WHO, 2005, MoHWF 2008, Boschi-Pinto 

et al., 2008, Kotloff et al., 2013, Mashoto et al., 2014). The etiologic agents of diarrhea are 

known, that includes viruses (e.g. rotaviruses, enteric adenoviruses), bacteria (e.g., 

Salmonella, Shigella, Campylobacter, enterotoxigenic Escherichia coli, cytotoxigenic 

Clostridium difficile), and parasites (e.g. Entamoeba histolytica, Giardia lamblia, 

Cryptosporidium parvum) are the leading causes (Presterl et al., 2003, Rappelli et al., 2005, 

Park et al., 2006, WHO 2013, Ngosso et al., 2015). Other precipitating factors of diarrhea 

includes; irritable bowel syndrome intolerance to some foods components (e.g. lactic acid), 

reaction to medicines (e.g. antibiotics or antacids containing magnesium) and some 

conditions such as malnutrition etc. 

Diarrhea is very common in areas of poor hygiene, lack of clean and safe drinking water, 

overcrowding and the trend towards infants bottle-feeding instead of breastfeeding. 

Breastfeeding reduces risks of diarrhea for babies (Gascon et al., 2000, WHO, 2005, UNICEF, 

2008). Consumption of contaminated food, water or direct fecal contamination through 

fingers is the major cause of transmission of entero-pathogens prevailing in the rural settings. 

(WHO, 2013, WHO, 2014). The under-five children are more prone to diarrheal infections 

because this age group is known as oral-faecal age group, which means they pick everything 

they see and eat or swallow (Kosek, et al., 2003, WHO, 2007, Moyo, et al., 2011). 

Relatively few studies have been carried out in Dar Es Salaam using molecular 

characterization for the agents of diarrhea, one study dealt with identification of  

diarrheagenic E. coli only (Moyo et al., 2007), others dealt with the prevalence of 
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entero-pathogenic viruses only (Moyo et al., 2007), rotaviruses (Mhalu et al., 1998) and 

parasitic protozoa causes (Ngosso et al., 2015).  

Epidemiological data on pathogens causing diarrhea from developing countries generally 

does not include E. coli as causative organism. This is because there is no approved testing 

methods available for the identification e.g. of the six known diarrheagenic E. coli strains 

(Reither et al., 2007).  

The only method available in most developing nations for the identification of bacterial 

diarrheal pathogens is conventional bacterial culture from stool. This method requires a 

minimum of 48-72 hours for identification of bacteria, which always leads to a delay of 

treatment and poor prognosis of patient. The method also is unable to discriminate between 

strains e.g. the pathogenic and nonpathogenic strains of e.g. E. coli. Furthermore, no 

commercially available methods exist to differentiate among the six different E. coli 

patho-types associated with diarrhea, including entero-hemorrhagic E. coli (EHEC), 

entero-pathogenic E. coli (EPEC), entero-aggregative E. coli (EAEC), entero-toxigenic E. 

coli (ETEC), diffuse adherent E. coli (DAEC), and entero-invasive E. coli (EIEC). 

Studies done in Dar Es Salaam and elsewhere (Mwambete and Joseph, 2010, Ghasemi, et al., 

2013), on mothers' knowledge on predisposing factors of childhood diarrhea was directly 

associated with educational level. Diarrhea episodes for infants were perceived wrongly as a 

normal growth stage.   

In most of the developing countries health services are often not accessible by poor people 

especially women. The major obstacles are smaller per capita health expenditure, long 

distances to health facilities, inadequate and unaffordable transport systems, poor quality of 

care especially proper diagnosis of cases, and poor governance and accountability 

mechanisms (R&AWG, 2002, REPOA, 2003, National Bureau of Statistics Tanzania, 2002, 

Jafari et al., 2009, WHO, 2015). 

The causative agents of diarrhea are known to change from time to time and hence the need 

for continuous monitoring. Simple and effective diagnostic tool such as molecular techniques 

serves to provide timely and accurate diagnosis and improves management of diarrhea for 

under-five children in developing countries.  

To this end, this study characterized the spectrum of isolated bacteria from diarrheagenic 

stools of the under-five children using conventional and modern methods. Multiplex PCR 

technique was used to reach the proper diagnosis of the causes of diarrhea and to encourage 

the use of such methods at least at the district hospital levels so as to reach for specific 

diagnoses and proper treatment for children. 

Ethical Clearance 

Ethical and research clearance-IHRDC/ IRB/ No. A29 was obtained from the Ifakara Health 

Institute Research and Ethical Committee. Permission to conduct two studies (parasitic 

diarrheal infection and bacterial diarrheal infections) was sought from the respective hospital 

authorities. An informed verbal consent was obtained from parents/ guardians of the children 
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before enrolment into the study. 

2. Materials and Methods 

The study was carried out at the district hospitals in Dar Es Salaam city between June 2010 and 

February 2014. The eligibility criteria included children at the age of five years and below 

hospitalized due to acute and /or chronic diarrhea. 

A total of 3600 stool samples were analyzed, of which 1800 samples were from diarrhea 

cases and out of which 60% were aged less than 3 years and 983 (54.6%) were males. Again, 

out of 1800 specimens collected, 1350 were from acute diarrhea cases and 450 from chronic 

diarrhea cases. Samples were collected using wide-mouthed sterile plastic bottles by trained 

nurses and clinicians. Specimens were transported in Cary-Blair transport media (Difco 

laboratories, USA) to Muhimbili National Hospital central pathology laboratory and their 

duplicates were preserved for PCR analysis. 

Bacteriological Procedures 

Stool Cultures 

Faecal samples were inoculated on diverse culture media; blood agar, 

Salmonella-Shigella-agar, Mac-Conkey agar, cefsulodin-Irgasan agar, novobiocin, and 

thiosulphate-citrate-bile salts-sucrose (TCBS) agars. Cultures were incubated at 37 °C for 24 

to 48 hours. For Salmonella enrichment, samples were inoculated in Selenite-F broth at 37 °C 

for 18 hours and sub-cultured on Salmonella-Shigella agar. The Campylobacter blood-free 

medium was used to isolate Campylobacter species and plates were incubated for 48 hours at 

42°C under micro-aerophilic conditions.  All plates were examined, and the colonies 

suspected of corresponding to entero-pathogenic bacteria were identified by API test and 

PCR tests.  

Analytical profiling index (API-20E) test 

API 20E (Bio-Merieux- SA, France) commercial kit, is a biochemical test, used to speciate 

family Enterobacteriaceae and other non fastidious Gram negative rods basing on sugar 

fermentation and assimilation tests.  

Each micro-tube containing dehydrated substrate was inoculated with a saline bacterial 

suspension prepared following Mc-Farland standard 0.5 (as per manufacturer's directions). 

Some of the tubes were completely filled with the suspension (tests CIT, VP and GEL) 

whereas other tubes were topped off with mineral oil for anaerobic reactions to take place 

(tests ADH, LDC, ODC, H2S, URE). The API test strips were incubated in a small, plastic 

humidity chamber for 18-24 hours at 37
o
C. This allowed living bacteria to produce 

metabolites and wastes as part of being a functioning cell whereby reagents in the cupules 

tested the presence of products of bacterial metabolism specific to certain kinds of bacteria. 

After incubation, each tube (an individual test) was assessed for a specific color change 

indicating the presence of a metabolic reaction that gave the microbial identity. Some of the 

cupules contents contained end products which were identified using additional reagents.  

Interpretation of the 20 reactions test results, in addition to the oxidase reaction (which was 
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done separately) were converted to a seven-digit code. Then the codes were entered into a 

computer software (ApiWeb TM) that gave the names of bacteria species associated with 

each seven-digit string of numbers. 

Bacterial DNA extraction for PCR assays 

Guanidinium thiocyanate DNA extraction method without alpha casein 

An adaptation of the protocol reported by Boom et al. (1990) was used for this study. Stool 

suspension was vortexed, homogenized and centrifuged at 13000 revolutions per minute for 5 

minutes, the pellet was used for DNA extraction and the supernatant discarded. The pellet 

was suspended in 700μl lysis buffer containing; 5.25M guanidium thiocyanate, 0.1 M tris 

hydrochloride, 0.2 M EDTA and 1.3% (weight/vol.) Triton X-100 and incubated at 70 °C for 

10 min. A volume of 250μl 100% (vol/vol) ethanol was added to this mixture and further 

incubated at 56 °C for 10 minutes. The celite solution (50μl) was added and incubated at 

room temperature for 10 min (with occasional mixing of the mixture). A sterile spin column, 

prepared according to the method published by Borodina et al, (2003), was placed into a 

sterile 2 ml microfuge tube and the mixture loaded into the column. The mixture was loaded 

by adding approximately 500μl of the lysis mixture into the column followed by 

centrifugation at 13000 revolutions per minute for 30 seconds to separate the buffer from the 

celite. This step was repeated twice until all of the lysis mixture was loaded into the column.  

The column was washed twice with 400μl wash buffer (5.25 M guanidium thiocyanate and 

0.1 M tris hydrochloride) and twice with 400μl of 70% (vol./vol.) ethanol solution, separating 

the liquid and solid phase each time by centrifugation at 13000 r/min for 30 seconds, 

followed by a 2 minutes centrifugation step at 13,000 revolutions per minute to ensure that all 

the ethanol was removed from the column. Columns were transferred into clean sterile 1.5 ml 

microfuge tubes and 100μl elution buffer (AE buffer, Qiagen) was added to the columns and 

incubated for 2 minutes at 56 °C. DNA was eluted from the columns by centrifugation for 2 

minutes at 13000 revolutions per minute after which the columns were discarded. DNA 

containing AE buffer was collected into the 1.5 ml microfuge tube. A negative control was 

included by performing the DNA extraction methods with only the DNA extraction reagents. 

A positive control was prepared by extracting DNA from 1.5 ml culture of the bacteria. 

DNA amplification of target genes 

Thirteen gene targets from E. coli, Salmonella spp., Shigella spp., Yersinia enterocolitica, 

Vibrio cholerae, and Campylobacter jejuni diarrhegenic organisms were amplified using 

oligo-nucleotide primer pairs listed in One micro liter of crude DNA preparation mixed with 

24 μl of a pre-made mix containing primers at a 0.2 μM final concentration and Platinum 

Blue PCR Super-Mix polymerase (Invitrogen, Carlsbad, CA). The combination of 5 to 6 pairs 

of primers per primer group, and designated as; M1, M2, and M3, are described in Table 1. 

The PCR program used for amplification consisted of 2 min at 94 °C of denaturing 

temperature, followed by 40 cycles of 30 s at 92 °C of denaturing temperature, 30 s at 59 °C 

of annealing temperature, and 30 s at 72 °C of extension temperature. At the end of the 40 

cycles, a 5 min extension at 72 °C was used before samples were ready for analysis. 
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Gel electrophoresis and visualization of DNA 

DNA was analyzed in a horizontal agarose slab gel (2.5% (weight/vol)) containing ethidium 

bromide (0.5 µg/mℓ) in TAE buffer (40 mM tris-acetate; 2 mM EDTA, pH 8.3). The agarose 

gel was electrophoresed for 1 hour at 100 Volts. The DNA was visualized with UV light. The 

relative sizes of the DNA fragments were estimated by comparing their electrophoretic 

mobility with 100 bp markers (Fermentas O' Gene Ruler DNA ladder; Canada). 

3. Results 

Among the bacterial isolates, DEC were found in 21.6% of cases and 7% of the controls 

while Shigella spp. (16.1% of cases, 5% of controls) (Table 1). DEC was the commonest 

among children of 6-11 month old age group, accounting for 63.6% of all cases in this age 

group; 75% of all DEC episodes occurred during the first year of life. Shigella spp. was the 

commonest among those in 12-23 months age group and 24-60 months age groups, 

accounting for 33.7% and 48.2% of the cases in each respective age group (Table 2). Among 

DEC, EAEC had a high proportion accounting for 51.6 % (19 cases) of all DEC followed by 

ETEC 6.1% (11), EPEC 2.8% (5) then EIEC 1.1% (2). No EHEC were detected by the 

current study.  

Table 1．Comparison of percentage positive samples by conventional culture versus PCR 

results 

 

Bacterial type Conventional stool culture PCR  p-value 

0.05 

DEC 20% 21.6% ˂ 0.05 

Shigella 14% 16.1% ˂0.05 

Salmonella 4%  5% ˃0.05 

Vibrio 3%  3.3% ˃0.05 

Campylobacter 2%  1.7% ˃0.05 

TOTAL 42% 47.7% ˂0.05 
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Table 2. Distribution of diarrheagenic bacteria isolated among cases and the controls (The bolded ones are 

statistically significant) by Chi square  

Pathogen Percentage of bacteria  characterized) Odds ratio 

95% CI 

P-value 0.05 

Cases (n=180)  Control (n=180)  

DEC  21.6%  6% 3.3 (1.6–13.0) 0.006 

EAEC  11.6% 2% 5.8 (0.4–16.8) 0.04 

EPEC  2.8% 1% 2.8 0.06 

ETEC  6.1% 3% 2.1 (0.4–16.8) 0.05 

EIEC  1.1% 0% 1.1 (0.7–10.4) 0.051 

Shigella  16.1%  7% 2.3 (1.8–10.8) 0.005 

Salmonella   5%  2% 2.5  (0.1–14.6) 0.061 

Vibrio 3.3% 0% 3.3  (0.1–1.4) 0.07 

Campylobacter  1.7% 0% 1.7 (0.1–1.0) 0.074 

Table 3. Percentage distribution of diarrheagenic bacteria among different Under five age 

groups. 

Age group (months) E. coli Shigella spp. Salmonella spp. Vibrio spp. Campylobacter  Total 

0-5 4 1 0 0 0 5 

6-11 7 2 0 0.3 1.7 11 

12-23 6  5.1 2 2 0 15.1 

24-60 4.6 8 3 1  0 16.6 

TOTAL 21.6 16.1 5 3.3 1.7 47.7 

 

Figure 1. Agarose gel showing the PCR products obtained for the genes amplified by a three 

sample multiplex PCR reaction. 
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Lane 1, 100-bp ladder DNA marker; lane 2,4,5, eae gene positive samples; lanes 3, 8, 9 

negative samples; lane 6, LT gene positive sample; lane 7, bfpA gene positive sample; lanes 

10- 11, ST gene positive sample and lane 12, negative control. 

4. Discussion 

In Dar Es Salaam City there is a rapid increase in population size in recent years. On average 

25-30 under-five children attend each hospital per day due to diarrhea and at least 12-15 

children are admitted/ hospitalized due to either acute severe diarrhea or severe dehydration 

that needs rehydration by intravenous infusions and other medical care. 

Results of this study detected enteric pathogens in 67.7% of the cases and in 20% of the 

controls. The pathogens most strongly associated with diarrhea disease were diarrheagenic 

Escherichia coli (21.6% of cases, 6% of controls), Shigella spp. (16.1% of cases, 5% of 

controls) and Salmonellae, (10.6% of cases, 3% of controls). The bacteria were mostly from 

children aging from 24 months and above.  

Diarrheagenic Escherichia coli are the most frequently detected in cases of diarrhea and 

enterotoxigenic E. coli (ETEC) is one of the most important cause of childhood diarrhea in 

developing countries, though other diarrheagenic E. coli pathotypes are important too. The 

proportion of diarrheagenic E. coli identified from samples collected are in agreement with a 

previous study among children at Ifakara, Tanzania in which EAEC accounted for 63% of the 

diarrheagenic E. coli (Vargas et al., 2004) and in Dar Es Salaam (Moyo et al., 2007) in which 

entero-aggregative E. coli accounted for 64.1% and with other studies in other developing 

countries (Okeke et al., 2000; Sarantuya et al., 2004). Collectively, these studies seem to 

suggest the predominance of diarrhoeagenic E. coli and Shigella in causing childhood 

diarrhea in developing countries. It is worth noting also that, the proportion of 

entero-aggregative E. coli among children aged less than eleven months is significantly 

higher than in older children (p < 0.05), which is in agreement with the finding of Moyo et al., 

(2007). The prevalence of Salmonella species found in ninety samples (5%)  in this study 

falls within the reported range of 1-5% of gastroenteritis cases in most developing countries 

(WHO, 2001) and the serotypes were mainly S. Enteritidis (28.6%) and S. Typhimurium 

(57.1%). However, age differences were noted when comparing the present finding from 

other countries, with a higher prevalence of entero-aggregative Escherichia coli in infants 

aged less than six months (Okeke et al., 2000; Sarantuya et al., 2004; Prestrl et al., 1993, 

Kosek, et al., 2003).  

Other diarrheagenic bacteria that were isolated and characterized included Vibrio chorelae in 

sixty samples (3.3%) and campylobacter jejuni in thirty samples (1.7%). On the other hand 

pathogens were detected in three hundred sixty stool samples (20%) of the normal controls. 

These asymptomatic infections are common and may have arisen due to tolerance-inducing 

immune mechanisms, intra-species variation in virulence, or prolonged excretion of 

organisms after a diarrheal illness. 170 cases (9.5 %) were infected with more than one 

enteric pathogen. Yersinia enterocolitica were not isolated from any of stool samples in this 

current study.  
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To date in Tanzania hospitals, the culture method has remained to be the ‘golden standard’ for
 

the identification of the etiologic agents of diarrhea from
 
stool specimens. The conventional 

culture has been modified in terms of chemical identification by introduction of an API 

(application profiling index) which combines all chemicals in a single test strip and results 

are read at one time, (figure 2.1). However, application of analytical profile index is not 

affordable by the majority of Tanzanians.  

Attempts for direct
 
identifications of diarrheagenic bacteria in stool specimen were developed 

using PCR-based methods (Logan et al., 2001, Persson and Olsen, 2005), though most of 

these
 
methods can identify one pathogen and its close relatives,

 
at a time. For the 

identification of multiple pathogens simultaneously the optimal PCR conditions for each
 

pathogen-specific primer set is needed. To resolve this problem, a rapid multiplex PCR 

method which is very sensitive and specific, was
 

developed that identifies several
 

diarrhoeagenic bacteria in stool specimens using the same PCR
 
conditions.   

Results of this study showed 230 samples to be PCR positive but culture negative, this may 

be the result
 
of non-culturable states of organisms in selective media,

 
including dead and 

damaged bacterial cells. The results, which
 
reveal a significant proportion of PCR-positive 

but culture-negative
 
specimens were consistent with many other studies (Logan, et al. 2001, 

Gentry-Weeks, et al. 2002, Kulkarni, et al. 2002).
 
Taken together with the epidemiological 

data
 
presented in the present study, supported the view that PCR-based testing

 
is more 

sensitive than conventional culture for the detection
 
of enteric bacterial pathogens in stool 

samples. Two cases that were PCR-negative but culture-positive for campylobacter jejuni 

might be attributed to sequence diversity among C. jejuni isolates.
 
 

In the present study, it was shown also that a rapid and affordable PCR-based method 

(Multiplex polymerase chain reaction (mPCR)) may routinely be used in hospitals for the 

identification of the most common bacteria associated with diarrhea in developing countries, 

including the six pathotypes of E. coli and the five most common non-E coli enteropathogens, 

Shigella species, Salmonella species, Y. enterocolitica, S. aureus, Campylobacter species and 

V. cholerae.  

All E. coli strains tested in the assay were lactose fermenters according to culture and all 

non-E. coli isolates, except Campylobacter spp. were non-lactose fermenters. The assay was 

also capable of detecting atypical entero-pathogenic E. coli strains which carry the locus for 

E. coli effacement (LEE) but lack BFP which is in keeping with Moreno et al. (2008). These 

strains were recognized by the presence of the eae gene and the absence of the bfpA gene. 

Such detection pattern was important as atypical EPEC strains were considered emerging 

pathogens in several developing countries as well as Europe, in keeping with other studies 

such as; Toma et al., (2003), Vidal et al., (2005), Wani et al. (2006),  Alikhani et al. (2006), 

Moreno et al. (2008). 

Facts on multiplex PCR for use in Tanzania: Previous reports on multiplex PCR assays have 

concentrated on identification of E. coli pathotypes (Matar et al. 2002, Nguyen et al. 2005, 

Brandal et al. 2007). However, the PCR methodology was modified to a three-sample 

reaction in order to increase the specificity and sensitivity of the reaction. mPCR is specific 



Journal of Biology and Life Science 

ISSN 2157-6076 

2016, Vol. 7, No. 1 

www.macrothink.org/jbls 80 

as multiple PCR primers were specific for each target, and no cross-reactivity was detected 

with heterologous DNA  and validation of this PCR method confirmed that approximately 

100 strains previously characterized were correctly identified by the three-sample PCR 

method, this is in keeping with other studies (Watterworth et al. 2005, Oscar et al., 2009).  

mPCR identification is rapid, as in 4 hours it is possible to isolate crude DNA preparations 

from a bacteria suspension, amplify the DNA, separate the DNA fragments in an agarose gel, 

and have a visual report of the banding pattern. 

The mPCR assays have been simplified to facilitate the use in limited settings as stated by 

Oscar et al., (2009). When testing pure bacteria isolates, the assay can use crude DNA 

preparations rather than purified genomic DNA. The assay is also flexible with respect to the 

number of primer pairs and type of pathogens to identify. Furthermore, the assay may 

potentially identify enteropathogens from environmental sources, clinical isolates, or stool 

samples. 

The minimal requirements for the assay’s implementation include access to electricity, water, 

and refrigeration (−10 to 4 °C). These conditions are met in most hospitals and reference 

laboratories in Tanzania.  

5. Recommendations 

Treatment should not rely on microscopic examination of stool alone. The incorporation of 

many new technologies into the diagnostic laboratory will provide better epidemiological 

data and greater understanding of the public health problems and measures to control 

diarrheal disease. 

Since gastrointestinal infections are very common in Tanzania with high associated mortality 

rate in infants and young children, public health prevention through fostering good hygiene 

and providing sanitary water and food supplies should be of the at most importance. 

Future studies should focus on determining the antimicrobial susceptibility profile of 

diarrhoeagenic bacteria in children to avoid the use of common drugs that some pathogens 

may have became resistant to. 

The combined effort of policy makers, research scientists, clinicians and administrators will 

help in management and control of this killer disease in Tanzania. 
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