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ABSTRACT

Typhoidal (Salmonella enterica serover Typhi and
Para-typhi A and B) (TS) and non-typhiodal Salmo-
nella (NTS) gastroenteritis are less reported in Bang-
ladesh. There is also a lack of report on socio-demo-
graphic and clinical characteristics of Bangladeshi
people with typhoid fever and those with non-typ-
hoidal Salmonella (NTS) gastroenteritis. Thus, the
present study aimed to compare the socio-demo-
graphic, host and clinical characteristics, and sea-
sonal variations between TS and NTS infections
among patients attending at a large diarrheal disease
hospital in urban Bangladesh. Information were ex-
tracted from the database of icddr,b in two different
age stratums (0 - 14 years, and 15 years and above) as
54 with TS and 199 with NTS; and 65 with TS and
239 with NTS respectively after excluding all other
pathogens. Randomly selected individuals with diar-
rhea but without any pathogen in stool constituted
the control group (n = 253 and n = 304 respectively).
Among 0 - 14 years, fever [aOR-4.35 (95% CI-1.45 -
13.06)] and drink unboiled water [aOR-0.22 (95%
CI-0.06 - 0.83)] significantly differed between TS and
NTS. Significant associations were observed with
lower socio-economic context [aOR-10.02 (95% CI-
3.79 - 26.45)], unbolied drinking water [aOR-2.16
(95% CI-1.05 - 4.43)], fever [aOR-4.54 (95% CI-1.71 -
12.03)], pneumonia [aOR-21.57 (95% CI-1.90 -
245.01)], wasting [aOR-2.60 (95% CI-1.21 - 5.57)],
presence of RBC [aOR-0.09 (95% CI-0.02 - 0.33],
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leucocytes [aOR-3.97 (95% CI-1.76 - 8.99)] and
macrophage [aOR-10.71 (95% CI-2.80 - 41.06)] in
stool and alkaline pH [aOR-2.07 (95% CI-1.08 - 3.97)]
when compared with control group. Among >15 years,
TS was more frequently isolated from individuals
with poor socio-economic background [aOR-2.09
(95% CI-1.0 - 4.33)] and use non-tap drinking water
[aOR-0.29 (95% CI-0.13 - 0.66] compared to their
NTS counterparts. Reported lack of formal schooling
[aOR-0.65 (95% CI-0.44 - 0.96)], fever [aOR-2.10
(95% CI-1.03 - 4.31)], hospital stay (>24 hours) [aOR-
1.66 (95% CI-1.05 - 2.62)], use of intravenous saline
[aOR-0.50 (95% CI1-0.34 - 0.76)] and RBC [aOR-2.34
(95% CI-1.23 - 4.45)] were associated with TS and
NTS compared to control group. Socio-demographic,
host and clinical characteristics between TS and NTS
gastroenteritis were identical; however, findings sig-
nificantly differed when compared with individuals
presented with diarrhea but without any common en-
teric pathogen in stool.

Keywords: Bangladesh; Diarrhea; Non-Typhiodal
Salmonella; Typhoidal Salmonella; Urban

1. INTRODUCTION

Serotypes Salmonella enterica serover Typhi and Salmo-
nella enterica serover Paratyphi A and B are known to
cause enteric (typhoid) fever (Typhoidal Salmonella; TS)
in human population [1]. The other serovers (non-typhio-
dal Salmonella or NTS) can colonize the gastrointestinal
tract and often causes self-limited acute gastroenteritis
[2,3]. The mode of entry is the same for both serovers, i.e.
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they enter the gastrointestinal system through contami-
nated food or water. The illness due to TS manifests
mostly as gastrointestinal symptoms, such as anorexia
(55%), abdominal pain (30% - 40%), nausea (18% -
24%), vomiting (18%) and diarrhea (22% - 28%) [1].
The severity of the illness depends on the virulence of
the infecting strain, the inoculum size and host immunity
[4]. NTS is generally self-limited; however, may be as-
sociated with serious complications such as bacteraemia,
meningitis, arthritis or osteomyelitis [5-7]. Among chil-
dren, it usually causes acute gastroenteritis which due to
NTS varies between 3.3% and 4.1% [8-11].

Most of the recent studies observed gastroenteritis in
association with infections due to NTS, and have identi-
fied young children and immunocompromised individu-
als at higher risk of infection [11,12]. Case-control stud-

ies have compared bacteracmia with non-bacteraemia [7].

Most of the earlier studies analysed blood culture proven
typhoidal Salmonella [5,6]. Detection of typhoidal Sal-
monella in stool specimens is very low and is not rou-
tinely performed. Yang MT et al. (1994) reported 146
cases out of 180 (81%) with mean age of 14.8 months
suffering from acute gastroenteritis due to TS [13]. An-
other retrospective analysis in Taipei reported detection
of 64 cases of salmonellosis; and of them 66% were

pathogenic Salmonella enterica serover Paratyphi B [14].

Conversely, there is a lack of information on Samonella
gastroenteritis (both typhoidal and non-typhoidal) from
Bangladesh. Taking the advantage of a large Diarrheal
Disease Surveillance System (DDSS) database of Inter-
national Centre for Diarrheal Disease Research, Bangla-
desh (icddr,b), the present study compared the clinical
features, and socio-demographic and host characteristics
of gastroenteritis due to TS and NTS as well as their
seasonal variations at the Dhaka Hospital of icddr,b in
urban Bangladesh.

2. METHODOLOGY

2.1. Study Site, Population, and Source of Data

Established in 1962, the Dhaka Hospital of icddrb is
located in Dhaka, the capital city of Bangladesh. The
hospital provides care and treatment to people with diar-
rheal diseases, who mostly come from urban and peri-
urban Dhaka. During the last 20 years, the hospital has
provided cost free care and treatment to over 140,000
patients each year. The DDSS has been established in
1979, which systematically sampled patients—4% of all
patients from 1979 through 1995, followed by 2% of all
the patients since 1996. The DDSS currently collects in-
formation on clinical, epidemiological and demographic
characteristics; feeding practices, particularly of infants
and young children; and fluid and drug therapy received
in homes of every 50th patient, irrespective of age, sex,
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disease severity or socioeconomic status by administer-
ing a structured questionnaire. A trained research assis-
tant interviews the patients, and caregivers in case of
young children. Extensive microbiological assessments
of freshly collected fecal samples (microscopy, culture
and Enzyme-linked immunosorbent assay) are routinely
performed to identify diarrheal pathogens. For the pre-
sent analysis, we extracted relevant information from the
electronic database of the DDSS for the period 1993 to
2012.

2.2. Sample Frame

In total, 33,789 children aged 0 - 14 years and 21,075
individuals aged 15 years or older were enrolled in the
DDSS from 1993 through 2012. We excluded those with
co-infections with other pathogens, such as Shigella, Vi-
brio cholerae, E. histolytica, G. lamblia, enterotoxigenic
E. coli., Aeromonas spp., Campylobacter spp., and rota-
virus from our analyses. Finally among children, 54
(0.2%) had TS and 199 (0.6%) had NTS and among the
older people 65 (0.3%) had TS and 239 (1.1%) had NTS
as confirmed by stool culture. Randomly selected indivi-
duals with diarrhea excluding all the pathogens as com-
parison or control group where n were 253 and 304 for O -
14 years and 15 years and above respectively (Figure 1).

2.3. Definition

Diarrhea was defined as passage of three or greater num-
ber of abnormally loose or watery stools in the preceding
24 hours [15]. Individuals with no formal schooling were
considered as illiterate. We defined pneumonia as pres-
ence of adventitious sound (rhonchi or crepitation) in the
lung [16]. Fever was defined as axillary temperature more
than 37.8°C. Malnutrition was defined following WHO
guidelines wasting (weight-for-height z-score < —2.00
SD), stunting (height-for-age z-score < —2.00 SD), and
underweight (weight-for-age z-score < —2.00 SD)] [17].

2.4. Meteorological Data

Data on daily maximum and minimum temperatures,
rainfalls, relative humidity and sea level pressures were
obtained from Dhaka station of Bangladesh Meteorologi-
cal Department. Summary of monthly and yearly mete-
orological data were calculated from the daily records.

2.5. Specimen Collection and Laboratory
Procedures

A single, fresh stool specimen (at least 3.0 mL or grams)
was collected from each of the patients and immediately
sent to icddr,b’s central Clinical Microbiology Labora-
tory for detection of TS and NTS following standard me-
thodology [18].
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2.6. Data Analysis

Data analyses were done by using Statistical Package for
Social Sciences (SPSS) Windows (Version 15.2; Chicago,
IL) and Epi Info (Version 6.0, USD, Stone Mountain,
GA). For categorical variables, differences in the propor-
tions were compared by Chi-square test and a probability
of <0.05 was considered as statistically significant.
Strength of association was determined by estimating
odds ratio (OR) and its 95% confidence interval (CI). As-
sociations between culture positive TS and NTS in stool
specimen (outcome) and each of the variables of interest
were assessed by way of odds ratios (OR), using 2/2 ta-
ble as well as logistic regression analysis. Finally, cumu-
lative value of TS and NTS was compared with compari-
son group or individual with no pathogen detected in
stool culture both in univariate as well as multivariate
analysis.

2.7. Ethical Consideration

The DDSS was approved by the RRC (Research Review
Committee) and ERC (Ethical Review Committee) of
icddr,b. Patients were enrolled and their stool specimens
collected for various laboratory tests only after they/their
parents (in case of minors) provided verbal informed
consent.

3. RESUTLS

Among the culture positive TS cases (n = 119), 78 (65%)
were Salmonella enterica serover Typhi, 21 (18%) were
Salmonella enterica serover Paratyphi B and 20 (17%)
were Salmonella enterica serover Paratyphi A. Out of
these total 119 patients, 54 (45%) were 0 - 14 years of
age and 65 (55%) were 15 years of age or older. There
were a total of 438 patients infected with NTS after
excluding those with proven co-pathogens. Of these 438
patients, 199 (45%) were in the 0 - 14 years age group,
and the remaining 239 (55%) were 15 years of age or
older (Figure 1).

With the exception of presence of fever in greater pro-
portion of TS patients, the clinical features between TS
and NTS groups were similar. The proportion of patients
with underweight, wasting and stunting was higher
among TS patients but the differences with NTS group
were not statistically significant (Table 1). Stool micro-
scopic examination revealed identical distribution of red
blood cell (RBC), and inflammatory cells (fecal leuko-
cyte and macrophage) in both the groups. However, TS
individuals more often had alkaline stool pH compared
to individuals with NTS infection (Table 1). Meanwhile,
lower proportion of individuals with TS use and drink
unboiled water (Table 1).

Significant differences were observed with the cumu-
lative observation of TS and NTS with control group
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among 0 - 14 years. TS and NTS belonged to lower
socio-economic families with poor water and sanitation
practice compared to individuals without any pathogens.
Significant higher proportion of TS and NTS children
had fever and pneumonia; however, lower proportion of
them presented with watery stool with some or severe
dehydration. They were more wasted, underweight and
more frequently presented with RBC and inflammatory
cells with alkaline stool (Table 1). In multivariate analy-
sis, significant associations were observed with TS and
NTS children with lower socio-economic status, un-
boiled drinking water, fever, pneumonia, wasting, pres-
ence of RBC and inflammatory cells in stool and alkaline
pH (Table 1).

Among individuals aged 15 years and above, TS were
more frequently isolated from poor socio-economic back-
ground and user of non-tap drinking water less often than
their NTS counterparts. Other socio-demographic indi-
cators and clinical characteristics were found equally
distributed in both bi-variate and multivariate analyses
(Table 2). On the other hand, comparing the cumulative
proportion of TS and NTS, it was revealed that propor-
tion of self lack of formal schooling was lower compared
to control or no pathogen detected group. Higher propor-
tion of them had fever, with longer duration of stay in the
hospital and often presented with RBC and inflammatory
cells in stool; however, higher proportion of individuals
without any pathogen in stool needed intravenous saline
for initial rehydration (Table 2). In multivariate analysis,
self education, fever, duration of stay in the hospital (>24
hours), use of intravenous saline for rehydration and pre-
sence of RBC were significantly associated with TS and
NTS individuals (Table 2).

Two seasonal peaks of TS were observed during the
months of April to June and September to November;
however, only one peak was observed in June-August for
NTS (Figure 2).

4. DISCUSSION

Compared to NTS, higher proportion of TS patients had
fever, and was associated with TS after adjusting for po-
tential confounders. This was an expected observation;
TS is typically associated with high fever [1]. Hyperpla-
sia and necrosis of lymphoid follicles involving both
mucosa and submucosa, ulceration in the epithelium and
often deeper ulcerations sometimes lead to perforation of
intestine and/or hemorrhage, and involvement of reticu-
loendothelial cell and cytokines mediators might cause
high rise of temperature in TS [1]. However, such phe-
nomenon is not much clear for NTS which is often re-
sponsible for foodborne outbreaks.

There were no statistical differences observed in many
of the socio-economic-demographic indicators, such as
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Excluding Shigella, Vibrio cholerae, Aeromonus,
Campylobacter, Enerotoxigenic Eschericia coli
(ETEC), Hafni alvei, Providencia spp., Giardia,

Entamoeba histolytica, and rotavius

Analyzable sample
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Figure 1. Sample framing (1993-2012). TS: Typhiodal Salmonella; NTS: Non-typhi Salmonella.

maternal and paternal literacy, poor socioeconomic status,
use of sanitary toilet and slum dwellings as well as clini-
cal features were different between TS and NTS patients.
This could be due to the inadequate sample size in TS
group. The impact of maternal literacy an indicator for
childhood hygiene practices is well known, which was
also observed in the present study [19]. Poor socioeco-
nomic status of people living in the slum area is also as-
sociated with poor hygiene practices, use of unsafe water
and consumption of contaminated food [20].
Contaminated food and water are the most important
modes of TS transmission [21]. In Bangladesh, water and
sanitation facilities are not optimal [22] and consumption
of relatively cheap unhygienic foods are potentially con-
taminated by enteric pathogens, like those from the street
venders are common. People with poor socio-economic
status and living in slums are often exposed to such risks.
In the present study, risks for TS infection were lower
among those who use non-tap water for drinking, which
means chances of contamination of supply water at any
point of supply chain. On the other hand, at least 61% of
the study population did not drink water which was not
properly treated such as boiling. The proportion was
really higher compared to control group with diarrhea
without any detectable common etiologic agents. Malnu-
trition associated with immuno-compromised status [23]
is more common among city slum dwellers that put them
at risk for TS or NTS infections compared to diarrhea
sick individuals without any pathogen. With regard to
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this, higher proportion of lower respiratory tract infection
among TS and NTS was observed which might co-exist
with malnutrition.

After ingestion, pathogenic Salmonella passes through
the gastric acid barrier and invades the mucosa of the
small and large intestine. Invasion of epithelial cells sti-
mulates the release of pro-inflammatory cytokines that
induces an inflammatory response. The acute inflamma-
tory response causes diarrhea and may lead to ulceration
and destruction of the intestinal mucosa [21]. This pa-
tho-physiologic process leads to presence of red blood
cell, and inflammatory cells (fecal leukocyte, and macro-
phage) in the stool. In our analyses, we noted higher pro-
portion of patients with TS to have an alkaline stool com-
pared to NTS; however, this became insignificant in the
logistic regression. However, significant difference was
observed with control group. Human feces are normally
alkaline [24], and an acidic stool can indicate a digestive
problem such as lactose intolerance; rotavirus infections
and some of the diarrhoeagenic E. coli infections may be
associated with an acidic stool.

Although at least 85% of patients less than 15 years,
presented with watery stool without mucous or blood, it
was higher among control group. This finding correlated
with higher proportion of control patients who have
some or severe dehydration. It is really difficult to ex-
plain due to exclusion of all the pathogens commonly
responsible for dehydrating diarrhea such as Vibrio chol-
erae, rotavirus or ETEC; imbalance between fluid loss
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Figure 2. Monthly distribution of overall typhoidal Salmonella (TS); and non-typhi Salmonella

(NTS) (1993-2012).

and intake might not be well maintained by the caregiver
or the patient himself.

Seasonal patterns were noted for both the pathogens
and their relation with environmental factors such as am-
bient temperature, rainfall, humidity, and sea level pres-
sures. We noted two distinct seasonal peaks for TS, and a
single peak for NTS when TS remains less prevalent,
which has also been noted in previous studies [25]. Sea-
sonal upsurge of one pathogen challenging the other
might be due to environmental interaction.

Copyright © 2013 SciRes.

5. LIMITATION

The present study was conducted among people atten-
ding a hospital, and this population may not be represen-
tative of the general population. Moreover, we did not
compare the findings of stool culture positive TS cases
with those of blood culture positive TS individuals due to
absence of information in the database. However, easy
access to hospital by people, irrespective of their socio-
economic or other status, systematic collection of infor-
mation, large sample base, and unbiased sampling of the
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surveillance system and high quality of performance of
our Clinical Laboratory, providing reliable results are
other strengths.

6. CONCLUSION

Gastroenteritis caused by TS differs from NTS in terms
of febrile response and socio-economic background in
under-fifteen and above age group respectively, although
other features are comparable in both the groups. Find-
ings of the present study also reveal significant differ-
ence between TS and NTS with individuals with diarrhea
not infected with any common pathogens. This will help
the clinician for case differentiation and rational use of
intravenous fluid as well as antimicrobials. Results of the
present study will strengthen the knowledge in the field
of epidemiology of Salmonella to generate further trials
which may help the policy makers in planning interven-
tions for the at risk population especially in the field of
water-sanitation and vaccine development and imple-
mentation.

7. ACKNOWLEDGEMENTS

Diarrheal Disease Surveillance System (DDSS) of icddr,b was sup-
ported for some of the study years by the Government of the People’s
Republic of Bangladesh under its IHP-HNPRP. icddr,b acknowledges
with gratitude the commitment of the Government of the People’s
Republic of Bangladesh to the icddr,b’s research efforts. icddr,b also
gratefully acknowledges the following donors which provide unre-
stricted support to its research efforts: Australian Agency for Interna-
tional Development (AusAID), Government of the People’s Republic
of Bangladesh, Canadian International Development Agency (CIDA),
Embassy of the Kingdom of the Netherlands (EKN), Swedish Interna-
tional Development Cooperation Agency (Sida), Swiss Agency for
Development and Cooperation (SDC), and Department for Interna-
tional Development, UK (DFID). None of the authors have any com-
peting interests. The donors had no role in study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

REFERENCES

[1] Pegues, D.A. and Miller, A.I. (2008) Salmonellosis: Har-
rison’s principals of internal medicine. 17th Edition, New
York.

[2] Kuppermann, N. (1999) Occult bacteremia in young feb-
rile children. Pediatric Clinics of North America, 46,
1073-1109. doi:10.1016/S0031-3955(05)70176-0

[3] Shkalim, V., Amir, A., Samra, Z. and Amir, J. (2012)
Characteristics of non-typhi Salmonella gastroenteritis
associated with bacteremia in infants and young children.
Infection, 40, 285-289. doi:10.1007/s15010-011-0231-4

[4] Dhanoa, A. and Fatt, Q.K. (2009) Non-typhoidal Salmo-
nella bacteraemia: Epidemiology, clinical characteristics
and its’ association with severe immunosuppression. An-
nals of Clinical Microbiology and Antimicrobials, 8, 15.

Copyright © 2013 SciRes.

(3]

(6]

[10]

(1]

[12]

[13]

[14]

[15]

Chi, H., Sun, W., Chan, W.T., Lee, H.C. and Fang, S.B.
(2001) Pediatric Salmonella enterocolitis in a teaching
hospital in Taitung: A four-year analysis. Acta paedi-
atrica Taiwanica, 42, 297-300.

Karim, M. and Islam, N. (2002) Salmonella meningitis:
Report of three cases in adults and literature review. In-
fection, 30, 104-108. doi:10.1007/s15010-002-2071-8

Zaidi, E., Bachur, R. and Harper, M. (1999) Non-typhi
Salmonella bacteremia in children. The Pediatric Infec-
tious Disease Journal, 18, 1073-1077.
d0i:10.1097/00006454-199912000-00009

Lee, W.S., Puthucheary, S.D. and Boey, C.C. (1998)
Non-typhoid Salmonella gastroenteritis. Journal of Pae-
diatrics and Child Health, 34, 387-390.
doi:10.1046/j.1440-1754.1998.00247.x

Fierer, J. and Swancutt, M. (2000) Non-typhoid Salmo-
nella: A review. Current Clinical Topics in Infectious
Diseases, 20, 134-157.

Ramos, J.M., Cuenca-Estrella, M., Ales, J.M. and Soriano,
F. (1996) Epidemiological profile of non-typhi salmonel-
losis in a hospital in urban Madrid (1980-1994). Enfer-
medades Infecciosas y Microbiologia Clinica, 14, 345-
351.

Leung, D.T., Das, S.K., Malek, M.A., Ahmed, D., Kha-
nam, F., Qadri, F., Faruque, A.S. and Ryan, E.T. (2013)
Non-typhoidal Salmonella gastroenteritis at a diarrheal
hospital in Dhaka, Bangladesh, 1996-2011. The American
Journal of Tropical Medicine and Hygiene, 88, 661-669.

Bar-Meir, M., Raveh, D., Yinnon, A.M., Benenson, S.,
Rudensky, B. and Schlesinger, Y. (2005) Non-typhi Sal-
monella gastroenteritis in children presenting to the
emergency department: Characteristics of patients with
associated bacteraemia. Clinical Microbiology and Infec-
tion, 11, 651-655. doi:10.1111/j.1469-0691.2005.01200.x

Yang, M.T. and Chi, C.S. (1994) Salmonella infections in
infants and children. Chinese Medical Journal (Taipei),
54, 38-43.

Sheu, C.L., Wu, T.C. and Hwang, B.T. (1990) Retrospec-
tive study of Salmonella gastroenteritis in infants. Chi-
nese Medical Journal (Taipei), 46, 232-236.

WHO (2009) Diarrhoea: Why children are still dying and
what can be done. Unicef/WHO, United Nations, Geneva,
2009.

Chisti, M.J., Hugq, S., Das, S.K., Malek, M.A., Ahmed, T.,
Faruque, A.S., et al. (2008) Predictors of severe illness in
children under age five with concomitant infection with
pneumonia and diarrhea at a large hospital in Dhaka,
Bangladesh. The Southeast Asian Journal of Tropical
Medicine and Public Health, 39, 719-727.

World Health Organization (2000) Malnutrition—The
global picture. http://www.who.int/home-page/

WHO (1987) Programme for control of diarrheal disease.
In: Manual for Laboratory Investigation of Acute Enteric
Infections. World Health Organization, Geneva.

Greenaway, E.S., Leon, J. and Baker, D.P. (2012) Under-
standing the association between maternal education and
use of health services in Ghana: Exploring the role of
health knowledge. Journal of Biosocial Science, 44, 733-

OPEN ACCESS


http://dx.doi.org/10.1016/S0031-3955(05)70176-0
http://dx.doi.org/10.1007/s15010-011-0231-4
http://dx.doi.org/10.1007/s15010-002-2071-8
http://dx.doi.org/10.1097/00006454-199912000-00009
http://dx.doi.org/10.1046/j.1440-1754.1998.00247.x
http://dx.doi.org/10.1111/j.1469-0691.2005.01200.x
http://www.who.int/home-page/

842

S. K. Das et al. / J. Biomedical Science and Engineering 6 (2013) 834-842

747. doi:10.1017/S0021932012000041

Krieger, J. and Higgins, D.L. (2002) Housing and health:
Time again for public health action. American Journal of
Public Health, 92, 758-768. doi:10.2105/AJPH.92.5.758
Giannella, R.A. (1996) Salmonella. 4th Edition, Univer-
sity of Texas Medical Branch, Galveston.

Bangladesh Demographic and Health Survey 2011—
Measure DHS.
www.measuredhs.com/pubs/pdf/PR15/PR15.pdf

Rodriguez, L., Cervantes, E. and Ortiz, R. (2011) Malnu-
trition and gastrointestinal and respiratory infections in

Copyright © 2013 SciRes.

[24]

[25]

children: A public health problem. International Journal
of Environmental Research and Public Health, 8, 1174-
205. doi:10.3390/ijerph8041174

Wikipedia (2013) Fecal pH test.
http://en.wikipedia.org/wiki/Fecal pH_test

Ravel, A., Smolina, E., Sargeant, .M., Cook, A., Mar-
shall, B., Fleury, M.D., et al. (2010) Seasonality in hu-
man salmonellosis: Assessment of human activities and
chicken contamination as driving factors. Foodborne Pa-
thogens and Disease, 7, 785-794.
doi:10.1089/fpd.2009.0460

OPEN ACCESS


http://dx.doi.org/10.2105/AJPH.92.5.758
http://www.measuredhs.com/pubs/pdf/PR15/PR15.pdf
http://dx.doi.org/10.3390/ijerph8041174
http://en.wikipedia.org/wiki/Fecal_pH_test
http://dx.doi.org/10.1089/fpd.2009.0460

