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Abstract 7

C hildren w ith  cholera are often associated w ith dehydration and m alnutrition. Recent 

nutritional interventions have targeted colonic functions in rehydrating patients with 

cholera  and during recovery from  m alnutrition w ith the assum ption that the effects will be 

influenced by m etabolism  o f  com plex carbohydrates by colonic bacteria. In addition to 

stim ulating small intestinal w ater absorption by glucose, com plex carbohydrates have been 

proposed for additional rehydration and nutrition through short-chain fatty acids (SCFAs) 

produced in colon. How ever, study o f  colonic bacterial diversity, their num ber and 

m etabolic activity during cholera is not known.

The aim  o f  the study w as to assess the diversity, concentration and proportion o f  faecal 

m icrobiota and concentration o f  SCFA during rehydration and nutritional therapy periods 

o f  severely m alnourished children w ith cholera receiving oral rehydration solutions (ORS) 

containing one o f  the 3 substrates: rice, glucose or glucose w ith am ylase-resistant starch 

(ARS).

Serial faecal sam ples w ere collected from  30 severely m alnourished children with cholera 

until com pletion o f  rehydration and partial nutritional recovery. In addition 11 severely 

m alnourished children w ithout diarrhoea and 6 healthy children w ere enrolled in the study. 

PC R, using universal prim ers for 16S rD N A  was perform ed on chrom osom al DNA 

extracted  from  the stool sam ples, and the products were separated by TTG E. The num ber 

and  proportion o f  bacteria in faeces w ere determ ined by FISH com bined w ith flow 

cytom etry. HPLC was used for identification and quantification o f  SCFAs after extraction 

by diethyl ether.

The Vibrio cholerae  band was detected in all childrerf at e S r^ f i^ !^  ^ d  the average num ber 

o f  bands was 7.7 ±  0.5 (m ean ±  sem). The V. cholerae  band was disappeared w ith in  2 days. 

O n day 2, a rapid  and significant increase in the band num bers was observed w hich was 

follow ed by a steady increase up to day 28. A fter full recovery from  cholera and partial 

recovery  from  m alnutrition, the num ber o f  bands (11.5 +  0.6, at day 28) w as low er than in 

healthy  children (22.2 +  0,4) but h igher than severely m alnourished children without 

cholera (8,1 ±  1.1), O n day 3, the num ber o f  bands was greater with rice o r amylase 

resistant starch than w ith  glucose (P<0.05). Before treatm ent the population o f  bacteria and 

concentration o f  SCFA s was very low  (7.9 ±  0.08 loglO /g and 4.7 ±  0,6 mmol/kg, 

respectively). In the first 3 days o f  treatm ent, the stool output was m ore reduced and both
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the concentration o f  bacteria  and SCFA increased faster in the rice-O RS group than in the 

glucose-O RS group, and to a lesser extent in the glucose-ORS plus ARS group. A 

significant difference in SCFAs concentration was observed betw een rice and glucose-ORS 

group (p =  0,047) and betw een rice and A R S-O RS (p=  0.039) on day 3. There w as a  trend 

to have higher proportion o f  Bacteroides sp ., B ifidobacterium  sp. and F. prausnitzi groups 

in rice ORS; Bacteroides sp, C. coccoides, and Atopobium  sp. in glucose-ORS-A RS group; 

and Lactobacillus-Enterococcus  group in glucose-ORS group on day 3. The duration to 

recovery o f  m alnutrition w as not different betw een the groups. A t day 28, the bacterial 

population did not reach to healthy level. The SCFA concentration reached healthy level in 

the rice-O RS group w hile it rem ained at the m alnutrition level w ith glucose and glucose- 

ORS plus A R S being intermediate.

The finding suggests that bacterial diversity was m arkedly reduced in severely 

m alnourished children and had little effect during cholera. Clinical rehydration was 

associated w ith  an increase in both bacterial population and diversity and SCFA 

concentrations, w ith all 3 carbohydrates in ORS. Better results were observed in the 

children receiving rice-O R S. Norm al nutritional status was associated w ith further increase 

in bacteria  and SCFAs.

The hum an intestinal tract harbours a com plex m icrobial com m unity which plays a m ajor 

role in nutrition and health. The m ethods validated and used in this study will provide us a 

strong basis fo r further analysis o f  gut m icrobiota in different aspects e.g., intervention o f 

new  prebiotic o r probiotic  substances or nutritional problem  in different disease conditions 

in children and adult in Bangladesh.
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1.0 Introduction

The prognosis o f  severe m alnutrition has been substantially im proved w ith the use o f 

nutritional therapy recom m ended by W HO. How ever, with an additional intestinal infection, 

including cholera, severe m alnutrition can be still life threatening- In fact recom m endation for 

severely m alnourished children w ith cholera is no t optim al (153). Cholera is one o f  the m ost 

com m on form s o f  diarrheal diseases and has long been known as a condition affecting m any 

children in  developing countries. H ow ever accurate health statistics rem ain scarce and it was 

not until the 1960s tha t diarrheal diseases w ere identified as a m ajor cause o f  m orbidity and 

m ortality  in children under five years o f  age. W HO estimates that m alnutrition was associated 

w ith  over h a lf  o f  all child  deaths in developing countries in 1995. A m ong these deaths, 

diarrheal diseases account for 19% o f  cases (Focus on Nutrition, The State o f  the W orlds 

Children, 1998. http://w w w '.unicef.org/sow c98/silent.htm .'). M alnutrition and diarrhea are 

interlinked w ith each other and influences the m orbidity progression o f  each other: 

m alnutrition  increases the severity and duration o f  diarrhea, and diarrhea m ay cause 

m alnutrition  (37). D iarrhea caused by V. cholerae  can be adequately treated w ith oral 

rehydration salts (the W H O /U N IC EF standard sachet) solution which is effective in 

correcting the dehydration and reducing the m ortality. The basis fo r using standard glucose- 

O RS is tha t even during cholera glucose stim ulates sodium and w ater absorption in the small 

intestine (36).

Since d iarrhea is associated w ith  further loss o f  weight and deficiency o f  m acro- and 

m icronutrients, early  recovery as well as lessening severity from diarrhea will help to prevent 

further w eight loss and deficiency o f  these nutrients in severely m alnourished children. In 

addition, these children also have the depleted potassium  stores and diarrhea further depletes 

the potassium  concentration (221). P resent W H O -O RS, with 90 m m olar sodium, is effective 

and safe in correcting dehydration in healthy and severely m alnourished children (61, 137). 

Several attem pts have been m ade to im prove the quality o f the ORS. This includes addition 

o f  potassium  and o ther m inerals to replace the deficiency associated w ith  m alnutrition as well 

as aggravated by diarrhea. This lead to the concept o f  Rehydration solution for M alnutrition 

(R eSoM al), and is being recom m ended by W H O  (1).
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The colon absorbs sodium  against steep electrochem ical gradients and can absorb up to 5 L 

o f  fluid daily  (24). In  diarrheal disease, the absorptive capacity o f  the colon compensates, for 

the secretion o f  fluid from  the sm all intestine (142). In cholera, the secretion rate in small 

in testine is high and in addition there is decreased absorption o f  fluid in the large intestine 

(192). The decreased absorption phenom ena can be reversed by short chain fatty acids in 

colon (156). R ecent studies show ed that if  am ylase resistant starch (ARS) is added to 

standard W H O -O RS, it can reduce the duration and severity o f  diarrhea in adults w ith cholera 

(158). Bacterial ferm entation o f  unabsorbed carbohydrates in colon produces Short Chain 

Fatty A cids (SCFA s) (43). Starch that is resistant to digestion by am ylases in the small 

in testine is found in small quantities in m any cereals and is a good substrate for colonic 

ferm entation process. The short chain fatty acids thus produced stim ulate sodium  and water 

absorption in the colon, w hich m im ics glucose like activity in the sm all intestine (21). So, 

early  recovery  from  diarrhea is expected to  occur and this im proves the appetite and food 

intake o f  the patient and subsequently  causes faster growth and w eight gain during the 

rehabilitation  phase. In addition, a  better recovery from  m alnutrition should be achieved 

through the energy provided by the SCFAs to the colon which is an additional benefit to the 

m alnourished children. So, the colonic m icroflora is responsible for the m etabolism  o f 

unabsorbed carbohydrates in the colon and thus offers a unique role in early recovery from  

diarrhea.

The hum an gastrointestinal tract constitutes an enorm ously com plex ecosystem  that includes 

both aerobic and anaerobic m icroorganism s and this large population suggests containing 30 

to 40 dom inant and 300 to 400 subdom inant species o f  bacteria. These diverse groups o f 

bacteria  heavily  populates (10 '° - l O ’^.cfu/g o f  lum inal contents) the hum an intestine (133, 

197, 217). H ow ever, these organism s are not random ly distributed throughout the intestine, 

but rather reside in specific ecologic niches. The flora o f  the stom ach and proxim al small 

in testine d iffer significantly  from  the term inal ileum  and colon m icroflora. In colonic habitat 

the anaerobic bacteria  outnum ber the aerobes by a factor o f  at least 3 to 5 log 10. The 

obligate and facultative anaerobic bacteria are o f  diverse genera and range over a wide 

spectrum  o f  taxonom ic types (105). The consequence o f  colonic bacterial diversity during 

and after cholera in severely m alnourished children is pooriy know n, so there is a know ledge 

gap on th is issue. The present study is designed to  test the hypothesis that am ylase-resistant 

starch given during rehydration stim ulates bacterial com m unity in  the colon, reduces the 

severity  o f  cholera  by stim ulating the w ater and electrolyte absorption through the synthesis
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o f  Short Chain Fatly A cids (SCFA s) and its colonic fennentation m ay be an additional source 

o f  energy during catch-up grow th period o f  severely m alnourished children with cholera. 

Thus the aim o f  the study is to m easure the quantity  and biodiversity o f  colonic flora as a 

function o f  tim e in children treated w ith one o f  the three ORSs i.e., i) G lucose-ORS, ii) 

G lucose-O R S containing am ylase resistant starch  and iii) cooked rice ORS. The diversity 

pattern  obtained from  cholera ch ildren  w ill be com pared both w ith m alnourished children 

w ithout cholera and healthy children.
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2. Review of Literature

2.1 In tera c t io n  b etw een  D ia rr h e a  an d  m aln u tr ition

D iarrheal diseases are a m ajor cause o f  m orbidity and m ortality in infants and young children 

in the developing world. A lthough the use o f  glucose-electrolyte oral rehydration therapy 

(ORT) has dram atically  reduced the m ortality from  dehydration caused by diarrhea, rates o f 

m orbidity  as a resu lt o f  this syndrom e rem ain as high as ever (107). A n estim ated global 

m ortality  rate o f  d iarrhea declined from  approxim ately 4.6 m illion annual deaths during the 

m id-1980s to the current estim ate o f  1.87 m illion (range 1.6-2.1 m illion) in 2000 (29). M ost 

o f  these deaths occur in children under the age o f  5 years and in developing countries. In  the 

sam e population segm ent m alnutrition is a considerable health problem  w ith  prevalence rates 

estim ated to range from  4%  to 46%  including 1% to 10% severely m alnourished.

D iarrhea rarely operates alone, A  bidirectional causal relationship is hypothesized wherein 

m alnutrition predisposes the host to diarrhea, and conversely, diarrhea m ay exert a negative 

im pact on nutritional status o f  individuals (37). Poor nutrition is often associated w ith more 

serious, and prolonged diarrhea and m ay  lead to 20 - 40 g weight deficit/day (151). Actually 

the single effect o f  m alnutrition or any infection is enorm ous and their com bined effects are 

far greater than their individual contribution. M alnutrition m agnifies the effect o f  disease 

through increasing the incidence and severity  o f  the disease as well as by escalating the 

com plication and duration o f  the disease. G lobally, poorly nourished children suffer up to 

160 days per year from  illness. The risks o f  death in  mildly, m oderately and severely 

m alnourished children are 2, 3 and 11 tim es higher respectively than the well nourished 

children (79).

During diarrhea, the body losses w ater and electrolytes in  the form o f  liquid stool. Fluids can 

also be lost th rough vom iting, sweating, urination and perspiration/breathing. D ehydration 

occurs w hen these losses are not adequately replaced. Children are m ore likely die from 

diarrhea because they becom e dehydrated m ore quickly com pared to adults. M alnutrition 

increases the risk  o f  m ortality because it is associated w ith  disrupted w ater and electrolytes 

hom eostasis. D iarrhea in  m alnourished children specially  w ith protein calorie m alnutrition is 

in great m easure due to m ucosal m alnutrition (164), The distal intestinal m ucosa requires
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lum inal substrates (dietary carbohydrates, proteins etc.) for epithelial 

m etabolism /regeneration and where there is a paucity o f  these substrates, the intestinal cell 

grow th is suppressed and the absorptive capacity o f  the colonic m ucosa is diminished. 

M alnutrition  also augm ent the recurrent episodes o f  diarrheal diseases, by exerting a negative 

im pact on the barrier protection afforded by the skin and mucous m em branes and by adverse 

alterations in specific and non-specific defense m echanism  o f host im m une system  (106).

Each episodes o f  diarrheal disease also has som e nutritional im pact on the children. Infection 

adversely affect nutritional status through reductions in dietary intake, increased catabolism  

and sequestration o f  nutrients that are required for tissue synthesis and grow th (106). The 

reason for reduction o f  food intake during diarrhea m ay be due to child anorexia or m aternal 

food-w ithholding behaviour or both (37). Child anorexia could be a consequence o f  clinical 

disturbances, including dehydration, electrolyte im balance, fever, vom iting, or abdominal 

discom fort. Food-w ithholding behaviour by m others could be a response to ch ild  anorexia or 

culturally  ingrained changes o f  dietary practices either in response to illness or as an active 

com ponent o f  d isease m anagem ent. In m any situations, the net outcomes are the cessation o f 

breast-feeding, com prom ises in the quality  and quantity o f  weaning foods, and in som e cases, 

reduction o f  food intake by lactating m others them selves. M any studies have docum ented the 

m alabsorption o f  m acro- and m icronutrients during acute diarrhea (37). M alabsorption o f 

sugars (glucose, xylose, lactose) and fats is well substantiated and solid evidence exists for 

m alabsorption o f  nitrogen, am ino acids, and protein. Certain w ater and fat soluble vitamins 

(A, B i2, folate) and trace m inerals (m agnesium , zinc) are also m alabsorbed. Systemic 

infections disturb v irtually  all norm al m etabolic and endocrine functions. These responses are 

not dependent on the infectious agent and involve both anabolism  and catabolism.

H ow ever, the m orbidity  associated w ith m ultiple episodes o f diarrheal diseases is 

increasingly recognized to  have potentially  devastating consequences. The diarrheal episodes 

m ay cause persistent intestinal injury leading to m alabsorption and greater susceptibility to 

further infections. These sequelae m ay com prom ise the absorption o f  critical m icronutrients 

for brain developm ent like iron and vitam in Ba (124), leading to irreversible structural and 

biochem ical brain dam age. The num ber o f  diarrheal episodes in the first tw o years o f  life has 

been show n not only to affect grovylh but also fitness, cognitive function, and school 

perform ance (91).
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2.2  C h o lera  a n d  its p a th o p h y s io lo g y

H istorically, cholera has been considered to be an ancient disease. There are references to 

death due to dehydrating diarrhea dating back  to H ippocrates (ca. 460-370 B.C) and Sanskrit 

w ritings. Epidem ic cholera was described at Goa, India in 1563 by G arcia del Huerto. The 

first cholera pandem ic was reported to occur from  1817 to 1823 and spread from  Indian 

subcontinent to other A sian countries. D uring second pandem ic in 1830, it reached to western 

hem isphere. A fterw ards, six  m ore pandem ics occurred in  the world until 1993. V. cholerae, 

the causative agent o f  cholera has been serotyped on the basis o f  their LPS 0  antigens. The 

first six pandem ics w ere caused by an 0 1  strain called the classical strain. The seventh 

pandem ic introduced a new  01  strain called El tor, which had some different biochem ical 

properties and phage susceptibility  patterns com pared with the classical strain. Eventually 

scientists discovered several strains o f  V. cholerae  and found those are not as v irulent as 0 1 . 

In 1992, a new ly described, non-01  serogroup o f  V. cholerae designated 0 1 3 9  Bengal, 

caused an unusual cholera outbreaks in India and Bangladesh called the eighth pandem ic. To 

date m ore than  200 serotypes o f  V. cholerae  were discovered and among them  0 1  and 0139  

are now  coexist and cause large outbreaks every year (174).

V. cholerae  is a m otile, gram  negative, curved rod w ith a single polar flagellum . In 1884, 

R obert K och successfully isolated the bacterium  from  the intestinal discharges o f  cholera 

patients and called it as “com m a bacilli” . It persists in the environm ent because it can survive 

in both fresh and brackish water. The m ode o f  transm ission o f  cholera is m ainly by w ater and 

contam inated food. A lthough the infectious dose o f V. cholerae is high enough (10 /ml), 

studies have shown that a m uch low er dose (lOVml) is sufficient to cause infection i f  given 

w ith  stom ach acid neutralizers such as antacid. A fter an incubation period o f  betw een ISh 

and 5 days, sym ptom s are generally abrupt and include w atery diarrhea and vom iting. The 

m ost distinctive feature o f  cholera is the painless purging o f  volum inous stools resem bling 

rice-w ater. The term  “rice w ater stool” has been used because the faecal stream  becom es so 

dilute that it looks like w ater in w hich rice has been washed. In  adults w ith severe cholera, 

the rate o f  diarrhea m ay quickly reach 500 -  1000 ml/h, leading to severe dehydration. Signs 

o f  severe dehydration include absence or low -volum e peripheral pulse, undetectable blood 

pressure, poor skin turgor, sunken eyes, and w rinkled hands and feet (91).
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The pathogenesis o f  cholera is relatively straightforw ard. Once the ingested vibrios are able 

to pass through the acidic stom ach and colonize the upper small intestine by the help o f  toxin 

coregulated pili (top pili) that attach to receptors on the m ucosa and by the bacterium ’s 

flagella. C oncentrations o f  vibrios on the m ucosal surface rapidly increase to lO’ or 10^ cells 

per g which efficiently  deliver enteroloxin directly to the m ucosal cells. The cholera 

enterotoxin has a m olecular m ass o f  84 000 kD a and consists o f  five binding (B) subunits and 

one active (A) subunit. As we now  understand the m echanism  o f action, the B subunits are 

physiologically  inactive but bind the holotoxin to the G M l ganglioside receptors in the small- 

inteslinal m ucosa, and the A  subunit is transported into the cell where it activates adenylate 

cyclase. This activation leads to an increase in cyclic AMP, followed by an increase in 

chloride secretion in the crypt cells, and inhibition o f  neutral sodium  chloride absorption in 

the villus cells. This in turn leads to a m assive outpouring o f  fluid into the sm all intestine 

(174). The volum e secreted exceeds the norm al absorptive capacity o f  the bow el and results 

in w atery diarrhea. The diarrheal fluid contains large amounts o f  sodium , chloride, 

bicarbonate, and potassium , but little protein or blood cells. The loss o f  electrolyte-rich 

isotonic fluid leads to blood volum e depletion w ith low  blood pressure and shock (174).

2.3  H is to ry  o f  O ra l R eh y d ra tio n  So lu tion

2.3.1 Oral rehydration therapy in cholera

The im portance o f  oral rehydration therapy (ORT) is now  globally recognized and its role in 

preventing the vast m ajority o f  deaths due to diarrhea or cholera is well established. It is 

evident from  a quotation in Lancet in 1978, that elucidation o f  the biological m echanism s 

behind oral rehydration is "potentially the m ost im portant m edical advance o f  this century"

(63).

C learly, before the scientific discovery o f  the m echanism  by which ORT works, rehydration 

therapy w as know n and partially em ployed by using a variety o f  folk and m edical m ixtures 

and solutions. Em pirically , it had becom e apparent in m any places that one could am eliorate 

the general condition o f  a diarrhea patient by giving solutions containing salt and sugar or 

y  cereals or starchy vegetables (202). D ating from  prescriptions by the Indian physician

Sushruta som e 3000 years ago, rice water, coconut ju ice  and carrot soup have been  w idely
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used throughout cholera’s history. B ut only  w hen the second pandem ic hit Russia, 

dehydration was recognized as the cause o f  death due to cholera (91).

Before oral rehydration therapy w as developed, intravenous fluid therapy was the m ain stay 

o f  fluid therapy for diarrheal dehydration. I.V  fluid therapy was first attem pted in R ussia  and 

Scotland in 1830. It w as Sir Leonardo R oger who introduced hypertonic saline in 1890 and 

reduced m ortality o f  hospitalized cholera cases from  61%  to 33%  (4). Further im provem ent 

o f  I.V. therapy was done by A ndrew  in 1909 and Daniel D arrow  in 1940 by adding 

bicarbonate and potassium  respectively (189). The cotransport o f  the sodium  ion across the 

intestinal m ucosal epithelium , from  the lum en into the "milieu interieur," was defined during 

the 1950s principally in the laboratories o f  physiology at Oxford U niversity and biophysics at 

H arvard U niversity. Know ledge o f  this cotransport process m ade it possible to begin to 

develop a  practical treatm ent for cholera (202). In 1961, Phillips and W allace dem onstrated 

tha t patients w ith cholera drank sodium  chloride solution but did not absorb the salt, and that 

w hen glucose was m ixed in oral fluids, it was fully absorbed and enhanced sodium  

absorption (91). A t the sam e tim e, G angarosa et. a l  showed that no epithelial cell dam age 

occurs in gut in cholera (189), A fterw ards, the efficacy o f  glucose-ORS was dem onstrated in 

several laboratories and countries in m any different situations. It w'as proved so effective that, 

w hen an appropriate am ount is given orally to a child or adult w ith signs o f  dehydration 

resulting  from  acute w atery diarrhea, rehydration can be accom plished in 4-8 hours (48, 62), 

D uring the liberation w ar o f  B angladesh in 1971 Dr, D ilip M ahalanabis show ed efficacy o f 

glucose-O RS in cholera cases am ongst Bangladeshi refugees who took shelter in the border 

o f  B angladesh and India, Dr. Sircar et. a l dem onstrated the efficacy o f  ORS in a cholera 

epidem ic in M anipur in 1978. Based on all beneficial and life saving inform ation o f  glucose- 

ORS around the world, the W orld H ealth  O rganization in 1978 launched global diarrheal 

diseases control program  w ith ORS as the p ivot w ith the short term  objective o f  reduction of 

m ortality  due to  diarrhea and cholera (189).

The com position o f  glucose-O RSs in different parts o f  the w orld designed afterw ards to 

replace stool losses was generally based on that o f  electrolyte losses in  diarrheal stools. In 

developing countries, the reference w as cholera, w hereas in N orth  A m erican and European 

countries, it was rotavirus infection (89), The com position o f different ORSs are presented in 

table 1 (54).
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T a b le  1. R ecom m ended  com position  o f an  o ra l re h y d ra tio n  so lu tion

Com position (mmols/1) W H O ' AAP’ ESPGAN* RESOMAL^
Glucose 110 110-140 60- 125
Sodium 90 45-75 60 45
Potassium 20 20 20 40
Citrate*' 10 7-10 3 7
Chloride 80 35-65 70 70
M agnesium 3
Zinc 300nmol
Copper 45fimol

'  W orld Health Organization
* American A cadem y o f  Paediatrics
* European Society for Paediatric Gastroenterology and Nutrition 
 ̂For m alnourished children
 ̂Citrate is used a trisodium  salt, which corresponds to 30 mEq or lOmmols/1 in the W HO solution

2.3.2 Electrolyte transport mechanism of glucose-ORS in small 
intestine

The four basic ions e.g., Na"^, C l' and H CO 3'tra n sp o rt from  intestinal lumen to epithelial 

cell is one o f  the key functions o f  intestinal tract. These actively transported ions are 

prim arily  involved in controlling o f  fluid m ovem ent. F luid  follow s the direction o f  electrolyte 

m ovem ent to m aintain isotonicity betw een the intestinal lum en and tissue com partm ents. 

Intestinal m ucosa, w hich  surrounds the lum en o f  the intestinal tract, m ediates the w ide 

varieties o f  absorptive and secretory processes exhibited by the intestine. All o f these 

processes depend essentially  on the transport properties o f the apical (or brush border) and 

basolateral m em branes o f  these cells, and these transport properties are m odulated by 

extracellular and intracellu lar factors and by ionic perm eabilities o f the lateral intercellular 

spaces (131),

There are specialized proteins associated w ith p lasm a m em brane that can control m ovem ent 

o f  ions. The transm em brane proteins, located at the lum inal basolateral side o f  the 

enterocytes, enable ions to m ove across the plasm a m em branes o f  an epithelial cell. Several 

transm em brane proteins has been described ; SG L T l for the Na*-glucose co-transporter, 

C FTR for C r  channel, BSC  for Na"^, K*, 2C1' cotransporter and NH E3 for Na'^/H'^ exchanger. 

A N a*/glucose co-transporter exists on the apical m em brane o f  the intestinal tract. It catalyses 

the co-transport o f  tw o Na"^ and one glucose, and thus involves the m ovem ent o f tw o positive 

charges for each m olecule o f  glucose transported (66). In  this system, the energy is provided

11
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by the activity  o f  Na" ,̂ K-ATPase pum p. The glucose m ediated sodium  transport remains 

intact during diarrhea (Figure 1),

Chloride (C l') secretion is enhanced in  diarrheal condition due to the disturbance in 

enterocyte transport system . In this process, the cell takes up CP from  the blood stream

12
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Figure 1. T he four m ain electrolyte transport system s involved in diarrhea.

The sodium  absorption is stim ulated by glucose and amino acids, in the small intestine (a), 

and by SCFAs, in the colon (d). The stim ulation o f  chloride secretion (b) is associated w ith a 

decreased N aC l absorption (c). A dapted from Binder and M ehta, 1989 (20).

across the basolateral m em brane by w ay o f  the Na" ,̂ 2C1 co-transport pathw ay and

Na'^/K'*' A TPase provides energy for this m echanism . CP accum ulates intracellularly above its 

electrochem ical gradient. C hloride channels rem ain usually closed in cell but open this tim e 

and C r  goes out across the apical m em brane to the lumen. In the overall secretory 

m echanism , C l' is actively secreted transcellularly andNa"^, and w ater follow passively by 

w ay o f  the intercellular tight junction  (Figure 1).

The third m echanism  o f  sodium  (Na"") and C l' transport is com posed o f  a NaVH'" exchange 

w orking in parallel w ith  a  C l'/H C O j' exchange pathw ay in  apical m em brane. In a dual­

exchanger m odel coupling o f  these paired exchangers occurs through changes in intracellular

13
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pH. The Na"  ̂ gradient drives Na"*” uptake and efflux by m eans o f  Na'^/H'^ exchange, which 

alkalinizes the cytoplasm  and increases activity o f  the ClVHCOs' exchanger. The action o f 

carbonic anhydrase-produces HCOs', w hich then leaves the cell in exchange for uptake o f 

lum inal Cl'. This m echanism  allows both  Na"  ̂and C l' to enter the cell in exchange for t T  and 

H C O s'(F igu re  1).

2.3.3 Electrolyte transport mechanism by SCFAs in large 
intestine

Studies have show n that absorption o f  w ater and electrolytes can be enhanced by short chain 

fatty acids in the colon (14, 52). The m echanism  by which SCFA stim ulate w ater and NaCl 

absorption in hum an colon, has been extensively studied by Binder et al. in rabbit colon for 

butyrate (155). B utyrate is the m ost effective o f  the three abundant SCFAs in stim ulating 

sodium  absorption. B utyrate stim ulated active sodium  and chloride absorption involves 

uptake o f  the non-ionized form  o f  butyrate through tw o exchangers present in  the luminal 

m em brane o f  the colonocytes. They are  sodium -hydrogen exchanger and chloride-butyrate 

exchanger. O nce in the colonocyte, butyrate is partly absorbed toward the blood circulation 

by another transporter and partly recycled tow ard the luminal content through a butyrate- 

chloride antiport. A s a result butyrate is absorbed across the epithelial layer o f  the colon 

together w ith  N aC l, w hich drags w'ater from  the lum inal content to the blood circulation 

(F ig u re ! )  (53).

2.3.4 Limitations of Glucose-ORS
The prom otion o f  oral rehydration therapy by W H O  has been extrem ely successful. M ost 

fam ilies, prim ary health  care centres and university  hospitals all over the w orld are now 

aw are o f  the risk  o f  dehydration in w atery d iarrhea and o f the efficacy o f  oral rehydration 

therapy. A t the sam e tim e, however, its lim itations also becam e apparent. The prim ary 

lim itations o f  glucose-O RS can be sum m arized as follows; a) it does not reduce the stool 

volum e and i f  g iven in  excess, it m ay even increase the volum e o f  w atery stools, b) it does 

not shorten the duration o f  diarrhea, c) it does not m inim ize the fluid requirem ents and d) the
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beneficial effect on nutritional status has been questioned. By itself, 20 g o f  glucose per litre 

o f  ORS did not constitute a significant source o f  energy. M oreover, sim ply by increasing the 

concentration o f  glucose in ORS, its efficiency cannot be enhanced (55).

2.3.5 Approaches to improve the ORS

The choice o f  solutes to im prove O RS has been based on physiological considerations. The 

sm all intestine is the organ through w hich  the largest am ounts o f  w ater and electrolytes are 

transported daily (55); it is also the site  o f  absorption o f  organic solutes e.g., glucose and 

am ino acids. Na"  ̂absorption is stim ulated by the presence o f solute at the lum inal membrane 

w hich is directly related to its m olecular structure and not to the extra energy it m ay supply 

through its m etabolism . For exam ple, glucose does not stim ulate Na"  ̂absorption by supplying 

a  surplus o f  ATP to the Na"  ̂ • A TPase on the basolateral side o f  the enterocytes (87), but 

rather by binding to the cotransporter SG LTi present on the luminal m em brane. Although 

m ost w ater soluble solutes are probably transported with Na" ,̂ only m onosaccharides and 

am ino acids are present in the intestinal lumen in sufficient am ounts to stim ulate Na"  ̂

absorption v ia a cotransport m echanism . O f  the m onosaccharides, both glucose and galactose 

(but not fructose) stim ulates Na^ absorption, and am ino acids and some dipeptides are also 

directly coupled to Na"^ absorption. The efficacy o f  am ino acids in stim ulating Na* absorption 

depends on the pH  o f  these am ino acids. The basic or cationic amino acids are poor 

stim ulators o f  Na"  ̂ absorption, and the acidic amino acids stim ulate it m ore than the neutral 

am ino acids. N eutral am ino acids stim ulate Na"  ̂ absorption as effectively as glucose. Among 

the am ino acids, glycine, alanine, glutam ine and the di-peptide alanyl-glutam ine 

dem onstrated enhanced w ater absorption in some studies (182).

The concentration o f  candidate solutes is another im portant factor which is based on the 

osm olality o f  the solution. Physiological studies showed that the sm all intestine has a leaky 

epithelium  that cannot absorb w ater and electrolytes against a steep osm otic gradient between 

lum en and blood. The upper lim it o f  osm olality at which intestinal absorption is reduced to

7  zero is -  400 m O sm /L in the lum en com pared w ith 300 m Osm /L in the blood. Therefore, the
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choice o f  substrate concentration was designed to reach a final osm olality o f  <300 mOsm/L 

o fO R S  (55).

These physiological considerations w ere justified  by the finding that m any traditional 

solutions used to treat diarrhea (e.g., rice-w ater) have a low  osmolality (frequently <150 

m Osm /L). R eplacem ent o f  glucose w ith sucrose, which supplies an equal am ount o f  glucose, 

yields an ORS as effective as standard glucose-ORS (138, 147, 172, 173). Again, 

replacem ent o f  glucose by brow n sugar m olasses also does not ham per the rehydration 

efficacy o f  O R S (99). How ever, no additional clinical advantages w ere found when 

m altodextrins, am ino acids, or dipeptides w ere used instead o f  glucose (55).

To increase the universal acceptance, availability and food-like character o f  ORS, cereals 

w ere included in its com position as a source o f  glucose. Various cereals have been tested as 

OR S substrates including rice, m aize, m illet, sorghum  and w’heat (4, 19, 88). The general 

conclusion o f  these studies is that cereal-based ORS are as safe and effective as glucose ORS 

in rehydrating children w ith diarrhea w ith diverse etiologies even in cases o f  severe 

m alnutrition. The first clinical trials com paring rice-O R S  w ith glucose-ORS dem onstrated 

the superiority o f  rice-O R S in term s o f  shortening the duration o f  diarrhea and reducing the 

volum e o f  stools (129, 150). H ow ever, w ith  m ore studies being conducted, the difference 

becam e less obvious. In  this regard, the m eta analysis by Gore er. a l ,  1992 was o f  particular 

in terest because it w as based on the data from  13 clinical trials in which the effect o f  rice and 

glucose based ORS w ere com pared (84). The results indicated that stool output was reduced 

in higher m agnitude by rice ORS in cholera (36%  in adults, 32%  in children), but in lower 

m agnitude in non  cholera diarrhea (18%  in infants and children).

W hile fluid secretion in hum an cholera is thought to occur predom inantly from  the small 

intestine, recent data suggest that w ater absorption from  the colon is reduced or that the colon 

m ay even be in a secretory state. R am akrishna et a l ,  show ed that the concentration o f  short 

chain fatty acids (SC FA ) in faeces in patients w ith cholera is reduced and that the addition o f 

lum inal SCFA can stim ulate the colonic absorption o f  salt and w ater (156). So, an alternative 

approach fo r treatm ent o f  dehydration due to cholera has been suggested adding amylase
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resistant starch in glucose ORS. The rationale for using am ylase resistant starch was that in 

the colon starch is ferm ented by anaerobic bacteria and produces the short chain fatty acids 

e.g. acetate (C2), propionate (C3), and butyrate (C4). The m ain reason fo r using resistant 

starch for rehydration is to take advantage o f  the ability o f these SCFA to enhance w ater and 

electro lyte absorption in  the colon (6 , 23, 158), Contrary to the previous studies aim ed at 

im proving rehydration, the use o f  resistant starch is an attem pt to  add the absorptive functions 

o f  the colon to the already used functions o f  the sm all intestine. The genera! hypothesis is that 

short chain fatty acids m ay be used in the colon to prom ote w ater and electrolyte absorption 

ju s t as glucose does in the sm all intestine.

2 .4  T h e  h u m a n  g u t m icro flo ra

2.4.1 Overview of the human digestive system

The digestive system  includes the digestive tract and its accessory organs, which process food 

into m olecules that can be absorbed and utilized by the cells o f  the body. The digestive tract, 

also called  the alim entary cana! or gastrointestinal (GI) tract, consists o f  a long continuous 

tube that extends from  the m outh to the anus. In hum ans over 5 years o ld the GI tract is 6.5 m 

to  9.0 m  long. It includes the m outh, pharynx, esophagus, stom ach, small intestine 

(duodenum , jejunum  and  ileum ), caecum , large intestine or colon (ascending, transverse, 

descending and sigm oid colon), rectum  and anus (Figure 2). The tongue and teeth are 

accessory  structures located in the m outh. The salivary glands, liver, gallbladder and pancreas 

are m ajor accessory organs that have a role in  digestion. A lthough the small intestine is m uch 

longer than  the large intestine (typically 4-5 tim es longer) it is referred to as such due to its 

com paratively sm aller diam eter. O n average, the diam eter o f  the small intestine o f  an adult 

hum an m easures approxim ately 2.5-3 cm  and the large intestine m easures about 7.6 cm.

The digestive tract, from  the esophagus to the anus, is consists o f  a wall w ith four layers, 

from  the inside o f  the tract to the outside they  are: i) m ucosa, ii) subm ucosa, iii) m uscle layer 

and iv) serosa (Figure 3). D epending upon  the section  o f  the d igestive trac t, m ucosa 

p ro tec ts  th e  G I trac t w all, secretes substances, and absorbs the end products o f  d igestion. 

It is com posed o f  a layer o f  epithelial cell and lam ina propria. The subm ucosa  lies outside 

the  m ucosa . It co n sis ts  o f  areo lar connective  tissue  con tain ing  b lood  vessels, lym phatic
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vesse ls , and  nerve fib res. The n ex t layer co rresponds to sm ooth  m uscles com prised  o f  

c ircu la r fib res su rrounded  by
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F ig u re  2. A  d e ta il view  o f  the  h u m an  d igestive tra c t.
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Figure 3. L ayers o f  gastrointestinal wall.
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long itud inal fibres and the final layer se ro sa  consist o f secre to ry  ep ithelia l layer and 

connective  tissue  layer.

D igestive system  has four types o f  activities to  digest the food: i) Ingestion and m ovem ent o f  

the food, ii) Secretion o f  gastric ju ices and digestion, iii) A bsorption o f  nutrients and iv) 

Elim ination.

Ingestion and m ovem ent o f  the food

The first activity  o f  the digestive system  is to take in food through the m outh. This 

process, called ingestion, has to take place before anything else can happen. The large 

pieces o f  food that are ingested have to be broken into sm aller particles that can be 

acted  upon by various enzym es. T his is m echanical digestion, which begins in the 

m outh w ith chew ing or m astication and continues with churning and m ixing actions 

in the stom ach. A fter ingestion and m astication, the food particles m ove from  the 

m outh  into the pharynx, then into the esophagus. Food m oves from  one organ to the 

next through m uscle action called peristalsis. Peristalsis looks like an ocean wave 

traveling through the muscle. The m uscle o f  the organ contracts to create a narrowing 

and then propels the narrowed portion slow ly down the length o f  the organ. These 

w aves o f  narrow ing push  the food and fluid in front o f  them  through each hollow  

organ.

- Secretion o f  gastric ju ices and digestion o f  foods

The digestive glands that act first are in the m outh— the salivary glands. Saliva 

produced by these glands contains am ylase that begins to digest the starch from  food 

into sm aller m olecules. The next set o f  digestive glands is in the stom ach lining. They 

produce acids/and an enzym es in stom ach that digests protein. Stom ach em pties the 

food and ju ice  m ixture into the sm all intestine, and in small intestine the ju ices o f  two 

other digestive organs m ix with the food. One o f  these organs, the pancreas, produces 

a ju ice  that contains a w ide array o f  enzym es to break down the carbohydrate, fat, and 

protein in food. O ther enzym es that are active in the process com e from  glands in the 

w all o f  the intestine. The second organ, the liver, produces yet another digestive juice, 

bile. Bile is stored in the gallbladder betw een meals. D uring m eal, it squeezed out o f 

the gallbladder into intestine through the bile ducts. B ile m ixes w ith the fat in
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intestine. The bile acids dissolve fat into the watery contents o f  the intestine and are 

further digested by pancreatic and o ther enzymes.

A bsorption o f  nutrients

M ost digested m olecules o f  food (carbohydrate, protein, fat, vitam ins), as well as 

w ater and m inerals, are absorbed through the sm all intestine. The m ucosa o f  the small 

intestine contains m any folds that are covered w ith tiny fingerlike projections called 

villi. In turn, the villi are covered w ith  m icroscopic projections called microvilli. 

These structures create a vast surface area (approx. 180 m^) through which nutrients 

can be absorbed. Specialized cells allow  absorbed m aterials to cross the m ucosa into 

the blood, w here they are carried o ff  in the bloodstream  to o ther parts o f  the body for 

storage or further chem ical change.

E lim ination

The food m olecules that cannot be digested or absorbed need to be elim inated from  

the body. The rem oval o f  indigestible w astes through the anus, in the form  o f  faeces, 

is defecation or elim ination.

2.4.2 Microbial world in the digestive system

A lthough the G astrointestinal tract is a m ajor barrier to the penetration o f  m icroorganism s 

into the body, it also provides a  suitable environm ent for m icrobial grovvth. M icroorganism s 

are not equally  d istributed in the GI tract. A long the tract, they are generally found in the 

ecological n iches w here physiological conditions (e.g., pH) are favorable for their growth. In 

the stom ach the pH  is h ighly acidic (1 to 3) and only a small num ber (10^ to 10“* per g) o f  

bacteria  are  found; these includes and m ostly  H elicobacter py lori, Lactobacillus, 

Streptococcus  and som e yeasts are present. A s bile and pancreatic ju ice  are added to 

duodenum  the acidic environm ent is turned to be alkaline in low er part o f  small
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D uodenam
10^ to 10^ bacteria/g
S treptococcus

Jejunum  and ileum
10’ to  10® bacteria/g
Enterobacteria
Bacteroides
Lactobacillus
Streptococcus

V
F-——

■.......■

Stomach
10^ to 10^ bacteria/g 
Streptococcus 
Lactobacillus 
Helicobacter pylori

Colon
10'° to 10'^ bacteria/g
Bacteroides
Bifidobacteria
Eubacterium
Peptostreptococcus
Faecalibacterium
Rum inococcus
Clostridium
Lactobacillus
Enterobacteria
Streptococcus

Figure 4. D istribution o f m icroorganism s in digestive tract.

intestine and bacterial num bers increase. The duodenum  contains a bit higher bacteria: 10^ to 

10^ per g w ith predom inantly the genus Streptococcus. In the jejunum  and ileum  bacterial
7 Spopulations reach 10 to  10 bacteria per g and Streptococcus as well as Lactobacillus, 

Enterobacteria, Bacteroides  are found. The large intestine, or the organ w hich is now  m ore 

com m only referred to by its Greek nam e, the ‘co lon’ is the last part o f  the digestive system. 

In the colon the strictly anaerobic bacteria becom e dom inant over the aerobic and facultative 

anaerobic bacteria  by a factor o f  10  ̂ to  10“̂ and reach the concentration o f  lO"^ to lO’  ̂

bacteria per g (187). The predom inant species are o f  the following genera: Bacteroides, 

Bifidobacterium , Eubacterium, Peptostreptococcus, Faecalibacterium, Ruminococcus, 

Clostridium , Lactobacillus. Streptococcus and  Enterobacteria  (Figure 4). Due to sam pling 

difficulty  in  large intestine, the faecal flo ra  are usually  studied to learn about the m icroflora 

o f  colon (73). A  large proportion o f  the faecal m ass (dry weight) consists o f  bacteria, 

approxim ately 60%  o f  faecal solids (90).

The intestine is adapted to a bi-directional host <-> m icroflora exchange and harbours a 

diverse bacterial com m unity that is separated from  the intem al m ilieu by only a single layer
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o f  epithelial cells (143). U nder norm al conditions, the gut m icrobiota is contained within the 

lum en o f  the gut w ith m inim al invasion o f  the m ucosal layer. Bacterial grow th and activities 

are higher in the right than the left colon as the luminal contents enter first in the right part 

from  the sm all intestine. Colonic transit tim e is another important factor for bacterial 

activities because the h igher the transit tim e, the m icrobiota get m ore tim e to m etabolize the 

partially  digested nutrients and at the sam e tim e absorption o f  nutrients, water and 

electrolytes are higher. In an  healthy individual the gut transit tim e ranges from  35 to 125 hr 

w ith an average o f  61 hr. Stool volum e and excretion o f  bacterial biom ass increase w ith the 

faster transit tim e in gut (194).

A lthough the large intestine is colonized by a  dense and complex com m unity o f  m icrobiota 

they are not floating in/on the d igesta rather the bacteria exist in a m ultiplicity o f  different 

m icrohabitats and m etabolic niches that are associated w ith the m ucosa, the mucus layer and 

particle surfaces in the colonic lumen. Bacteria in the large bowel m ay occur individually, but 

it is m ore likely they exist in m icrocolonies or in associations w ith  other species on the 

surfaces o f  particulate m aterials form ing bio-film s on it. Bacteria grow ing in bio-film s often 

behave differently from  their non-adherent counterparts, and in particular, the nature and 

efficiency o f  their m etabolism  is changed, while m any species exhibit greater resistance to 

antib io tics, and other inhibitory factors that have deleterious effects on planktonic bacteria 

(13). B iofilm  com m unities often  exhibit h ighly coordinated m ulticellular behaviors, w ithin 

and betw een species, and m any biofilm  properties are dependent on local cell population 

densities. A  good exam ple o f  this is provided by quorum  sensing transcriptional activation in 

G ram -negative bacteria  (177). M ucosal populations are difficult to study in healthy people, 

despite this, som e reports suggest that gut epithelial popxilations in m an are generally sim ilar 

to  those present in  the gut lum en (139). Bacteroides sp. occur on the m ucosal surface, but 

o ther gut anaerobes including Eubacteria, Bifidobacteria, C lostridia  and a variety o f  Gram- 

positive cocci are also present (42). .

2.4.3 Diversity in the adult faecal microbiota

Studies perform ed during the past three decades have given an  approxim ation o f the 

com plexity  o f  the norm al colonic m icro flora. Several m ajor approaches based on aerobic and
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anaerobic culture techniques w ere adopted in d ifferent laboratories around the globe to study 

the colonic flora. M oore and H oldem an, 1974 cu ltivated  faecal samples o f  20 m ale healthy 

Japanese-H aw aiians, aged from  60 to  80 years, using  non selective m edium  containing rumen 

fluid in roll-tubes under anaerobic condition m aintained by CO2 gas (133). They could 

isolate 1147 different colonies (44 to 69 per stool) and identified 113 different types o f 

bacteria am ong them . Statistical estim ates indicate that these types account for 94%  o f  the 

viable cells in the faeces. A ccording to statistical analysis by Good et a l ,  they estim ated that 

the total num ber o f  different kinds o f  bacteria in the intestinal tract at any given tim e 

probably exceeds 400 or 500 species, but m any are represented by less than 10* cells per g o f  

faeces. D irect m icroscopic clum p counts indicated that the mean total flora was 5,06 x 

10"bac te ria  per g o f  faeces (dry m atter) and ranged betw een 6.9 x 10’°and 1.43 x lO'^. The 

m ean culture count w as 4.75 x  10‘' cfu per g o f  faeces (dry matter) and varied from  1.8 x 

10"  to  1.36 X 10 '^. The predom inant bacterial species includes Bifidobacterium  adolescentis, 

Bacteroides vulgatus, Collinsella aerofaciens, Faecalibacterium  prausnitzii, Rum inococcus 

producius, Bacteroides thetaiotaomicron, Eubacterium  biforme, Eubacterium  rectale and  

Bacteroides d istasonis. M ean counts o f  C lostridium  and facultative anaerobes were low er 

( 10® to 10  ̂colonies per g).

B y using  m odified m edium  10 in com bination w ith strict anaerobic technique M itsuoka et 

al.. 1976 studied the faecal flora o f  42 healthy adult males (127). The bacterial genera 

frequently  retrieved were Bifidobacteria, Catenabacteria (Eubacteria  and anaerobic 

Lactobacilli), Peptostreptococci, Clostridia, spirillaceae, Veillonellae and M egasphaerae. 

The total bacterial count o f  faeces from  healthy adult m ale w as 1 -2 x 1 0 "  per g wet weight. 

A nother m ajor approach to the analysis o f  faecal flora w as taken by Finegold et al., 1983 who 

analysed 142 faecal sam ples on selective m edia in an anaerobic cham ber (73). O f those 142 

subjects 13 volunteers w ere strictly vegetarians, 14 ate sm all am ount o f  meat, 15 were on a 

Japanese diet, 25 patients w ith colonic polyps, 12 had colon cancer and 62 volunteers were 

on a norm al w estern  diet. The average bacterial count w as 1.58 x  lO'^ cfu per g o f  faeces (dry 

m atter). The dom inant species retrieved w ere the sam e as m entioned earlier except F. 

prausn itzi. They also obtained three species frequently e.g., Eubacterium  contortum, 

Eubacterium  cylindroids  and Eggerthella  lenta.

T his chapter follow s by a b rie f  description o f som e dom inant bacteria frequently obtained by 

culture m ethods in hum an faeces. The Bacteroides  are the m ost num erous m em bers o f  the
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norm al flora. B eing obligate anaerobic, gram -negative, pleom orphic rods they accounted for 

20 to 30%  o f  total cultivated flora in hum an faeces (133). The frequently found species are 

Bacteroides thetaiotaomicron, B. vulgatus. B. distasonis, B .fragilis, and B. ovatus. Formerly, 

the above-m entioned organism s w ere all classified as subspecies o f  Bacteroides fragilis; 

how ever, D N A  hom ology studies indicate that these organism s should reported as separate 

species (104), T hey could be detected in m ore than 99%  o f the faecal sam ples and the total 

bacteroides counts ranged from  1.58 x 10^ to 3.16x lO'^ with an average o f  1.99 x 10“  cfu 

per g (73).

A naerobic cocci w ere isolated from  the stool in high counts; range from  10'’ to 2.5 x lO'^ 

colonies per g; (m ean count 5.0 x 10'° colonies per g). Peptococcus, Peptostreptococcus, 

Rum inococcus, Coprococcus and anaerobic streptococci were among the groups com m only 

isolated. They are Gram -positive, non-spore form ing and chem oorganotrophic (96). 

Peptococcus species was isolated from  10% o f  hum an stools, Peptostreptococcus from 

45.4% , R um inococcus  from  45%, Coprococcus from  5.7%  and anaerobic streptococci from 

99.3%  o f  hum an faecal sam ples (73 ).

The m ost com m on Gram  negative anaerobic cocci are from  the genera o f  Veillonella, 

A cidam inococcus a n d  M egasphaera. They are nonsporeform ing, nom notile, oxidase and 

catalase negative. M em bers o f  the Veillonellae  transform  lactate into acetate, propionate, CO 2 

and H 2. They are chem oorganotroph and usually  produce significant am ounts o f  gases (165). 

The average counts o f  Veillonella  w ere 7.9 x lO’ and were detected in 34%  o f  samples. 

A cidam inococcus ferm en tans  and M egasphaera elsdenii were isolated from  19% and 5% 

sam ples and their average counts w ere 3.2 x  10* per g and 2.5 x  10^ per g, respectively.

The genus Eubacterium  consists o f  a diverse collection o f  G ram -positive, nonsporing, 

obligate anaerobic, chem oorganotrophic and rod shaped bacteria. The frequently isolated 

species includes Eubacterium  biform e, Eubacterium  contortum, Eubacterium  cylindroids, 

Eubacterium  eligens, Eubacterium  form icigenerans, Eubacterium  rectale  and Eubacterium  

ventriosum  (73, 133). A m ong these, tw o dom inant faecal Eubacterium  have recently been 

reclassified: C ollinsella  aerofaciens (form erly Eubacterium  aerofaciens) and Eggerthella  

lenta  (form erly Eubacterium  lentum). In the study o f  Finegold et al. they were the m ost 

frequent bacteria  o f  the Eubacterium  genus. Eubacterium  sp. could be detected from  94%  of 

the hum an faeces w ith  an average count o f  5.01 x lO"^ (7 3 ).
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The m ajor hum an intestinal Bifidobacterium  sp. were B. adolescentis, B. bifidum, B. breve, B. 

infantis. B. longum-'a.rid was detected in 74%  o f  aduU hum an stools (73). They are Gram- 

positive, non spore form ing, strictly anaerobic, non-m otile and displays a variety o f  different 

shapes e.g., spatulated extrem ities, star like aggregates, m iddle enlarged cells, long chains o f  

regular rods, V  or palisade arrangem ents and am phora-like cells (180). The average num bers 

o f  B ifidobacterium  sp. in hum an faeces w ere 1.58 x lO'*  ̂ per g (73). Colonization by 

Bifidobacteria  w as found to be significantly higher in breast-fed babies (47.6%  o f  breast feed 

babies vs. 15% bottle fed babies) (168).

Clostridium  species are generally Gram -positive, spore form ing, strictly anaerobic bacteria. 

This species som etim es stain Gram  negative specially i f  the culture is old. Clostridium  

species establish a low  redox potential (-400 to 200 m V ) in its habitat. Grow th can not occur 

i f  redox potential is above 150 mV (86). The m ost frequent faecal species includes C  

bifermenlans, C. innocuum, C. nexile, C. paraputrificum , C. perfringens, C. ramosum, C. 

sporosphaeroides. They w ere isolated from  all healthy and diseased hum an faeces by 

Finegold et al. and the average count w as 6.31 x 10® cfu per g (73).

Lactobacilli are also prom inent adult intestinal flora. In  the W adsw orth study, Lactobacillus 

w as isolated from  78,0%  o f  hum an faeces, w ith  a m ean count o f  3.9 x 10^ cfu per g. The m ost 

com m on isolate, L. acidophilus, was also the m ost com m on species seen by M oore and 

H oldem an, 1974 (133). Lactobacillus  is a genus o f  G ram -positive, non spore form ing, 

facultative anaerobic or m icroaerophilic bacteria. They are a m ajor part o f  the lactic acid 

producing bacteria  group, nam ed as such because m ost o f its m em bers convert lactose and 

other sugars to lactic acid. They m ay be either hom oferm entative (end product is lactate) or 

heteroferm entative (end product is lactate, CO2, ethanol, and /or acetate). The frequently 

found species are L. ferm entum , L. leichmannii, L. plantarum , L. salivarius, L. brevis, L. 

casei, L. lactis.

Faecalibacterium  (Form erly Fusobacterium ) species are obligatory anaerobic, Gram- 

negative, non m otile and non-sporform ing rod shaped bacteria. They m etabolize peptone and 

carbohydrates and produces B utyrate (132). Faecalibacterium  prausnitzi was the second 

m ost abundant organism  in hum an faeces (133). O ther frequently retrieved species are F. 

gonidiaform ans, F. mortiferum, F. necrophorum, F. russii. The m ean count o f  these bacteria
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in hum an faeces was 2.51 x 10^ cfu per g and they w ere isolated from 18.4%  o f  the human 

sam ples but neither in vegetarian subjects nor patients with colon cancer (73).

M em bers o f  the Enterobacteriaceae fam ily are another m ost com m on species found in human 

faeces. T hey are facultative anaerobic, G ram  negative, straight rods. Their m etabolism  is 

either respiratory or ferm entative and they  are chem oorganotrophic. G enerally they are 

oxidase-negative and catalase positive (30). The m ajor hum an intestinal species retrieved 

w ere Escherich ia  coli, C itrobacter freundii, Enterobacler cloacae, H afnia alvei, Klebsiella  

pneum oniae and  Serratia  liquefaciens (73, 133). In case o f  being opportunistic pathogen, 

som e m em bers o f  this genus occasionally cause gastrointestinal diseases e.g., Shigella, 

Salm onella, E. coli and Yersinia. The average num ber o f  these bacteria was 5.01 x 10* cfu per 

g o f  faeces and they could  be retrieved from  98%  o f  the hum an subjects (73).

2.4.4 Diversity of microflora in healthy children

The foetal intestine is sterile and bathed in sw allow ed am niotic fluid. Follow ing delivery, 

m ultiple different antigens challenge the intestine o f  the newborn. D uring passage through 

the birth canal the infant is exposed to the m aternal indigenous flora (2). However, 

independent o f  the source, at day 1 the neonatal intestine is first colonized with 

E nterobacteria, w hose num ber attains 10^ cfu/g faeces (220). In  the subsequent few  days, 

bacteria  m ultip ly  in the gut under the influence o f  the individual enteric environm ent, the 

bacterial interactions and, especially, the infant diet. A ccording to Sakata et a l ,  on the first 

day o f  life, Enterobacteria. Streptococci, Enterococci and Staphylococci w ere already 

present; anaerobes such as Bifidobacteria, Lactobacilli and Bacteroides sp. w ere usually not 

found (176). The gradual consum ption o f  oxygen in the intestine by aerobic m icroorganism s 

decreases the oxidation-reduction potential and thus provides the conditions for the 

settlem ent o f  anaerobic bacteria (146). A t the end o f  the first week, a diet o f  breast milk 

creates an environm ent favoring Bifidobacteria. Y oshioka et al. investigated the developm ent 

o f  the faecal flora in 6 breastfed new borns and found that, in breastfed neonates by day 6 

Bifidobacteria  exceeds Enterobacteria  by a ratio o f  1000/1 (220).
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A

A t one m onth o f  age, the colonic flora w ere stable in the m ajority o f  breastfed babies and

dom inated by Bifidobacteria, besides this they also harbors Enterococci, Enierobacteria  and

Clostridia  (17, 220). How ever, by 3 m onth o f  age the predom inance o f  Bifidobacteria  was

slightly  reduced; but rem ain num erous and existence o f  Enterobacieria. Enterococci,

Staphylococci, Bacteroides, Lactobacilli and C lostridia  were also reported (162). After

w eaning the faecal flora comes to resem ble close to that o f  adult flora. The frequency and

num bers o f  Bacteroides  and anaerobic G ram -positive cocci continue to  increase until m atch
6 8to Bifidobacterium . E. coli and Streptococcus species  decline to about 10 to  10 CFU per g 

o f  faeces. B y the second year o f  life m ajor bacterial populations in faecal flora come to 

resem ble those o f  adults (193).

A lbert el a l ,  1978 cultivated  faecal sam ples o f  29 healthy children o f  Southern India, aged 

from  1 to 20 m onths, using non selective and selective m edium  under aerobic and anaerobic 

condition ( 8). The children w ere from  the low er socio-econom ic strata and none had had 

received any antim icrobial drug before the study. The younger children were on breast-m ilk 

feeds and often supplem ented w ith cow ’s milk. The older children w ere also receiving cow ’s 

m ilk in addition to w eaning foods. They could retrieve anaerobic bacteria predom inantly 

w ith, on average, 126 anaerobes to each aerobe. Bifidobacteria  w ere invariably found and 

gave rise to a m ean count higher than that produced by any other organism . The bulk o f  the 

aerobic flora  consisted o f  Enterobacteria  and Enterococci. The viable count o f  the m icroflora 

is presented in Table 2 and 3.

In another study, E llis-Pegler et a l ,  1975 collected faecal sam ples from  12 children from 

South London, England aged from  13 to 48 m onths (m ean 25.3 m onths) and studied by 

aerobic and anaerobic culture (65). N one o f  the children had a history o f  abnorm al bowel 

function or o f  antibiotic therapy w ithin the preceding m onths. N o infants in the study had 

been  breast-fed. M ost w ere fed on diets which includes a w ide range o f  com m ercial m ilk 

food preparations as the predom inant com ponent. The investigators observed that, the ratio o f 

to tal anaerobes: total aerobes w ere approxim ately 50:1, V iable count o f  Enterobacteria, 

Staphylococci, Streptococci, Lactobacilli, Bacteroides. Bifidobacteria, C lostridia  and 

Veillonella  w ere perform ed in this study and presented in Table 2 and 3,

Faecal m icroflora was also analyzed by M ata et al., 1972 am ong 12 healthy infants o f 

G uatem ala aged 9 to  12 m onths, using aerobic and anaerobic culture (123), The faeces were
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cultured fortnightly and a total o f  262 specim ens w ere analyzed. The frequently obtained 

bacterial species w ere Bifidobacteria, Veillonellae, Streptococci, Bacteroides, Micrococci, 

Enterobacleriaceae  and Enlerococci w here, Lactobacilli and  C lostridia  were relatively rare. 

V iable count o f  B ifidobacteria was h igher than any other group o f  bacteria. The Bacterial 

num ber is presented in Table 2 and 3.
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T able 2. V iable count (LoglO/g) o f  facultative anaerobic bacterial groups in faecal 
sam ples o f  children.

F acu lta tiv e  an aero b ic  b ac te ria  (% )

S tu d ies
R e f
N o.

L o ca tio n N
A g e

(M o n th s)
E n te ro b a c te r ia

E n tero co ccu s
sp.

Mata 
ef al. 123 Guatemala 12 9-12 6 6

Albert 
et al 8 South India 29 i-20 8.3 7.8

Ellis-Pegler
e t a!.

65
South

London
12 13-48 8.3 ND

N D  -  N o t done

T able 3. V iable count (LoglO/g) o f anaerobic bacterial groups in faecal sam ples of 
children.

A n aero b ic  b ac te ria  (% )
S tu d ies R e f

N o .
L ocation

N
A ge

(M o n th )
B if B act. C los S taph L acto V eillo

M ata  
e l  at.

123 G u atem a la 12 9-12 9 7 8 N D 8 8

A lb e rt 
e t  al.

8 S o u th  India 29 1-20 10.! 8 .8  5,2 3.5 6.9 8.4

E llis- 
P eg le r 
e t  at.

65 South
L o n d o n

12 13-48 9.1 10 7.5 3 .6 3.5 7

Bif, Bifidobacterium  sp.\ Bact, Bacteroides sp; Clos, Clostridium sp\ Staph, Staphylococcus 
sp..\ Lacto, Lactobacillus sp.\ Veillo, Veillonellacae sp.
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2.4.5 Factors influencing the diversity of faecal microbiota in 
children
Several factors influence the diversity and com position o f  hum an intestinal m icroflora among 

them  m alnutrition, d isease process and antibiotics have m ore profound effect on this 

ecosystem . They are discussed below:

2.4.5.1 Malnutrition
M alnutrition  especially  protein-calorie m alnutrition is the principal nutritional problem  in 

m ost developing countries o f  the world. M alabsorption is observed in children with severe 

m alnutrition. Severely m alnourished children are frequently presented w ith diarrhea and have 

an altered  gastrointestinal function. M ata e t al. 1972, studied faecal m icroflora from  13 

severely  m alnourished children both by aerobic and anaerobic condition by roll tube 

technique and plate d ilution technique (121). A fter enrolm ent in the study, the subjects were 

p laced on a d iet sim ilar to the one they received in their hom es for 1 or 2 days. Aspirates 

w ere obtained from  the stom ach, duodenum  and jejunum  after overnight fasting. N o striking 

differences w ere found in the total bacterial counts o f  the stom ach when com pared with 

ch ildren  w ho w ere not m alnourished. All 13 subjects had bacteria in the jejunum  sim ilar to
7 8range o f  non m alnourished  subjects i.e., 10 to 10 per ml. However, significant alterations 

w ere observed  in the faecal flora consisting in: i) proliferation o f  facultative anaerobic 

bacteria  m ore than that o f  strictly anaerobic bacteria, ii) frequent absence o f  Bifidobacleria  

and iii) colonization w ith  Proteus, Pseudom onas  and other G ram -negative bacilli which were 

not indigenous o f  faecal m icroflora. Bacteroides  and Veillonella  w ere not present in m ost o f 

the subjects.

2.4.5.2 Diseases
E valuation  o f  the faecal flora in relation to d isease occurrence was perform ed by M ata el al. 

am ong 12 infants during their 1 '̂ year o f  life. N o changes were observed in faecal flora in 

re la tion  to respiratory tract infections, uncom plicated m easles, w hooping cough, or in 

exanthem atic diseases or skin infections. These results have been confirm ed in six tw ins 

studied in the first 2 to 3 years o f  life. The sim ilar scenario was observed in case o f m ild and 

m oderate diarrhea in children. N o alteration w as noticed in faecal flora specifically in the 

to tal concentration o f  anaerobic and facultative anaerobic bacteria before the onset o f  the
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disease, during disease and during convalescence. However, changes in some single 

com ponent was observed e.g., i) decrease or absence o f  Bifidobacteria  at the dilution tested 

(10'^), ii) occasional proliferatron o f  Streptococci or M icrococci to surpass the concentration 

o f  Bifidobacteria  and iii) substitution o f  the com m on Escherichia coli for Proteus, 

Providencia  or Pseudom onas  (122).

A lterations in the com position o f  the gastrointestinal m icroflora frequently accom pany acute 

diarrheal illness w ith dehydration. In m ost o f  the cases, the resident m icroflora m ay be 

eclipsed by an identifiable pathogen (40, 81). The striking change frequently observed is that, 

the proportion o f  anaerobes to aerobes is altered and aerobes predom inate very often. 

Bifidobacteria, Bacteroides  and Veillonella  w ere found in low er num bers and conversely, 

Enterobacteria  and Staphylococci w ere found in significantly greater num bers in children 

w ith diarrhea than their healthy counterpart (8). In patients vvith cholera, the concentration o f 

Bacteroides in  the faeces decreases to 10^ cfu/m l, a reduction o f  5-6 logarithm s (82). 

Enterotoxigenic E. coli has been im plicated as a m ajor cause o f  diarrheal illness in young 

children in developing countries and in traveler’s diarrhea. In a study o f  acute diarrhea in the 

tropics, G orbach e t a l (81) isolated enterotoxigenic E. coli from  stool and small intestine. 

O ther coliform  organism s, som e o f  w hich produce enterotoxins, w ere also isolated from  the 

gastrointestinal tract o f  som e patients w ith “nonspecific” or viral diarrhea (40). In these 

patients, large num bers o f  coliform s are found in the sm all intestine, and faecal cultures often 

reveal high concentrations o f  Klebsiella. Proteus, and  Pseudomonas species  (9).

A lteration in faecal flo ra  w as also observed in shigellosis. In this disease, the anaerobic 

com ponent decreased to levels com parable to those o f  the facultative flora or even lower. 

Bifidobacteria  and Bacteroides  w ere rarely found, w hereas E. coli and other 

Entreobacteriaceae form ed the bulk o f  the flora. Shigella were present in numbers as high or 

greater than those o f  the anaerobic com ponent ( 122).
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2.4.5.3 Antibiotics

In healthy state an ecological balance exists betw een the hum an host and microorganism's that 

colonize m ucous surfaces and the skin. The individual indigenous m icrobiota is relatively 

stable at each ecological habitat, w hereas there are greater differences betw een individuals 

depending on variations in diet and habits. The norm al m icroflora represents a  com plex and 

im portant ecological system  and alterations in the flora m ay give rise to serious clinical 

im plications. A dm inistration o f  antim icrobial agents causes disturbances in the ecological 

balance betw een host and m icroorganism s. To what extent disturbances occur depends on the 

spectrum  o f  the agent, the dose, the route o f  administration, pharm acokinetic and 

pharm acodynam ic properties and in-vivo inactivation o f  the agent (199).

A ntib iotics o f  the penicillin group e.g., am picillin, am oxicillin are broad-spectrum  antibiotic 

and influence the intestinal m icroflora m oderately and m ost often resulted in em ergence o f  

resistant Enterobacieria. In several studies, the authors studied the im pact o f  orally 

adm inistered am picillin  or am oxicillin  on the norm al intestinal m icroflora and observed that 

the num bers o f  Enterococci, Streptococci, E. co li strains, Eubacteria  were suppressed and 

resistant strain o f  Klebsiella, Enterobacier, anaerobic Gram positive rods, Bacteroides  and 

yeasts w ere increased significantly (26, 38, 64).

The spectra o f  cephalosporins are w ider than that o f  penicillin and greater disturbances in the 

norm al m icroflora was observed. Ceftriaxone, the m ostly  used antibiotic o f  this group has a 

profound negative im pact on the total num ber o f  anaerobic bacteria o f  intestine (216). 

A nother antibiotic clindam ycin is m ainly excreted in bile leading to very high concentration 

in faeces and causes great ecological disturbances. The effect o f  clindam ycin on the intestinal 

flora o f  healthy subjects was investigated by O rrhage el al., 1994 and an increase in 

E nterococci and Enterobacieria  o ther than E. co li and a substantial decrease in total 

anaerobic bacteria  w ere observed. The num bers o f  Lactobacilli, C lostridia  and Bacteroides 

w ere decreased and Bifidobacteria  disappeared under the detection lim it. C. dijficille  was 

isolated in seven o f  the ten  participants and o f  these three strains w ere toxin-positive (145).

In  a study by B rism ar et al., 1991, the effect o f  erythrom ycin on intestinal flora was 

investigated. The flora  o f  the anaerobic population e.g., Lactobacilli, Bifidobacteria,
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Clostridia  and Bacteroides and aerobic Streptococci and Enterobacteria  were strongly 

suppressed during the drug adm inistration, but sim ultaneously resistant strain o f 

Enterobacteria, Staphylococci and C/oi'rr/t/w was evolved (31).

The im pact o f  vancom ycin on the intestinal m icroflora was studied in connection w ith the 

evaluation o f  a probiotic product containing viable Enterococcus faecium . During oral 

adm inistration, the total num ber o f  Enterococci decreased significantly and an overgrowth o f 

K lebsiella  species w as observed. A m ong the anaerobic flora, the level o f  Lactobacilli was 

increased and the num bers o f  Bifidobacteria, C lostridia, and Bacteroides  was decreased 

( 110).

Oral adm inistration o f  m etronidazole to patients w ith  respiratory tract, intra-abdom inal or 

urinary-tract infections resulted in slight changes in the num bers o f  Enterococci and 

Enterobacteria  in the faecal m icroflora. Only m inor changes observed w ere in the anaerobic 

faecal m icrofiora (140).

W istrom  et a l ,  1992, exam ined the ecological effects on the intestinal flora o f  short term 

treatm ent w ith ciprofloxacin  in people travehng to M exico. A significant decrease o f 

E nterobacteria  and a sm aller increase in the num bers o f  anaerobic cocci and Bifidobacteria  

was observed. E. co li and Bacteroides  species w ith increased M ICs o f  ciprofloxacin were 

isolated after treatm ent (218).
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2.5  F u n c tio n s  o f  the h u m a n  g u t  M icrob io ta

A lthough the gut does not secret enzym es capable to digest the residual food com ponents, the 

colonic m icrobiota does that job  in an  excellent exam ple o f symbiosis. Collectively, the flora 

possess a m etabolic activity that can be considered a virtual organ w ithin an organ (28).

2.5.1 Fermentation of carbohydrates and proteins

Ferm entation  is an  im portant com ponent o f  the norm al large bow el activity through which 

anaerobic bacteria  break dow n dietary substrates and obtain energy for growlh and the 

m aintenance o f  cellular function. The m ajor substrates for ferm entation are dietary 

carbohydrates that have escaped digestion in the upper gastrointestinal tract. These include 

starch, N on-starch  polysaccharide O^SP) and som e sim ple sugars and alcohol.

Starch that enters the colon, also called resistant starch. M any factors m ay alter the digestive 

capacity  o f  starch e.g., its origin, its processing as well as physiological and pathological 

conditions o f  the host. The orig in  o f  the starch is often considered an intrinsic factor o f 

digestibility. Food particle size can affect starch digestion by am ylase because smaller 

particles o f  larger surface area relative to volum e are digested more rapidly than larger 

particles. In  raw  foods, starch is present as crystalline granules that can be surrounded by 

o ther p lan t m aterials that can inhibit access o f  am ylase to them. Processing is considered an 

extrinsic factor o f  digestibility. Raw' starches are h ighly resistant to enzym atic hydrolysis 

com pared w ith  cooked or gelatinized starches, w hile retrograded starch (stored after cooking) 

is less hydrolyzed than  gelatinized starch (51). W hen starches are cooked w ith  w ater, the 

granules becom e gelatinized to a degree that depends on tem perature, proportion o f  water and 

tim e o f  cooking, but above 90°C m uch o f  the crystalline order is lost through breaking o f  the 

interm olecular forces allow ing penetration o f  w ater (125). Among the host factor, pancreatic 

a-am ylase concentration in the duodenal ju ice  is low  at birth and increases gradually with 

age. A  congenital defect in am ylase is very rare but secondary deficiency is frequently 

observed in severe m alnutrition.

N orm al native starches are com posed o f  two types o f  polysaccharides: am ylose (15-30% ) and 

am ylopectin  (70-85% ). A m ylose is structurally a linear polym er o f  anhydroglucose units (a- 

1, 4 linkage), o f  m olecular w eight approxim ately betw een 40 and 340 kDa, the chains
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containing 250 to 2000 anhydroglucose units. Am ylopectin is considered to be composed o f 

anhydroglucose chains (a-1 , 4 linkage) w ith m any branch points (a-1 , 6 linkage); the 

m olecular w eight m ay reach as high as 80 000 kDa. Am ylopectin consists o f  short chains o f  

a-D -glucan  (12-70 residues, average 20). Increasing the proportion o f  am ylose in starch (rice, 

m aize, barley) causes the resistant character o f  the starch to be increased to digestive 

am ylases (214). Starch needs to be com pletely depolym erized to glucose before it can be 

absorbed in the sm all intestine. Starch-degrading enzym es are grouped into different families 

depending on their structure and include a- am ylases that hydrolyse a-1 ,4- linkages, type I 

pullulanases that specifically cleave a - 1,6- linkage and am ylopullulanases that possess both 

a - 1,4- and a - 1,6 - activities.

In the intestinal lum en, pancreatic a-am ylase cannot hydrolyze the (1-6) branching links and 

has relative specificity fo r (1-4) links adjacent to these branching points. So, after digestion 

and absorption o f  starch in highest efficiency in small intestine there is chance to rem ain 

som e undigested starch in very sm all am ount. Som e evidence from  intubated hum ans 

indicated that free glucose and starch are found in the term inal ileum, w hich points to the 

passage o f  starch into the colon (68, 76). This undigested starch fraction has been called 

resistant starch. Englyst e t al. (1992) classified resistant starches according to  factors which 

are intrinsic to the food or to the processes used in its preparation (67). The classification is 

presented in  Table 4.
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T able 4. C lassification o f resistant starches.

Type o f  Starch Exam ple o f occurrence Probable digestion  
in sm all intestine

R apidly digestible starch (RDS) Freshly cooked starchy foods Rapid

Slowly digestible starch (SDS) M ost raw  cereals Slow but complete

Resistant starch

1. Physically indigestible 
starch

Partly milled grains and seeds Resistant

2. Resistant starch granules R aw  potato, banana and 
High am ylose m aize starch

Resistant

3. Retrograded starch Cooled and cooked potato, bread 
and cornflakes

Resistant

4. R S 4‘ Dextrins (chain linkage altered) Resistant
1, A relatively new  classification that refers to specific chem ically modified or repolym erized starch.

A nother im portant source o f  ferm entable substrate to reach the colon is non starch 

polysaccharide (N SP), e.g. cellulose, hem icellulose, pectins, inulin, guar and plant gums. 

N S Ps are also called  dietary fiber and m ainly found in the plant cell walls. Intestinal bacteria 

ferm ent 50%  o f  cellulose and 80%  o f  other fibres. O ther carbohydrate sources available for 

ferm entation are non-digestible oligosaccharides, various sugars and sugar alcohols e.g., 

lactulose, xylan, arabinogalactan, rham nose, palatinose, sorbitol, xylitol, m altitol, lactitol 

(46). In addition, proteins and am ino acids are very effective as growth substrates for colonic 

bacteria. These include m ainly connective tissue protein e.g., elastin, collagen and serum 

album in, as w ell as bacterial protein released from  cell lysis. The intestinal m ucosa is 

renew ed every 2-3 days (10). M ucus degradation by colonic m icroflora has been well 

docum ented as w ell as the breakdow n o f  m ucopolysaccharide chondroitin sulfate. These are 

m ade up o f  glycoprotein and add a further 3-5 g for ferm entation in the large intestine (43).

Total substrate availability in the hum an adult colon is 20-60g carbohydrate and 5-20g 

protein/day (43, 45). The short chain fatty acids (SCFA s) e.g., acetate, propionate and 

butyrate and gases H 2, and CO2 are m ajor products o f  the m icrobial ferm entation o f  dietary 

carbohydrates in the hum an colon. The other significant end- products that are produced in
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m inor quantity  from carbohydrate ferm entation include lactate, ethanol, succinate, formate, 

valerate, caproate and C H 4. Gases produced from  ferm entations are elim inated both in breath 

and as flatus. B ranched-chain fatty aeids such as isobutyrate, 2-m ethyl- butyrate and 

isovalerate are form ed from  the ferm entation o f  amino acids. The other end-products o f 

pro tein  breakdow n include N H 3, phenols, indoles and amines, som e o f  w hich have toxic 

properties (111). The pathw ays o f  carbohydrate and protein breakdow n are presented in 

F igure 5 and 6 (170),

A bout 95-99%  o f  SCFA s produced by bacterial ferm entation are rapidly absorbed from  the 

colonic lum en (181). A t least 60%  uptake is occurred by sim ple diffusion o f  protonated 

SC FA  in a concentration-dependent m anner (169), while the rem ainder occurs by cellular 

uptake o f  ionized SCFA involving co-transport o f  Na"  ̂or K* (74). SCFA uptake is associated 

w ith a  transport o f  w ater and electrolytes from  lum en to epithelial cells and thus acts as an 

antidiarrheal agent. Specifically  acetate is m etabolized in m uscle, propionate in  liver and 

butyrate in colonocytes to  provide energy to  respective tissues.

In the faeces, m olar concentration for acetate is 60-80 M, propionate is 14-22 M and butyrate 

is 8-23 M  (44). The am ount o f  SCFA produced in hum an subjects is very

39

Dhaka University Institutional Repository



Fructans Starch

Glucose Glucose

NSP (Cellulose, Galactomannans, 
arabinogalctan, xylans, pectines)

(Glucose, M annose, Galactose. Arabm ose, 
Xylose)

Phosphoenolpyruvate (PEP)

PjTuvate

CO2 Lactose Succinate Acetyl-
CoA

Formate H,

Ethanol Butyrate
T ♦

Acetate CH4
HS-

Figure 5. Pathw ays o f polysaccharides breakdow n in the gut m icroblota and the 
principal end products.
(sim plified from  M acfarlane et a i ,  2000).
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B acteria l B iosynthetic reaction

Gases

CO2

CH4
Thiols

H2

N atural
Products

E xcretion  in 
B rea th  and flatus

Ethanol
Phenols
Indoles

Proteins and 
Peptides

Proteolysis 

A m inb acids

F erm entation

Celllysis

Basic
Products

A m ines
NH3

A bsorp tion  and 
M etabohsm

Acidic
Products

B acterial
Cell
mass

Phenolic Acids 
Indolic acids 
SCFA
B ranched SC FA
D icarboxyhc
acids
HS-

E xecretion  in 
Faeces

E xcretion  in 
Urine

Figure 6. M echanism s o f protein breakdow n by bacteria in the large intestine and the 
m ajor end products.
(sim plified from  M acfarlanc et a i,  2000).
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difficult to determ ine by direct m ethods. A m ong the indirect m ethods studies o f  arterio­

venous differences across the gut indicate that 300-500 mmol are produced each day. Another 

m ostly  used indirect m ethod is to estim ate the concentration o f  SCFA s excreted in faeces 

w hich range from  70 to 140 m M  per L (171). Acetate is synthesized m ainly by three 

pathw ays in the cell: i) Em bden-M eyerhof-Pam as (EM P) pathw ay (47%), ii) Wood- 

L jungdahl or CO2 reduction pathw ay (27% ) and by iii) B ifidobacterium  pathw ay (21%). 

Propionate and butyrate are form ed by CO2 fixation pathways and classical routes o f  acetyl- 

S -coenzym e A condensation pathw ays, respectively (126). The general reaction o f  SCFA 

production and overall stoichiom etry has been sum m arized for a hexose (73) as follows:

59 CgHizOe +  38 H 2O  ^  60 CH 3CO O H  + 22 CH3CH2CO OH + 18 CH3CH2CH2CO O H  + 96 

C O 2 +  268 + heat (205).

As a  b i-product o f  ferm entation, gut bacteria also synthesize and excrete vitam ins in excess 

o f  their ow n needs w hich can be absorbed as nutrients by the host (171). Enteric bacteria 

secrete vitam in K  and vitam in B12 and lactic acid bacteria synthesize certain B vitamins. 

A lthough this source o f  vitam ins generally provides only a  small part o f  the daily 

requirem ent, it m akes a significant contribution when dietary vitam in intake is low.

2.5.2 Stimulation o f immune system

G ut flora have a continuous and dynam ic stim ulation on the h o s t’s gut and system ic im m une 

system . T he bacteria  are key in prom oting the early developm ent o f  the gut’s m ucosal 

im m une system  bo th  in  term s o f  physical com ponents and function and continue to play a 

role later in life in its operation. In norm al individuals contact o f  the ingested bacteria and 

the im m une system  occur only in the gut associated lym phoid tissue (GALT). The hum an 

in testine represents the largest m ass o f  lym phoid tissue in the body, containing over 10  ̂

lym phocytes/g o f  tissue. In addition, about 60%  o f  the total im m unoglobulin produced daily 

is secreted into the gastrointestinal tract (171).

Intestinal im m une cells are organized in different com partm ents: aggregated in follicles, 

P eyer’s patches, lam ina propria and distributed w ithin the m ucosa as diffuse lym phocyte 

populations; and in  the epithelium  (152). The Peyer’s patches are m ore accessible to m icro­
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organism s than o ther epithelial surfaces o f  the gut, because they have reduced num bers o f  the 

m ucus-secreting goblet cells. In addition, the epithelial layer o f  the Peyer’s patches contains 

specialized transport cells called M -cells, w hich  lack microvilli and are able to  phagocytose 

both  soluble antigens and m icro-organism s. The lymphocytes activated w ithin Peyer’s 

patches dissem inate via m esenteric lymph nodes, thoracic duct and the bloodstream  back to 

the lam ina propria, and traffic betw een o ther secretory tissues, including the respiratory tract 

and the lachrym al, salivary and m am m ary glands. Tw o IgA subclasses are available in gut 

e.g., IgA l and IgA2. IgAl im m unocytes predom inate in the sm all-intestinal m ucosa, while 

IgA2 are m ost frequent in norm al colonic m ucosa. The digestive flora is the m ajor antigenic 

stim ulus responsible for the m igratory pathw ay and m aturation o f  precursor lym phoid cells 

present in the P eyer’s patches. Consequently, it acts on the developm ent and m aturation o f 

the IgA  plasm ocytes. In germ -free m ice, IgA -plasm ocyte num ber is decreased tenfold as 

com pared w ith  controls. In addition. G ram -negative bacteria such as Escherichia coli and 

Bacteroides  p lay an im portant ro le in this im m unologically  non-specific effect.

As soon as an infant is bom , bacteria begin colonizing its digestive tract. The first bacteria to 

settle in are able to stim ulate the im m une response, m aking them m ore favorable to their own 

survival and less favorable to com peting species; thus the first bacteria to colonize the gut are 

im portant in determ ining the person’s life long gut flora m akeup (77, 184). Bacteria can 

influence the phenom enon know n as oral tolerance in which the im m une system  is less 

sensitive to an antigen once it has been ingested. T his tolerance m ediated in part by the 

gastrointestinal im m une system  and in part by the liver, can reduce an over reactive immune 

response like those found in allergies and auto im m une disease ( 102).
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2.5.3 Protection against pathogens

R esident bacteria present a crucial line o f  resistance to colonization by exogenous bacteria 

and, in this w ay they are highly im portant in prevention o f invasion o f  tissues by pathogens. 

This phenom enon is also called “barrier effect” . In contrast to control anim als, germ-free 

anim als are h ighly susceptible to infection by exogenous m icrobes (15). Colonization 

resistance also m aintains the restricted grow th o f  opportunistic bacteria that are present in the 

gut. The equilibrium  betw een species o f  resident bacteria provides stability in the m icrobial 

population w ithin the sam e individual under norm al conditions. H ow ever, use o f  antibiotics 

can disrupt the ecological balance and allow  overgrowth o f  species w ith potential 

pathogenicity  such as toxigenic C lostridium  difficile, associated w ith pseudom em branous 

colitis (208).

Furtherm ore, bacteria  com pete for nu trien t availability in ecological niches. The host actively 

provides a nutrient that the bacterium  needs, and the bacterium  actively indicates how  m uch 

it needs to the host. This sym biotic relationship prevents unwanted overproduction o f  the 

nutrient, which w ould favor invasion o f  m icrobial competitors w ith pathogenic potential for 

the host. Finally, bacteria can inhibit the grow th o f  their com petitors by producing 

antim icrobial substances or peptides called bacteriocins (33, 109). The role o f  bacteriocins is 

m ainly restricted to  localized niches.

2.5.4 Production o f toxic agents

Environm ental factors such as d iet have a m ajor role in developm ent o f  sporadic colon 

cancer. D ietary fat and h igh consum ption o f  red m eat, especially processed m eat, are 

associated w ith  h igh risk  o f  this disease. B y contrast, a high intake o f  fruits and vegetables, 

w hole grain cereals, fish, and calcium  has been associated with reduced risk  o f  colon cancer 

(25). Intestinal m icrobio ta plays a part in initiation o f  colon cancer through production o f 

carcinogens, cocarcinogens, or procarcinogens. In  healthy subjects, diets rich  in fat and m eat 

but poor in vegetables increase the faecal excretion o f  N-nitroso com pounds, a group o f 

genotoxic substances that are know n initiators and prom oters o f colon cancer. A nother group 

o f  carcinogens o f  dietary origin are the heterocyclic arom atic am ines that are form ed in m eat
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w hen it is cooked. Som e intestinal m icroorganism s strongly increase dam age to DNA in 

colon cells induced by heterocyclic am ines, w hereas other intestinal bacteria can uptake and 

detoxify such com pounds. Sulphate reducing bacteria have an association w ith inflam m atory 

conditions o f  the intestine. Bacteria that reduce sulphate are a heterogeneous group, but they 

have a  com m on feature o f  activating sulphate to adenosine-5 '-phosphosu!phaie (APS). 

A naerobic bacteria then reduce this m olecule to form  bisulphite and then hydrogen sulphide. 

These tw o radicals are corrosive agent for the tissue (201).

2.6 Molecular ecology of gut microbiota

2.6.1 Techniques to study gut microflora

Until very  recently gut m icroflora has been studied m ostly by conventional culture techniques 

and these days m icrobiologists m ostly prefer m olecular biological tools for this purpose.

2.6.1.1 Conventional culture techniques

The analysis o f  the intestinal m icroflora has relied, alm ost com pletely, on the use o f 

traditional bacteriological m ethods o f  culture, m icroscopy and biochem ical properties o f  the 

bacteria (200). A lthough traditional cultivation m ethods are generally tedious, expensive, and 

are probably  m ore open to m isinterpretation w ith  intestinal samples, they rem ain the "gold 

standard" fo r identification o f  bacteria. The grow ing o f  bacteria in laboratory culture m edia is 

o f  great im portance in m icrobial ecology. N evertheless, the predom inant species o f  hum an 

intestinal m icroflora are non  culturable because o f  their obligate anaerobic and extremely 

oxygen sensitive nature. N ot only that, due to com plex nutritional requirem ents and lack o f  

beneficial effects that they receive from  com plex host-m icrobe and m icrobe-m icrobe 

interaction, recent estim ates o f  culturability range from  only 15 to 58%  in the laboratory even 

w hen excellent bacteriological culture m ethods are used (197, 201).
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The large discrepancy betw een the viable plate count and total direct m icroscopic count o f 

bacteria is called the “ great plate count anom aly” , which described the huge bias due to 

cultivation (100). The exam ple o f  this phenom enon is found not only in gut m icrobiota but 

also in w ater and soil ecosystem. Only 0.001 to 0.1%  bacteria were cultivable among the total 

flo ra from  a sea w ater sam ple (154). A gain, total bacterial com m unity in  a forest soil is very 

h igh and reached 4000 different bacterial clones o f  standard genome size analysed by DN A 

reassociation and heterogeneity  technique (206). Som etim es bacteria undergo “viable but non 

culturable” condition due to  environm ental stress e.g., freshwater, salt w ater or low 

tem perature during w hich they can be enum erated m icroscopically but do not grow in plates. 

Exam ples are available for Salm onella  enteritidis, Vibrio cholerae, V. vulnificus  (101, 134, 

167). B ut at the sam e tim e unknow'n species can also be noncultivable (12).

2.6.1.2 Molecular biological techniques

M icrobial diversity w ithin the hum an gut is currently  grossly underestim ated. How ever, the 

advent o f  m olecular biology has revolutionized the identification o f  m icroorganism s. In 

particular the analysis o f  ribosom al RN A  (rRNA) sequences provides an im m ensely powerful 

tool fo r determ ining the evolutionary interrelationships o f  m icro-organism s. The high 

specificity  and cum ulative nature o f  rR N A  sequence data have spurred the discovery and 

recognition o f  new  biodiversity  (27). 16S rD N A  contains regions conserved across all 

bacterial species interspersed with regions (V I to V9) in which the sequences are variable 

am ong bacterial types. Som etim es, the variable region sequences are highly species-specific. 

C om parison o f  I 6S rDNA sim ilarities can therefore be used in the identification o f  bacterial 

species and consequently , in the analysis o f  bacterial com m unities (200).

Som e features o f  ribosom al RN A  specifically  o f  16S rRN A  are presented below  which made 

it su itable for u tilization as the m olecule o f  m olecular chronometer:

1. R ibosom al RN A s are universally  distributed among all the bacteria,

2. It is functionally hom ologous in all the organism s (protein-synthesis).

3. A ncient m olecule.

4. N o lateral gene transfer o f  16S rD N A  has been  observed (215)

5. The m olecule contains highly conserved and variable regions. This m osaic 

property allow s evaluating the distance and closeness betw een sequences.
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Figure 7. Structure o f prokaryotic ribosom e.

16S rR N A  is present in  the 308 subunit o f  prokaryotic ribosom es. The prokaryotic  ribosom es 

are m ade o f  tw o subunits: SOS and 30S and their com bined sedim entation rate  is 70S. T hough 

the ribosom e is sm all in  size their internal structure as w ell as function is no t sim ple. The 50S 

unit is com posed o f  tw o rR N A  m olecules: 23S (2904 nucleotides) and 5S (120 nucleotides) 

and 31 proteins. The 30S un it contain  16S rR N A  (1542 nucleotides) and 21 proteins (Figure 

7). The tw o subunits have different shapes. The 30S subunit exhibits a base, a  p latfo rm  and a 

head. The 50S subunit has tw o faces (back and front), a  ridge, a central p rotuberance and a 

stalk. A  tunnel is located inside the m olecule. The w eight o f  a ribosom e is ~  3 x 10® daltons 

and it m easures 20 to  30 nm  in  diam eter. In contrast to prokaryote ribosom e, eukaryote 

ribosom e possesses four rR N A s and the sedim entation rate is SOS. Irrespective o f  cellular 

type, ribosom es are actively  functional for protein synthesis. T hey assem ble m R N A , tRN A  

and am ino acids to synthesize polypeptides.
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The variable and conserved dom ains o f  16S rR N A  are highly inform ative for com parison and 

identification o f  bacteria. The conserved dom ains allow  comparison o f  organism s that are 

very  distant. W hile variable regions allow  closely related organisms to be distinguished. The 

size o f  5S rRN A  is not sufficient for phylogenetic purposes and 23S is som ew hat excessive 

long leading to increased cost for analysis. The 16S rRN A  is long enough to be informative 

and statistically significant, so, it is routinely used to  characterize bacteria.

2.6.2 A molecular view of the gut microbiota

H um an large in testine is one o f  the m ost densely populated but less studied bacterial 

ecosystem s in nature. This m icrobiota contains m ore bacterial cells than all o f  our body’s 

o ther m icrobial com m unities together. C lassification o f  these bacteria based on com parative 

analysis o f  16S rR N A  sequences into phylogenetic groups was com m enced in 1980s when 

m olecular taxonom ic tools w ere developed (97). D esigning probes and prim ers for all 

bacteria (universal) and for specific bacteria form  16S RNA and by applying m olecular 

m ethods e.g., D ot Blot, Insitu  hybridization, DG G E/TTG E, PC R  and cloning o f  16S rRNA, 

the diversity, quality and quantity o f  gut m icrobiota was assessed. It is now  clear that 

m ajority o f  cultured bacteria  from  gut are assigned into three phylogenetic groups e.g., the 

Bacleroides  group, the Clostridium  group and the Bifidobacterium  group (57, 108, 119, 217).

The bacteroides group is m onophyletic and m em bers o f  this group form  the large bacterial 

phylum  nam ed C ytophaga-F lavobacter-Bacteroides, w hich represents one o f  the 12 bacterial 

phyla as defined by W oese, 1987 (219). Based on the diverse phenotypic characters, bacteria 

o f  this group w as subdivided into three genera; Bacteroides, Prevotella and Porphyrom onas 

(186). Their registration num ber in R ibosom al D atabase Project is 2.15.1.2. Several probes 

targeting the cluster o f  three genera or to the phylum  has been designed and validated to 

detect m em bers o f  the B acteroides group in gut and natural environm ent (56, 119).

T he bacteria o f C lostrid ium  group are divided into tw o subgroups e.g., the C. coccoides and 

C. leplum  subgroup correspond to C lostridium  cluster o f  X lV a and IV (41). Their registration 

num ber in  RDP is 2.30.4,1 and 2.30.9.1.3 (118). A  few  bacterial genera are im erm ixed within 

each subgroup e.g., Biityrivibrio, Coprococcus, Eubacterium, Lachnospira  and
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Rum inococcus  in C. coccoides and Eubacterium, Ruminococcus, anaerofilum  and 

Fusobacterium  in C, leptum  group (118, 213).

M em bers o f  the Bifidobacterium  group gathers in a m onophyletic cluster called 

Bifidobacterium  subgroup, RD P registration num ber 2.30.1.9.2.2. (118, 128). It has divided 

into five subgroup again  e.g., B. m inim um , B. catenulatum, B. bifidum, B. lactis  and B. 

infantis. A  genus-specific probe has been designed and validated by Langendijk et a i ,  1995 

to detect Bifidobacteria  in faecal sam ples using  in situ hybridization (108).
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Chapter III 

Aims and objectives
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3. 0 Aims and objectives

y

Recent nutritional interventions have targeted colonic functions during rehydration o f  patients 

w ith infectious diarrhea and during recovery o f  children from m alnutrition. Glucose-based 

oral rehydration salts (O R S) solution (G-O RS) is effective in rehydrating patients with acute 

infectious diarrhea. The basis for using standard G-ORS is that even during diarrhea glucose 

stim ulates sodium  and w ater absorption in the small intestine. Addition o f  complex 

carbohydrates w ould further stim ulate w ater and electrolytes absorption in colon through the 

production o f  short-chain fatty acids. In proper designing o f novel therapies that intend to use 

m etabolism  o f  intestinal m icrobiota requires a clear understanding o f  its com position and 

functions. How ever, study o f  colonic bacterial diversity during cholera is not well 

understood. In  this perspective w e have m easured the quantity and biodiversity o f  colonic 

m icrobiota as a  function o f  tim e in children treated with one o f  the three O R Ss e.g., i) 

G lucose-O R S, ii) G lucose-O R S containing am ylase resistant starch and iii) cooked rice ORS 

em ploying followings:

•  A com m unity fingerprint technique e.g., tem poral tem perature gradient gel 

electrophoresis (TTGE).

•  In situ  hybridization com bined w ith flow  cytom etry using D N A probe targeted 

against 16S ribosom al RNA.

•  H igh Perform ance Liquid Chrom atography (HPLC) to study the concentration o f 

short chain fatty acids produced in faeces o f  severely m alnourished children with 

cholera.

All three param eters w ere checked in faeces o f  severely m alnourished children without 

cholera and in healthy children for comparison.
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Chapter IV  

Materials & Methods

-k.
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4.0 Materials and Methods

4.1 Study Site

The present study was conducted betw een A pril 2004 and M arch 2008 at Laboratory 

Sciences D ivision, D haka H ospital, ICD D R, B. I learnt the techniques in D epartm ent o f 

B iology, CN A M , Paris.

4.2 Participants

The participants o f  this study w as draw n from  amongst the 175 m alnourished children 

w ith  cholera w ho were adm itted under another clinical study entitled “Oral rehydration 

solution containing am ylase resistant starch in severely m alnourished children with 

w atery diarrhea due to V. cholerae  ” at the Dhaka Hospital o f  ICDDR,B. This was a 

random ized, controlled clinical trial and the study enrolled m alnourished m ale and female 

children betw een 6 m onth to 5 years w ith cholera. A fter 100 patients w ere enrolled in  the 

parent study, patien t inclusion was consecutively initiated in the

Figure 8. F low  diagram  o f study children.
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present study, follow ing the random ization o f  the parent study until 30 patients were 

recruited.

Inclusion criteria; I, 

2 .

3.

4.

5.

6 . 

7.

History o f  acute w atery diarrhea o f  <  48 hrs.

E ither gender.

Age 6 to 60 m onth.

Som e or severe dehydration.

W t for H t <70%  o f  the N ational Center for Health Statistics 

(N CH S) m edian w ith or without bipedal edema.

Dark field exam ination positive for Vibrio cholerae.

Those w ith o ther risk factors e.g., hypoglycaem ia, 

hypotherm ia, hyponatrem ia, absence o f  breast feeding were 

eligible.

E xclusion criteria: 1. B loody diarrhea.

2. Severe infection (e.g. severe pneum onia, clinical sepsis, 

M eningitis).

3. T h o se  w ho  received antibiotics /  antim icrobial for the 

curren t illness.

The R esearch R eview  and  the E thical R eview  Com m ittees o f  ICDD R, B approved the study 

protocol, and w ritten, inform ed consent w as obtained from  the parents or guardians o f  each 

enrolled child. O ne o f  the investigators or a study physician obtained detailed m edical history 

and perform ed thorough physical exam ination to confirm  eligibility  o f  each child before 

enrolling  in the study. E ligible children w ere adm itted to  the Clinical Research W ard o f  the 

D haka H ospital o f  ICD D R, B and placed on a cholera cot. For com parison, age m atched 

eleven severely m alnourished children w ithout cholera (w eight for height <  70% ) from  a 

nearby slum  area in the M ohakhali area o f  Dhaka, close to the Dhaka Hospital, and six 

healthy children (w eight for height > 100%) o f  ICD D R, B staffs w ere also enrolled in the 

study. These children resided at their hom e, w ithout any apparent illness, including diarrhea, 

and had no history  o f  taking antibiotics or any drugs during the last tw o months (Figure 8).

54

Dhaka University Institutional Repository



4.3 Randomization

A fter confirm ing eligibility, children w ere random ly assigned to receive one o f  three 

form ulations o f  ORS (Table 5) w ith the sam e salts com position but w ith different substrate 

com position nam ely glucose, glucose plus A RS, and rice powder (cooked). The A RS-based 

ORS (Hi-maize, Starch Australasia Limited, 170 Epping Road, Lane Cove NSW  2066, Australia) 

was o f  the sam e com position o f  the one used in an earlier study (158) that observed 

significant reduction in stool output in adults w ith cholera, and the rice-based ORS is the one 

routinely used at our hospitals (3). W e m odified the electrolyte com position o f  the ORS from 

that o f  ReSoM al, the W H O  recom m ended form ulation for m anagem ent o f  diarrhea in 

severely m alnourished children, containing potassium  40 m m ol/L  (to com pensate for the 

deficit in m alnourished children w ith diarrhea), and sodium  75 m m ol/L (to com pensate for 

stool losses in cholera) (92, 93). A n experienced statistician o f  ICDD R, B, not involved in 

this study in any other way, prepared the random ization list, and prepared sequentially 

num bered sealed envelopes that contained inside a paper identifying the allocated ORS. The 

hospital pharm acist retained the list, and prepared the ORS in bottles m arked w ith the 

patient’s nam e and study (random ) num ber (sequential num ber) when a new  patient was 

enrolled.

Table 5. C om positions o f three form ulations o f oral rehydration salt solutions (ORSs)

Ingredients G lucose-O R S Glucose +  ARS-ORS Rice-ORS
G lucose (m m ol/L) 90 90 0
Rice pow der (g/L) 0 0 50
A m ylase-resistant starch (g/L) 0 50 0
Sodium  (m m ol/L) 75 75 75
P otassium  (mm ol/L) 40 40 40
C hloride (m m ol/L) 87 87 87
C itrate (m m ol/L) 10 10 10
M agnesium  (m m ol/L) 3 3 3
Zinc (tim ol/L) 300 300 300
C opper (nm ol/L) 45 45 45
C alculated O sm olarity -m osm ol/L 305 305 215

N o te : T h e  g lu c o se -O R S  used  is a  m o d if ic a tio n  o f  th e  W H O -reco m m en d ed  R e S o M al so lu tio n  for 
m a ln o u rish e d  ch ild ren , co n ta in in g  h ig h e r  a m o u n t o f  so d iu m  (75m m o!/L  instead  o f  45  m m o l/L ) to 
ad d re ss  h ig h e r  am o u n t o f  stoo l so d iu m  loss in c h o le ra  co m p ared  to  o th e r  d ia rrh eas (92). T h e  am y lase- 
re s is ta n t s ta rc h  (A R S ) u sed  in th e  se co n d  g ro u p  w as  iden tica l to  the  o n e  used  in a  c lin ica l tr ia l o f  adu lt 
p a tie n ts  w ith  c h o le ra  (158). R ice -O R S  w as  p re p a re d  by  m ix in g  th e  s a lt m ix tu re  and ric e  p o w d e r  in 
1050 m l o f  w a te r  an d  then  b o iled  fo r  7 to  8  m in u te s , ac co rd in g  to  IC D D R , B ’s s tan d ard  trea tm en t.
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4.4 Rehydration therapy
C hildren w ith severe dehydration w ere initially dehydrated using intravenous “Cholera 

saline” , containing Na^ 133, K* 13, C l' 98, and acetate ' 48, all in mM , until their recovery 

from  shock or severe dehydration. For those w ith some dehydration on adm ission or 

follow ing initial intravenous rehydration, the estim ated fluid deficit was corrected with one o f 

the assigned O R Ss in  an am ount o f  100 m l/kg over a six-hour period. In  addition, the same 

solution was used for m atching ongoing stool losses in an am ount o f  5 -1 0  m l/kg after each 

w atery stool. Patients w ith  high purging rates received ORS in amoimts to  m atch the ongoing 

losses. ORS therapy continued until the cessation o f  diarrhea. Children w ith some 

dehydration w ere random ized to receive the assigned ORS w ithin an hour and those with 

severe dehydration w ithin six hours o f  adm ission after intravenous rehydration.

4.5 Management of severe malnutrition
Follow ing random ization, all patients were treated according to the protocol developed and 

follow ed for m anagem ent o f  severely m alnourished children at ICDDR,B hospital.(3, 92). 

C hildren w ithout an apparent extra-intestinal infection received parenteral am picillin in a 

dose o f  lOOmg/kg plus gentam icin in a dose o f  5 m g/kg, in four and tw o equally divided 

doses respectively, fo r five days. A il patients received erythrom ycin for cholera in a dose o f

12.5 m g/kg every 6 hours for 3 days. Those w ith  oral candidiasis received nystatin  oral 

suspension in a dose o f  100,000 units every 6 hours until resolution o f  the condition. Beside 

this, they also received vitam in A, folic acid and m ultivitam in supplem ent. Breast-feeding 

w as continued a d  libitum , and supplem entary feeding w ith a FlOO diet (100 Kcal/lOOml) was 

given in an  am ount o f  10 m l/K g (10 K cal/K g) for each feed, every tw o hours on the first day, 

and the am ount was gradually increased to deliver 150 Kcal/K g per day over the next 7 days 

according to the ch ild ’s needs. In addition to the FlOO diet, sem i-solid food (cooked rice, 

lentils, and vegetables) was given to the older children during their convalescence and 

rehabilitation phase-
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4.6 Measurements

U pon adm ission, the children w ere w eighed and placed on a cholera cot, and a pediatric urine 

co llector w as applied for separate collection o f  urine from stools. Their body weight and 

w eight o f  stools and supplem ented foods w ere m easured with an electronic scale (Sartorius, 

G erm any) w ith  a precision o f  Ig. All intakes i.e. ORS, plain water, intravenous fluids and 

foods, and outputs i.e. stool, urine and vom it w ere quantified for every 6 hour period o f  the 

acute phase o f  the study. D iarrhea was defined to have resolved, when the last w atery stool 

was follow ed by tw o or m ore soft stools/form ed stools or no stool for 12 hours. The duration 

o f  diarrhea was calculated  in hours from  the tim e o f  random ization to the last watery stool.

4.7 Specimen collection

Stool specim en w as collected in universal container from  each patient (10 patients in each 

ORS group) on day  0 (i.e. im m ediately after study enrollm ent and before adm inistration o f 

any treatm ent including rehydration solutions), on day 1 (24 hrs from  random ization), and on 

days 2, 3, 7, 21, and 28. The patients w ere discharged from the hospital when they attained 

80%  w eight for length and the follow  up sam ples w ere collected from  their hom es. For 

com parison, faecal sam ples w ere also collected from  eleven severely m alnourished children 

w ithout cholera and from  six healthy children (Figure 9).
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Study children

With cholera 
(Severely malnourished)

Admitted to hospital

Stool sample collected on

Day 0 —► Pre antibiotic 

Day 1 

*- Day 2 

Day 3 

Day 7 _

*• Day 21 

Day 28

2
Q.(Ao
X

4>
Eo
X

Post antibiotic

Without cholera 
(Severely malnourished & 
Healthy)

Stayed at home

Stool sample collected 
once

F igure 9. P lanning o f  specim en collection.
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4.8 Fixation of bacterial cell

A fter collection o f  specim en, the container was kept at 4°C  for a m axim um  o f  4 hours before 

processing. Faecal sam ples were fixed to stop the cellular m etabolism, to inactivate lytic 

enzym es and endogenous RN ases. H ow ever this step allow ed conserving the m orphology o f 

bacterial cells and the integrity o f  the nucleic acids. 0.5 g (wet weight) o f  faecal sam ple were 

added to 4.5 ml o f  sterile phosphate buffered saline (PBS) and m ixed for 3 to 5 m inutes by 

vortexing w ith 5 - 6 glass beads (4 m m  diam eter) in a  15 ml screw  capped falcon tube. The 

suspension was centrifuged fo r 10 m inutes at 1000 rpm  and one volume o f  the suspension 

was added to 3 volum es o f 4%  (w t/vol) paraform aldehyde (PFA) in PBS (130 m M  N aC l, 3 

mM  N aH 2P 04 2H 2O, 7 m M  N a2H P04 I 2H 2O, pH  7.2) for fixation. After overnight fixation 

at 4° C, the cells w ere harvested by centrifugation, 12000 rpm, 2 min, 4° C and washed twice 

w ith  PB S solution to rem ove residual fixative, pelleted again and resuspended in cold 

PBS/ethanoI (50:50), 4°C  in a ratio o f  1:1 and stored a t -2 0 °  until further utilization for in 

situ hybridization (161).

4.9 Preservation of specimens

Faecal specim ens w ere stored at -20°C until D N A extraction and short chain fatty acids 

extraction.

4.10 Biodiversity of faecal microbiota

4.10.1 Chromosomal DNA extraction

4.10.1.1 Reagents needed

The follow ing reagents w ere used for chrom osom al D N A  extraction: Breaking buffer, Glass 

beads, Poly\'inylpolypyrroiidone, H eating cham ber, Phenol, 3M  Sodium acetate (pH 5.2), 

100%  Isopropanol, Pure water.

59

Dhaka University Institutional Repository



4.10.1.2 Extraction procedure

O ne m l o f  w atery stool was centrifuged for 10 m inutes at 15,000 x g and the pellet was used 

for further processing. For sem isolid and solid stools, 125rag (wet weight) was suspended in 

625 n l o f  breaking buffer [0.8M  guanidinium  isothiocyanate, 4%  N - lauroyl sarcosine, 20m M  

Tris (pH  8.0), 80m M  sodium  phosphate buffer (pH 8.0)] and incubated for Ih  at 70°C. 

A fterw ards, 750fil o f  glass beads 0.1m m  in diam eter (Sigm a, St. Louis, M O, USA) and 15mg 

o f  PV PP (polyvinylpolypyrrolidone) w ere added. B acterial cells w ere lysed in a vortex m ixer 

at h igh speed (ten cycles consisting o f  1 m inute o f  vortexing and 1 m inute o f  storage in ice). 

The m ixture was centrifuged at 20,000 x g for 3 m in at 4°C, A fter recovery o f the 

supernatant, the pellet w as w ashed three tim es w ith 200[il o f  TEN P [50mm  Tris-HCl (pH 

8.0), 20m m  ED TA  (pH 8.0), 100m m  N aC l and 1% (w/v) PVPP], The four obtained 

supernatants w ere pooled. N ucleic acids were extracted with one volum e o f  phenol. The 

aqueous phase was w ashed tw ice using chloroform -isoam ylalcohol (24:1). Then one tenth o f 

3M  sodium  acetate (pH  5.2) and equal volum e 100% isopropanol w ere added to aqueous 

phase and the eppendorf was kept at -20°C for 30 minutes. D N A  w as precipitated by 

centrifuging at 13,000 rpm  for 20 m inutes and the pellet was w ashed w ith 70%  isopropanol, 

dried and resuspended in 50 to 100|il o f  sterile w ater and stored at -20°C. It was 

electrophoresed in 1% agarose gel (Figure 10), checked by UV transillum inator and 

docum ented by K odac Gel D oc system , Japan.
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1 2  3 4 5 6  7 8

Chrom osom al
DNA

Figure 10. Faecal chrom osom al DNA.
L an e 1, 2 and lan e 4-8 show ing D N A  band. L ane 3 , M arker V I o f  B oerh inger-M annheim .

4.10.1.3 Quantitation of DNA
T he quantity o f  D N A  in each sam ple was m easured by G ene Quant Pro, USA. 1 ,̂1 o f  DNA 

suspension w as suspended in 99 |al o f  sterile deionized w ater in eppendorf tube and the 

optical density  was m easured at w avelength o f  260 nm  and 280 nm . The readings at 260 nm 

and 280 nm  allow ed calculations o f  the concentration o f  nucleic acids and proteins in the 

sam ple respectively  because at these w avelengths the absorbance o f  nucleic acids and 

proteins is highest.

A n optical density  o f  1 at 260nm  corresponds to  approxim ately 50 jxg/ml double stranded 

DN A. The ratio betw een the readings at 260nm  and 280nm  provides an estim ate o f  the purity 

o f  the nucleic acid. Pure preparations o f  DN A have a value o f  1.8 (O .D  o f  260nm /280nm ). If  

there is any contam ination in nuclcic acids e.g., protein, phenol or salts the ratio o f  260/280 

will be significantly less than 1.8 .
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T

4.10.2 PCR amplification o f 16S rDNA for TTGE

The polym erase chain reaction is a test tube system  for DNA replication that allows a "target" 

D N A  sequence to be selectively am plified several m illion-fold in ju st a few  hours. This 

pow erful technique w as invented by Dr. Kary M ullis in northern California in 1983. This 

m ethod uses a therm o stable DNA polym erase and tw o synthetic oligonucleotide prim ers that 

flank the D N A  segm ent to be am plified, A three-step process referred to as a cycle is 

repeated upto 30-40 cycles consists o f  heat denaturation o f  the DNA, annealing o f  the 

prim ers and extension o f  the annealed prim ers w ith Taq D N A polym erase and dNTP. Two 

different prim er sequences are used to bracket the target region to be amplified. O ne prim er is 

com plim entary to one D N A  strand at the beginning o f  the target regions and second prim er is 

com plim entary to the other strand at the end o f  the target region and is so oriented that DNA 

synthesis occurs across the region betw een the prim ers. In addition, since the extension 

products are also com plem entary to, and capable o f  binding prim ers, each successive cycle 

essentially  doubles the am ounts o f  DN A synthesized in the previous cycles. This result in the 

exponential accum ulation o f  the specific target fragm ent, approxim ately 2 ", where n is the 

num ber o f  cycles (175).

One P C R  cycle consists o f  the follow ing steps (Figure 11):

Step 1: D enaturation

D uring  denaturation, the double stranded DN A is separated into tw o single strands by heating 

at 94° C. Since the hydrogen bonds linking the bases to one another are weak, they break at 

high tem peratures, w hereas the bonds betw een deoxyribose and phosphates are stronger 

covalent bonds, rem ain intact. T his single stranded D N A then act as tem plates in the next 

round o f  D N A  synthesis.

Step 2: A nnealing-Prim cr b inding to Target

The tem perature is reduced to around 55° C to allow  the prim ers to anneal to the target 

DNA.

Step 3: Extension

O nce the prim ers armeal to the target D N A sequences, the tem perature is raised to 

approxim ately  72oC and the Taq D N A polym erase begins the synthesis process at the region
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m arked  by  the prim ers. It synthesizes new  double stranded D N A  m olecules, bo th  identical to 

the original double stranded target D N A  region. The new  D N A  strand then  serve as a 

tem plate for the enzym atic synthesis o f  new  D N A  strands in  the nex t PC R  cycle by  the 

polym erase. Each P C R  cycle theoretically  doubles the am ount o f  target D N A ; one cycle yield 

2, then  4, then  8, then 16, then  32 copies, resulting  in  exponential increases in the target 

w hich is sufficient to form  a discrete band  after 30*40 cycle w hen analyzed by  agarose gel 

electrophoresis.

PCR : Polymerase Chain Reaction

30 - 40 cycles o f  3 steps ;

S . e p . : d e „ a . . „ g

I T i I 1 minut 94 °C
ITTTTTTTirillllllllll l̂lllllllllllllimTnTTIirillllNlir ^ ^ ^

3' Step 2 : annealing
s

45 seconds 54

forward and reverse
pn tners l i t

Step 3 : extension

^ ' — • 1 ^ minutes 72 °C
 ̂ ‘SNTP's

<Al««> Vm w ic v  IVWI

Figure 11. D ifferent steps in PCR-

4.10.2.2 C om ponents o f  reaction m ixture
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Preparation o f  reaction m ix sim ply entails m ixing o f  buffer, M gC b, dNTP, prim er, Taq DNA 

polym erase and tem plate. The out com e PC R  is influenced by the com ponent o f  the reaction 

mixture.

M g C h

M gC h a t a  particular concentration increases the activity o f Taq D N A polym erase. However 

above a certain  concentration, the activity o f  Taq D N A  polym erase is inhibited by higher 

M g C h  concentration.

D eoxynucleo tide  tr i-p h o sp h a te  (dN T P)

dN TP concentration o f  about 200 [amole is enough to synthesize 12.5jxg o f  D N A  when half 

the dN T P are incorporated. dNTP chelate Mg^'" and thereby change the effective optimum 

m agnesium  concentration. U ltim ately reduce the activity o f  Taq DN A polymerase.

T a q  D N A  po lym erase

Taq D N A  polym erase from  extrem e therm ophile Thermus aquaticus is able to w ithstand the 

repeated heating and cooling steps o f  PC R  and allow  the synthesis o f  D N A  at high 

tem perature, which m elt out the m ism atched prim er. Tw o forms o f  Taq DNA polym erase are 

now  available the native enzym e purified from  Thermus aquaticus a genetically engineered 

form  o f  the enzym e synthesized in E. coli (Am pliTaqTm ). Both form s o t the polym erase 

carry a  5 ’-3 ’ polym erization-dependent exonuclease activity, but they lack a 3 ’-5 ’ 

exonuclease activity.

T em p la te

For any PC R  reaction plasm id DN A, chrom osom al DNA or whole cell can be used as 

tem plate. The tw o m ain concerns regarding to tem plate are am ount and purity o f  tem plate. If 

the num ber o f  contam inants are present in  D N A , it van decrease the efficiency o f  PCR. Again 

the am ount o f  tem plate m ust be sufficient to be able to visuahze PCR products using 

ethidium  brom ide. U sually lOOng o f  genom ic D N A  is sufficient to detect a PC R  product 

from  a single copy gene.

P r im e r  co n c en tra tio n
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A high prim er concentration increases the probability o f  spurious prim ing and leads to the

generation o f  nonspecific products. A t the sam e tim e, it  enhances the generation o f  primer

dim m ers. The concentration (C) o f  prim er can be calculated by using the formula:

C (pm ole/nl or |j M )= _________ Abs. at 260nm X  lOQ____________________

1.54nA +0.75nc + 1 .17no+  0.92nx

A bs.= A bsorbance at 260nm  

ua= num ber o f  adenine bases in prim er 

nc=  num ber o f  cytosine bases in prim er 

no= num ber o f  guanine bases in prim er 

m =  num ber o f  thym ine bases in prim er

C ycling  p a ra m e te rs

D uring each PC R  cycle, the reaction m ix is transferred betw een three tem peratures. So 

cycling tem perature should  be chosen in such a w ay that it cause no m ism atched hybrid or 

tem plate prim er hybridization. O n the basis o f  GC content o f  prim ers and the length o f  the 

expected product, PC R  program s are selected. A m ong the three steps o f  PCR, the annealing 

tem perature is m ost im portant. I f  the tem perature is too high than no hybridization takes 

place. I f  the temperaUire is too low  then m ism atched hybridization occurs. U sually the 

annealing tem perature for a prim er pair is generally calculated as 5°C low er or higher than 

the estim ated m elting tem perature Tm,

4.10.2.3 Materials required for PCR reaction and Analysis
In s tru m e n ts

• Therm al Cycler

• Pipettes w ith sterile tips box

• PC R  w ork station or PC R  Hood

R eagen ts
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Sterile deionized w ater

lOX PC R  buffer [500m M  K C l, 200m M  Tris-H C l (pH 8.4)] 

10 m M  dN TP (m ixture o f  dATP, dG TP, dCTP, dATP)

25 m M  M gCla 

20 pm ole prim er 339 F 

20 pm ole prim er 788 R 

Taq D N A  polym erase 

T em plate D N A  

A garose

0.5X  TB E buffer 

E thidium  brom ide

4.10.2.4 Procedure 
Primer sequence

1. Eub339

5 ' CTC C T A  C G G  G A G  G CA  G CA  G T 3 ’

2. Eub-788 (w ith G C clamp)

5 ' CCC C C C  CCC CCC CGC C C C  C C G  CCC CCC GCC CCC G C C  GCC C [ G G A 
C T A  C C A  G G G  TA T C T A  A  3 '

Specific PC R  w as carried out in  20/tl volum e and m aster m ix w as prepared according to the 

com position described in  Table 6 .

-T
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Table 6. C om position o f PCR reaction m ixture.

C om ponents F inal concentration V olum e/ reaction (|il)

lOX PC R  buffer IX 2.0

25 m M  M gC l2 2.5 mM 2.0

lO m M d N T P 0.8 mM 1.6

Prim er 339 (20pm ole) 0.4 pm ole 0.4

Prim er 788 (20pm ole) 0.4 pmole 0.4

T aq polym erase 0.5 U 0.1

D /W  H 2O - 12.5

Tem plate 100 ng 1.0

The PC R  was then carried out in a therm al cycler 9700, Applied Biosystem s USA, under 

follow ing condition:

Initial denaturation at 94'^C for 15min 

at 96°C for 15 sec 

at 55°C for Im in 

at 72°C for 4m in

>- 29cycles

Final extension at 72°C for 15min

4.10.2.5 Study of the PCR product
W hen the PC R  was com pleted the am plified product was studied by agarose gel 

e lectrophoresis to gain inform ation about the DNA m olecule that acted as the original 

tem plate (Figure 12).

Agarose gel electrophoresis:
A portion o f  the am plified reaction m ix (2 jal) w as loaded in a 1% agarose gel and run at 100 

V for Ih. The loaded D N A  m olecule was separated through the gel according to their 

m olecular w eight and charge. The low  m olecular w eight DNA m olecules com e out from  the 

gel first w hereas the high m olecular w eight D N A comes later. A band representing the 

am plified D N A  is visualized after staining the gel by ethidium  bromide.
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Preparation o f  gel: Ig  o f  agarose pow der w ere dissolved in  100ml o f  0.5x TB E (Tris Borate 

and ED TA  buffer) bu ffer and ethidium  brom ide (0.1 ng m l'')  w as added in gel to visualize 

the product.

Ethidium  bromide 
formula

Figure 12. PC R  product o f 16S rD N A  from  faccal m ixed chrom osom al D N A by 
universal primer.
L an e 1, M ark er 100 bp ladder. T he am plicon size is 449 bp.

4.10.3 Temporal Temperature Gradient Gel Electrophoresis 
(TTGE) o f 16S rDNA PCR products

The tem poral tem perature gradient gel electrophoresis is a pow erful new  technique that 

allow s separating the different D N A sequences on the basis o f  their GC base com position. It 

uses the m odified principle o f  D G G E (denaturing gradient gel electrophoresis) w hich  require 

a chem ical denaturing gradient. The separation techniques o f  DG GE w ere first described by 

Fischer and Lcrm an in 1983. The D N A fragm ent w hich is loaded in a polyacrylam ide gel is 

obtained first through PC R  and then m igrates from  negarive to positive pole. D uring TTG E,

68

Dhaka University Institutional Repository



the gel contains constant concentration o f  urea and during electrophoresis, the tem perature is 

increased gradually and uniform ly (Figure 13). The result is a linear tem perature gradient 

over the length o f  the electrophoresis run. Thus, a denaturing environm ent is form ed by the 

constant concentration o f  urea in the gel in com bination with the tem poral tem perature 

gradient. D uring m igration through this gel, DN A fragm ents (double strand) undergo 

different degree o f  denaturation w hich depends on percentage and repartition o f  GC in the 

sequence. D enaturing o f  a DN A fragm ent reduces its m obility in the polyacrylam ide gel and 

they stop their m igration at the m om ent, they are com pletely denatured. M olecules with 

different sequences w ill stop m igration at different positions in the gel. In practice, nearly all 

single base substitutions in PC R  am plicons up to 500 bp could be detected by TTG E as well 

as by D O G E. A  sequence o f  guanines (G) and cytosines (C) called GC-clam p (~  40 

nucleotides) is added to the 5 ’-end o f  one o f  the PC R  prim ers and co-am plified w ith the 

target D N A . The GC clam p acts as a h igh m elting dom ain and prevents the two strands o f 

D N A fragm ent to be com pletely separated during denaturation. So, D N A sequences of 

different com position e.g., w ild and m utant type DN A, 16S rD N A  o f  different bacteria from  a 

com plex com m unity e.g., soil, w ater, air, gingival and gut can be separated by these 

techniques.

Instrum ent

•  The D C ode™  U niversal M utation D etection System, Bio-Rad, USA.

•  M agnetic Stirrer

R eagen ts

U rea

Tris-A cetate-ED TA  (TAE) buffer, 50 X 

A crylam ide-bis acryiam ide (37.5:1)

A m m onium  per sulfate 

TEM ED

SYBR® green I solution fo r nucleic acid staining (Sigm a, St. Louis, M O , USA)
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M ixed population of 
bacteria

Extraction o f total DNA

PCR amplification of the 
16S rDNA gene
Primer:
S ’C T A C T A C G G G A C G C A G C A G T  3 ’ 
S’C C A C T A C C A G G G T A T C T A A  3 ’ 
PCRconditioa: 94°C ... 10 min, 
{97V ... I mio, SS^C ... 1 min,
72“C .. .  1.5 m in}= 30 cycle, 72®... 10 
mio.

DeoaturiDg Gel 
Electrophoresis

Temperature
gradient

y

~ \

Denaturation o f  PCR products 
increases with the gradient 
until completed, then 
m igration stop.

Each Band on the 
gei corresponds to a 
species

Figure 13. Principle o f  T em poral T em perature gradient Gel E lectrophoresis (TTG E).

70

Dhaka University Institutional Repository



4.10.3.1 Assembling of gel casting apparatus:

A large plate, two spacers and a short plate w ere assem bled together. Each sandwich clam p 

w as p laced on a side o f  assem bled plates (locating arrows facing up and toward the plates). 

The screw s w ere tighten enough to hold the plates in place. The sandwich assem bly was 

placed in  the alignm ent slot o f  the casting stand (short plate forward). The clam ps were 

loosened, an alignm ent card was inserted to keep the spacers parallel to the clamps and plates 

and spacers w ere aligned. The screw s w ere tightened until it is finger-tight. The gray sponge 

was p laced onto the slot for each sandw ich and it was placed on it facing the short plate 

forw ard. Press dow n the sandw ich and turn the handles o f  the cam shaft down. The com b was 

inserted (teeth at a slight angle).

4.10.3.2 Electrophoresis:

55 fiL o f  TEM ED  and 550 pL  o f  APS (10% ) w ere added to 60 m L o f  acrylam ide gel 

solution, hom ogenized gently and was poured w ith  a syringe till the solution covers the 

com bs. The com bs w ere straightened and bubbles w ere checked- The gel was allow ed to 

polym erize for 2 h. By this tim e, 7 L  o f  1.25 X  T A E buffer was prepared from  the 50X stock 

and the gel tank was filled. It was placed on a m agnetic stirrer. Power, pum p and heater 

sw itch w ere tum ed  on; Tem perature was set at 66°C and ram p rate at 200°C/h.

Once the gel was polym erized, the com bs w ere rem oved, the w ells were rinsed by  1.25X 

TA E buffer using a syringe. The entire front o f  the core gaskets was lubricated with water 

and the sandw ich o f  glass plates w ere fitted on it. The core w as turned and the second 

sandw ich w as attached. The upper buffer cham ber was filled with 350 ml o f  running buffer, 

the seal integrity w as checked and each well was cleaned again. The D-code was tum ed  o ff  

and I w aited  for at least one m inute. The tem perature control m odule w as rem oved on the lid 

stand and the core w ith glassplate sandwiches w ere placed in the buffer chamber. The 

tem perature control m odule w as replaced, the pow er, pum p and heater were tum ed on and 

allow ed to reach the tem perature o f  66°C.
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The tem perature control m odule was rem oved or\ the lid stand when the tem perature was 

attained. 12 sam ple (PC R  product) was loaded in each well (right to left for the front gel 

and left to right for the other). The tem perature control m odule was replaced and all switches 

w ere turned  on. W hen the tem perature reached 66°C a  pre-run was followed by the main 

electrophoresis w ere perform ed. Pre-run for 15 m in, V=20V, A~18mA.

The tem perature o f  the gel system  was program m ed to increase by 0.2°C per hour from  66°C 

to 70°C. O vernight electrophoresis at constant voltage, V=65V, A~67m A , T  ->  70®C, rr =

0.2°C/h. The m agnetic stirrer was also turned on fo r proper m ixing o f  the buffer and uniform 

distribution o f  the tem perature.

A dditionally , sim ilarly obtained PC R  products from  known bacterial strains w ere loaded to 

allow  standardization o f  band m igration and gel curvature am ong different gels. This ladder 

consisted  o f  D N A o f  the follow ing organism s listed in m igration order: Prevotella  sp., Vibrio 

cholerae, Enterococcus faecium , Escherichia coli, and  Bifidobacterium longum.

O n the nex t m orning when the tem perature has reached 70°C (around 18h), the D -code has 

turned off. The core was rem oved from  the tank and the gels w ere taken out. Gel staining was 

done in 1.25X TA E  containing SYBR® green I solution (50 ^1 for 500 m l buffer) for 15 

m inutes. The gel w as w ashed in 1.25 X  TA E for 10 m inutes and observed under UV and 

scarm ed using  G el D oc 2000 (Bio-Rad Inc., H ercules, CA , USA).

4.10.3.3 Analysis of TTGE profile

Tem poral tem perature gradient gel patterns w ere analysed using D iversity Database 2.1, part 

o f  the D iscovery Series (Bio-Rad). The analysis is described in detail elsewhere (114) and is 

based  on the m ethod o f  D eplancke e t al. who developed the original strategy (50).

In  brief, bands w ere detected using the option “D etect Band” in defined lanes based on 

param eters selected. Before band detection, the background was subtracted from  the lanes 

using the “ Lane Background” option. Lane based background subtraction uses a “rolling 

disk” m ethod o f  subtraction. A  disk radius that is too large is resulting in  poor rem oval o f 

background and a disk radius that is too sm all is subtracting actual data. So, the disk radius
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w as adjusted as follows; by clicking on a lane, the lane profile was displayed and the disk 

radius w as set em pirically so that it touches actual points along the profile trace and subtracts 

actual background. Band detection was done by adjusting the param eters in “Detect Band” 

dialog box  e.g., sensitivity, lane width, m inim um  density, noise filter etc., so that all the clear 

bands can be detected. .

Each band was defined by its relative intensity and relative front (Rf). The relative intensity is 

the intensity  o f  a particular band in a  lane expressed as a percentage o f  the total intensity data 

in the lane. R f  is the distance from  the top to the band o f  a defined lane. In order to compare 

several gels, a  norm alized R f  derived from  R f  was used to classify bands. This norm alized R f 

was based on the m igration o f  a m arker, A  band set was stored containing classified bands 

defined as unique band types according to their norm alized R f

C om parisons o f  TTG E profiles w ere perform ed using Dice’s sim ilarity coefficient (A c) 

analysis based entirely on the results o f  band classification. A c  values w ere com pared, based 

on the presence or absence o f  bands. D ice’s coefficient is defined as follows:

A c  =  [2j/(a+b)] X 100 w here j  is the num ber o f  com m on bands betw een samples A  and B; a 

and b are the total num ber o f  bands in  sam ples A  and B, respectively. This coefficient ranges 

from  0 (no com m on bands) to 1 (identical band pattem s). Consequently, the distance between 

tw o TTG E profiles was; D istance =  1- A c
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4.10.4 Cloning o f V. cholerae 16S rDNA

V. cholerae  0 1  and 0 1 3 9  16S rDNA was cloned to utilize these bacteria as a m arker in 

TTG E gel along w ith  other know n bacteria.

4.10.4.1 PCR amplification of the target DNA

1. P rim er Eub339
5 ’ CTC C T A  CG G  GA G G CA  G CA  G T 3 ’

2. Prim er Eub 1385
5 ’ G CG  G TG  TG T  A CA  A G R  CCC 
R = A /G

T a b le ? . PCR reaction for cloning.

C om ponents Final concentration V olum e/ reaction (|al)

lOX PCR buffer IX 5.0

25 m M  M gC lj 2.5 mM 5,0

10 m M  dN TP 0.8 mM 4.0

Prim er 339 (20pm ole) 0.4 pm ole I.O

P rim erl385  (20pm ole) 0.4 pm ole 1.0

Taq polym erase 1.25 U 0.25

D /W  H2O - 32.75

Tem plate 100 ng 1.0

50.0 [i\

The PC R  was then  carried out in a therm al cycler 9700, Applied Biosystem s USA, under 

follow ing condition:
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Initial denaturation at 94°C for 1 Omin 

at 97°C for 1 min 

at 59°C for Im in ^  25 cycles

at 72°C for l.Sm in 

Final extension at 72°C for 15 min

The ampHcon size was 1046 bp.

4.10.4.2 Purification of PCR products

PC R  products w ere purified and concentrated by QIAquick PC R  purification K it from 

Q IA G EN . It contains a silica-gel-m em brane fo r binding o f  D N A  in high-salt buffer and 

elu ting w ith  low -salt buffer or water. The purification procedure rem oves primers, 

nucleotides, enzym es, m ineral oil, salts, agarose, ethidium  brom ide, and other impurities 

from  D N A  samples.

Procedure:
• Three PC R  products o f  each serotype o f V. cholerae  were pooled (150 jal).

• 5 volum es o f  buffer PB was added to the PC R  product and mixed.

• A labeled Q IA quick Spin Colum n was place in a provided 2m l collection tube and the 

D N A  w ith PB was applied in it. Centrifuged fo r 1 min at 13000 rpm.

• The flow -through was discarded and the Q IA quick Colum n was placed back into the 

sam e collection tube.

• 0.75 ml buffer PE  was added to wash the QIAquick Colum n and spinned for 1 

m inute. The flow -through was discarded and the QIAquick Colum n placed back into 

the sam e collection tube.

• A gain another spin was done.

• The Q IA quick Colum n was placed in a fresh clean 1.5 ml m icrofuge tube.

• 40 pi B uffer EB (10 m M  Tris-Cl, pH  8,5) w as added to the center o f  the QIAquick

m em brane to elute DNA and centrifuged. The eluent was taken in a new  eppendorf 

tube and kept at -20° C.
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4.10.4.3 Ligation of insert (PCR product) to vector

The reagents for ligation w ere thawed by placing on ice and briefly centrifuged.

T a b le  8. L ig atio n  m ixture

C om ponents V olum e p er reaction

Ligation master m ix 2x 5^1

P C R  products 3^1

pGEM j  vector 1 ^ 1

T 4 D N A  ligase 1 ^ 1

Total 10  [il

The components w ere carefully m ixed and kept at 4 °  C  for overnight. On

w as used for transformation.

4.10.4.4 Transformation
T ransform ation is the last step in cloning procedure in which the vector containing the target

D N A  w as transferred into a com petent bacterial cell.

•  A  frozen tube w ith  com petent cells {E. coli DHIOB, 50 [il) was placed on ice until 

thawed,

•  2 \x \ o f  ligation m ixture w as added, m ixed gently and kept on ice for 30 minutes.

•  The cells w ere heat shocked at exactly 42° C for 90 seconds and im m ediately kept in 

ice for 2 m inutes.

•  950 nl SOC m edium  w as added at room  tem perature and w as kept at 37° C for 45 

m inutes.

•  100 fil SOC w as spread on Luria agar plate containing ampicillinioo ̂ g/mu X-Gal go ng/mi 

a n d lP T G  0,5 mM-

•  The plates w ere incubated for overnight and on the follow ing day the transform ants 

were detected by blue /  w hile  screening. The white colonies were positive 

transform ants.

•  Ten colonies w ere picked up, num bered and subcultured.
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4.10.4.5 Identification of clones by PCR

The clones w ere identified by PC R  using prim ers targeted against the plasm id o f  the 
T ransform ant (Figure 14). The prim ers w ere T7 and SP6.

1 .T 7  ^  5 ’ T A A T A C G A C T C A C T A T A G G G C G A 3 ’

2. SP 6 5 ’ A T T TA G  G TG  A CA  CTA  TAG A A T AC 3 ’

T a b le  9. P C R  rea c tio n  to  iden tify  clones o f  V. cholerae.

C o m p o n en ts  F in a l co n cen tra tio n  V olum e/ reac tion  (|il)

lOX PC R  buffer IX 2,0

25 m M  M gC lj 2.5 mM 2.0

10 m M  dNTP 0.8 mM 1.6

Prim er 339 (20pm ole) 0.4 pm ole 0.4

P rim erl385  (20pm ole) 0.4 pm ole 0,4

Taq polym erase 0.5 U 0.1

D /W  HjO - 13.5

Tem plate 100 ng 1.0

20,0 ni

The PC R  w as then carried out in a therm al cycler 9700, Applied Biosystem s USA, under 

fo llow ing condition:

Initial denaturation at 94°C for lOmin

at 97°C for 1 m in 

at 48°C for Im in  

at 72°C  for l.Sm in 

Final extension at 72°C for 15 min

35 cycles

The am plicon size w as 1233 bp.
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4.10.4.6 Plasmid DNA extraction from the selected clones

The overn ight culture o f  the clones in Luria-Bertani broth (5 m l) containing am picillin  was 

used fo r plasm id D N A extraction. 1.5 m l broth was centrifuged and the supernatant was 

discarded.

•  the pellet was suspended in 250 fil o f  Buffer PI (RNase w as added).

•  250 ^1 o f  B uffer P2 was added and m ixed thoroughly for 5 m inutes by inverting the

tube 4 -6  tim es. M ixing was done gently and vortex was avoided to prevent the shearing o f 

genom ic DNA.

•  350 |il o f  buffer N3 was added and m ixed im m ediately and thoroughly by 4-6 times

inverting the tube. The solution w as cloudy.

•  T he suspension was centrifuged for 10 m in at 13000 rpm  in a Table-top

m icrocentrifuge.

•  The supernatants w ere applied  to the QIAprep spin colum n by decanting or pipetting 

and centrifuged for I m in. the supernatant w as discarded.

•  The Q IA prep spin colum n w as w ashed by adding 0.75 m l buffer PE and centrifuged 

for 1 m in.

•  The supernatant w as discarded and again  centrifuged for 1 m in to rem ove any residual 

w ash buffer.

•  The Q IA prep colum n was placed in a clean 1.5 ml m icrocentrifuge tube. The DNA

was eluted by adding 50 )il o f  buffer EB  (10 mM  Tris-Cl, pH 8.5) to the center o f  each

QIA prep spin colum n, then waited for 1 m in and centrifuged for 1 min.

The plasm id DNA w as checked by agarose gel electrophoresis and by PCR using prim er 

EuB-339 and EuB-788 (w ithout GC clam p). Finally, the PCR w as done by universal prim er 

w ith  G C -clam p and the product was run in TTG E (Figure 15).
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1233 bp

Figure 14. P C R  product after transform ation.
1 & 2 , PC R  directly from  transform ant bacteria by prim er T 7 and SP 6. 3 & 4, PCR  
from  extracted plasm id by Eub 339 & Eub 788 primer.

CQ H

3 4 5

Figure 15. T T G E  gel im age show ing V. cholerae 16S rDN A from  parent and clones 
(colour inverted).
Lane 1, M arker; L ane 2, V. cholerae O l;  Lane 3-6 , V. cholerae clones. C lone in lane 4 
w as used for m arker in TT G E  gel.
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4.10.5 Sequencing of TTGE bands

4.10.5.1 Principle of sequencing
The process o f  determ ining the order o f  the nucleotide bases along a D N A strand is called 

sequencing. In  1977, tw enty-four years after the discovery o f  the structure o f  DNA, two 

separate m ethods for sequencing D N A  w ere developed: the chain term ination m ethod 

(Sanger m ethod) and the chem ical degradation (M axam  G ilbert) m ethod which used 

autoradiography to detect the location o f  the nucleotides. B ut now  a days different genetic 

analyzer have been discovered w hich detect the nucleotides from  fluorescence labeled D N A 

by laser beam  instead o f  using  X -Ray m achine. D ue to som e difficulties w ith chemical 

degradation m ethod, now -a-days chain term ination m ethod is m ostly used. The art o f  this 

technique is know n as Sanger sequencing after its brilliant pioneer, Frederic Sanger. This 

technique utilizes 2', 3 ’-dideoxynucIeotide triphospates (ddNTPs), m olecules that differ from 

deoxynucleotides by the having a hydrogen atom  attached to the 3' carbon rather than an OH 

group. These m olecules term inate DN A chain elongation because they cannot form  a 

phosphodiester bond  w ith  the next deoxynucleotide. This technique involves the separation o f 

fluorescent labeled D N A  fragm ents according to their length on a polyacrylam ide gel 

(PAG E). T he base at the end o f  each fragm ent can then be v isualized and identified by the 

dye w ith  w hich  it reacts. The tim e and labor intensive nature o f  gel preparation and rurming, 

as w ell as the large am ounts o f  sam ple required , increase the tim e and costs o f  genomic 

sequencing. To alleviate these problem s and due to im provem ent o f  technology now  a days 

sequencing is done by autom atic m achine follow ing the principle o f  Sanger’s method.

4.10.5.2 Automated sequencing
T M

In autom ated D N A  sequencing a cycle sequencing kit is used (e.g. Big Dye term inator 

cycle sequencing ready reaction kits), that contains Am pliTaq DN A polym erase and both 

dN TP and dye labeled ddN TPs, and uses dye term inator cycle sequencing strategies. In this 

m ethod only one strand o f  the desired D N A are copied with one prim er and results in the 

linear increase o f  the num ber o f  copies o f  one strand o f  the gene. The growing chains are 

term inated w hen dye labeled term inators (ddA TP, ddGTP, ddCTP, ddTTP) are incorporated. 

A fter cycle sequences, unincorporated chain term inators are rem oved from  the reaction m ix
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w ith alcohol precipitation and the D N A  fragm ents o f  different length, which ended on a 

fluorescent-labeled ddN TPs, are separated according to their length through capillary 

electrophoresis. Finally the nucleotide bases are detected in ABI Prism -310 G enetic Analyzer 

m achine by the laser detection system.

There are four m ajor preparatory steps for D N A  sequencing

(1) Preparation o f  target DNA

(2) C ycle Sequencing

(3) Purification o f  the cycle sequence product

(4) Sequencing

4.10.5.3 Preparation of target DNA

Several bands w ere cut aseptically from  patients TTG E gel w hich w ere parallel to the 

different bands in m arker lane and 11 am ong them  were sequenced. Gel cut bands w ere taken 

in m icrocentrifuge tube, 50 jal o f PCR grade w ater was added in each tube and kept for 

overnight at 4°C. The target DN A was prepared from  this w ater by PCR as described in 

section 4.10.2.4, Both the PC R  e.g., PC R -TTG E and PCR-Sequencing were similar, the only 

d ifference w as that, the prim ers used w ere w ithout GC-clamp. The PC R  product was purified 

by using com m ercially available colum n (M icroconY M -100). Briefly, PCR product was 

poured in a  m icrocentrifuge tube-containing sieve. The tube was centrifuged at 5000 x g for 

12 m inute. T hen the sieve w as rem oved from  the previous tube and placed on a new  tube as 

upside dow n. T hen  again centrifuged at 10000 x g for 3 minutes. The sieve was discarded and 

the filtrate w as used as purified  tem plate fo r sequencing. Then the D N A was quantitated in 

G ene Q uant pro as described in section 4.10.1.3.
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In cycle sequencing the A B I-prism  Big Dye term inator cycle sequencing ready reaction kits 

was used w hich contain all the required com ponents for the sequencing reaction (dye 

term inators, deoxynucleoside triphosphates, Am pliTaq DNA polym erase, magnesium 

chloride and buffer). In this step only one strand o f  the desired D N A is am plified and the 

DN A fragm ents o f  different length, which has been term inated w ith different ddNTPs, were 

produced.

4.10.5.4 Cycle sequencing

T able 10. T em plate size relative to quantity.

Tem plate Q uantity

PC R  Product
100-200bp 1-3 ng
200-5OObp 3-10
500-1000bp 5-20ng
1000-2000bp 10-40ng
>2000bp 20-50 ng
Single stranded 25-50 ng
D ouble stranded 150-300 ng
C osm id Bac. 0.5-1
Bacterial genom ic D N A 2-3 )ig

11. R eaction m ixtures o f  cycle sequencing

R eagent Quantity

Term inator R eady Reaction M ix 4.0^1

Tem plate Quantity in the Table

Prim er 3.2 pmol

D eionized w ater to make 20 ^1

Total volum e 20)il
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Program m e of cycle sequencing:

96°C 1 m in

96°C lOsec '

50°C 5sec >

60°C 4 m in

60°C Im in

25 cycles

4.10.5.5 Purification of the Extension Products:

2,0 |il o f  3M  sodium  acetate (pH  4.6) and 50.0 jil o f  95%  alcohol w ere added in each PC R  

reaction tube. It w as m ixed thoroughly and kept at room tem perature for at least 15 m inutes 

to precipitate the PC R  products. It was centrifuged for 20 m in at 13,000 rpm  and the 

supernatant w as aspirated. The pellet was w ashed w ith 250^1 o f 70%  alcohol, by w ashing the 

w all o f  the tubes. A gain centrifuged for 10 m in  and the washing steps w ere repeated twice. 

T he pellet w as dried by keeping the lid o f  the PC R  tube and covered by perforated para film 

over the tube.

4.10.4.6 Sequencing of PCR product

D ried pelle t w as dissolved in 12-15^1 o f  tem plate suppression buffer and denatured for 2m in 

in the PC R  m achine and im m ediately kept in ice. The product was transferred in the septa 

tube and p laced on a  48- well tray. The tray  was loaded on an ABI PR ISM  310 autom ated 

sequencer (PE  A pplied  B iosystem s, U SA ) and sam ples injected in to a 47 cmx50 capillary 

coated w ith  PO P-6 (Perform ance O ptim ized polym er-6, PE A pplied Biosystem s, USA) 

polym er using  electrokinetic  injection at 320 volts/cm  (15 KV for the 47 cm  capillary, current 

at this voltage 5-8 jiA) and electrophoresed using the Seq POP RAPID E run  m odule with the 

D T P 0 P 6  m obility  file. The sam ple fluorescent spectra during electrophoresis was processed 

into base sequence data  using the ABI PR ISM  310 D ata Collection Softw are and the raw  

sequencing data was analyzed using the ABI PR ISM  D N A Sequencing Analysis Software 

(PE A pplied  B iosystem s, USA). The sequences w ere m atched w ith existing sequences o f
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G enB ank by using B LA ST (the B asic Local A lignm ent Search Tool, V ersion 2.0) o f  the 

national Centre for B iological Inform ation (NCBI, http//w ww ,ncbi.nlm .nih.gov).

4.11 Extraction and analysis of total short chain fatty 
acids (SCFAs) by High Performance Liquid 
Chromatography (HPLC)

Chrom atography was first developed by the Russian botanist M ikhail Tsw^ett in 1903 when 

he separated a colorful p lan t p igm ents tlirough a  column o f  calcium  carbonate. 

Chrom atography has since developed into an invaluable laboratory tool for the separation and 

identification o f  com pounds, ranging from  inorganic ions to com plex biopolym ers. In broad 

sense, chrom atography is o f  tw o types: gas chrom atography and liquid chrom atography. In 

gas chrom atography the sam ple is vaporized and passed through a m obile phase that is 

usually an inert gas e.g., helium  or nitrogen through the stationary phase m ade o f  a 

m icroscopic layer o f  liquid or polym er on an inert solid support, inside a glass o r meta! 

tubing, called  colum n. L iquid  chrom atography (LC) is a separation technique in which the 

m obile phase is a liquid carrying the sam ple through a colum n that is packed w ith irregularly 

or spherically shaped particles called  stationary phase. It was discovered that better 

separation o f  the com ponents o f  the m ixture occurs i f  the particles in the stationary phase are 

very small. H ow ever, it was also found that if  very sm all particles w ere used in the column, 

then the liquid passed very  slow ly through the colum n. Therefore, a pum p is used to force the 

liquid through the colum n. D ue to better perform ance is obtained when applying high 

pressure, the technique is called h igh  perform ance liquid chrom atography, HPLC (58).
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H PLC was developed in  the m id-1970's and quickly improved w ith the developm ent o f  

colum n packing m aterials and the additional convenience o f on-line detectors. M odem  HPLC 

has m any applications including separation, identification, purification, and quantification o f  

various com pounds. N ew  techniques e.g., autoinjecter instead o f  m anual, fluorescence 

detection instead o f  U V  detection, dual lam p, data integrated by com puter and analysis, 

developm ent o f  the m icro-colum ns, and other specialized colum ns added to the convenient 

use o f  HPLC in m any sectors. N ow  a days, it is used not only by biotechnological, 

biom edical, biochem ical research and by the pharm aceutical industries, but also a variety o f 

o ther fields including cosm etics, energy, food, and environm ental industries are currently 

using H PLC (196).

A  flow  d iag ra m  o f ac ids e x tra c tio n  is given below:
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C H j - 0 - C - R |

O
II

CHj  -  O -  C -  R2

C H , - 0 - C - R ,
^ II ^

O

Fatty acid  ester (faeces)

I H jSO ,

R|-COOH CH2-OH

R2-COOH +

R3 - C O O H  2

Fatly acids Glycerol

NaCl

Saturated N aC l solution, acids are free

D i-ethyl-ether

A cids m oved to ether phase, acetonitrile was added to remove 
any w ater m olecule present in ether phase

Centrifugation

Separation o f  ether phase 

NaOH

R, -  COOH +  N aO H  ? R, -  CO O N a + HjO

Freeze dried and dissolved in mobile phase 
pH adjusted to 2.5 by diluted H 2SO4

R , - C O O N a  +  H 2SO4 ? R , - C O O H  + N a2S04
Fatty acid

R  = H ydrocarbon chain

Figure 16. Flow diagram  o f faecal fatty acids extraction.
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X
4.11.1 Instruments

•  Centrifuge

•  Vortex

•  Electric balance

4.11.2 Reagents:
D iethyl ether, CH3-CH2-O-CH2-CH3 

Sulphuric a c id (18M ), H2SO4 

Sodium  chloride, N aC l 

Acetonitrile, CH 3CN 

Sodium  hydroxide, NaO H

4.11.3 Procedure:
SCFA s were extracted from  faecal sam ples using diethyl ether and the m ethod was adapted

from  G uerrant et a/. (47).

•  One ml o f  w atery stool w as pipetted into a scrcw-capped falcon tube and the 

follow ing reagents w ere added; 0.2 ml o f  18 N  H 2SO4, 0.6 g o f  N aC l, 5 ml o f  diethyl 

ether (M erck K G aA , 64271 D arm stadt, G erm any) and 25 |j1 o f  acetonitrile (HPLC 

Grade, A ldrich, M ilw aukee, W I 53201, USA).

•  The m ixture w as blended w ith  a Vortex m ixer for 8-10 m inutes to m ix the ether and 

aqueous phases.

•  For sem isolid and solid  stools, Ig  (w et weight) was suspended in the sam e reagents 

and blended.

•  The tube w as centrifuged at 1000 x  g for I m inute and the ether layer was transferred 

to another tube w ith  a Pasteur pipette,

•  2-3 ml o f  diethyl ether was added to the residue again, m ixed well and centrifuged as 

previous step. The ether layer was transferred to the previous tube w ith Pasteur 

pipette.
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To the ether, 0.2 m l o f 0.1 N  N aO H  w as added and the tube was gently shaken. W ith 

a Pasteur pipette, a sm all portion o f  the low er N aO H  phase was rem oved and tested 

with pH  paper. I f  necessary, 1 N  N aO H  was added, one drop at a tim e to obtain a pH 

o f  9 or greater.

The tube was blended w ith a V ortex m ixer for 1 min and centrifuged and the upper 

ether phase was rem oved and discarded.

25 fil o f  acetonitrile was then added, and the tube was left uncapped for about 5 

m inutes to allow  residual ether to evaporate.

The N aO H  phase was transferred in an eppendorf tube and freeze dried. The pellet 

was resuspended in m obile phase (10.8%  acetonitrile in 0.007 N H2SO4 ), pH was 

adjusted to 2-3 by dilute H 2SO4 (IM ) and the volume was made 1 m l. The m ixture o f  

free acids was filtered through 0,2 (im m em brane and 10 [il was introduced into the 

liquid chrom atograph for analysis.

4.11.4 Standard Acids

Standard acetic, propionic, butyric and valeric acid (Ig /m l for each acid) w as purchased from  

M atreya, Inc. P leasant gap P .A  16823 U SA  and were diluted in 0.007 N  H2SO4 to prepare 

standard stock solution o f  five different concentration as follows 0.02 M, 0.01 M, 0.005 M ,

0.0025 M, 0.00125 M. Stock solutions w ere preserved in 4° C. Five dilutions o f  each acid 

w ere run in H PLC to prepare the standard curve (Figure 17) from  which the concentration o f  

study children faecal SCFA s was calculated. Figure 18 is presented a typical chrom atogram  

containing peaks from  four standard acids.
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Standard curve of acetic acid

Conetntratlon I'nM)

Standard curve o f propionic acid

Conc»rtrr<tJon ImM)

Standard  curve of butyric acid

ConeontraiUn {mM)

Standard curve o f va leric acid

C onetn lrs tU n  (mM}

Figure 17. Standard curve o f acetic acid, propionic acid, butyric acid and valeric acid.
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Ba

Mon Ira

FILE 1 . METHOD 0 . RUN 9

PEAK* ftREAZ RT AREA BC

! 2 .42 6.9 27269 0!
2 le .679 16.77 210423 01
3 23.114 lft.7<> 260404 01
4 30 .366 21 .67 342098 01
5 25 -421 Z7 .91 286396 01

TOTAL 100. 1126590

24-01-09 14^33:49

INDEX

CH= 'ft*

F igure 18. C hrom atogram  o f four standard acids (2.5 mM ) show ing the retention time 
and p eak  area.
A a, A cetic acid; Pa, Propionic acid; Ba, Butyric acid; Va, V aleric acid.
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4.11.5 Liquid chromatograph and it’s accessories

The High Perform ance Liquid Chrom atography (HPLC) equipm ent used was com posed o f  a 

pum p (LC-IOAT, VP L iquid  Chrom atograph, Shim adju Corp., Japan), a detector (SPD- 

lOAV, LTV-Vis Detector, Shim adju C orp.) and an integrator (Chrom atopac, C -R6A, 

Shim adju Corp.). The chrom atograph was equipped with an A m inex H PX -87H  cation- 

exchange colum n (300 by 7.8 m m ) fo r organic acids (125-0140; Bio-Rad Laboratories, 

R ichm ond, Calif.), a M icro-G uard- colum n (125-0129; Bio-Rad), and a holder (125-0131; 

Bio-Rad). A  50 jal bypass sam pling loop was used, and the D etector was adjusted to a 

w avelength o f  210 nm  and to a sensitivity  o f  0.01 absorbance units (full scaie). Am bient 

tem perature was used and the flow  rate was 0.5 ml /m inute using colum n eluent com posed o f 

10.8% acetonitriie in 0.007 N  H 2SO4 (0.19 m l o f  H2SO4 per litre) w ith a chart speed o f  5, 

attenuation 5 and stop tim e o f  40 m inutes. The eluent was degassed using a sonicator before 

using.

4.12 Determination of faecal microbiota structure by 
fluorescent in situ hybridization (FISH) combined with 
Flow cytometry

In situ  is a  Latin phrase m eaning “ f« the p lace". In situ m eans to exam ine the phenom enon 

exactly  in p lace where it occurs (i.e. w ithout any m odification or m oving it to som e special 

m edium ). In  sUu hybridization was introduced in 1969 (35) is a  h ighly sensitive technique 

that allow s detection and localization o f  specific DN A or RNA m olecules in m orphologically 

preserved cells, histological tissue sections, or chrom osom al preparations. It is a powerful 

technique and unique in the w ay that it allow s studying the m acroscopic distribution and 

cellular localization o f  D N A  and R N A  sequences in a heterogeneous cell population. Figure

19 shows the m ajor steps involved in  situ  hybridization : oligonucleotide probe preparation 

and labeling by isotope or fluorescent dyes, cell fixation by ethanol or paraform aldehyde,
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perm eabilization o f  cell by  lysozym e, hybridization, and signal detection by  autoradiography 

or fluorescence m icroscope or flow  cytom etry  (141). The basic technique utilizes the fact that 

D N A  and R N A  w ill undergo hydrogen bonding to com plim entary sequences o f  DNA.

In  situ identification and enum eration o f  m icroorganism s harbours a technique in  w hich  a 

certain rR N A  sequence is specifically  detected w ithin m orphologically  in tact cells, referred  to 

as w hole-cell hybrid ization  ( 12).

Lysozyme treatm ent

/

"1

r ......

j .

H ybridisation w ith fluorescent p robe  ^ ̂  
W ashing to rem ove non specific hybridisation

Flow cytom etry based detection

FITC

Figure 19. Principle o f  F luorescent in situ hybridization.

U se o f  this technique for cotm ting and identifying o f  m icroorganism s w as first proposed  by  

O lsen e t al. (144). A t the beginning age o f  in situ hybridization, the m icroscopic 

identification o f  single m icrobial cells w ith  rR N A -targeted probes w as perform ed w ith 

radioactively labeled oligonucleotides (80). F luorescent probes yield superb spatial resolution 

and instantaneously  detected by  epifluorescence m icroscopy. F luorescently  m onolabeled, 

rR N A -targeted oligonucleotide probes dem onstrated the detection o f  individual cells (49). 

This m ade w hole-cell hybrid ization w ith  rR N A -targeted probes a suitable too l for 

determ inative, phylogenetic, and environm ental studies in  m icrobiology (11). Like 

imm vmofluorescence, w hole-cell hybrid ization w ith  fluorescently  labeled rRN A -targeted
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oligonucleotides can be com bined w ith flow  cytom etry for a high-resolution automated 

analysis o f  m ixed m icrobial populations (212).

4.12.1 Permeabilization o f bacterial cells

The follow ing reagents were needed : Lysozym e (Sigm a, St. Louis, MO, USA), Tris-EDTA, 

PBS, H ybridization buffer.

The objective o f  the perm eabilization by lysozym e treatm ent is to facilitate the entrance o f 

the probe inside the bacterial cell. 50 ^1 o f  faecal suspension fixed by paraform aldehyde was 

perm eabilized by Tris-ED TA  buffer containing 1 m g m!"' lysozym e and incubated for 10 

m in at room  tem perature. Cells w ere then washed in PBS to remove lysozym e and 

equilibrated in 400 fal hybridization solution for enum eration o f  bacterial num ber. For 

identification o f  bacterial proportion by group specific probe, another 50 |il fixed faecal 

suspension w as taken from  the m other stock vial and perm eabilized in the sam e w ay and 

finally  dissolved in 700 ^1 o f  hybridization buffer.

4.12.2 Flow cytometry ' 4469G9
Flow  cytom etry is a technology that sim ultaneously m easures and then analyzes m ultiple 

physical characteristics o f  single particles, usually  cells when they flow  in a fluid stream  

through a beam  o f  light. The properties m easured include a particle’s relative size, relative 

granularity or internal com plexity, and relative fluorescence intensity. These characteristics 

are determ ined using an optical-to-electronic coupling system that records how the cell or 

particle scatters incident laser light and em its fluorescence. These signals are separated by 

optical filters and collected by photom ultipliers, am plified, digitized, treated and stored in a 

com puter. This technology o f  individual analysis (cell by cell) is m ultiparam etric and can be 

m ade at a speed o f  m ore than several thousand o f  events per second. The com puter will 

calculate statistical data associated to the m easured param eters (Figure 20).

T he flow  cytom etry is a  technology which w as used at the beginning to characterize the 

b lood cells. T his technology covers a w ide range o f  research field and disciplines (plant

93

Dhaka University Institutional Repository



biology, zoology, m icrobiology, m arine ecology, embryology, im m unology, genetic, 

m olecular biology and clinical diagnostic). It has been recently applied and adapted to the 

study o f  the m icrobial ecosystem s (12). This technology is a rapid tool o f  analysis and is well 

adapted to  the study o f  the digestive m icrobiota from  healthy adults (160, 161). The flow  

cytom etry  has the advantage to analyse in less than 30 seconds m ore than 100,000 cells 

(representing 1,000 to 2 ,000 m icroscopic fields). A nother advantage is the fastness (less than 

10 m inutes per sample).
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FSC  (size)
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E lectron ic
-------^--------

A nalysis
Selecting regions for 
so rting

Figure 20. Schem atic representation o f  flow  cytom etry equipm ent.

D ata acquisition w as perform ed using a FA CS C alibur flow  cytom eter (B ecton 

D ickinson, U SA ) equipped w ith  an  air cooled argon ion laser p rovid ing  15m W  at 488 nm  

com bined w ith  a  635 nm  red-diode laser. A ll the param eters w ere collected as logarithm ic 

signals. The 488 nm  laser w as used to m easure the forw ard angle scatter (FSC , in  the 488 nm  

band-pass filter), the side-angle scatter (SSC, in  the 488nm  band-pass filter), and the green 

fluorescence in tensity  (F L l, in  the 530 nm  band-pass filter) conferred b y  the FITC -labeled 

probes. The red diode laser w as used to detect the red fluorescence conferred by  the Cy5 

labeled probes (FL4, in  a 660 nm  band-pass filter). The acquisition threshold  w as set in  the 

side scatter channel. The rate  o f  events in  the flow  w as generally  7000 events s ' \  W ith faecal 

suspensions, a total o f  100 000 events w ere stored in  the hst m odes files.
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4.12.3 Enumeration o f bacterial cells

For enum eration, 200 ^1 o f  cell suspension w as taken  in each o f two flow  cytom etry tube. In 

one tube, 10 ^1 fluorescent particle suspension (H igh Intensity A lignm ent Grade Particles, 6,0 

Hm, Polysciences, Eppelheim , G erm any) and 2.5 |j 1 propidium  iodide was added and in 

another tube only 2.5 îl propidium  iodide w as added. 100 nl o f  PBS was added in each tube, 

waited for 10 m in and data acquisition w as done by F low  cytom etry (115).

4.12.3.1 Calculation:
Calculations w ere conducted using Cell Q uest softw are (Becton Dickinson). For each stool 

sam ple, the total num ber o f  bacteria w as calculated from  a ratio o f the event num ber derived 

from  bacterial cells com pared w ith  a know n num ber o f  interna! standard fluorescent particles 

added to  each duplicate tube. C onsequently, the volum e was analysed using the flow 

cytom eter based on the num ber o f  particles and the bacterial concentration was calculated in 

the stool samples.

A t the beginning, the calculation was standardized using a suspension m ade o f  E. coli strain 

A TCC 25922. A n 18-hour culture o f  E. coli 25922 w as fixed by paraform aldehyde sim ilar as 

faecal sam ple. D iluted suspension w as prepared containing 4.0 x 10* cells/m l by m easuring 

the absorbance in spectrophotom eter at 600 nm . This suspension w as perm eabilized by 

lysozym e, tw o alliquoted tubes w ere prepared and data acquisition was done by Flow 

cytom etry as described before. The data presented by dot plot and histogram  w ith statistics in 

flow  cytom eter are show n in Figure 21 and 22.

R1 region is defined as the area o f  dust and fluorescent particle.

R2 region is defined as the bacterial area.

The concentration o f  fluorescent particle in stock vial was 2 x 10® particle/m l.

D ata in Figure 21 is w ithout particle and in 22 was w ith  particle.

So, the total num ber o f  dust and particle is =  194 (R 1, Figure 22)

The num ber o f  dust is =  2 (R l, Figure 21)

i,e,, the num ber o f  particle is = 1 9 2

The calculated particle volum e is =  2.97 [al.

From  R2 region in Figure 22, the bacterial num ber is =  93703
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The bacterial concentration is =  31478.35

In flow  cytom eter tube, the bacterial num ber is =  9758288.98 (310 nl)

In 50 jil fixed bacterial suspension, num ber is =  19516577.9

So, the concentration o f  bacteria is =  390331559.37

=  3 .9 x l0 V m l
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Figure 21. Enum eration o f bacterial ceil by flow  cytom etry in faecal sam ple w itliout 
fluorescent particle.
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Figure 22. E num eration  o f  bacterial cell by flow  cytom etry in faecal sam ple w ith  
fluorescent particle.
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4.12.4 Detection o f bacterial groups by probes targeted against 
16S rRNA

The m ethod was validated in D epartm ent o f  B iology, CNAM, Paris. Reference bacterial 

strains specific to each probe e.g., Escherichia  coli (ATCC 11775), Clostridium coccoides 

(A TC C 29236), Bacteroides vulgatus (A TC C 8482), Faecalibaclerium prausn itzii (ATCC 

27766), Bifidobacterium  longum  (ATCC 15707), Collinsella aerofaciens (ATCC 25986), 

Lactobacillus acidophilus  (ATCC 4356) and Enterococcus faeca lis  (CIP 76117) were tested 

in that laboratory to check the hybridization step and probes specificity. The sam e experim ent 

protocol w as follow ed for faecal bacterial group identification in Laboratory Sciences 

D ivision, ICD D R, B, Dhaka.

50-|il aliquot o f  hybridized suspension was used fo r FISH w ith control and group-specific 

probes targeting the small subunit o f  rRNA . The Hub 338 probe and N O N -Eub 338 probe 

w ere used as the positive control and negative control respectively. Both control probes were 

covalently  linked at their 5 ’ end either to fluorescein isothiocyanate (FITC) o r to the 

indodicarbocyanine (Cy5). The group-specific probes were only labeled at their 5 ’ end with 

Cy5, H ybridization was perform ed in a  96-w ell m icrotitre plate overnight at 35° C in the Hyb 

solution containing 4 ng ^1’’ o f  the appropriate labeled probe(s). The probe sequences and 

targeted groups are presented in Table 12. Follow ing hybridization, 150 ^1 o f  hybridization 

solution was added in each well and the cells w ere pelleted at 4000 X  g for 15 min, N on­

specific binding o f  the probe was rem oved by incubating the bacterial cell suspension at 37°C 

for 20 m in in a  w ashing solution (64 m m  N aC l, 20 m m  Tris-HCl, pH  8.0, .01%  SDS). Cells 

w ere finally  pelleted and resuspended in 200 jxl PBS (pH 7.2). A lliquotes o f  150 |i! were 

added to 200 o f  PBS for data acquisition. The arrangem ent o f  hybridization tubes during 

data acquisition are presented in Table 13.
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Table 12. DNA probes used for fluorescent in situ hybridization.

P robe T arg e t Sequence from  5 ’ to  3 ’ end O PD  code Reference

Eub 338 Bacteria GCT GCC PCC CG T AGO A CT S-D Bact-0338-a-A-18 (12)

NON Eub 
338

ACA TCC TAG GGG AGG C S-D Bact-0338-a-S-18 (212)

Enter 1432 Enterobacteriaceae
family

GTT TTG CAA CCC ACT S-G-Enter-1432-a-A-15 (185)

Erec 482 Clostridium  
coccoides  group

GCT TC T TAG TCA G G T ACC 
G

S-*-Erec-0482-a-A-19 (78)

B act 1080 Bacteroides group GCA C TT AAG COG ACA CCT S-*-Bacto-1080-a-A-18 (57)

Fprau 645 Faecalibacterium
prausnitzii
subgroup

CCT CTG CAC TAC TCA AGA 
AAA AC

S-*-Fprau-0645-a-A-23 (198)

B if  164 Bifidobaclerium
genus

CAT GGG GCA TTA CCA CCC S-G-Bif-0164-b-A-18 (108)

Ato 291 Atopobium  cluster GGT CGG TCT CTC AAC CC S-‘ -Ato-0291-a-A-17 (94)

Lab 158 Lactobacillus-
Enterococcus
group

GGT ATT AGC A(C/T) C TGT 
TTC CA

S-*-Lacto-0158-a-A-20 (95)

OPD -  O ligonucleotide Probe Database,
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Table 13. A rrangem ent of hybridization tubes during data acquisition.

Tube C om bination

■ 1 Eub-338 FITC

2 N on-Eub FITC

3 Eub-338 Cy5

4 N on-Eub Cy5

5 Eub FITC /N on-Eub Cy5

6 Eub FITC /Enter 1432

7 Eub FITC/Erec 482

8 Eub FITC/Bact 1080

9 Eub FITC/Fprau 645

10 Eub F IT C /B if  164

11 Eub FITC/A to 291

12 Eub F IT C /L a b l5 8

4.12.4.1 Calculation

Subsequent analyses w ere conducted using Cell Quest software (Becton Dickinson). 

B acterial cell enum eration was perform ed by com bining, in one hybridization tube, one group 

specific Cy5 probe w ith  the Eub 338-FITC probe (tube 6 -12, Table 13). A n F L l histogram  

(Green fluorescence) was used to evaluate the total num ber o f  bacteria hybridizing w ith the 

Eub338-FITC probe. A  gate was designed in this histogram  representing the total num ber o f  

bacterial cells in the sam ple and was used to build an FL 4 histogram  (Red fluorescence) to 

directly estim ate the proportion o f  cells targeted by the group Cy5 probe in the sample. The 

proportion o f  cells was corrected by elim inating background fluorescence, which was 

m easured using  the negative control N O N -Eub 338- Cy5 probe (tube 5, Table 13). Results 

w ere expressed as cells hybridizing w ith  the group Cy5 probe as a proportion o f  the total 

bacteria hybridizing w ith the Eub 338-FITC bacteria dom ain probe (161). A n exam ple o f
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hybridization o f  universal bacterial probe and group specific bacterial probe to faecal bacteria 

o f  a  patient at day 3 is presented in Figure 23 to 30.

4.13 Statistical analysis

The data w ere analyzed  as m eans ±  sem  and the differences betw een the m eans were 

com pared for significance using A N O V A  (LSD, post hoc), and paired t-test. Standard curves 

fo r SCFA s w ere p lo tted  by regression using least square method.
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Figure 23. Hybridization of faecal bacterial cells by Eub-FITC/Non Eub-Cy5 probe in
flow cytometry.
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Figure 24. H ybridization of faecal bacterial cells by Eub-FITC/Ent-Cy5 probe in flow
cytometry.
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Figure 25. Hybridization of faecal bacterial cells by Eub-FITC/Erec-Cy5 probe in flow
cytometry.
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Figure 26. H ybridization o f  faecal bacterial cells by E ub-F IT C /B ac-C y5 probe in flow  
cytom etry.
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Figure 27 Hybridization of faecal bacterial cells by Eub-FITC/Fprau-CyS probe in flow
cytometry.
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Figure 28 H ybridization o f  faecal bacterial cells by Eub-FIT C /B if-C y5 probe in flow  
cytom etry.
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Figure 29 H ybridization o f  faecal bacterial cells by  E ub-FIT C /A to-C yS probe in flow  
cytom etry.
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Figure 30. Hybridization of faecal bacterial cells by Eub-FITC/Lab-Cy5 probe in flow
cytometry.
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5.0 Results

5.1 Baseline characteristics of the enrolled children

A s a  subset o f  the large clinical study, 30 severely m alnourished children w ith cholera were 

random ly enrolled in the present study. For comparison, age m atched 11 severely 

m alnourished children w ithout cholera and 6 healthy children w ere also enrolled. Their 

baseline characteristics w ere analysed and are presented in Table 14.

T able 14. Baseline characteristics o f study children.

Children M alnourished w ith  cholera 
(N=30)

M alnourished 
without cholera 
(N = U )

W ell-nourished 
w ithout cholera
(N =6)

ORS
substrates

Glc Glc+ARS Rice none none

Age
(m onth)

26.4 ±8.7 25.9 ± 9 .0 29,8 ± 8.6 27,5 ± 4 ,1 27.7±3.9

W eight
(kg)

7.2 ±  1.2 7.2 ±  1.3 7.4 ±  1.2 7,1 ± 0 ,4 12.3±1,3

Height
(cm )

77.5 ±5.7 78.8 ± 6,6 80.2 ± 7 .1 78.2 ± 3 ,5 84.2±2.9

W t/H t
(%)

70,2 ±3.9 69.7 ± 4 ,1 66.1 ± 6.8 68,4 ±  1,4 106.5±5,8

W t/A ge
(%)

57.6 ± 6.8 59.2 ± 6.8 58,3 ± 5 ,8 5 5 .1 ± 3 .9 96.5±5.4

M ale/Fe
m ale

5/5 5/5 5/5 6/5 1/5

V alues at inclusion are expressed as m ean ±  SD. N  is num ber o f  children. Only the children 

w ith  cholera received oral rehydration solution (ORS) with glucose (Glc), glucose and 

am ylase resistant starch (G lc+A RS) or rice. Anthropom etric m easurem ents e.g., age, weight, 

height am ong the m alnourished children o f  different groups w ere com parable. The weight 

and height param eters w ere different betw een well-nourished and m alnourished children 

(P<0.001). The average duration o f  diarrhea and vom iting before adm ission was 12.2 ±  7.85 

hour and 10.9 ±  7.17 hour respectively, (m ean ±  SD) and was not different am ong treatm ent 

groups. O nly 48%  o f  the subjects were reported to be breast feed before onset o f  illness.
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5.2 . M a jo r  c lin ic a l ou tcom es o f  th e p atien ts

Cholera children o f  rice ORS group had significantly reduced stool output and ORS intake 

than glucose ORS and glucose- ORS plus A R S group. Data presented in Table 15 and 16. 

The trend o f  stool output and ORS intake was also sim ilar in the parent study. At 24 hours, 

com pared to the glucose-O RS group, the reduction in stool output in rice-ORS group was 

32% , at 48 hours 37% ; and at 72 hours 36% . Sim ilarly, the intake o f  ORS solution by the 

children in the rice-O RS group was also less w hen com pared to  glucose-O RS group: 27%, 

37%  and 38%  at 24, 48 and 72 hours respectively. There was a trend in the reduction o f stool 

output in the G lucose-O R S plus ARS group when com pared to the glucose-ORS group; 

however, the d ifference was not statistically significant.

Table 15. Faecal w eight in different treatm ent groups.

Period after 
enrollm ent

Faecal weight (g) P value*

Glucose-
ORS

(N = 1 0 )

Glc-ARS 
(N = 10)

Rice ORS 
(N =  10)

GIc, vs, 
ARS

GIc. vs. 
Rice

ARS vs. 
Rice

Day 0 -  Day 1 
or 0-24 hours

3817.7±
737,4

3162,3 ± 
378,1

1941,6±
235.7

0,91 0,04 0.01

Day 1 -  Day 2 
25 to 48 hours

3151.9±
820.2

2171.5 ± 
490,2

1!04.9±
355.6

0.48 0,03 0.13

Day 2 -  Day 3 
49 to 72 hours

1074,6 ± 
382.7

790,8 ± 
219,7

326.5 ± 
128.7

0,68 0,07 0,16

V alues are presented as m ean ±  sem. *The m ean was tested by A N O V A  and post hoc test.
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Table 16. ORS intake in different treatm ent groups.

Period after 
enrollm ent

ORS intake (ml) P value*

Glucose- 
ORS 

(N =  10)

Glc-ARS 
(N =  10}

Rice ORS 
(N =  10)

Glc- vs. 
ARS

Glc. vs. 
Rice

ARS vs. 
Rice

Day 0 -  Day 1 3311.8±
567.8

2909.0 ± 
318.1

1883.3 ± 
222.6

0.97 0,08 0.05

Day 1 -  Day 2 3280.6±
894.7

2209.1 ± 
545,4

993.9 ± 
393.2

0.39 0.04 0.06

Day 2 -  Day 3 139!.4±
465.8

921.2±
301.1

369.2 ± 
189.9

0.43 0.04 0.18

V alues are  presented  as m ean ±  sem. *The m ean was tested by A N O V A  and post hoc test.

V om it and  urinary  output, and intake o f w ater and infant formula did not differ statistically 

betw een three groups. The overall m ean w eight gain o f  the children at 72 hours was 114 

(95%  C l, 103; 124) g/kg and the gain were significantly greater in the rice-O RS group after 

54 hours. The duration o f  diarrhea and the num ber o f  children receiving unscheduled 

intravenous therapy did not differ significantly between the groups. The overall m ean 

duration o f  diarrhea was 66 hours. Finally, the end-point outcome i.e. the tim e to attain 80%  

o f  w eight fo r length, counted from  enrolm ent in the study, was not statistically different 

betw een the groups. N one o f  the study children died during the study.
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5.3 Biodiversity of faecal microbiota by Temporal 
Temperature Gradient Gel Electrophoresis (TTGE)

5.3.1 Diversity among malnourished children with cholera and 
without cholera

PC R -TTG E analysis o f  16S rD N A  was done to identify dom inant bacterial species in the 

faecal sam ples o f  the study children. Such analysis o f  seven different faecal samples o f each 

patient revealed various profiles com prising o f  4 to 17 bands. A  typical finding is presented 

in F igure 31a. In a first approxim ation and for the sake o f  com m unication, w e assumed that 

each band  corresponded to a different bacterial species. At day 0, before  initiation o f  any 

treatm ent, the V. cholerae  band was detected in all 30 patients, indicating its presence as the 

dom inant bacteria  at the tim e o f  acute cholera. The sam e band was found in only 5/30 (17%) 

children at day 1 and 1/30 (3% ) children at day 2 after initiation o f  treatm ent, and then the 

band com pletely disappeared. In addition to the V. cholerae  band, various other bands (mean 

±  sem , 7.7 ±  0.5) w ere observed at day 0. A rapid  and significant increase o f  band num bers 

w as observed at day 2 (day 1 vs. day 2, P =  0.002), followed by a steady increase observed up 

to day 28 (m ean ±  sem, 11.5 ±  0.6, range 9 to 17).

A fter resolution o f  cholera and partial recovery from  m alnutrition, the num ber o f  bands at 

day 28, w as com pared w ith the tw o other control groups o f  children. The m ean ± sem num ber 

o f  bands in m alnourished children with cholera was higher than those in m alnourished 

children w ithout cholera (11.5 ± 0.6 vs. 8.1 ± 1.1, P <0.027) but low er than that in healthy 

children (22.2 +  0.4, P <0.01) (Figure 31 and Table 17). The range o f  bands in m alnourished 

children w ithout cholera and in healthy children was from  3 to 17 and from  20 to 24, 

respectively. The band num ber a t day 0 (7.7 ± 0.5) is not different from  band num ber o f 

m alnourished children w ithout cholera (8.1 ±  1.1, P  =  0,693) but significantly  different from  

day 28 (P=0,001) and from  healthy children (P< 0.01).
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Figure 31. PC R - TT G E  analysis o f faecal bacterial populations from  children w ith: a) 
m alnutrition and cholera; b) m alnutrition w ithout cholera; and c) healthy.

In Figure 31 a, the typical results o f  one patient were presented as function o f  tim e, from  day

0 to day 28, Figure 31b and 31c presented the resuhs o f  stool collected from  5 m alnourished 

ch ildren  (m l to m5) and 6 healthy children (h i to h6 ) on one day. The m arkers (M ) used to 

calculate the R f  w ere identical in 31a and 31c, but different in 31b. (a) The arrow  in the 

m arker lane points to Vibrio cholerae. The bands labeled as 1, 2, 3, 4 , 5 correlated 

sequentially the bacteria  o f  the m arker lane e.g., V. cholerae, P revotella  sp ., E. fa c iu m , E. coli 

and Bifidobacterium  longum. H ow ever, for confirm ation o f  bacteria  belonging to  each band 

sequencing is needed.
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T ab le  17. T o ta l n u m b e r  o f b a n d s  o b ta ined  by P C R -T T G E  from  16S rD N A  in faecal 
m ic ro b io ta  o f s tu d y  ch ild ren .

G roup M alnourished children with cholera (N=30) Mai. Ch. 
(N = ll)

Heal.
Ch.

(N=6)DayO D ayl Day2 Day3 Day7 Day21 Day28

A(N=IO) 7.3
±  0.7

6.3
± 0 .5

8.1
± 0.6

7.3 
±  1.1

9.1
± 0 ,9

9.1
± 0.8

11,1
± 0 ,4

B (N=10) 7.4
±0.9

7.4
± 0 .7

8.7
± 0.8

10.6
±0.9

9.8
± 0,6

9.7
± 1.0

11.7
± 1.0

C (N =10)
8.4
± 0 .9

7.2
± 0 .9

9.2
± 0.6

10.7 
±  1.2

10.6
± 0.6

11.6
± 1.1

11.6 
±  1.1

Total
(N=30)

7.7
± 0 .5 6.9

± 0 .4
8.7

± 0 .4
9.5

± 0 .7
9.8

± 0 .4
10.2

± 0,6
11.5

± 0.6 8.1 ± 1.1
22.2
±0.4

Significance 
(N =  30)

- 0.173 0.037 0,013 0.001 0.001 0.001 0.693 <0.001

Values are expressed as m ean ± sem. A, G lucose-O R S; B, Glucose-ORS plus ARS; C , Rice 

ORS- M ai. C h ., M alnourished children w ithout cholera; H eal. C h ., H ealthy children. 

Significance w as calculated by paired t-test betw een baseline value and others like DO -  D l, 

DO -  D 2 and so on and betw een DO - m alnourished children and DO-healthy children at 95% 

Cl.

5.3.2 Diversity among children with cholera treated with different 
ORS
During the first tw o days o f  treatm ent, no significant differences in the band num bers were 

observed betw een children receiving ORS containing different carbohydrates (Figure 32). O n 

day 3, the num ber o f  bands was higher in rice-O R S and glucose-ORS plus ARS com pared to 

those in glucose-O R S (P <0.05). A fterw ards, a  trend for a higher num ber o f  bands was 

observed in patients w ith ORS containing com plex carbohydrates (Rice or ARS) (Table 17).
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Figure 32. PC R  — T T G E  band profile o f three representative patients treated with  
glucose-O R S, glucose-O R S plus A R S and rice O R S groups.

M, M arker for know n bacterial species.

5.3.3 Evaluation o f bacterial band profile similarity between 
different time periods o f children with cholera

The TTG E profile o f  each patient w as analyzed through Dice sim ilarity coefficient in order to 

exam ine the re-establishm ent o f  m icrobiota in the gut ecosystem . Firstly, the distance o f  the 

sam ples were calculatcd  from  the first sam ple collected, e.g. betw een day 0 and day 1, 

betw een day 0 and day 2, and so forth. Secondly, the distance o f  bands betw een two 

consecutive sam ples w ere also calculated e.g. betw een day 0 and day 1, day 1 and day 2 and 

so forth. The m ean values o f  these distances w ere analyzed to obtain a general picturc o f  the 

faecal m ierobiota re-colonization in children w ith cholera. In the first set o f  analyses, TTG E 

profiles during the acute stage o f  cholera (day 0 ) was com pared w ith  recovering stages (day

I, day 2. day 3) and convalescent stages (day 7, day 21, day 28) and the average distances 

w ere calculated  representing the colonization o f  faecal m ierobiota over these tim e periods. In 

the second set o f  analyses, the average distances betw een tw o consecutive sam ples were
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com pared to determ ine the speed o f  faecal m icrobiota evolution. D istances in both conditions 

were very  high; indicating that the m icrobiotas w ere still evolving (Table 18).

T a b le  18. D istances in P C R -T T G E  b a n d in g  patterns o f  faecal m icrobiota from  severely  
m alnourished children with cholera.

T im e P e rio d  (Days)

Distance 
From 
Day 0

DO-Dl D0-D2 D0-D3 D0-D7 D0-D21 D0-D28

(%)

80.9±20.2 86.8±14.5 90.0±15.4 86±14,4 84.6±14.1 87.5±13.3

Distance
Betw een
Days

DO-DI DI-D2 D2-D3 D3-D7 D7-D21 D21-D28

(%)
80.9±20.2 51,9±30.4 42.7±22,7 70.5±22.4 73.6±22.2 71.2±21.1

V alues are m eans ±  standard deviation, A  distance betw een two days (D) o f  100% represents 

no com m on bands, w hile 0%  represents identity. The distance was m easured as indicated in 

m ethod section.

5 .4  S eq u en ce  an a ly sis  o f  D N A  from  b ands - cu t o f  T T G E  
gel

In order to  confirm  that, the unknow n DNA bands in patient sam ple those w ere parallel to 

m arker bands (know n bacteria) in TTG E gel are sim ilar to the species or genus o f  the m arker 

bacteria, D N A  sequence o f  a few  bands from  several TTGE gel o f  d ifferen t patients was 

determ ined and com pared w ith the DN A sequence o f  m arkers in o rder to get bacterial 

identity. D N A  sequence o f  total 11 bands (two bands parallel to each m arker bands and one 

band parallel to  low er band o f  V. cholerae) was determ ined and com pared. A  449 base pair 

PC R  product w ere sequenced and com pared w ith public databases in G enbank by BLAST 

search. The results show ed that, the sequences m atched with bacterial species o f  the m arker 

band by species or genus level w ith  92 -  100% similarity, They also m atched  w ith  several 

clones o f  uncultured bacterium  present in G enBank. O ne band parallel to Prevotella  sp. did 

not m atch w ith  genus or species level. Detailed data were presented in Table 19 .
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Table 19. C om parison o f sequences in G enBank obtained from ONA eluted from  bands 
- cut o f TT G E  gel for identification o f  bacteria

SI.
N o .

B a n d  c u t  
p a r a l l e l  to  

m a r k e r

M a tc h e d  w ith  f i r s t  h ig h e s t  b it  
s c o re

M a tc h e d  w ith  se c o n d  h ig h e s t 
b i t  s c o re

Species/
G enus

U ncu ltu red
bacteria

S im ila r
ity

(% )

Species/
G enus

U ncu ltu red
bacteria

Simil
a rity

(% )

1.
B ifid o b a c te r iu m  

lo n g u m  1 G en u s + 100 - + 99

2.
B ifid o b a c te r iu m  

lo n g u m  2
S p ecies + 100 Species + 99

3.
E n te ro c o c c u s  

fa c iu m  1
S p ecies + 98 - + 98

4 .
E n te ro c o c c u s  

fa c iu m  2
G en u s + 92 Species + 92

5.
V. cho lerae , 

U p p er  b a n d  1
- + 98 Species + 98

6.
V. ch o lera e . 

U p p e r  b and  2
S p ecies - 99 Species + 98

7.
V. cho lerae , 

L o w e r  b and  1
- + 96 Species + 96

8,
E. coU  1

- + 97 Species 97

9.
E. co li 2

S p ecies + 100 G enus + 99

10 P r e v o ie lla  sp . 1 - + 87 - + 86

11. P re v o ie lla  sp . 2 - + 100 N o t fo u n d

121

Dhaka University Institutional Repository



5.5 Analysis of faecal short chain fatty acids concentration

5.5.1 Total acid concentration
The concentration o f  short chain fatty  acids in faeces e.g., acetic, propionic, butyric and 

valeric acids were analysed by HPLC. In acute cholera stage, the total concentration o f  these 

m ajor fatty acids w as only 4.7 ±  0.6 mmol/kg. The concentration began to increase 

significantly (P <  0.01) from  day 1 until end o f  the study. A t day 3 (during cessation o f 

cholera), a t day 7 (after com pletion o f  antibiotic), at day 28 (after one m onth o f  the cholera 

episode), the concentration was 30.9 ±  4.3, 51,7 ±  7.1 and 95.0 ±  8.7 m m ol/kg, respectively. 

The concentration in healthy and m alnourished children was 102.0 ±  14.4 and 70.6 ± 38.9 

m m ol/kg, respectively. Surprisingly, the concentration w as not significantly different than the 

m alnourished children w ith cholera at day 28. Table 20 shows the total concentration o f acids 

in cholera children and control children.

A m ongst different O R S treatm ent groups, no difference was found in concentration o f  

SCFAs at day  0. A t day 1, the concentration increased significantly in patients o f  rice-O RS 

group com pared to glucose-O RS and glucose-ORS plus ARS group (P = 0,007 and 0.011 

respectively). A t day 2, the concentration increased significantly in patients treated w ith rice- 

ORS (P = 0,007) than  glucose-ORS. The difference was significant betw een rice and glucose- 

ORS (P = 0.047) and betw een rice and glucose-O RS plus ARS (P= 0,039) at day 3. 

A fterw ards, the concentration was increased steadily up to day 28 in all three treatm ent 

groups. N o difference w as observed at day 7 and at day 21 between the groups. A t day 28, 

the concentration was only significantly  low er in glucose ORS group than rice ORS group (P 

= 0,029). D ata presented in Table 20. A  typical chrom atogram  showing the different acids 

peak o f  a patient at day 21 was presented in Figure 33.
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Table 20. Total Short Chain Fatty Acids in stool of study children.

G roup

M a ln o u r is h e d  c h i ld r e n  w i t h  c h o le r a  (N = 3 0 )

(m m ol/kg)

M ai. Ch.
(N = ll)

(mmol/kg)

Heal.
Ch.

(N=6)
(mmol/kg')

DayO Dayl Day2 Day3 Day? Day21 Day28

A
{N=10)

4.4
± 1 .4

9.1
± 2.2

9.8 
±  2.6

26.7
± 5 .8

43.2
± 10.8

74,3 
±  16.4

71.0
± 8.6

B
(N=IO) 5.1 

±  1.1
10.1 

±  1.9
16.8

± 2.8
23.6
± 5 .7

42.4
± 7 .4

70,1
± 9 .3

95.5
± 4 .5

C
(N=10) 4.8

± 0.8
22.8
± 4 .9

23.1
± 3 .9

47.1
± 8 .7

71.4
±16.7

97.0
± 8 .9

113.3 
±  19.5

Total
4.7

± 0.6
14.0

± 2.2
16.8

± 2.1
30.9
± 4 .3

51.7
± 7 .1

80.9
± 6 .7

95.0
± 8 .7

70.6
± 3 8 .9

102.5 
±  14.4

Values are expressed as mean ± sem. A, Glucose-ORS; B, Glucose-ORS plus ARS; C, Rice ORS. 

M ai. Ch., Malnourished children without cholera; Heal. Ch., Healthy children.
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Figure 33. C hrom atogram  of faccal fatty acids o f a patient at day 21 by High 
Perform ance L iquid  Chrom atography.
A a, A c e tic  ac id ; P a, P ro p io n ic  ac id ; B a , B u ty ric  ac id  an d  V a , V a le ric  acid .
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5.5.2 Concentration of individual acids produced in faecal 
specimen
A m ong different SCFAs, the concentration o f  acetic acid increased at significant quantity 

com pared to other SCFA s and the concentration was noticed at day 1, followed by propionic, 

butyric and valeric acid on the follow ing days. Detailed data was presented in Table 21, 22, 

23 and 24.

T a b le  21. A m o u n t o f acetic  acid  in stool o f  s tudy  ch ild ren .

G ro u p M a ln o u rish e d  c h ild ren  w ith  cho lera  (N=30)
(mmol/kg)

M ai. Ch.
(N = ll)

(mmol/kg)

H eal.
Ch.

(N=6)
(mmol/kg)DayO D a y l Day2 Day3 D ay? Day21 Day28

A (N = 10) 2.9
± 0 .9

6.2 
±  1.8

7.0 
±  1.9

23.3
± 5 .9

25.2
± 5 .4

38.1
± 9 .2

38.7
± 4 .8

BCN=10) 3.9
± 0.8

8.7 
±  1.4

14.7
± 2 .4

16.9
± 4 .3

25.7
± 3 .4

41.7
± 5 .2

50.9
± 3 .9

C (N =10) 3.5
± 0 .7

19.3
± 4 .8

19.1
± 3 ,8

39.2
± 8 .5

38.8
±13.1

49,0
± 4 .5

45.3
± 6.8

Total 3.5
± 0 .5

11.4
± 2,0

13.8 
±  1.9

27.5
± 4 .3

29.6
± 4 .6

43.3
± 3 .5

45.0
± 3 .3

32.3 ±6.5 52.4
±2.3

>

Values are expressed as mean ±  sem. A, Glucose-ORS; B, Glucose-ORS plus ARS; C, Rice ORS. 

M ai. Ch., Malnourished children without cholera; Heal. Ch., Healthy children.
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T ab le  22. A m oun t o f p ro p io n ic  ac id  in  stool o f ch ild ren .

G ro u p M a ln o u rish e d  ch ild ren  w ith  cho le ra  (N=30)
(mmole/kg)

M ai. Ch.
(N = ll)

(mmole/kg)

H eal.
Ch.

(N=6)
(mmole/kg)DayO D a y l D ay2 Day3 D ay7 Day21 Day28

A(N=10) 1.0
± 0 .5

0.7
± 0.6

0.5
± 0 .3

l .I
± 0 .5

14.9
± 5 .2

17.1
± 4 .2

14.6
± 3 .6

B(N =10) 0.5
± 0.2

0.5
± 0 .4

1.3
± 0 .7

5.3
± 3 .3

. 14.8 
± 5 .0

15.6
± 6 .3

26.8
± 4 .8

C(N =10) 0.4
± 0.1

2.0
± 1 .3

2.0
± 0 .9

6.1
± 2.2

24.5
± 6.2

25.8
± 5 .6

35,7
± 6.1

Total 0,7
± 0.2

1.2
± 0 .5

1.3
± 0 .4

4.0 
±  1.2

17.9
± 3 .2

19.7
± 3 .3

26,6
± 3 .4

19.1 ± 6 ,4 30,9 ±4,2

V alues are expressed as m ean ±  sem. A, Glucose-ORS; B, Glucose-ORS plus ARS; C, Rice ORS. 
M ai. Ch., Malnourished children without cholera; Heal. Ch., Healthy children.

T a b le  23. A m o u n t o f  b u ty ric  acid  in s too l o f ch ild ren .

G ro u p M a ln o u rish e d  ch ild ren  w ith  cho le ra  (N=30)
(mmo!e/kg)

M ai. Ch. 
(N = ll)

(mmole/kg)

H eal.
C h.

(N=6)
(mmole/kg)DayO D ay l Day2 Day3 D ay? D ay2I Day28

A (N=10) 0.4
± 0,2

0.7
± 0 .5

1.2
± 0 .7

1.1
± 0 ,5

2.5 
±  1.1

16.8
± 5 .2

13,7
± 3 .7

B (N =10) 0.3
± 0.1

0.3
± 0,2

0.6
± 0 .3

0.8
± 0 .5

1.7
± 0 .5

11.9
± 2 .9

16,4
±5,5

C  (N=10) 0.4
± 0.1

0.6
± 0 .3

0.8
± 0 .4

1.5
± 0 .4

5.9
± 1.6

18.8
± 3 .8

26.0
± 8 ,9

Total
(N=30)

0.4
± 0.1

0.5
± 0.2

0.9
± 0 .3

1.2
± 0 .3

3.3
± 0 .7

15.8
± 2.2

19.3
± 4 .0

15 .4±  5.7 17,4 ±2.4

V alues are expressed as m ean ± sem. A, Glucose-ORS; B, Glucose-ORS plus ARS; C, Rice ORS. 
M ai. Ch., Malnourished children without cholera; Ileal. Ch., Healthy children.
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T able 24. Am ount o f valeric acid in stool o f children.

Group M alnourished children w ith cholera (N=30) 
(mmol/kg)

M ai.
Ch.

(N = ll)
(mmot/kg)

Heal.
Ch.

(N=6)
(mmol/kg)DayO D ay l Day2 Day3 Day? Day21 Day28

A (N =10) 0.03
± 0.01

1.5
± 0 .9

1.0
± 0.8

1.5
± 0.8

0.6
± 0 .4

2.4 
±  1.1

3,9 
±  1.5

B (N =10) 0.4
± 0.2

0.6
± 0 .3

0.2
± 0.1

0.5
± 0 .3

0.3
± 0.2

0.9
± 0 .5

1.4
± 0 ,7

C(N =10) 0.4
± 0.2

0.9
± 0 .4

1.1
± 0 .4

0.3
± 0.2

2.1 
±  1.2

3.5 
±  1.5

6.2
± 2 .3

Total
(N=30)

0.3
± 0.1

1.0
± 0 .3

0.8
± 0 .3

0,7
± 0 .3

0.9
± 0 .4

2.2
± 0.6

4.1 
±  1.1

3 ,8 ±  1.4 1.7 ±0.5

V alues are expressed as m ean ±  sem. A, Glucose-ORS; B, Glucose-ORS plus ARS; C, Rice ORS. 

M ai. Ch., Malnourished children without cholera; Heal. Ch., Healthy children.
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>

5.6 Analysis of faecal microbiota structure by fluorescent 
in situ hybridization (FISH) combined with Flow 
cytometry

5.6.1 Enumeration o f bacterial cells
The num ber o f  bacteria (7.9 ±  0.08 loglO /g, m ean +  sem) was very low  in acute cholera, day 

0. The num ber increased w ith tim e and reached to 9.5 ±  0.03 loglO /g at day 28. However, 

despite this increase at day 28 the bacterial num ber was low er in m alnourished children with 

cholera and m alnourished children w ithout cholera (9.6 ±  0.08 loglO /g) com pared to healthy 

control group (10.0 ±  0.1 loglO/g; P<0.01). In  different ORS groups, the num ber o f bacteria 

increased significantly faster in the rice-O RS group com pared to glucose ORS (P<0.01) at 

day 1 and day 2. The bacterial num ber was interm ediate in glucose ORS plus ARS group 

from  day 1 to day 7 but the difference w as not significantly higher than glucose or lower than 

rice at any tim e point. D etailed  data w ere presented in Table 25.

T a b le  25. N u m b e r o f  B ac te ria  in stool o f ch ild ren .

G ro u p M a ln o u rish e d  c h ild ren  w ith  ch o le ra  (N=30)
(logioyg

M ai.
C h.

(N = ll)
(toglO)/g

Heal.
Ch.

(N=6)
(logioygDayO D a y l D ay2 Day3 D ay? Day21 D ay28

A  (N=10) 7.8
± 0.20

7.3
±0.31

7,6
±0.37

8.2
±0,28

8.9
±0.31

9.5
± 0 .1 3

9.6
± 0 .0 6

B(N =10) 7.8
± 0,10

7.7
±0.27

8.1
±0.32

8.5
±0.18

9.4
±0,14

9.5
± 0 .1 5

9,4
± 0 .0 5

C (N =10) 8.0
± .1 3

8,4
±0.18

8.8
±0.12

8,7
± 0.21

9,3
±0.16

9.4
± 0 ,0 6

9.5
± 0 .0 6

Total
(N=30)

7.9
±0.08

7.8
±0.17

8.2
±0.18

8.5
±0.13

9.2 
±  .12

9.5
± 0 .0 6

9.5
± 0 .0 3

9,63
± 0 ,0 8

10.0
± 0.1

Values are expressed as m ean ±  sem. A, Glucose-ORS; B, GIucose-ORS plus ARS; C, Rice ORS, 

M ai. Ch., Malnourished children without cholera; Heal. Ch., Healthy children.
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5.6.2 Detection of bacterial groups by probes targeted against 16S 
rRNA

5.6 .2 .1 T o ta l b a c te ria

The distribution o f  different bacterial groups in stool specim ens o f  patients treated with 

different ORS was further analysed by probes targeted against 16S rRNA. The sum s o f  the 

bacterial group percentages were not different am ong the ORS treatm ent groups at day 0 and 

at the follow ing tim e periods. O n the other hand, sum  o f  the bacterial group percentages in 

healthy children (87.7 ±  4,7) w ere significantly different (P< 0.01) than m alnourished 

children w ith cholera at day 0 (40.4± 4.9), at day 28 (59.7± 4.8) and m alnourished without 

cholera (52.5 ±  8.9). How ever, the total percentage o f  bacteria obtained by probes targeted 

against 16S rRN A  at acute cholera phase was not different than m alnourished children 

w ithout cholera. D ata was presented in Table 26.

T a b le  26. P ro p o rtio n  o f  faecal m ic ro b io ta  in  s tu d y  ch ild ren .

G ro u p M a ln o u rish e d  ch ild ren  w ith  cho le ra  (N=30) 
(%)

M ai.
Ch.

(N = ll)
(%)

Heal.
C h.

(N=6)
(%)DayO D ay! Day2 Day3 D ay? Day21 Day28

A
(N=6)

44.3
± 10.6

62.7
± 8.8

44.8
±10.3

47.5
± 9 .8

56.0
± 9 .9

55.3
± 6.8

61.4
± 11.8

B
(N=8)

37.8
± 6 .9

55.7
± 11,8

62.8
± 9 .3

69.2
± 8 .7

62.3
± 10.0

53.0
± 7 .8

58.4
± 9 .5

C
(N -9)

39.4
± 9 .0

50.5
± 10.6

72.8
± 6 .9

53.9
± 6 .3

72.4
± 5 .8

55.3
± 4 .5

59.4
± 4 .2

Total
(N=30)

40.4
± 4 .9

56.5
± 5 .9

60.0
± 5 .4

56.9
± 4 .9

64.2
± 4 .9

54.5
± 3 .6

59.7
± 4 .8

52.5 ± 8 .9 87.7
±4.7

Values are expressed as m ean ±  sem. A, Glucose-ORS; B, Glucose-ORS plus ARS; C, Rice ORS. 

Mai. Ch., Malnourished children without cholera; Heal. Ch., Heahhy children.
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S.6.2.2 The Enterobacteriaceae family (Proteobacteria phylum)

The average proportion- o f  bacteria o f  Enterobacteriaceae fam ily was higher (4.4 ±  0,9% ) at 

day 0 in children w ith cholera than children w ithout cholera and it increased approxim ately 

10 tim es at day I in all three treatm ent groups. A lthough the proportion w as lower in rice 

group at day 3, the difference w as not significant between the groups. The proportion 

decreased gradually in the follow ing days and reached 1.8 ± 0.8%  at day 28, Healthy children 

had low er percentage o f  bacteria o f  Enterobacteriaceae fam ily (0.81 ±  0.43% ) than 

m alnourished children (1.25 ±  0.4% ). Table 27 presented the proportion o f  bacteria of 

Enterobacteriaceae fam ily am ong the total m icrobiota in all the children.

T a b le  27. Inc idence  o f  E n te ro b a c te r ia c ea e  fam ily  in faecal m ic ro b io ta  o f  ch ild ren .

G ro u p M aln o u rish e d  ch ild ren  w ith  cho lera  (N=30)
(% )

M ai.
Ch.

(N=1I)
(% )

H eal.
C h.

(N=6)
(% )DayO D a y l Day2 Day3 D ay? Day21 Day28

A (N =10) 4.5
±1.83

46.2
±11.3

22.26
± 11.2

24.8
± 11.8

7.7
± 4 .8

3.2
± 3 .1

0.42
± 0 .3

B(N =10) 5,3
± 2.1

47.5
±12.3

37.6
± 11.8

32.8
± 9 .7

7.7
± 3 .7

1.0
± 0.8

3.8
± 2 .3

C (N =10) 3.3 
±  1.3

36.2
±12.7

41.6
±11.7

15.1 
± 5.3

19.4 
±  8.9

3.6 
±  1.5

1.1
± 0 .4

Total
(N=30)

4.4
± 0 .9

43.5
± 6.8

33.7
± 6.6

24.3
± 5 .4

12.8 
± 3.8

2.6 
±  1.0

1.8
± 0.8

1.25 ±0.4 0.81
±0,4

V alues are expressed as m ean ±  sem. A, GIucose-ORS; B. Glucose-ORS plus ARS; C, Rice ORS. 

Mai. Ch., Malnourished children without cholera; Heal. Ch., Healthy children.
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The m em bers o f  C. coccoides  group form ed the average proportion o f  10.7 ±  2.6%  at day 0 

am ong the total faecal m icrobiota in the children with cholera. It decreased to 1.6 ± 0.6%  at 

day 1 and increased again to 8.9 ±  1.9% after 3 w eeks o f recovery. At day 3, the average 

proportion was higher in GIucose-ORS phis A R S than the two other treatm ent groups and the 

d ifference was significantly higher than rice group (P <  0.05, one w ay anova). There was 

significant difference o f  this bacterial proportion between m alnourished children without 

cholera and healthy children, 4.8 ±  1.7% and 27.4 ±  3.7%  respectively. D ata presented in 

Table 28.

T a b le  28. In c id en ce  o f  C. coccoides  g ro u p  in faecal m icrob io ta  o f ch ild ren .

5.6.2.3 The Clostridium coccoides group (Firmicutes phylum)

G ro u p IV lalnourished ch ild ren  w ith  cho le ra  (N=30)
(%)

M ai.
C h.

(N = ll)
(%)

H eal.
Ch.

(N=6)
(%)DayO D a y l Day2 Day3 D ay7 Day21 Day28

A (N =10) 10.8
± 5 .6

2.7 
±  1.4

1.1
± 0.6

0.8
± 0 .3

5,8
± 3 .7

11.53
± 4 .6

7.3
± 3 .5 3

B (N = 10) 9.5
± 4 .1

0.8
± 0 .3

0.8
± 0 .5

3,8 
±  1.8

4.2
± 4 ,1

10.7
± 2 .9

4.9
± 2.8

C (N =10) 11.8
± 4 .2

1.2
± 0.8

0.5
± 0.1

0,4
± 0,2

2.8 
±  1.3

10.8
± 2 .9

13.9
± 2 .7

Total
(N=30)

10.7
± 2.6

1.6
± 0.6

0,8
± 0 .3

1,7
± 0 .7

4,2 
±  1.8

10.9 
±  1.9

8.9
± 1 .9

4.8 ±  1.7 27.4 ± 
3.7

Values are expressed as mean ±  sem. A, Glucose-ORS; B, Glucose-ORS plus ARS; C, Rice ORS. 

M ai. Ch., Malnourished children without cholera; Heal. Ch., Healthy children.
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The m em bers o f  Bacteroides group possessed  low er proportion at day 0 than the 

m alnourished children w ithout cholera, 7.7 ±  2.1%  and 10.7 ±  3.4% , respectively. The 

num ber decreased at day 1. At day 3, children o f  Glucose-ORS plus ARS and rice-ORS 

possessed higher proportion o f  this group o f  bacteria than Glucose-ORS but the difference 

was not significant. H ealthy children possessed higher proportion o f  bacteroides (16.1± 

4.0% ) than m alnourished children. Data presented in Table 29.

5.6.2.4 The Bacteroides group (Bacteroidetes phylum)

Tabic 29. Incidence o f Bacteroides group in faecal m icrobiota o f children.

Group M alnourished children w ith cholera (N=30)
(% )

Mai.
Ch.

(N = ll)
{% )

Heal.
Ch.

(N=6)
(% )DayO D a y l Day2 D ays Day7 Day21 Day28

A (N =10) 8.4
± 3 .5

2.2 
±  1.2

1.7
± .9

1.8 
±  .8

14.2
± 5 .9

2.8 
±  1.3

4.4
± 3 .5

B (N=10) 7.9
± 4 .1

0.9
± 0 .4

3.3
± 2.6

9.2 
±  5.6

5.2
± 2 .5

4.9
± 2 .7

3.4
± 2.6

C (N=10) 6.9
± 3 .4

1.8 
±  1.3

5.9
± 3 .1

9.3
± 3 .4

10.2
± 3 .5

5.9
± 3 .4

10.7
± 5 .4

Total
(N=30)

7.7
± 2.1

1.6
± 0.6

3.6 
±  1.4

6.8
± 2.2

9.7
± 2 .3

4.7 
±  1.6

6.4
± 2 .4

10.7
± 3 .4

16.1
± 4 .0

Values are expressed as mean ±  sem. A, Glucose-ORS; B, Glucose-ORS plus ARS; C, Rice ORS. 

M ai. Ch., Malnourished children without cholera; Heal. Ch., Healthy children.
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5.S.2.5 The Faecalibacterium prausnitzii subgroup (Clostridium ]eptum 
group, Firmicutes phylum)

The average proportion o f  bacteria o f  F. prausn itzi subgroup in m alnourished children with 

cholera w as h igher both at acute cholera (4.9 ±  1.2 % ) and recovery stage (7.9 ±  2.2% ) than 

the m alnourished children w ithout choiera. A t day 3, the proportion w as higher in children o f 

rice ORS group than glucose-ORS and glucose-O RS plus ARS but the difference was not 

significant. H ealthy children possessed sim ilar proportion like cholera children after one 

m onth. D ata presented in Table 30.

T a b le  30. P rev a len ce  o f F. p ra u sn itz i  su b g ro u p  in faecal m icrob io ta  o f ch ild ren .

G ro u p M aln o u rish e d  ch ild ren  w ith  ch o lc ra  (N=30)
{%)

M ai.
Ch.

(N = ll)
{%)

H eal.
C h.

(N=6)
(%)

DayO D ay l Day2 Day3 D ay? Day21 D ay28

A (N = 10) 6.0
± 2 .3

0.7
± 0 .5

0.2
± 0.1

0.4
± 0.2

6.3
± 4 .6

7.3
± 2 .3

6,9
± 4 .2

B(N=IO) 3.5 
±  1.5

0.07
±

0.06

0.9
± 0.6

0.3
± 0.2

2.5
± 2 .3

6.3
± 2 .3

7.4
± 4 ,8

C(N=IO) 5,3
± 2 .5

3.1
± 2 .9

0.7
± 0 .3

2.0
± 1 .4

2.6 
±  1.3

6.3
± 2 .3

9,4
± 2 ,9

Total
(N=30)

4.9 
±  1.2

1.2
± 0 .9

0.6
± 0.2

0.9
± 0 .5

3.7 
±  1.6

6.6 
±  1.3

7,9
± 2.2

3 .2 ±  1.7 7.9 ± 
2.8

V alu e s  a re  ex p re sse d  a s  m e an  ±  s e m . A , G lu co se -O R S ; B , G lu co se-O R S  p lu s  A R S ; C , R ice  O R S . 

M a i. C h .,  M a ln o u rish e d  ch ild re n  w ith o u t ch o le ra ; H e a l .  C h .,  H ea lth y  ch ild ren .
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At day 0, the average proportion o f  bacteria  o f  Bifidobacterium  genus was low er in 

m alnourished cholera children (6,4 ±  1,4%) than non-cholera m alnourished children (23.2 ± 

6.9% ) and it decreased further at day 1 after antibiotic therapy. A t day 3, the highest 

proportion w as observed in children o f  rice-O RS (17.6 ±  9.0% ), followed by glucose-ORS 

plus A R S (14.3 ±  7.2% ) and glucose-ORS (3,6 ±  3.4% ) group. The proportion was not higher 

in healthy children than m alnourished children w ithout cholera. Table 31 showed the detailed 

data o f  this bacterium  in children faeces.

5.6.2.6 The Bifidobacterium genus (Actinobacteria phylum)

T a b le  31. P rev a len ce  o f B ifid o b ac te riu m  genus, in faecal m icrob io ta  of ch ild ren .

G ro u p M a ln o u rish e d  ch ild ren  w ith  c h o le ra  (N=30)
{%)

M ai.
Ch.

(N = ll)
(%)

H eal.
Ch.

(N=6)
(%)

DayO D ay l Day2 Day3 Day7 Day21 Day28

A  (N=10) 5.9
± 2 ,3

3,9 
±  1,9

2,1
± .9

3.6
± 3 .4

4.2
± 2 .4

23.8
± 7 .5

32.6
± 9 .6

B (N =10) 7.1
± 2.1

2,9 
±  1.2

7,8
± 3 .9

14.3
± 7 .2

32.2
±

10,5

19.3
± 7 .1

19.5
± 7 .0

C (N =iO ) 6.2 
±  3.0

5,8 
±  5.0

7.3
± 4 .5

17,6
± 9 ,0

18.0
± 7 .2

14.4
± 3 .4

9.4
± 2.2

Total
(N=30)

6.4 
±  1,4

4,1 
±  1.7

5.7 
±  1,9

11.9
± 4 ,0

18.7
± 4 .8

18.8
± 3 ,5

19.9
± 4 .2

23.2 ± 6 .9 18,1
±5.6

V a lu e s  a re  ex p re sse d  as m ean  ±  s e m . A , G lu c o se -O R S ; B , G lucose-O R S  p lu s A R S ; C , R ice  O R S . 

M a i. C h .,  M a ln o u rish ed  ch ild ren  w ith o u t ch o le ra ; I le a l .  C h .,  H ea lthy  ch ild ren .
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5.6.2.7 The Atopobium cluster (Actinobacteria phylum)
1 he m em bers o f  A topobium  cluster was decreased by proportion in acute cholera state (3.8 ±  

0.9 % ) than non cholera m alnourished state (6.8 ±  1.9%). After initiation o f  antibiotic therapy 

the bacterial percentage was reduced. At day 3, h igher proportion o f bacteria was observed in 

glucose-O RS plus ARS than rice and glucose-O RS but the difference w as not significant. 

M alnourished children w ithout cholera did not possess higher proportion than healthy 

children. D ata presented in Table 32.

T a b le  32. P rev a len ce  o f A to p o b iu m  c lu s te r in faecal m icrob io ta  o f ch ild ren .

G ro u p M a ln o u rish e d  c h ild ren  w ith  cho le ra  (N=30) 
(%)

M ai.
C h.

(N = ll)
(%)

Heal.
C h.

(N=6)
(%)

DayO D ay l D ay2 Day3 D ay? Day21 Day28

A (N =10) 3,8 
±  1.3

0.9
± 0 .3

0.9
± 0 .4

0.3
± 0.1

3.0
± 2 .3

4,6
± 2 ,7

6,7
± 3 .9

B (N=10) 2.9 
±  1.3

2,6
± 2.1

6.4
± 5 .6

5.1 
±  3.2

5.8
± 3 ,8

3.6 
±  1.2

12,1
± 3 .9

C (N =10) 4.7
± 2.1

1.3
± 0.6

0.9
± 0 .4

1.2
± 0.6

9.4
± 3 ,5

8,1
± 2 ,5

7.5 
±  1.7

Total
(N=30)

3.8
±0.92

1.6
±0.76

2.6 
±  1.7

2,2 
±  1,1

6,3 
±  1,9

5.5 
±  1.3

8.7
±  1.9

6 .8 ± 1 ,9 10,2
±1.5

Values are expressed as mean ±  sem. A, Glucose-ORS; B, Glucose-ORS plus ARS; C, Rice ORS. 

M ai. Ch., Malnourished children without cholera; Heal. Ch., Healthy children.
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5.6.2.8 The Lactobacillus-Enterococcus group (Firmicutes phylum)
The proportion o f  Lactobacillus-Enterococcus group o f  bacteria was different than other 

bacterial groups described above.- It was h igher in glucose-ORS group than rice-ORS and 

ARS-ORS group until day 7 started from  day 0. A t day 3, compared to ARS-ORS group, 

children o f  rice-O RS group possessed higher proportion o f  Lactobacillus-Enterococcus group 

o f  bacteria although the difference was not significant betw een any groups at day 3. Healthy 

children possessed higher proportion than m alnourished children. Data presented in Table 33.

T a b le  33. P rev a len ce  o f Lactobacillus-E nterococcus sp. in faecal m ic ro b io ta  o f ch ild ren .

G ro u p M aln o u rish e d  ch ild ren  w ith  c h o le ra  (N=30)
(%)

M ai.
C h.

(N = ll)
(%)

H eal.
C h.

(N=6)
(%)

D a y ^ D a y l Day2 Day3 D ay? Day21 Day28

A CN=IO) 4.9
± 2.2

6,0
± 4 .8

16.5
± 7 ,5

15.6
± 7 .9

14.8 
±  6.2

2.1 
±  1.0

3.1 
±  1.3

B (N = !0) 2.4
± 0,6

0,9
± 0 ,5

6,0
± 3 ,7

3,4 
±  1,4

4,7 
±  1,2

7.1
± 2.1

7.2
± 2.8

C (N =10) 1.9
± 0.8

1,2
± 0 ,4

15,8
± 7 ,7

8,4
± 2 .7

10.0
± 4 .3

6.2 
±  1.8

7.3 
±  1.6

Total
(N =30)

2.9
± 0.8

2,7
± 1.68

13,0
± 3 .8

9.1
± 2 .9

9.6
± 2 ,5

5.4 
±  1.1

5.9 
±  1.2

2,5 ± 0 .9 7.1 ±4.5

Values are expressed as mean ±  sem, A, Giucose-ORS; B, Glucose-ORS plus ARS; C, Rice ORS. 

M ai. Ch., Malnourished children without cholera; Heal. Ch., Healthy children.
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5.7 Impact of malnutrition, cholera and carbohydrate 
substrates of ORS on microbiota structure and SCFAs 
concentration in faeces of children

5.7.1 Malnutrition
The effect o f  m alnutrition on faecal m icrobiota structure was analysed by com paring the 

variables betw een m alnourished and healthy children (Figure 34). All the bacterial groups 

possessed higher proportion except Bifidobacterium  in healthy children, but only C. 

coccoides  group w as significantly higher (P<0.01) in this group o f  children among the six 

anaerobic bacteria. The proportion o f  different bacterial groups in m alnourished vs. healthy 

children w as 1.25 ± 0 .4 %  vs. 0.81 ±  0.4%  for Enterobacteriaceae, 4.8 ±  1.7% vs. 27.4 ± 3 .7 %  

for C .coccoides, 10.7 ±  3,4%  vs. 16.1 ±  4.0%  for Bacteroides, 3.2 ±  1.7% vs. 7.9 ±  2.8%  for 

F. prausnitzii, 23 .2  ±  6.9%  vs. 18.1 ±  5.6%  for Bifidobacteria, 6.8 ±  1.9% vs. 10.2 ±  1.5% for 

A topobium  and 2.5 ±  0.9%  vs. 7.1 ±  4.5%  for

Lactobacillus.

Figure 34. E ffect o f  m alnutrition on faecal m icrobiota com position in m alnourished  
and healthy children.
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Four different short chain fatty acids concentrations w ere com pared between m alnourished 

and healthy children to  see the effect o f  m alnutrition on faecal fatty acids concentration 

(Figure 35). It was observed from  the analysis that, only acetic acid concentration was 

significantly  higher (P = 0 .011) in healthy children. The total concentration o f  acids between 

m alnourished vs. healthy children was 32.3 ±  6.5 vs, 52.4 ±  2,3 m m ol/kg for acetic acid, 19.1 

±  6.4 vs, 30,9 ±  4.2 m m ol/kg for propionic acid, 15.4 ±  5.7 vs, 17.4 ±  2.4 m m ol/kg for butyric 

acid and 3.8 ±  1,4 vs, 1.7 ±  0.5 m m ol/kg for valeric acid.

Acetate P ro p io n a te  Butyrate V a le ra te
0  Malnourish 
S  Healthy

Figure 35. E ffect o f  m alnutrition on faccal short chain fatty acids concentration in 
m alnourished and healthy children.
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5.7.2 Cholera

The effect o f  cholera on faecal m icrobiota com position was analysed by com paring the 

proportion o f  different bacterial groups betw een severely m alnourished children w ith cholera 

and w ithout cholera (F igure 36). There w as no significant reduction o f  anaerobic bacterial 

groups observed in acute cholera condition. O nly Enterobacteriaceae w as found significantly 

h igher (P<0.05) and Bifidobacteria was significantly low er (P<0.01) in cholera children 

com pared to  non-cholera children, 'fh e  proportion o f  different bacterial groups in cholera v s . . 

m alnourished status w ere as follows: 4.4 ±  0.9 vs. 1.25 ±  0.4%  for Enterobacteriaceae, 10.7 ±  

2.6 vs. 4.8 ±  1.7% for C. coccoides, 7.7 ±  2.1 vs. 10.7 ±  3.4% for Bacteroides, 4.9 ±  1.2 vs.

3.2 ±  1.7% for F. prausn itzii, 6.4 ±  1.4 vs. 23.2 ±  6.9%  for Bifidobacteria, 3.8 ±  0.9 vs. 6.8 ±

1.9% for A topobium  and 2.9 ±  0.8 vs. 2.5 ±  0.9%  for Lactobacillus.

Figure 36. E ffect o f cholera on faecal m icrobiota com position structure in severely  
m alnourished children w ith and w ithout cholera.
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Cholera has severe effect on short chain fatty  acids concentration and each acid was found 

significantly low er in acute cholera condition (P<0.01, Figure 37). The concentration o f 

different acids in severely m alnourished children with cholera vs. w ithout cholera 

(m alnourished) condition were 3.5 ±  0.5 vs. 32.3 ±  6.5 m m ol/kg in acetic acid, 0.7 ±  0.2 vs.

19.1 ±  6.4 m m ol/kg in propionic acid, 0.4 ±  0.1 vs. 15.4 ±  5.7 m m ol/kg in butyric acid and

0.3 ±  0.1 vs. 3.8 ±  1.4 m m ol/kg in valeric acid  respectively.

50

w  40

o 
E g  
c  
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Acetate P r o p ionate B utyrate Valerate

Figure 37. E ffect o f  cholera on faecal short chain fatty acid concentration in severely  
m alnourished children with and w ithout cholera.
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5.7.3 Impact o f treatment with oral rehydration solution 
containing different carbohydrate substrates on faecal microbiota 
structure and fatty acid concentration

D uring recovery  from  cholera, the effect o f  oral rehydration solution containing different 

carbohydrate substrates on faecal m icrobiota com position w as analysed by com paring the 

percentage o f  each bacterial group at day 3 betw een three treatm ent groups o f  severely 

m alnourished children w ith  cholera (Figure 38). It was observed that, among the six 

anaerobic bacteria there w as a trend o f  clustering higher proportion o f  Lactobacillus- 

Enterococcus in glucose-O RS group, C. coccoides and A topobium  in glucose-ORS plus ARS 

group and F. prausn itzii and Bifidobacterium  in  rice-O RS group. Bacteroides proportion was 

higher and sim ilar in both rice and A R S-O RS group than glucose-ORS. N o significant 

d ifference was observed betw een treatm ent groups for any bacterial lineage except C, 

coccoides w hich w as significantly higher in A R S-O RS group than rice. Sum o f  the bacterial 

groups was contributed m ainly by Enterobacteriaceae. The proportion o f  different bacterial 

groups in glucose vs. A R S vs. rice group w ere as follows: 24.8 ±  11.8% vs. 32.8 ±  9.7%  vs.

15.1 ±  5,3%  for Enterobacteriaceae, 0,8 ±  0.3%  vs. 3.8 ±  1.8% vs.0.4 ± 0,2%  for C. 

coccoides, 1.8 ±  0.8%  vs. 9.2 ±  5.6%  vs. 9.3 ±  3,4%  for Bacteroides, 0.4 ±  0.2%  vs. 0.3 ±

0,2%  vs, 2.0 ±  1.4%  for F, prausnitzii, 3.6 ±3.4%  vs. 14.3 ±  7.2%  vs. 17.6 ±  9.0%  for 

B ifidobacterium , 0.3 ±  0.1%  vs. 5.1 ±  3.2%  vs. 1.2 ±  0.6%  for A topobium , 15.6 ±  7.9 %  vs. 

3,4 ±  1.4%  vs. 8,4 ±  2.7%  for Lactobacillus-Enterococcus and for total proportion 47.5 ±  9.8 

vs. 69.2 ±  8.7%  vs. 53.9 ±  6.3%  respectively.
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Figure 38. E ffect o f  different carbohydrates on faecal m icrobiota structure in severely  
m alnourislied children w ith  cholera.
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The concentration o f  acetic acid was h igher am ong the four different acids on day three and 

its concentration was significantly higher in rice-O R S than glucose-ORS-A RS group (Figure 

39). Propionic acid concentration was observed next and higher concentration was found in 

ARS and rice ORS than glucose-O RS group. Total concentration was contributed m ainly by 

acetic acid concentration. The concentration o f  different acids in glucose vs. ARS vs. rice 

group were 23,3 ±  5.9 vs. 16.9 ±  4.3 vs. 39.2 =fc 8.5 m m ol/kg for acetic acid, 1.1 ±  0.5 vs. 5.3 

±  3,3 vs. 6.1 ±  2.2 m m ol/kg for propionic acid, 1.1 ± 0 .5  vs, 0,8 ±  0.5 vs. 1.5 ±  0.4 m m ol/kg  

for butyric acid, 1.5 ±  0,8 vs. 0.5 ±  0.3 vs. 0,3 ±  0.2 mmol/kg for valeric acid and for total 

fatty acids 26.7 ±  5,8 vs. 23.6 ±  5.7 vs. 47.1 vs. 8,7 mmol/kg.

a  Glucose 

H  G lc+ARS 

0  Rice

Acetate Propionate Butyrate Valerate Sum

Figure 39. E ffect o f  different carbohydrates on faecal short chain fatty acids 
concentration in severely m alnourished children w ith cholera. Day 3 sam ples were 
analysed.
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5.8 Evolution of microbiota and increasing of SCFAs 
during convalescence and nutritional period after cholera.

The level o f  som e strictly anaerobic and facultatively anaerobic bacteria decreased during 

acute cholera  stage and decreased further upon initiation o f  antibiotics. In course o f  tim e, the 

bacterial proportion  increased again during convalescence and nutritional phase. D ata 

analysed from  all cholera children (N  =  30) at seven different tim e periods and com pared 

w ith m alnourished children w ithout cholera (N  = 11) w ere presented  in  Figure 40. The m ain 

feature o f  this Figure w as that the proportion o f  Enterobacteriaceae, the facultative anaerobic 

bacterial population o f  faecal m icrobiota w as only  10%  during acute cholera i.e., at day  0, 

w hich  covered approxim ately 80%  o f  faecal bacterial population at day 1. This proportion 

decreased gradually  and cam e to the level o f  non-cholera children at day 28.

■  L a c t o b a c i llu s

■  A t o p o b iu m

■  B i f id o b a c t e r ia

■  F . p r a u sn te i i  

□  B a c t e r o id e s

■  C .  c o c c o id e s

■  E n t e ro b a c t e r ia c a e

D ayO  D ay 1 D ay 2 Day 3 D ay 7 D ay 21 Day 28

Figure 40. EvolutioD o f  faecal m icrobiota follow ed by acute cholera in study children.
M ai, Severely  m alnourished children w ithout cholera.

Short chain fatty  acid (s) concentration w as very  low  in  acute cholera stage and started  to 

increase from  day  1 un til end o f  the study. The increase in different SCFA s w as significantly
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different. The concentration o f  different SCFA s at different tim e poin ts w as analysed am ong 

all the severely  m alnourished children w ith  cholera (N  = 30) and presented  in  Figure 41.

A c e t a t e  

P r o p i o n a t e

------------------B u t y r a t e

-^ V a le r a t e

Figure 41. Increasing o f  short chain fatty acid concentration follow ed by acute cholera.
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Chapter VI 

Discussion
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6.0 Discussion

The results o f  our study dem onstrated transient alterations in the faecal bacterial diversities 

during acute cholera in severely m alnourished children. The results also dem onstrated that 

these children possessed considerably low er m agnitude o f  diversity in their gut com pared to 

healthy children. Bacterial diversity was increased significantly at day 3, in severely 

m alnourished children w ith cholera during treatm ent w ith ORS containing com plex 

carbohydrates. W e observed that acute cholera caused reduction o f  bacterial num ber and the 

proportion o f  m ajor com ponents o f  faecal m icrobial community, The results indicated that 

cholera has a  drastic effect on the concentration o f  short chain fatty acids, the m ajor 

m etabolic product o f  the colonic m icrobiota. During recovery bacterial num ber, proportion 

and concentration o f  SCFA s increased. W hile com paring betw een three ORS treatm ent 

groups, better effect was observed in children receiving Rice-ORS.

Im proved colonic salvation o f  w ater and electrolytes in diarrheal patients and im proved 

colonic function in nutritional interventions are topics o f  recent interest. The assum ption is 

based on the ferm entation o f  am ylase-resistant carbohydrates by colonic bacteria liberating 

SCFAs that serves as m etabolic fuel as well as a potent stim ulator o f  w ater and electrolyte 

absorption (5, 23, 53, 98, 158, 164), As it is docum ented previously that small intestine plays 

the m ajor role for rehydration during diarrhea through glucose based electrolyte and water 

absorption, the present study aim ed at colonic absorption o f saU and w ater through the 

stim ulation o f  colonic bacteria and their m etabolism . In addition to small intestinal 

absorption, the study has taken an  attem pt to evaluate the efficacy o f  tw o different oral 

rehydration solutions e.g., glucose-O RS supplem ented with am ylase resistant starch and 

cooked rice-O R S for rehydration o f  severely m alnourished children w ith cholera while 

m aintaining the glucose-O R S as the standard ORS for comparison. So, colonic bacterial 

population is the central point to utilize the starch reached the colon. How ever little is known 

about the status o f  the colonic flora  in pathological conditions, particularly in cholera, the 

m ost severe form  o f  diarrhea. R esearch investigation o f  such m icrobial habitat during cholera 

is im portant since it w ould give an  opportunity to perform  an in-depth study o f  the aheration 

o f  bacterial diversity, their proportion and their m ajor m etabolic product, the SCFAs as well 

as their restoration in the follow ing days. A t the sam e tim e tliis investigation would give a
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privilege to m easure w hat extent the diversity is influenced in the sam e m icrobial habitat by 

cholera and nutrition by com paring the m alnourished cholera condition w ith  non-cholera 

m alnourished and healthy condition.

W e studied for the first tim e, the faecal bacterial diversity, their num ber, proportion o f  key 

com m ensal bacteria and concentration o f  SCFAs in acute, convalescent and nutritional 

rehabilitation period o f  severely m alnourished children with cholera. Previous studies have 

exam ined the gastrointestinal flora in acute cholera (82, 83) and in acute diarrhea (8, 81, 203) 

using conventional culture techniques, m icroscopy and biochemical tests inferred that the 

faecal anaerobic bacteria were significantly reduced in num ber during acute disease leading 

to aerobic bacteria to increase several fold. The m ajor anaerobic bacterial group e.g., 

Bacteroides, C lostridium , B ifidobacterium , Lactobacillus and Eubacterium  w ere found 3 to 4 

fold low er in acute cholera and diarrhea.

Cultivation o f  anaerobic bacteria are difficult and requires the use o f  special apparatus such 

as anaerobic glove boxes, or test tubes flushed w ith an oxygen-free gas, to provide a suitably 

reduced environm ent that will enable extrem ely oxygen-senshive bacteria to grow. H ighly 

selective m edium  are also needed to  culture them. The m ajor handicap to successful analysis 

o f  the gut m icroflora has been the inability o f  bacteriologists to cultivate all o f  the m em bers 

o f  the bacterial com m unity under laboratory conditions. It is evidenced that about 60%  o f  the 

total m icroscopic count cannot be cultured even w ith  the best anaerobic culture m ethods 

(197). T his problem  has been solved to some exten t in microbial ecology by the use o f 

analytical approaches that are D N A -based and are referred to as m olecular m ethods. The 

target w ithin the bacteria! chrom osom e for these DN A-based m ethods is usually the 16S 

rRN A  gene (201). M olecular techniques e.g., d irect cloning and sequencing o f  16S RN A  

gene from  a com plex com m unity DN A, dot-blot hybridization o f rRNA or fluorescent in situ 

hybridization o f  w hole cell follow ed by detection w ith  DNA probes targeted against 16S 

rRNA, com m unity finger print techniques such as denaturing gradient gel electrophoresis 

(DGG E) or tem poral tem perature gradient gel electrophoresis (TTGE) or T-RFLP and real 

tim e PC R  o f  the 16S rD N A  to estim ate the bacterial load in a m ixed com m unity are the 

leading m ethods used by the environm ent m icrobiologists throughout the last two decades. 

These m olecular techniques were used in determ ining genetic diversities am ong natural
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m icrobial com m unities such as biofilm s (136), soils (70), ocean depths (204), hot springs 

(72), ferm ented foods (39), hum an colonic biota (217), term ites’ gut (149) etc. The m icrobial 

com m unity o f  hum an gut has draw n m uch attention in recent years as it cam e to know  that, 

gut m icrobiota has profound relation w ith  health  and diseases. Recently, gut bacteria was 

investigated using m olecular techniques in several different settings like disease conditions 

e.g., d iarrhea (16), C rohn’s disease (210), type 2 diabetes in children (ref); colonization o f 

bacteria in different periods o f  age e.g., w eaning period or gut flora in preterm  baby (114, 

116); intervention o f  prebiotic approach in babies (115); genetic variation and sim ilarity in 

tw in  children (195) etc. How ever, inform ation about gut m icroflora in acute cholera and 

recovery period by m olecular techniques in severely m alnourished children is lacking.

In v iew  o f  the above facts, In the present study w e used a  culture independent m ethod called 

TTG E to assess the faecal m icrobiota diversity comprising both aerobic and anaerobic 

bacteria in severely m alnourished children w ith cholera and to exam ine the population shifts 

over a period o f  tim e (from  day 0 to day 28).

U ntil now, correlation betw een host responses to intestinal infections and other extem al 

factors such as d iet or antibiotics and changes in the intestinal bacterial populations has been 

difficult. In the present study, we collected stool sam ples from m alnourished children with 

severe cholera to  investigate bacterial diversities in their stools using culture independent 

new er techniques. D uring the acute phase o f  infection, w e observed prom inence o f  bands o f  

V. cholerae\ and in  addition to that, the presence o f  few er bands representing other bacterial 

species. This is in agreem ent w ith  culture based studies in which investigators have observed 

reductions in bacterial species in w atery  stools o f  severely purging adult patients w ith cholera 

due to V. cholerae  (40, 83). In th is study, the use o f  the 16S rDNA based PCR-TTGE 

techniques dem onstrated re-establishm ent o f  faecal bacterial com m unity after an insult 

caused by cholera in severely m alnourished children. However, faecal flora represents that in 

the term inal colon and does neither represent m ucosal flora (which differ from  those in the 

luminal) nor those in the proxim al large gut.
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In our study, severely m alnourished children w ith cholera received appropriate rehydration 

and antim icrobial therapy, and continued feeding in accordance with the W orld Health 

O rganization guidelines. A lthough antim icrobials exert a beneficial effect by controlling 

infection i.e. by elim inating pathogenic agents, adm inistration o f  oral agents often causes a 

shift in the intestinal m icrobial populations, w ith a decrease in anaerobic populations and a 

concom itant increase in the aerobic populations (18, 179). In this study, the absence o f 

antibiotic-specific differences in band num bers suggested that m icrobial diversity, as 

reflected by the num ber o f  different TTG E bands did no t significantly alter at day 1 i.e. 24 

hours after initiation o f  therapy. O n the other hand, analysis o f  distance values betw een day 0 

and day 1 show ed significant changes in the bacterial species. Thus the present results 

suggest that antibiotic therapy m aintained the diversity combined with decreased sim ilarity 

betw een bacterial profile o f  day 0 and day 1. Such an alteration was transient.

W e observed substantial inter-individual variations in the num ber o f TTG E bands (4 to  17) 

am ong severely m alnourished children w ith cholera from  day 0 to the end o f  the study period. 

These children w ere random ly selected from  those attending the outdoor o f  the Dhaka 

H ospital on the basis o f  inclusion criteria for the m ain study. They cam e from  different 

localities and w ere on different diets. A s diet and m etabolism  have profound relation w ith 

indigenous bacterial population (32, 75), it is possible that these children possessed individual 

band profiles related  to their diets. How ever, during their hospitalization (recovery period), 

they received sim ilar volum e o f  rehydration solution followed by sim ilar types o f  sem i-solid 

and solid foods, yet the increase in band num bers did neither follow  the sim ilar pattern nor 

sim ilar rates, w hich tends to suggest that changes in colonic flora m ight differ betw een 

individuals.

A ll study children w ere observed in the special, designated Research unit o f  the hospital until 

resolution o f  cholera has occurred and to attain their 80%  w eight for height took around 

seven  days. D ay 21 and day 28 sam ples w ere collected from  their homes. Som e distinct and 

very dom inant bands w ere observed in all TTG E profiles until day 7, although the position o f 

these bands w as not consistent in every patient. On the other hand, higher num ber o f  bands 

was found on day 21 and 28, com pared to day 7, w hereas no bands w ere found in these 

sam ples with higher intensities. One possible reason for this observation could be that fewer
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bacterial species could have proliferated in presence o f  antibiotics during the treatm ent 

period, and some otliers were suppressed at the sam e tim e. This is sim ilar to the observations 

that adm inistration o f  am picillin  to hum ans often  results in the production o f  p-lactam ase by 

various intestinal m icroorganism s, including Enterobacteriaceae, and some m em bers o f  the 

Bacteroides fra g ilis  group, w ith concom itant m ultiplication o f am picillin-susceptible 

Clostridium  difficile (120, 166).

A rem arkable difference in species richness (the num ber o f different species), as 

characterized by the TTG E band num bers, was observed when cholera ch ild ren’s ’ TTGE 

profiles was com pared w ith the healthy children. We observed 20 to 24 bands in healthy 

children com pared to only 9 to 17 bands in cholera children, at day 28. This indicates that 

healthy children possessed m icrobiota o f  greater diversity in their colon com pared to 

m alnourished children w ith  or w ithout cholera. O ur observed num ber o f  bands was sim ilar to 

tha t was observed in an  earlier study (195) using TTG E, which analyzed influence o f  host 

genetics on the predom inant bacteria in  the faecal m icrobiota o f  identical tw ins, fraternal 

tw ins and uru’elated pairs, age betw een 4 m onths and 10 years- the num ber o f  bands in TTGE 

varied  from  8 to 28.

The sim plicity o f  the gut bacterial com m unity in m alnourished children m ay be due to their 

com prom ised nutritional status, narrow er range o f  foods they received, poor absorption o f 

nutrients and m etabolism . One o f  the m ain functions played by the indigenous m icrobiota in 

large intestine is colonization com petition, in which the intrinsic bacteria try  to prevent 

colonization o f  extrinsic bacteria, w hich  could  be pathogenic. In the present study as the 

m alnourished children harbored a rela tively  less diverse resident m icroflora com pared to 

healthy  children, they are m ore prone to colonization by foreign bacteria and to recurrent 

illness (120, 190).

T he intestinal m icrobiota degrades and ferm ents dietary com ponents that escape digestion in 

the sm all gut and endogenous substances that w ere produced along the intestinal tract. These 

d ietary  com ponents are m ainly carbohydrates (resistant starches, fibres and non-digestible 

oligosaccharides), proteins and m ucins. The degradation and ferm entation o f  these substrates 

in  the colon requires the contribution o f  different groups o f  m icrobiota linked in a trophic
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chain transform ing dietary polysaccharides into sm aller fragm ents that are further ferm ented 

into short chain fatty acids represented by acetate, propionate and butyrate and gases, mainly 

H 2 a n d C 0 2 ( 1 0 3 ) .

A s expected in a severe episode o f  w atery diarrhea, bacteria and short chain fatty acids 

concentrations were very  low  in the stools o f  children w ith acute w atery diarrhea (16, 158). 

T hen the concentrations o f  bacteria and short chain fatty acids increased w ith tim e. Here we 

also showed that the clinical recovery w ith tim e was associated w ith a typical pattern o f 

bacteria and short chain fatty acids in stools: clinical rehydration was associated w ith a 

striking increase in both  bacteria and SCFA concentrations. The increase was obser\'ed w ith 

all 3 carbohydrates in O RS, and better results were observed in the children receiving rice- 

O RS. In addhion, norm al nutrition was associated with further increase in bacteria and SFCA 

concentration.

T he results appear to support the proposition to stim ulate colonic SCFA production w ith  rice- 

O R S in order to im prove rehydration and nutrition in patients with severe m alnutrition and 

cholera (22, 53, 55, 163, 164). How ever, the num ber o f  bacteria and SCFA in stools are only 

p roxy m arkers o f  the m etabolic activity in the different parts o f  the colon. For exam ple, it is 

well established that SCFA produced in the colon are essentially absorbed locally (181, 205). 

N evertheless, the low concentrations o f  bacteria and SCFA observed in the acute phase o f 

high stool output are likely to represent the colonic status. It is unlikely that such a low  stool 

concentration o f  bacteria  and SCFA reflected a norm al concentration in the colon. The 

repeated m easurem ents during rehydration and nutrition periods on the same children for 28 

days reflected the changes with tim e. As the children recovered from dehydration and 

m alnutrition, the absorptive colonic function was likely to im prove rather than deteriorate. 

T hus the increased SC FA  concentration in stools may in fact under-estim ate rather than over­

estim ate the increased SCFA production w ith  time.

T he total fatty acid concentration was found to be reduced drastically in acute cholera phase 

(4.7 ±  0.6 m m ol/kg) irrespective o f  treatm ent groups and increased gradually up to  95.0 ±  8.7 

m m ol/kg at day 28. A m ong the individual acids, acetic acid concentration was increased first 

follow ed by propionic and butyric acid. The abundance o f  acetic acid is higher than other
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acids. Butyric acid w as noticeable only on day 3. The trend was sim ilar to the work 

previously reported by Ram akrishna et al. in  w hich they studied adult (age range 18 to 

65yrs) w ith  cholera, but the concentration o f  total fatty  acids was not the same, they  observed 

9.9 ±  5.8 m m oi/kg in acute cholera and 94.8 ±  16.4 m m ol/kg at day 4 (156). W e observed the 

h igher concentration in severely m alnourished children with cholera at day 28. A lso we 

d idn ’t expect sim ilar concentration o f  SCFA s in adult and children.

In another w ork R am akrishna et al. (adult w ith  cholera) reported that, at day 2 the total acid 

concentration was 16.2 ±  11.8 m Eq and 8.0 ±10.2  m Eq o f  SCFAs in amylase resistant starch 

and glucose-O RS group, respectively w hich correlated the result o f  our study presented in 

Table 20. B ut the total acids concentration in  R ice-O RS group did not correlate w ith the 

present study. They observed 8.0 ±  8.0 m Eq, w hile the present study observed 23.1 ±  3.9 

m m ol (m Eq and m m ol are the sim ilar units). The only difference was in rice ORS preparation 

and it w as not cooked in that study (158).

From  the clinical point o f  view, rehydration and im proved nutritional status w ere associated 

w ith  increased concentrations o f bacteria and SCFA in stools, suggesting a causal 

relationship betw een both  events. That hypothesis is supported by the observation that 

rehydration and stool output reduction w as greater in  children receiving rice-O RS solution, 

w hile  faecal bacteria and SCFA concentrations also increased faster in this group from  day I 

and onwards. The ability o f  SCFA to stim ulate sodium  and w ater absorption from  the 

m am m alian  colon has been show n previously in vivo  and in vitro  (20, 34, 211). W ith 

am ylase-resistant starch, we observed an  interm ediate clinical effect not only in the 30 

studied children but also in the parent study o f  170 patients (7). Again, w ith am ylase-resistant 

starch, the concentrations o f  bacteria and SC FA  were intermediate betw een rice and glucose 

groups. M ore intriguing are the results w ith  glucose because glucose is supposed to be 

entirely  absorbed in the small intestine. From  the data it seem s that, part o f  the glucose 

reached the colon or that endogenous carbohydrate m etabolism  im proved with the status o f 

the children, or both.

A fter rehydration, during the nutrition phase, the concentrations o f  both bacteria and SCFAs 

increased; it is an indication that the m etabolic function o f  the colonic bacteria was 

transien tly  altered in the acute cholera phase. Full recovery to healthy level was no t achieved 

even after 28 days. A lthough SCFA s rem ained higher in the group that received rice, we
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could no l identify a clinical benefit on nutritional recovery. It m ay be that the w eight for 

height index was not the best m arker to  assess a nutritional benefit (71). It may also suggest 

that the statistical difference did not carry a significant m etabolic effect. In that line, it m ust 

be em phasized that all the 30 children recovered; even in the large parent study, all the 170 

severely m alnourished children w ith cholera recovered whatever the differences in recovery 

rate at the rehydration phase (7). C learly, in  such a life threatening condition, survival is m ore 

im portant than stool output reduction, even i f  both events are interlinked.

W e observed higher concentration o f  short chain fatty acid production in Rice-ORS group 

and the possible reasons m ay be laid in the characteristics o f  available starch in colon and the 

type o f  the com m ensal m icrobiota involved in ferm entation o f  the starch. N orm al native 

starches consist o f  a m ixture o f  15-30%  am ylose and 70-85%  am ylopectin. A m ylose 

structurally is a linear polym er o f  anhydroglucose units (a-1, 4 linkage), o f  m olecular w eight 

is approxim ately betw een 40 000 and 340 000 dalton, the chains containing 250 to 2000 

anhydroglucose units. A m ylopectin is considered to be com posed o f  anhydroglucose chains 

(a - I ,  4 linkage) w ith m any branch points (a-1 , 6 linkage); the m olecular weight m ay reach as 

h igh as 80 000 000 dalton. The am ylose content o f  normal h igh yielding varieties o f  rice 

ranged from  15 to 22%  o f  the total starch (159). Increasing the proportion o f  am ylose in 

starch (rice, m aize, barley) causes the resistant character o f  the starch to be increased to 

digestive am ylases (214). The high-am ylose m aize starch vvhich w ere supplied by Starch 

A ustralasia, L td., contained m ore than 80%  am ylose and 33.4%  total dietary fiber (214). O n 

the o ther hand, no am ylose fraction was detected by am perom etric titration with KIO3 at low  

pH  in  norm al rice( am ylose:am ylopectin  ratio is 20:80) after cooking, assumed that the 

am ylose w'as turned to oligosaccharides and glucose (207). So, the characteristics o f  starch o f  

rice O R S in  this study w as m ore suitable for utilization in colon o f  severely m alnourished 

ch ildren  w ith  cholera than the Hi am ylose m aize starch where high purging rate causes the 

partial w ashout o f  the com m ensal m icrobiota and changes o f  the strictly anaerobic 

environm ent to som e extent aerobic.

The clinical benefit o f  rice-based ORS was probably due to several factores: hypo- 

osm olarity , which would enhance w ater absorption in small intestine, the potential to release 

m ore glucose than W HO -O RS and yielding o f  am ino acids and oligopeptides from  hydrolysis
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o f  proteins o f  rice pow der by intra-lum inal enzym es which enhance sodium  absorption 

through an  independent carrier system  (117, 130, 183), boiled rice pow der possessing some 

anti-secretory factors that inhibits secretion o f fluid from  the small intestine (113) and SCFAs 

w hich stim ulate sodium  and w ater absorption through the colon (20, 21). From the clinical 

data o f  our study w e observed that, the cholera children o f rice-ORS group had significantly 

reduced stool output than glucose-O RS group and it was 30 to 40%  during day 1 to day 3. 

W e also observed that, the increase in total SCFA s concentration during day 1, day 2 and on 

day 3 w ere 151%, 136% and 76%  respectively in contrast to glucose-ORS group. Som e may 

argue that the concentration o f  SCFA s in  stool o f  patients receiving rice-O RS m ight be due to 

the reduction in stool volum e in  rice-O RS group. However, the percentage increased in 

SCFAs concentration has m uch exceeded the percentage reduction in stool volum e, which 

m ight explain  some additive effect o f  SCFAs on w ater and sodium  absorption through colon 

leading to  stool volum e reduction. As expected the similar result was not achieved in 

G lucose-O R S plus ARS group.

The SCFA s pattern was close to w hat could be expected from  the bacteria! pattern. The 

com m ensal m icrobiota (except Enterobacteriaceae) analyzed here are strictly anaerobic and 

each com ponent o f  hum an gut takes part in ferm entation o f dietary com ponents reached the 

colon. T hey  are linked w ith each other through cross feeding o f  their m etabolic products. 

Here the results suggest that the bacterial diversity m ay explain the SCFAs changing pattern 

with tim e. The pattern o f  the 3 m ain SCFAs, i.e. acetate, propionate and butyrate w as m ight 

be due to  presence o f  o f  h igher proportion o f  the Bacteroides sp. and Bifidobacteria sp. in 

glucose-O RS plus A R S and in rice-O RS group and sim ilarly from  Lactobacillus sp. in 

glucose-O RS group. It is evidenced from  som e recent studies that Bacteroides sp. and 

Bifidobacteria  sp. can stay concurrently. B iofilm  analysis o f  hum an gut by confocal laser 

scanning m icroscopy (CLSM ) show ed that bacterial populations strongly adhering to 

particulate m atter predom inating w ith  B actero ides sp. and Bifidobacteria sp. Acetate w as the 

principal ferm entation product form ed by biofilm  bacteria, w hereas higher levels o f  butyrate 

w ere produced by nonadherent populations, show ing that the tw o com m unities were 

m etabolically distinct ( 112). In another study w ith gnotobiotic m ouse m odel show ed that, 

Bacteroides sp. acquired an expanded level o f  capacity  to degrade diverse polysaccharides 

w hen cooperated  by Bifidobacterium  and Lactobacillus  (191). Again, in an invitro cocuhure 

ferm entation study it has been show ed that. Bifidobacterium  sp. preferentially degrade shorter 

length o f  oligosaccharides to  acetate, lactate, form ate, ethanol and some extent succinate (69).
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This characteristic o f  Bifidobacterium  sp. correlate w ith its higher average proportion in the 

patients o f  rice ORS group where shorter length o f  oligosaccharide was available in greater 

extent.

W e observed the higher proportion o f  Lactobacillus sp. in Glucose-ORS group in 

convalescent period although the reason was not clear. One possible reason m ay be that, these 

children received higher am ount o f  breast m ilk from  their m other than the other groups o f  

children. Lactobacillus sp. m ainly produces lactic acid by ferm entation o f  available starch in 

colon but lactic acid is usually found in very low concentration in faecal samples. The reason 

is that som e other m em bers o f  the anaerobic com m unity e.g., Clostridium sp., M egasphera  

sp. im m ediately utilize lactic acid and turned it into acetic acid, propionic acid, and CO2 

(85). In another study it was found that som e other components o f  this com m unity e.g., 

Eubacterium  hallii or Anaerostipes caccae, or som e new  species o f  C lostridium  cluster X lV a 

utilized lactic acid  to produce butyric acid (60). The proportion o f  this bacteria was lower on 

day 1, tlien increased on the follow ing days until day 7 i.e., convalescent period and reduced 

again on day 21 and 28 i.e, nutritional period. The sim ilar phenom enon was observed in a 

study by Balam urugan el al. in patients w ith  diarrhea (16). F. prausnilzii, a com m on but 

m inor com ponent o f  faecal m icrobiota, w as found to have a trend o f  having higher proportion 

in convalescence and nutritional period in children o f  Rice-ORS group. T his com ponent is a 

potent acetate consum er and participate actively in butyrate formation (59).

In  our study w e observed that, in  acute cholera condition the severely m alnourished children 

possessed m oderate proportion o f  faecai anaerobic bacteria which w'as drastically reduced on 

day 1 (Figure 40). These children received doses o f  3 antibiotics daily  as their treatm ent 

guideline. The possible reason for this reduction m ay be that, antibiotics had a negative 

im pact on the faecal anaerobic population and as a result these bacteria w ere eclipsed 

severely (199), O n the follow ing days when the purging rate was reduced and the anaerobic 

environm ent was restored in colon, these bacteria could proliferate and increased their 

proportion.
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The study represented a striking correlation betw een total num ber o f  bacteria and the total 

concentration o f  SCFA s on day 3 com pared to  day 0 am ong all children with cholera. The 

bacterial num ber increased 0.6 log on day 3 than day 0 and the concentration o f  total fatty 

acids increased six  fold on day 3.

The data show ed that m icrobial proportion o f  Enlerobacteriaceae  group increased 

approxim ately 10 fold on day 1 (Tabic 27). Probably the suddenly increased population was 

resistant to antibiotics and increased sharply after initiation o f  it, although the reason was not 

clear. The sim ilar instances could be found in some studies with antibiotics targeting effect 

on gut flora. Recently, Van Loon et al. reported that in clinical practice, quarterly 

hom ogeneous antibiotic exposure alternating quinolones and b-lactam s increased Gram- 

negative m icroorganism  resistance to the antibiotic in use (209). In some other instances, 

increased third generation cephalosporin use was associated with a significant increase in 

Enlerobacieriaceae  isolates including ESBL (extended-spectrum -beta lactamase) producing 

strains (178).

A lthough PC R -TTG E provided a suitable tool for evaluation o f  entire bacterial population o f 

children w ith  cholera at different tim e points and perm itted analyses o f  a large num ber o f  

sam ples, it is possible that m inor species rem ained undetected by this technique. 

A dditionally, the apparent com m unity diversity m ay be decreased using PCR-TTGE like 

PCR-D G G E because different bacterial species m ay be represented in a single TTGE band 

(135, 148). M oreover, only dom inant species can be observed using universal bacterial 

prim ers. C om pared to other m ethods, gel resolution has limitations. For these reasons, the 

PC R -TTG E band num ber is generally low er than the num ber o f  bacterial species detectable 

by cuhivation-based  m ethods and direct cloning strategies (133, 135, 188). These lim itations 

m ight account in part for the decreased band num ber in the present study and m ay also have 

influenced the apparent diversity and distance values. N evertheless, there are several 

advantages o f  using  m olecular tools: they are less tim e consum ing and allow ed analysis using 

frozen sam ples. Thus the biodiversity could be studied in  samples from  hospital patients as 

well as in  hom e sam ples, as in the present study. In  D N A band elution and sequencing 

experim ent, w e observed that all sequences from  different bands m atched with respective 

species or genus level in genbank except the Prevotella  sp. The reason m ight be that the band 

cut paralleled the m arker band o f  Prevotella sp. was not actually in parallel position. So, the 

w rong bands w ere sequenced. A lthough the reason was not clear, w e obser\'ed higher
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concentration o f  valeric acid in both m alnourished children with cholera and without cholera 

than healthy children. This needs further investigation.

N ow  a days, m olecular tools has im proved our know ledge about hum an gut m icrobiota m ore 

than ever before, still knowledge gap rem ains in som e area and research should be extended. 

Specially, fluorescent in situ hybridization and TTG E can be com bined w ith direct cloning o f  

16S rR N A  genes from  large num ber faecal sam ples from  children and adults sufferings from  

diseases o f  the digestive tract e.g., chronic diarrhea, constipation, irriTable bow el syndrome, 

dysentery, colon cancer and C rohn’s disease. Research can also be done using these 

m etagenom ic tools to get an accurate picture about the relation between host genetics and gut 

m icrobiota in m alnutrition and obesity. N ot only in diseases, these techniques can also be 

applied in health  e.g., to m onitor the gut m icrobiota dynamics during intervention o f new  

prebiotic or probiotic  substances fo r children and adults. Real tim e PC R  is a high through put 

m olecular tool and can be applied in gut m etagcnom ics to assess the particular bacterial load 

during sam pling and thus different bacterial abundance can be com pared on tim e periods. At 

the sam e tim e anaerobic isolation techniques for these highly fastidious im cultured bacteria 

using various m edia (e.g., w ith rum en fluid) need to be implemented. M etagenom ic tools 

com bined w ith  culture techniques w ill provide us w ith  m any novel taxa  as well as will give 

us a com plete picture about the undiscovered area o f  hum an gut ecosystem.

The aim  o f  the application o f  the TTG E m ethod was to evaluate the alterations in bacterial 

diversity in m alnourished children w ith cholera at different tim e points, and compare the 

diversities w ith non-cho!era m alnourished and healthy children using a cultivation 

independent m ethod. Therefore, extensive cloning o f  the PCR products from  chrom osomal 

D N A and cloning o f  dom inant bands during treatm ent were not suiTable in com paring large 

num ber o f  specim ens. Instead, w'e offered an explanation o f the PCR-TTG E profiles related 

to nutritional status o f  the study children. W e obser\'ed  a m arked difference in num ber o f 

PC R -TTG E bands betw een children on standard ORS (glucose ORS) and on other types o f 

ORS additionally  containing com plex carbohydrates. Although the differences in the 

bacterial diversity  becam e significant on day 3, there was a trend o f  higher num bers o f  bands 

in the group o f  ch ildren  receiving com plex carbohydrate-containing ORS beginning on day 1, 

M ean tim e to resolution o f  cholera in our study children was 72 hours, and the m agnitude o f
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the difference in m icrobiota diversity w as observed to evolve from  this tim e point. The 

results suggested that altered m icrobial diversity m ight depend on m alnutrition, disease 

process and type^of treatm ent such as carbohydrate com position o f  ORS.

The present results may explain the clinical discrepancies observed in previous studies. In 

previously published clinical trials, am ylase-resistant starch was found to be m ore effective 

than  rice in adults w ith cholera o r other w atery diarrhea (157, 158). In well nourished 

European children w ith  acute non-cholera diarrhea and w ith  m ild to m oderate dehydration a 

m ixture o f  non-digestible carbohydrates was ineffective as an adjunct to oral rehydration 

therapy (98), Those results are at variance w ith the proven efficacy o f  rice-O RS in 

Bangladesh and other countries (3, 7, 84). The discrepancies could be found in the 

differences in colonic bacteria concentration and pattern; they m ay also be found in the 

treatm ent regim en o f  the patients, e.g. electrolyte content o f ORS, use o f  antibiotics, schedule 

and com position o f  feeding.

So, the present study provides additional scientific basis to reinforce the use o f  rice-O RS in 

children w ith cholera  and severe m alnutrition. It further suggests that sim ultaneous 

m easurem ent o f  clinical outcom e together w ith  bacteria and SCFA concentrations (or in m ore 

general term s the m etabolic function o f  the m icrobiota) m ay shed light to  the too long 

neglected function o f  the colonic m icrobiota in infection and nutrition disorders.
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Chapter VII 

Conclusion
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7.0 Concluding Remarks

1. Bacteria] diversity was adversely affected in children w ith severe m alnutrition while 

acute cholera had little effect on bacterial diversity in these children.

2. Faecal short chain fatly acids concentration w as drastically reduced during acute 

cholera and clinical rehydration over the period was associated w ith an increase in 

bacteria and SC FA  concentrations.

3. A ntibiotic therapy  does not affect the species diversity in colon, rather alter the 

proportion o f  anaerobic com ponents o f  faecal m icrobiota in severely m alnourished 

children w ith cholera.

4. C om plex carbohydrates in oral rehydration solution m ight favour the proliferation o f 

Bacteroides sp. and Bifidobacterium  sp. in colon o f severely m alnourished children 

w ith cholera.

5. The results o f  th is study m ight help in  further understanding o f  the better effect o f  the 

R ice-O RS in the treatm ent o f  cholera.
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9.0 Appendix

Composition of different buffers and solutions:

1. A crylam ide solution for TTG E gel:

U r e a .......................................................................... 25.2 g

W a te r .......................................................................  28 mL

5 0 X T A E .................................................................  1.5 mL

Acrytam ide-bis acrylam ide (37.5: 1, 40% ) 12 mL

The reagents w ere m ixed using m agnetic agitation under a  light heating and volum e was 

adjusted to 60 m L. D egas was done for 10 m inutes and stored at 4°C,

2. L oad ing buffer:

0.005 g o f  Brom ophenol blue (crystal) 

3 ml o f  w ater

7 m l o f  glycerol

3. E lectrophoresis buffer for A garose gel:

Trls b a s e ....................................................................................................10.8 g

B oric a c id ................................................................................................. 5.5 g

E D T A ........................................................................................................ 0.93 j

D eionized w a te r .....................................................................................  1 L

4. M obile phase for HPLC:

10.8%  acetonitrile in 0.007 N  H 2SO4

H2SO4 ........................................................................................................ 0.19 ml

A cetonitrile, CH3CN ................................................................................108 ml

D eionized w a te r ......................................................................................891.81 ml

5. 0.2 M  A cetic acid (standard):
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A cetic a c id .........................................1.2 [il (from  Ig/m l stock)

0.007 N H 2SO4 .................................................................  998.8

6. 0.2 M  Propionic acid (standard):

Propionic a c id ............................................. 1,48 )il (from Ig/m l stock)

0.007 N H 2SO4 ............................................. 998.52 îl

7. 0.2 M  Butyric acid (standard):

Butyric a c id ......................................................................... 1.76 ^1 (from Ig/m l stock)

0.007 N  H 2SO4 ................................................................... 998.23

8. 0.2 M  Valeric acid (standard):

Valeric a c id ........................................................................ 2.04 ^1 (from Ig/m l stock)

0.007 N  H 2SO4 .................................................................  997.96 ^1
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9. Cleaning so lvent o f the column:

5%  CH 3CN in  0.005 M  H 2SO4

H 2SO4 ...............................................................................  0.083 ml

CH3C N .................................................................................. 15.0 ml

Deionized w a te r .............................................................. 284.92 ml

300.0 ml

10. Regeneration solvent o f the column:

0,025 M H 2SO4

H 2SO4 ....................................................................................... 0.416 ml

H 2O .............................................................................. ,...2 9 9 .5 8 4  ml

300,0 ml

11. Buffer PBS (lOX) for FISH  

For 100 ml

NaCl (1M =58) 7,54 g 1.3M

N aH 2P 04 2 H 2 0 (]M = 1 5 6 ) 0,458 g 30 mM

N a2H P04 I 2H 2O  (1M =358) 2.5 g 70 mM

A dd 90 ml o f  H 2O

A djust the pH ai 7.2 w ithN aO H  IN

A djust the volum e to 100 ml

Filtrate the PBS with 0,22 )aM filter in 2 Falcon tubes o f  50 ml 

The PBS IX  is prepared by dilution in I/IO  o f  PBS lOX

12. ED TA , 0.5M  (pH  8.0) for FISH

A dd 18,6 g  o f  di-sodium  ED TA 2H 2O  to 80 m l o f  H 2O

A djust the pH  w ith 2 g o f  NaO H . ED TA will be completely solved w hen pH reach 8,0 

Filtrate w ith 0 .22 fiM filter in 2 Falcon tubes o f  50 ml
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13. T risH C I, IM  (pH 8.0) for FISH

A dd 12.11 g o f  Trism a base in 90 m l o f  HjO  

A djust the pH  at 8.0 w ith H Cl IN  

A djust the volum e at 100 m l w ith  H 2O 

Filtrate w ith 0.22 filter in 2 Falcon  tubes 50 ml

14. N aC l, 5M

Add 29.22g o fN a C l in 90 m l o f  H 2O 

A djust the volum e at 100 m!

Filtrate w ith 0.22 filter in 2 Falcon tubes 50 ml

15. T ris-E D TA  for FISH

Tris HCl, IM  pH  8 1 m l (lOOmM)

EDTA, 0.5M  pH  8 1 ml (50 mM )

H 2O 8 m!

16. T ris-E D T A -F ISH  contain ing Lysozym e

In  10 ml o f  TE- FISH, add 10 m g o f  Lysozym e (stored at 4°C).

17. H ybridisation buffer

F or 20 ml (volum e for 48 tubes)

N aC l 5M  3.6 ml (0.9 M)

T risH C I lM p H  8 400 |il (20 mM )

SDS 2 0 %  1 0 p !(0 .0 1 % )

H 2O 9.99 ml

Form am ide (30% ) 6 ml

(Form am ide w as added in a chem ical air flow  chamber)
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18. W ashing buffer

For 10 ml

NaCl 5M 128 ^1 (0.064M )

Tris HCl IM p H S 200 )j 1 (20 mM )

EDTA 0.5M  pH  8 100 (5 mM )

SDS 2 0 % 5^1  (0 .01% )

H2O 9.567 ml

19. 4%  Paraform aldehyde solution

Preparation o f  100 ml

PBS IX  ....................  100 ml
PFA  .........................  4 g
N aO H  , IN  ...............  300 ^1
H C l , IN  ------------- Few  drops

H eat the sterile PBS ,1X  at 60° C in a conical flask. A dd PFA  in 90 m l o f  hot PBS , 

IX . Add 300 [i\ o fN aO H  (to dissolve the PFA at >  pH  10.0 ). Heat at 60° C until the 

PFA is com pletely dissolved and agitate (sw irl) the flask. ( attention; the vapour o f 

PFA  is toxic so cover the flask m outh  by alum inium  foil). W ait for cool dow n and 

then adjust the pH  to 8.0 by a few  drops o f  HCl, IN  . Add rest o f  the PBS and keep 

at 4° C, D on’t autoclave or M illipore. N ot light sensitive.
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