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Abstract 
Background: In Bolivia there are few probiotic preparations available in the market, practically 
without alternatives to the use of freeze-dried products. An alternative used as a good alternative 
in other parts of the world is yogurt with a probiotic strain added. In this study we report the use 
of a locally prepared yogurt with a lyophilized probiotic added. Methods: This is randomized, 
double-blind and controlled clinical trial in children hospitalized with acute diarrhoea carried out 
at the Paediatric Centre Albina Patiño in Cochabamba, Bolivia with children 10 to 35 months par-
ticipating. Children were randomly assigned to receive an oral rehydration solution and Sac-
charomyces boulardii (positive control) or the same solution plus yogurt preparation containing 
Lactobacillus rhamnosus (yogurt group). The primary outcome was the duration of diarrhoea. 
Secondary outcomes were the duration of fever, vomiting and hospitalization. Results: Of the 74 
children incorporated 42 completed the protocol; baseline characteristics were similar in both 
groups. The median duration of diarrhoea was similar in children who received yogurt (71 hours) 
and controls (79 hours) (p = 0.3). The mean duration of fever was also similar in both groups: S. 
boulardii (24 hours) or yogurt (11 hours) (p = 1.02), as was the duration of vomiting: 17 hours vs. 
32 hours in the control group (p = 0.37). A significant difference in the numbers of daily bowel 
movements was observed in the third day, the probiotic group was lower (p =< 0.01). There was 
no effect on the duration of hospitalization (p = 0.26). Conclusions: The use of a yogurt containing 
L. rhamnosus has an effect comparable to S. boulardii. Introduction of yoghurt with a probiotic in 
the diet of patients hospitalized with acute diarrhoea may help reduce its duration, regardless of 
its aetiology. 
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1. Background 
Diarrhoea is the second most common infectious disease in children, and causes a significant number of hospi- 
talizations, morbidity and mortality. In both developed and developing [1] countries, viruses are the leading 
cause of the episodes of acute diarrhoea, with rotavirus predominating. Worldwide rotavirus-associated diar- 
rhoea is responsible for about 600,000 deaths annually and approximately 40% of the hospitalizations for diar- 
rhoea in children under 5 years of age [2]. In Latin America rotavirus causes approximately 75,000 hospitaliza- 
tions and about 15,000 deaths each year [3]. In Bolivia acute diarrhoea affects approximately 25% of the chil- 
dren under 5 years [4]. Cochabamba is a city of approximately 700.000 inhabitants in the central part of the Bo- 
livian Andes and acute diarrhoea is one of the main causes of consultation and hospitalization in children. A 
study conducted some 10 years ago determined that the prevalence of diarrhoea was 19% in children fewer than 
5 years of age that generated 24% of the outpatient consultations and accounted for 17% of hospitalizations [5]. 

In essence, the management of acute diarrhoea consists of the replacement of fluid losses, mainly by oral re- 
hydration [6]; because of the high prevalence of diarrhoea one of the aims of its treatment is to shorten the time 
spent replacing this loss of fluids through diarrhoea and vomiting and shortening the duration of the illness, par- 
ticularly in the case of hospitalized patients [7]. In this respect, in a study performed in our Centre probiotics 
were demonstrated to represent a useful alternative [8]. On the other hand, it has been shown that the Lactoba- 
cillus rhamnosus GG decreases the excretion of rotavirus during episodes of acute diarrhoea [9], and probably 
this decreases the risk of transmission of rotavirus to healthy individuals, a fact that may exert a significant epi- 
demiological impact. 

In the Bolivian market there are few preparations that contain probiotics, and for this reason there is practi- 
cally no alternative to the freeze-dried probiotic-containing products. An alternative method used in other parts 
of the world is the addition of probiotics to food; in this respect yogurt with an added probiotic strain may rep- 
resent a useful alternative [10]. In the current study we present the results of the use of a yogurt with lyophilized 
L. rhamnosus added in the management of acute diarrhoea. 

2. Methods 
The study is s randomized, double-blind, controlled trial, conducted at the Albina Patiño Paediatric Centre in 
Cochabamba, Bolivia, in children 10 to 36 months of age who were hospitalized with the diagnosis of acute di-
arrhoea. This was defined as the passage of 3 or more liquid stools and/or a change of consistency from normal 
to liquid but without visible blood or an increase above the normal daily frequency of evacuations in a 24-hour 
period. Patients were included in the study if their parents signed a written, informed consent after the purposes 
of the study had been explained to them. 

The participating infants had to be well hydrated or have minimal (<5%) or moderate (5% - 10%) dehydration 
as defined by the WHO [11]. Children with severe dehydration were not included (>10%) in this protocol, as 
were those children who became dehydrated during their treatment. The exclusion criteria were moderate to se-
vere malnutrition evaluated according to the WHO tables of growth for children fewer than 5 years, using 
z-score weight/height. Severe electrolyte disturbances (hypernatremia, hypokalaemia) or clinical or other labo-
ratory signs of coexisting diseases such as sepsis, pneumonia, urinary tract infection or immune deficiencies 
were also excluded. 

Infants with moderate dehydration received parenteral hydration, with glucose-electrolyte solution with added 
potassium (NA: 77 mEq/L; K: 30 mEq/L; Cl: 107 mEq/L; glucose: 137 mEq/L.) at the time of admission for 2 at 
3 hours, and once deemed appropriate on the basis of the improvement of their signs of dehydration and ade- 
quate urinary output they were switched to oral rehydration solution (Na 60 mEq; K 20 mEq; Cl 50 mEq; Citrate 
30 mEq; glucose 111 mEq.) to a total volume of 10 mL per kilogram per hour. Additionally, all children re- 
ceived 20 mg zinc sulphate daily throughout their hospital stay [12]. 

Children were randomly assigned to one of 2 groups by a Registered Nurse blindly pulling marked, numbered 
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marbles; she was the only person who knew to which group belonged every subject: The study group (GY) re- 
ceived twice daily 50 ml of a natural yogurt elaborated by Paurimani Bioagronomic Model Farm with 4.9 × 108 
CFU/g of L. rhamnosus and 5 × 109 CFU/g of L. bulgaricus for 5 days. The personnel of the Nutrition Unit 
maintained the products frozen at −4˚C in 1 liter bottles and the 50 ml aliquots were weighed in plastic dispos- 
able bottles and administered immediately to the children by the nurses. While receiving 50 ml aliquots of a 
placebo product similar to probiotic lyophilized product. The control group (GC) received 5 × 109 CFU lyophi- 
lized S. boulardii (Florestor; ® Biocodex) dissolved in 50 ml of water also twice daily according to the instruc- 
tions provided by the manufacturer, and a yogurt without probiotic strain elaborated by Pairumani Brioagrnomic 
Model Farm with 5 × 109 CFU/g of L. bulgaricus (Table 1). If the child vomited, the administration of the re-
spective repeated after 15 minutes. If the patient was discharged before the 5th day, the parents continued the 
treatment at home. 

Any problems with the consumption of the products were reported immediately to the principal investigator. 
Patients were re-evaluated at the Outpatient Department 24 to 48 hours after discharge. 

The primary outcome of the study was the duration of the diarrhoea measured from the time of admission un- 
til the first normal evacuation was detected. Stool consistency was evaluated in a scale of 4 consistencies: liquid, 
semi-liquid, soft and formed. Secondary outcomes were the duration of vomiting, from admission until the last 
episode, the duration of fever considered as rectal temperature above 38˚C also in hours, until discharge from 
the hospital. 

For measurement of body length (height) a portable paidometer was used with a precision of 2 mm (model 
207, Seca, Hamburg, Germany) and for body weight an electronic balance with a precision of 10 gram and 20 
kilogram capacity (model 727, Seca, Hamburg, Germany) without diapers or clothing . Body length was meas- 
ured on admission and at discharge while weight was measured daily. 

On admission to the Hospital a complete medical history was obtained with focus on the history of the current 
episode, duration and severity prior to admission, previous drug use, and a physical examination was performed 
considering an evaluation of the nutritional state, signs of dehydration, fever, and oral tolerance to fluids and 
liquids. The presence of concomitant diseases (malnutrition, skin, urinary tract or respiratory infections) was 
evaluated. 

Within three hours of admission at the most the following laboratory tests were performed on all participants: 
blood count (including measurement of haemoglobin, peripheral white cell count and differential formula), a 
semiquantitative C-reactive protein (Humatex CRP, Human Gesellschaft, Wiesbaden; Germany. Electrolyte 
concentrations in plasma: sodium, potassium, calcium, measured by flame photometry (Sherwood Range Model 
140 Classic Flame Photometer, Sherwood Scientific Limited, Cambridge, UK). For the detection of rotavirus in 
faeces the Rida Quick Rotavirus kit was used (R-Biopharm, Darmstadt, Germany). Parasitological assessment 
by PAF technique by Lugol method [13]. Stool cultures were performed for enteropathogenic, toxigenic, en- 
teroadhaerent, enteroaggregative, invasive and enterohaemorrhagic E. coli and for Salmonella typhi and Shigella 
spp using routine procedures (Agar Base, McConkey, SS Agar and Tetrathionate Broth Base (Bacto Difco, 
Kansas, USA). Other tests include urinary chemistries and sediment microscopic observation [14]. 

The study design and the written consent forms were approved by the Ethics and the Research Committees of 
the Albina Patiño Paediatric Centre. The medical staff and paramedical personnel were informed that would 
come into contact with the patients were informed in detail about the procedures they would be involved in dur- 
ing the study. 

2.1. Estimation of Sample Size 
The sample size calculation was made on the basis of a prior study carried out in our Centre [8] and it was esti- 
 
Table 1. Microorganism’s components in Studio products and main features of both preparations.                       

Group Microorganism Dose (twice per day) Commercial name Price ($) * 

GY L. Rhamnosus, 4.9 × 109 lyophilized cells/dose 
Equivalent to 50 mL. yogurt. Probiotic yogurt 2.5 

GC S. Boulardii 5 × 109 lyophilized live cells/dose Florestor 11.5 
*The price of yogurt corresponds to the price of similar yoghurt with an increase of 30%. 
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mated that with a power of 0.8 and a significance of 0.05, we required a total of 21 participants in each group; 
we also assumed that the study group would experience a shortening of 27 hours in the duration of the episode 
of diarrhoea when compared with the control group. 

2.2. Statistical Analysis 
Analyses were conducted between the control group and the study (L. rhamnosus) group. For statistical analysis 
for non-parametric statistic the Kruskall-Wallis as well as Mann-Whitney-U tests were used in comparing the 
median of continuous variables. The chi square test was used for categorical variables. Data were analysed using 
the statistical program STATA 9.2. 

3. Results 
As seen in the flowchart (Figure 1), out of a total of 224 breastfed hospitalised infants a total of 74 patients were 
included in the study; in the course of the study 32 patients dropped out because their parents requested their 
discharge or because of urinary tract infections due to Escherichia coli in all cases. This left 42 patients for the 
per protocol analysis. Seven of the remaining patients developed alterations of their plasma electrolyte levels 
despite adequate management of their dehydration because of increased vomiting and required more prolonged 
hospitalisation. Comparisons of the characteristics of the dropouts showed no differences between both groups. 

These patients were grouped into 2 groups with similar basal characteristics (Table 2). The aetiology of the 
diarrheal episode was similar in both groups (Table 3). The duration of the diarrhoeal episodes was compa- 
rable in both groups, with 71 ± 24 (interquartile range, IQR) hours in the group that received the yogurt and 79 ± 
58 hours (p = 0.76) in the group that served as control (Table 4). Both groups had a similar number of patients 
with vomiting. The duration of fever was shorter in the yogurt group: 11 hours ± 25 hours (IQR) compared to 
the control: 24 ± 63 hours, p = 0.3. Vomiting was controlled earlier in the yogurt group, 17 ± 44 hrs compared to 
the control 32 ± 47 hours, but this difference was not significant p = 0.7 (Table 5). 

The evaluation of secondary outcomes showed that there were no statistically significant differences between 
the groups in the duration of hospitalization (Table 5). On the other hand, a significant difference in the num- 
bers of daily bowel movements was observed in the third day, the probiotic group was lower (Figure 2). 

4. Discussion 
Despite improvements in the treatment and prevention of acute diarrhoea this condition still causes a large pro- 
 
Table 2. Characteristics of infants admitted to the study.                                                        

 Control Group 
n = 21 

Group GY 
n = 21 P-value 

Number of male children (%) 12 (57) 11 (52) NS* 

Median age, months (IQR) 14 (8) 14 (11) NS† 

Medium weight, Gr. (IQR) 8500 (1700) 8850 (1690) NS† 

Median days of diarrhoea prior to hospitalization (IQR) 3 (2) 3 (1) NS† 

IQR = Interquartile Range; *Test Chi square; †Test U - Mann Whitney. 
 
Table 3. Aetiology of diarrhoea in each study group episode.                                                     

 Control Group 
n = 21 (%) 

Group Yogurt 
n = 21 (%) P-value* 

Rotavirus 8 (38) 8 (38) NS 

Giardia 5 (24) 8 (38) NS 

Amoebae 3 (14) 5 (24) NS 

Shigella 2 (10) 0 NS 
*Test Chi square. 
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Table 4. Main variable: duration of diarrhoea during admission to study groups.                                     

Group Treatment Median (IQR) duration (hrs.) P-value 

1 L. Rhamnosus. 71 (24) NS† 

2 S. Boulardii 79 (58)  

IQR = Interquartile Range; †Test or Mann - Whitney, p-value in comparison with the control group. 
 
Table 5. Secondary variables, duration of fever and vomiting during hospitalization.                                  

 Control Group 
n = 21 

Group Yogurt 
n = 21 p value 

Median hours of hospitalization (IQR) 75 (39) 86 (49) NS₤ 

N˚ children with fever (%) 16 (76) 13 (62) NS * 

Median duration of fever in hrs. (IQR) 24 (63) 11 (25) NS₤ 

N˚ children with vomiting (%) 12 (57) 10 (48) NS* 

Median duration of vomiting in hrs. (IQR) 32 (47) 17 (44) NS₤ 

IQR = Interquartile Range; *Test Chi square; ₤Test U - Mann Whitney. 
 

 
Figure 1. Participants through study flow diagram.                             

 
portion of the mortality and morbidity in infants, especially in the less developed countries. Furthermore, it is an 
important factor in the genesis of stunting and severe malnutrition. Diarrhoeal disease, if it evolves into more 
prolonged and chronic forms, may cause disturbances of the absorptive processes that become difficult to man- 
age and require careful refeeding to promote the repair of the intestinal mucosa and the restitution of normal 
function. It is now agreed that earlier oral rehydration and adequate nutrition are the keystones of treatment and 
that only a small proportion of children may require antibiotics for treatment of specific microorganisms. 

Probiotics have been defined as live microorganisms that, when ingested in adequate numbers, confer a health 
benefit on the host [15]. There is abundant literature that shows that probiotics are species- and strain-specific in 
their effects and most of the literature has been focused on the effects of those that have the GRAS denomina- 
tion. Two of these probiotic microorganisms, Lactobacillus rhamnosus GG and Saccharomyces boulardii have 
been amply investigated for the prevention and treatment of infantile diarrhoea. 
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Figure 2. Number of bowel movements in each study group. Test Kruskall-Wallis. 
**Significance in the same group (p = < 0.01). ***Significance between groups (p = < 
0.01). 

 
In the present study no differences were found in the efficiency of both probiotics, a finding that leads us to 

suppose that their effects are roughly comparable and that the mechanisms through which the act may be similar. 
There are few studies about the use of yoghurt in acute diarrhoea. A study by Eren et al showed that in children 
5 months to 16 years of age yoghurt fluid administration was associated with non-significantly shorter hospital 
stays compared to the children administered S. boulardii but that administration of this latter resulted in earlier 
resolution of the diarrhoea [16]. Another study with Kefir, product very similar to yogurt, with Lactococcus lac- 
tis, Lactococcus plantarum, Lactococcus rhamnosus, Lactococcus casei, Lactococcus lactis subspecies diacety- 
lactis, Leuconostoc cremoris, Bifidobacterium longum, Bifidobacterium breve, Lactobacillus acidophilus, and 
Saccharomyces florentinus. In the prevention of antibiotics associated diarrhoea, there were no significant dif- 
ferences with placebo; rates of diarrhoea were similar in both groups [17]. Other studies support this finding that 
S. boulardii shortens the duration of diarrhoeas [18]-[21]; this decrease varies between 30 to 36 hours in com- 
parison with the control group [19]-[22]. In our study the effect is probably comparable because the study of 
Eren and cols. uses a yogurt containing a smaller number of CFU (107 CFU/100 mL, unlike ours which provides 
4.9 × 109 CFU/50 ml. some authors recently suggested a dose of at least 10 × 109 CFU as minimum [22] [23] as 
required to have an adequate effect. However, this is not too different from the dosage we administered to our 
children. 

The probiotic used in yogurt (L. rhamnosus), it is one of the most studied and there is evidence of positive  
effects in the management of acute diarrhoea. An interesting study shows a decrease in the shedding of rotavirus 
in the stool of affected patients [24] [25]. 

5. Conclusions 
The probiotic yogurt has a positive effect in the management of acute diarrhoea in children, comparable to that 
of a well-described probiotic, Saccharomyces boulardii. In addition, it represents an economic alternative for 
management of children with diarrhoea in Bolivia. 

It is important to mention the cost of our product, which is less than that of lyophilized products; this has re- 
percussions on the household economy, especially in a country like ours where the purchasing power is low for 
a large proportion of the population. 
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