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Abstract

Subject: This study aims to evaluate the cost-effectiveness
of Lactobacillus Rhamnosus GG (LGG) associated with oral
rehydration therapy (ORT), compared with ORT alone, on the
treatment of children with acute diarrhea in Mexico, from
patient’s perspective. Using published data on probiotics and
costs, a cost-effectiveness model was built using time horizon
of 15 days and cycle length of one day. Four health states were
considered: 1) acute diarrhea (inpatient cases); 2) acute diarrhea
(outpatient cases); 3) healed; 4) death. The base case was
modeled as a hypothetical cohort of children from 1 month to
48 months of age diagnosed with acute diarrhea. A Mexican
patient’s perspective was adopted. Outcome included was days
of diarrhea avoided. Deterministic sensitivity analyses were
conducted. The ICERs less than $459,058.95 per day of
diarrhea avoided were considered cost effective. Deterministic
sensitivity analysis was performed to measure the robustness of
the model. Analysis showed that days with diarrhea avoided of
patients in LGG and ORT was 12.60 days and for those only in
ORT was 11.41 days. The total costs related to both groups were
MXN 1,356.39 (LGG + ORT) and MXN 1,818.21 (ORT).
Probiotic use dominated (more effective and less costly) no
probiotic use in all cases in deterministic sensitivity analysis.

Conclusion: LGG + ORT for acute diarrhea in children
from 1 month to 48 months of age in Mexico more effective and
less costly than only ORT. The use of this probiotic could lead
to substantial cost savings.
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Introduction

Acute diarrhea a common health issue worldwide, it is
usually caused by an inflammation of the gastrointestinal tract.
This inflammation is related to several viral, parasites or bacterial
agents and, in children, rotavirus is the most common pathogen
[1]. The World Health Organization (WHO) estimates that there
are approximately 1.7 billion cases of childhood diarrheal
disease per year. Globally, it is the second leading cause of death
in children < 5 years-old (around 525,000 deaths annually) and
leading cause of malnutrition [2-4]. In Mexico, the prevalence
of acute diarrhea episodes decreased from 12.6% in 2000 to
11.0% in 2012. In 2012, most cases were registered in rural
areas and in children < 1-year-old. The states with higher rates
were Tabasco, Yucatan, Guerrero and Baja California Sur [5].

The manifestation consists in the sudden occurrence of
more than three watery or loose stools per day. The most
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incident population is children under 5 years of age, especially
neonates, and the duration varies from 7 to 14 days, approximately
[6-8]. Dehydration and negative nutritive balance are the main
consequences of acute diarrhea cases. Hence, treatment focuses on
the reestablishment of body fluids levels and adequate diet [6-
8].

The acute diarrhea management includes different strategies
that can include rehydration therapy, supplemental zinc
therapy, multivitamins and minerals, diet and use of probiotics
[9-11].The active treatment with probiotics is recommended for
children with acute gastroenteritis in adjunct to oral rehydration
therapy (ORT) to reduce duration and intensity of symptoms. In
European Society for Pediatric Gastroenterology, Hepatology,
and Nutrition (ESPGHAN) & European Society for Infectious
Diseases (ESID) Guideline, it was established a strong
recommendation on the use of L. Rhamnosus GG and S.
Boulardii, regardless of the evidence quality [11].

The efficacy and safety of Lactobacillus Rhamnosus GG
associated with ORS to treat acute diarrhea in infants was
assessed by several randomized-clinical trials (RCT). In a
systematic review and meta-analysis developed by the Cochrane
Collaboration, the use of probiotics reduced the duration of
diarrhea in mean 24.76 hours. It also decreased the risk of
diarrhea lasting 4 days or more and the stool frequency on day
2 [12]. In other evaluation, the use of L. Rhamnosus GG was
related to the reduction in the duration on the length of diarrhea
was in mean and the duration of hospitalization was lower [13,
14].

There is not, however, economic evaluations of Lactobacillus
Rhamnosus GG in the treatment of acute diarrhea episodes in
children. Therefore, this study aim is to evaluate the cost-
effectiveness of Lactobacillus Rhamnosus GG (LGG) associated
with oral rehydration therapy (ORT), compared with ORT
alone, on the treatment of children with acute diarrhea in
Mexico, from patient’s perspective.

Methods
Model Description

A Markov Model was developed to simulate the clinical
course of a patient from 1 month to 48 months of age diagnosed
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with acute diarrhea. The Cost-effectiveness model was built
using Microsoft Excel and designed to evaluate changes in four
health states: 1) acute diarrhea (inpatient cases); 2) acute
diarrhea (outpatient cases); 3) healed; 4) death. Time horizon
was 15 days and cycle length was defined as one day.

Patients and Economic-Effectiveness Outcomes

It was considered a patient from 1 month to 48 months of
age diagnosed with acute diarrhea and a Mexican patient’s
perspective was adopted.

Data were based on a systematic literature review and meta-
analysis, conducted by Szajewska, et al., which evaluated efficacy
and safety of LGG in the treatment of children with acute
diarrhea [15, 16]. A total of 15 randomized-controlled trials
(RCT) were included and pooled data from 11 RCTs
demonstrated that the use of LGG was associated with a mean
reduction of duration of diarrhea in 1, 05 days. Transition
probabilities were extracted from this meta-analysis [16]. Per
day, the risk of having diarrhea was statistically significant
lower on days two, three, and after day seven (Table 1) (Figure
1).To capture the global clinical effect of the intervention and
comparator, the measure of effectiveness adopted was avoided
days of diarrhea.

The model assumed that in this time horizon there is no
mortality and in one day patients can switch-over from out-
patients to in patients, but not vice versa. The 10% probability
of been hospitalized was obtained of an interview with a
Mexican physician, which have considered a private perspective.
The transition probability of was calculated using the following
equations [17]:

r= —%ln(l D) (Eq. 1)
r: event constant rate
t: unit time
p: probability that an event will occur during time t

p=1—et ... (Eq. 2)
r: event constant rate
t: unit time

p: probability that an event will occur during time t
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Da Risk of having diarrhea Source
y LGG + ORT ORT
2 26% 71% Szajewska, et al. (2013)
3 26% 41% Szajewska, et al. (2013)
4 24% 23% Szajewska, et al. (2013)
5 21% 18% Szajewska, et al. (2013)
6 21% 18% Assumption
After day 7 3% 10% Szajewska, et al. (2013)
After day 10 2% 10% Szajewska, et al. (2013)
LGG: Lactobacillus Rhamnosus GG; ORT: oral rehydration therapy.
Table 1. Transition Probabilities.
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Figure 1: Markov Model.

Resource Use and Costs

The treatment of LGG was defined as two daily doses of
1010 colony forming units (CFU) for four days, even if diarrhea
was discontinued earlier. ORT was defined as a daily dose of
100 mL/kg of oral rehydration solution containing sodium
chlorate, potassium citrate, sodium citrate, glucose and zinc.
The base case considered a patient with 10 kg of body weight.

LGG and ORT costs were extracted from by price. The
median price (7 pharmacies) of the presentation with 8 sachets
of LGG was MXN 231.00 (216.00 — 272.89). For ORT 500 mL,
the median price (14 pharmacies) was MXN 19.75 (18.90 —
24.02). All published prices were considered, and the median
prices were used on the base case.

Direct medical costs were included. For both in-patients and
outpatient’s data were obtained from an economic model to
estimate costs outcomes of rotavirus gastroenteritis in eight
Latin American and Caribbean countries, including Mexico.
Direct medical costs included the costs of tests, medication,
supplies, facilities, and personnel needed for treatment [18]. For
outpatient patient, it was considered per visit cost, diagnostics
and medication as medical resources. The costs were converted
of 2003 US dollars to 2003 Mexican Pesos and inflation rate
Mexico historical was used to adjust to 2018 Mexican Pesos
[19, 20].

Analysis Overview
The outcome was the risk of having diarrhea per day until

15 days. We calculated the difference in cost per patient using
two sachets per day of LGG plusORT versus ORT and
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considered the transition probability of 0.007 of been
hospitalized for both groups. Costs of in- and out-patient was
multiplied by proportion obtained from transition probability of
0.007.

Sensitivity Analyses

A deterministic sensitivity analysis was performed to
measure the robustness of the model. It was included for all
inputs in the model, considering different upper and lower
values and the results were reported graphically in a tornado
plot to reveal which factors have the greatest effect on base case
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Analysis over a life cycle of 15 days showed that days with
diarrhea avoided of patients in LGG and ORT was 12.60 days
and for those only in ORT was 11.41 days. The total costs
related to both groups were MXN 1,356.39 (LGG + ORT) and
MXN 1,818.21 (ORT) (Table 2).

The incremental cost-effectiveness ratio (ICER) was -
MXN 389.96 per day of diarrhea avoided. As show in (Figure
2), the sensitivity analysis showed that the costs of outpatient
and the numbers of sachets per day of LGG was the most
influential parameters followed by risk of diarrhea (Figure 2).

variability. At all cases, probiotics remained the preferred strategy, with a
negative ICER.
Results
Parameter Vivera® (LGG) Standard of care Incremental
Costs MXN 1,356.39 MXN 1,818.21 -MXN  461.82
Days of diarrhea avoided 12.60 11.41 1.18
Incremental cost-effectiveness ratio (ICER) -MXN  389.96

Table 2: Days with diarrhea avoided of patients in LGG and ORT and costs related to treatment.

Hospitalization rates

SOC - cost

SOC - daily dose

Vivera - # of sachets per day
Vivera - cost

SOC - risk of diarrhea
Cost-Outpatient -MXN 425.55
Cost-Hospitalized Patients ~ -MXN 481.73

Vivera -risk of diarrhea

-MXN 482.00 -MXN 442.00

-MXN 391.05 | -MXN 388.86
-MXN 391.70 I -MXN 388.22
-MXN 400.46
-MXN 397.86 l -MXN 382.06
-MXN 397.56 l

wv423.42 [

-MXN 402.00

| -mxn388.26

-MXN 368.72

-MXN 331.41

-MXN 335.74

-MXN 362.00 -MXN 322.00

Figure 2: Tornado plot-base case analysis. Parameters contributing the greatest amount of variability to the base case analysis
presented in the tornado plot were: costs of outpatient and the numbers of sachets per day of LGG.SOC = Standard of Care.

Discussion

Using published data on probiotics and costs, this study
showed LGG to be cost saving in all scenarios. In base case, the
use of LGG would save - MXN 389.96 per children with acute
diarrhea and, in the worst case-scenario, it would save — MXN
298.19 per children. The direct medical costs of outpatient and

the numbers of sachets per day of LGG were important
determinant of cost-effectiveness.

There are few studies evaluating the cost-effectiveness of
probiotic use for acute diarrhea — only two cost analyses
evaluated probiotics for acute diarrhea was founded. One of
them is a cost-benefit analysis regarding the use of two different
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probiotics (Lactobacillus Acidophilus and Bifidobacterium Bifidum)
in the treatment of 106 children hospitalized with acute diarrhea
in Thailand. The authors found a median length of hospital stay
significantly shorter in the probiotics group than in the
controlled group (2 vs. 3 days, p=0.049) and, taking into
consideration parental income loss, a non-significant lower
expense was seen in the probiotics group (6,800.33 vs. 7,970.92
Thai Baht, p=0.177) [21]. The other study was a cost-benefit
analysis of probiotics in ambulatory treatment of acute
infectious gastro-enteritis with or without a symbiotic food
supplement (containing fructo-oligosaccharides and probiotic
strains of Streptococcus Thermophilus, Lactobacillus
Rhamnosus, Lactobacillus Acidophilus, Bifidobacterium Lactis
and Bifidobacterium Infantis). They found that despite
symbiotic supplementation increased cost, add-on medication
and extra consultations were reduced, resulting in a reduction
of health care cost of 25% [22]. For other indications some
studies have also been describing cost saving in the use of
probiotics for the prevention of diarrhea. It was demonstrated
the use of the probiotic formula in prophylaxis of Antibiotic-
associated diarrhea (AAD) and Clostridium difficile-associated
diarrhea (CDAD) would lead to estimated savings in direct
medical costs [23-27]. Therefore, this study is in line with the
others published, reinforcing the proposal of the use of
probiotics can save costs reducing costs with the use of
probiotics.

To consider the possibility that the cost-savings associated
with use of LGG was overestimated, it was modeled different
scenarios. Even considering a higher dose or higher costs for
treatment, probiotic use dominated (more effective and less
costly) no probiotic use. Since gastroenteritis/ acute diarrhea
can be expected to produce substantial morbidity, mortality,
and health care system costs in Latin America, including
Mexico, the results can be substantial to guide management of
acute diarrhea management in Mexico [18].

There were some limitations to this model. First, the
Szajewska meta-analysis did not report the impact of LGG on
the mortality, which was not considered in the model. For this
reason, it was assumed that no children would dye in 15 days.
Other limitation was about proportion of hospitalized patients.
As no data specifically for Mexico was found, only one
physician was interviewed to obtain the assumption of 10% of
patients. It is important to emphasize that this doctor considered
a private perspective that is different from public perspective in
Mexico. Finally, direct medical costs (for in and out-patients)
were based in 2003 US dollars of treating rotavirus
gastroenteritis in the 2003 birth cohort. These costs were correct
using historic inflation rate of Mexico, but it was not considered
additional costs like new tests and medicines [28].

Conclusion

In conclusion, the current model demonstrates that the use
of LGG in children from 1 month to 48 months with acute
diarrhea in Mexico dominated (more effective and less costly)
no probiotic use. Extend the context to a healthcare system
perspective, LGG can be cost-savings. Health policy decision
makers should consider prioritizing funding oral probiotics
among patients with acute diarrhea.
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