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Abstract

Original Article

Introduction

The annual burden of enteric fever is estimated as 11–20 million 
cases which results in about 128,000–161,000 deaths per 
year according to the World Health Organization reports. 
Populations with inadequate sanitation and lack of access to 
safe water are at a higher risk for enteric fever. The advent of 
newer antibiotics and better living conditions has drastically 
reduced the morbidity and mortality due to enteric fever in 
industrialized countries. However, the disease continues to 
be a significant public health problem in developing areas of 
countries such as Africa, South‑East Asia, and the Western 
Pacific regions.[1] South Asia has the maximum number of 
patients with enteric fever in the year 2017 accounting for 
71.8% of global cases of typhoid fever.[2]

Probiotics have shown efficacy in treating and preventing 
various medical conditions associated with the gastrointestinal 
tract in children.[3] Probiotics confer a health benefit on the host 
when administered in adequate amount.[4] Probiotics act through 
various mechanisms like immunomodulation, antibacterial 
action, and competitive exclusion. Antibacterial action is by the 
production of antibacterial substances by which it acts against 
pathogens such as Salmonella species, Clostridium difficile, 
and Escherichia coli.[5] Data is supporting the use of certain 
probiotics as an adjunct in treating acute viral gastroenteritis, 
and for preventing gastrointestinal diseases.[6] One of the 
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best studied among probiotics is Lactobacillus rhamnosus 
GG (LGG).[3] Several researches have shown the efficacy of 
probiotics in reducing the duration of acute viral infectious 
diarrhea and also reduction in length of hospitalization, in 
both severely malnourished and well‑nourished children with 
minimal side effects.[7‑12]

A research study by Abdel‑Daim et al. has demonstrated that 
twelve Lactobacillus plantarum isolates inhibit Salmonella 
typhi in vitro by interference with its growth and virulence.[13] 
The LGG‑derived soluble proteins act by various mechanisms 
like LGG adherence to the intestinal epithelium and it also 
protects them from cytokine‑mediated injury by regulation 
of several signaling pathways. Seven different peptides 
which were isolated from LGG‑conditioned media, showed 
anti‑Gram‑positive and anti‑Gram‑negative bactericidal 
activity.[14]

Enteric fever is an important cause of mortality and morbidity in 
both adult and pediatric patients.[15] Fever spikes can persist for 
5–7 days even with effective antibiotic therapy in enteric fever 
and it usually takes at least 36 h of therapy for defervescence.[16] 
A probiotic used as an adjunct along with antibiotic could cause 
early resolution of symptoms by various mechanisms. There is 
a possibility that LGG could protect against S. typhi infection 
by various mechanisms like interference with its virulence 
and growth through, cytotoxicity, invasion, and adherence.[13]

Although several studies related to the effect of probiotics on 
gastrointestinal infections are available, data on the effect of 
probiotic on enteric fever is very limited. With this background, 
the present research was undertaken and the objectives of this 
study were, to determine the effectiveness of LGG, as an adjunct 
with intravenous ceftriaxone, in comparison to a placebo on (1) 
defervescence of fever in children with enteric fever and (2) 
resolution of toxemia in children with enteric fever.

Materials and Methods

Study design, study setting, and study duration
This double‑blinded, randomized controlled trial (RCT) was 
done in the pediatric inpatient ward of a tertiary care hospital 
in southern India for 1 year from October 2020 to August 2021. 
This parallel design of RCT was conducted with 1:1 allocation 
ratio. This clinical trial was conducted and analyzed and reports 
were prepared as per the CONSORT guidelines.

Study participants
Children below the age of 12 years, who were admitted with 
fever and whose blood culture grew S. typhi, and whose parents 
consented were included as the study participants. Children 
who were immunocompromised, had other coinfections, 
critically ill were excluded from the study.

Sample size calculation
The “n” n Master version 2.0 (BRTC, CMC, Vellore, India.) was 
used for sample size calculation. Defervescence takes at least 
36 h of treatment and fever can persist for 5–7 days even with 

effective antibiotic therapy in enteric fever.[16] Szymański et al. 
reported L. rhamnosus reduced the duration of rotavirus diarrhea 
compared to placebo (76 ± 35 h vs. 115 ± 67 h) (P = 0.03).[17] 
As in vivo studies on the effectiveness of LGG in enteric fever 
were limited, it was expected that LGG when given along with 
the antibiotic would cause defervescence in enteric fever on 
an average in 3 days while the placebo‑antibiotic combination 
would require 7 days. Hence, the expected difference between 
the treatment group and the control group was assumed to be 
4 days with a standard deviation (SD) of 1.5 days. This trial 
was conducted as a superiority trial against a placebo and 
was conducted as a parallel design RCT with equal allocation 
in the treatment and control groups. With a 5% level of 
significance (α), 95% confidence level and 80% power (1−β), 
the sample size was calculated keeping the superiority 
margin  (δ) as 3 days; expected difference  (µT‑µC) as 4 days 
and SD (σ) as 1.5 days. The minimum sample size required in 
each group (n) was calculated as follows
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Randomization and allocation concealment
Prior informed consent and/or assent from the parents were 
obtained and the study subjects were randomized into either 
the intervention or control group. A  simple randomization 
technique was followed for the allocation of cases into 
intervention and control groups by the generation of random 
numbers from Rand Corporation random numbers table. The 
randomization was done by the co‑investigator and allocation 
concealment was done using sequentially numbered opaque 
sealed envelopes. Randomization and allocation concealment 
were done by the statistician.

Intervention
All enteric fever patients participating in the study were treated 
with intravenous ceftriaxone for 7 days. The intervention group 
received injection ceftriaxone (75 mg/kg/day in 2 divided doses 
for 7 days) and 1 g of oral LGG (probiotic) containing 3 × 109 
colony forming units  (CFU) in a blinded powdered sachet 
once daily for 7 days. The control group received injection 
ceftriaxone (75 mg/kg/day in 2 divided doses for 7 days) and 
1 g of oral placebo in a blinded powdered sachet once daily 
for 7 days. These regimens were started on the same day of 
confirmation of enteric fever by blood culture.

The oral probiotic or placebo was given to the patient by the 
coinvestigator, who also confirmed the intake of the drug by 
the patient. The probiotic or the placebo was dissolved in 
50 ml of water and consumed immediately. The dose of LGG 
or placebo was repeated if the patient vomited within half an 
hour of intake of the drug.

Blinding
The placebo used was similar in appearance and taste compared 
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to the probiotic used. The parents/guardian and the principal 
investigator were blinded to the intervention received by the 
patient.

Data collection methods
The baseline characteristics, focused history, relevant clinical 
examination, investigations, and other data were collected in 
the proforma by the principal investigator by direct interview, 
observation, examination of the patient, and laboratory reports. 
The progress of the patient’s condition was collected daily 
by the principal investigator till the discharge of the patient. 
The patients were also monitored for any adverse events in 
both the groups. On completion of intravenous therapy and 
defervescence of fever, the patients were discharged on oral 
antibiotics to complete a 14‑day course of antibiotics. The 
day of defervescence of fever after initiating the intervention 
was taken as the desired primary outcome and the day of 
resolution of toxemia was recorded as the secondary outcome. 

Symptoms like improvement in anorexia, general well‑being, 
improvement in dehydration, and improvement in coated 
tongue were considered for resolution of toxemia.

Statistical analysis
Data were entered into Microsoft office excel worksheet. 
Statistical analysis was done using SPSS version  28.0 
software  (IBM Corp., Armonk, NY, USA). Descriptive 
statistics such as mean, median, SD, and proportions were used 
to describe the socio‑demographic characteristics, symptoms 
on admission to hospital, laboratory investigation and treatment 
outcomes of study subjects in intervention and control groups. 
Inferential statistics like 95% confidence interval, independent 
t‑test, Chi‑square test, and Fisher’s exact test were used 
for comparison between intervention and control groups. 
Kaplan–Meier curves and Mantel cox log‑rank test were used 
to compare the duration for defervescence after treatment 
initiation and to compare the duration for resolution of toxemia 

Figure 1: Flow chart for enrollment and follow‑up of study participants
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after treatment initiation between the intervention and control 
groups. At 95% confidence level and 5% level of significance, 
a P ≤ 0.05 was considered to be statistically significant.

Ethical issues
Prior approval from the Institutional Ethics Committee was 
obtained to conduct the study (reference no. IEC/2019/1/02). 
The objectives of the study, details of investigators, 
procedures involved in the study, side effects, right to 
withdrawal from study and maintenance of confidentiality 
of their personal details were explained in the regional 
language to the parents and their children who satisfied the 

inclusion criteria. Written informed consent from parents 
and assent from children aged above 7 years were obtained 
before their inclusion as study participants. This trial has 
been registered in the UMIN Clinical Trials Registry as 
UMIN000048048 (Available from: http://www.umin.ac.jp/
ctr/index.htm). The research followed the guidelines laid 
down in the Declaration of Helsinki.

Results

Among 61  patients who were assessed for eligibility, 3 of 
them were excluded due to coinfections such as urinary tract 

Table 1: Distribution of sociodemographic characteristics of study subjects

Parameters Intervention group (n=28), n (%) Control group (n=28), n (%) P
Age of children (years)

Upto 5 10 (35.7) 7 (25.0) 0.081
6–10 10 (35.7) 10 (35.7)
>10 8 (28.6) 11 (39.3)

Sex
Male 17 (60.7) 15 (53.6) 0.394
Female 11 (39.3) 13 (46.4)

Socioeconomic status (as per B.G Prasad Scale)
Upper class 4 (14.3) 2 (7.1) 0.625
Upper middle class 13 (46.4) 12 (42.9)
Lower middle class 10 (35.7) 11 (39.3)
Upper lower class 1 (3.6) 3 (10.7)

Typhoid immunization status
Not vaccinated 28 (100.0) 28 (100.0) ‑

History of consumption of food prepared outside home
Present 19 (67.9) 21 (75.0) 0.384
Absent 9 (32.1) 7 (25.0)

Sanitary latrine facility
Available 28 (100.0) 27 (96.4) 0.500
Not available 0 1 (3.6)

Hand hygiene practices
Present 28 (100.0) 27 (96.4) 0.500
Absent 0 1 (3.6)

Boiling of drinking water
Present 11 (39.3) 5 (17.9) 0.069
Absent 17 (60.7) 23 (82.1)

History of enteric fever in family members
Present 3 (10.7) 4 (14.3) 0.600
Absent 25 (89.3) 24 (85.7)

Nutritional status of children aged above 5 years 
according to IAP growth charts (n=11)

Normal 10 (55.6) 17 (80.9) 0.202
Thinness 1 (5.6) 2 (9.5)
Overweight 2 (11.1) 0
Obese 5 (27.8) 2 (9.5)

Nutritional status of children aged up to 5 years 
according to WHO growth charts (n=17)

Normal 10 (100.0) 7 (100.0) 0.281
Moderate or severe acute malnutrition 0 0

Co‑morbidities
Present 2 (7.1) 0 0.245
Absent 26 (92.9) 28 (100.0)

Chi‑square‑test, Fisher’s exact test. IAP: Indian Academy of Pediatrics, WHO: World Health Organization
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infection, dengue, and malaria. Of the 58 participants enrolled 
for the study 2 of them did not consent. Finally, 56 of the study 
subjects were randomized and allocated into either intervention 
or control groups. All the 56 study subjects completed their 
treatment as per the protocol and none left the study before 
occurrence of the primary and secondary outcome. None of the 
study participants encountered any adverse events following 
the intervention. A  flowchart of the study participants is 
depicted in Figure 1.

As shown in Table 1, there were no statistically significant 
differences between the intervention and control group 
study participants in socio‑demographic characteristics, 
environmental and nutritional factors. The age group of study 
subjects ranged from 2 to 12 years in the intervention group and 
between 1 and 12 years in the control group. The mean age in 
years (SD) of study subjects in intervention and control groups 
were 7.8 (3.6) years and 8.2 (3.7) years respectively. Although 
100% of the subjects in the intervention group and 96.4% of 
the subjects in the control group utilized the sanitary latrine at 
home and had practiced hand hygiene measures, only 39.3% 
of the study subjects in the control group and 17.9% of them 
had boiled their drinking water before consumption. Almost 
75% of the study subjects in the control group and 67.9% of 
subjects in the intervention group had a history of consumption 
of food prepared outside their home. None of them were 
vaccinated against enteric fever in the past. Among the two 
patients who had comorbidities, one of them had Rheumatic 
heart disease and the other had Asthma. Both of them were in 
the Intervention group.

There was no significant difference in the clinical features and 
examination findings between the two groups on admission as 
shown in Tables 2 and 3. Fever was the major symptom among 
the study participants. The mean (SD) duration of fever in the 
intervention and control group were 6.7  (2.5) and 6.6 (2.3) 
days, respectively. Majority of them had continuous types of 
fever in both the groups. As shown in Table 2, other prominent 
symptoms on hospital admission were vomiting, diarrhea, 
abdominal pain, and anorexia. A few of them had chills and 
rigor, headache, and myalgia. The majority of them had coated 
tongue and hepatomegaly in both the groups.

No significant difference was noted in the laboratory 
investigations between both the groups as shown in Tables 4 and 5. 
35.7% of children had anemia in both the intervention and 
control groups. All the study subjects had elevated C‑reactive 
protein and majority of them had eosinopenia. Only a few of 
them had thrombocytopenia in both the groups.

Table 6 shows the comparison of treatment outcome between 
the intervention and control groups. When the primary outcome 
was considered, the mean duration of defervescence of fever 
after the initiation of treatment in the intervention and control 
group was 3.87 (1.57) days and 3.35 (1.19) days respectively. 
This difference was not statistically significant (P = 0.171). On 
considering the secondary outcome, the mean time taken for the 
resolution of toxemia was 3.00 (1.15) days in the intervention 

Table 2: Distribution of study subjects based on their 
symptoms on admission

Symptoms Intervention group 
(n=28), n (%)

Control group 
(n=28), n (%)

P

Fever duration (days)
Upto 5 12 (42.9) 11 (39.3) 0.163
6–10 13 (46.4) 17 (60.7)
>10 3 (10.7) 0

Type of fever
Continuous 16 (57.1) 17 (60.7) 0.500
Intermittent 12 (42.9) 11 (39.3)

Chills and rigor 3 (10.7) 2 (7.1) 0.500
Head ache 3 (10.7) 4 (14.3) 0.500
Myalgia 3 (10.7) 3 (10.7) 0.665
Anorexia 7 (25.0) 12 (42.9) 0.129
Loss of weight 0 1 (3.6) 0.500
Vomiting 17 (60.7) 14 (50.0) 0.296
Diarrhoea 10 (35.7) 13 (46.4) 0.294
Constipation 2 (7.1) 0 0.245
Abdominal pain 9 (32.1) 9 (32.1) 0.612
Abdominal distension 0 1 (3.6) 0.500
Chi‑square‑test, Fisher’s exact test

Table 3: Distribution of study subjects based on their 
general and systemic examination

General and 
systemic 
examination

Intervention 
group (n=28), 

n (%)

Control group 
(n=28), 

n (%)

P

Dehydration 12 (42.9) 10 (35.7) 0.392
Coated tongue 18 (64.3) 14 (50.0) 0.209
Pallor 4 (14.3) 3 (10.7) 0.500
Abdominal tenderness 1 (3.6) 0 0.500
Hepatomegaly 21 (75.0) 16 (57.1) 0.129
Splenomegaly 8 (28.6) 3 (10.7) 0.089
Chi‑square‑test, Fisher’s exact test

Table 4: Distribution of study subjects based on their 
laboratory investigations

Blood 
investigation

Intervention 
group 

(n=28), n (%)

Control group 
(n=28), 

n (%)

P

Anemia 10 (35.7) 10 (35.7) 0.219
Thrombocytopenia 5 (17.9) 4 (14.3) 0.266
Leukopenia 2 (7.1) 3 (10.7) 0.204
Leukocytosis 1 (3.6) 4 (14.3) 0.204
Eosinopenia 24 (85.7) 23 (82.1) 0.500
Abnormal LFT 6 (21.4) 5 (17.9) 0.500
Elevated CRP 28 (100.0) 28 (100.0) ‑
Chi‑square test, Fisher’s exact test. Anemia: Hemoglobin <11 g/dL, 
Thrombocytopenia: Platelets <1.5 lakhs/mm3, Leukopenia: TLC 
<4000 cells/mm3, Leukocytosis: TLC >10,000 cells/mm3, Eosinopenia: 
Eosinophils <24 cells/mm3, Abnormal LFT: AST/ALT >45 IU/L, elevated 
CRP >6 mg/L. LFT: Liver function test, CRP: C reactive protein, 
TLC: Total leucocyte count, AST: Aspartate transaminase, ALT: Alanine 
transaminase
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A Cochrane database review, in 2010 concluded that 
probiotics have some benefits in the treatment of acute 
diarrhoea.[9]  However, the 2020 Cochrane database review 
showed no benefit of probiotic in diarrhea.[19] So even for the 
most widely used indication, namely diarrhea, the benefit of 
probiotic use is inconclusive. Several in vitro and animal studies 
have found probiotics to be effective in the elimination of 
salmonellosis, in addition to standard antibiotic therapy.[13,20,21]

However, this effect could not be replicated in human subjects 
in our study. To the best of our knowledge, ours is the first 
study to assess the efficacy of probiotics in enteric fever in 
humans. Although the results are not encouraging, it might 
still be worthwhile to consider conducting more such studies 
before concluding that probiotic use is not beneficial for this 

group and 2.64 (0.87) days in the control group. This difference 
was not statistically significant (P = 0.197).

Duration for defervescence after treatment initiation
Kaplan–Meier curves were used for comparing the probability 
of resolution of fever from initiation of treatment in 
intervention and control groups  [Figure  2]. The median 
duration for defervescence in intervention group and control 
group was 4 days and 3 days respectively. This difference in 
duration for defervescence was not statistically significant (log 
rank test [mantel cox], P = 0.099).

Duration for resolution of toxemia after treatment initiation
Kaplan–Meier curves were used for comparing the probability 
of resolution of toxemia from initiation of treatment in 
intervention and control groups  [Figure  3]. The median 
duration for resolution of toxemia in the intervention group 
and control group was 3 days and 2 days, respectively. This 
difference in duration for resolution of toxemia was not 
statistically significant (log‑rank test [mantel cox], P = 0.148).

Discussion

The results of this study show that the addition of the probiotic 
LGG at a dose of 3 × 109 CFU for 7 days, to the standard 
antibiotic regime has no effect on reducing the duration of fever 
or toxemia, in enteric fever. Probiotics are used in the treatment 
of gastroenteritis, worldwide. However, the results of RCTs are 
conflicting even for this indication. Szymański et al. found a 
significant decrease in the duration of rotaviral diarrhea when 
L. rhamnosus strains were used in the management of affected 
infants. However, this probiotic did not show a significant 
effect on other causes of diarrhea.[17] A major systematic 
review published in Latin America concluded that probiotics 
were found useful and hence recommended in acute infectious 
diarrhea, especially of viral origin.[3] This systematic review 
and another by Szajewska et al. showed that probiotic use was 
however not beneficial in bacterial diarrhea.[3,18]

Figure  2: Comparison of duration for defervescence after treatment 
initiation between intervention and control groups

Table 6: Comparison of treatment outcomes of intervention and control groups

Treatment and outcomes (days) Intervention group (n=28) Control group (n=28) P

Mean±SD 95% CI Mean±SD 95% CI
Duration of intravenous antibiotic treatment 10.07±2.22 9.21–10.93 9.39±2.33 8.49–10.30 0.270
Duration for defervescence after treatment initiation 3.87±1.57 3.26–4.48 3.35±1.19 2.89–3.82 0.171
Duration for resolution of toxemia after treatment initiation 3.00±1.15 2.55–3.45 2.64±0.87 9.21–10.93 0.197
Duration of hospital stay 11.29±2.12 10.46–12.11 10.36±2.07 9.55–11.16 0.104
Independent t‑test. SD: Standard deviation, CI: Confidence interval

Table 5: Comparison of laboratory investigation of study subjects in intervention and control groups

Blood investigation Intervention group (n=28) Control group (n=28) P

Mean±SD 95% CI Mean±SD 95% CI
Hemoglobin (mg/dL) 11.03±1.61 10.40–11.65 11.30±1.51 10.71–11.89 0.519
TLC (/mm3) 6815.71±2161.65 5977.51–7653.91 6838.21±2857.04) 5730.37–7946.06 0.974
Platelet count (/mm3) 2.39±0.83 2.06–2.71 2.25±0.77 1.95–2.55 0.512
CRP (mg/L) 33.71±25.22 23.93–43.49 32.48±18.51 25.30–39.67 0.837
Independent t‑test. SD: Standard deviation, TLC: Total leukocyte count, CRP: C‑reactive protein, CI: Confidence interval
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Figure 3: Comparison of duration for resolution of toxemia after treatment 
initiation between intervention and control groups

condition for at least two reasons. First reason is the compelling 
scientific plausibility and second, the high safety profile 
of these probiotic drugs. Salmonella is an organism that is 
enteric and hence probiotics may have a direct local effect as 
they do have in other diseases involving the Gastrointestinal 
tract (GIT).

Conclusions

The present study results shows that addition of the probiotic 
LGG per oral at a dose of 3 × 109 CFU for 7 days to standard 
intravenous antibiotic therapy for enteric fever did not show 
a significant reduction in the fever duration and resolution of 
toxemia. However, further studies with different probiotic 
strains or a higher dose of the same strain, LGG may be 
considered in further studies before concluding their lack of 
benefit in the therapy of enteric fever.

Limitations
The limitations of this study were the sample size, a larger 
sample size may be needed, to prove the significance of LGG. 
Resolution of toxemia mentioned as secondary outcome in 
this study, is highly subjective since many other factors such 
as age, nutritional status, and hydration status could also have 
influenced the resolution of toxemia.
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