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Abstract
Purpose  The development of probiotics has seen tremendous growth over the years, with health benefits ranging from gut 
health to respiratory. We thus aimed to investigate the effects of probiotic Bifidobacterium lactis Probio-M8 (2 × 1010 log 
CFU/day) against acute respiratory tract infections (RTI), use of antibiotics, hospitalization period and elucidate the possible 
mechanisms of action in hospitalized young children.
Method  A prospective, randomized, double-blind and placebo-controlled study was performed in RTI-hospitalized chil-
dren. Patients were randomized to either the probiotic (n = 60, mean age 13.81 ± 0.90 months) or placebo (n = 60, mean age 
12.11 ± 0.73 months) which were administered upon admission, continued during hospitalization and 4-week post-discharged. 
RTI and gut health parameters were assessed at these time points using validated questionnaires while concentrations of 
inflammatory cytokines were assessed via oral swabs.
Results  Probio-M8 reduced the duration of nasal, pharyngeal and general flu-like symptoms compared to the placebo during 
the hospitalization period and 4-week post-discharged (P < 0.05) as compared to the placebo, with a more prevalent effect 
against lower respiratory tract infections (LRTI). Probio-M8 reduced prescription of antibiotic (P = 0.037), prevented new 
prescription of antibiotic in non-prescribed patients (P = 0.024) and reduced hospitalization period in antibiotic-prescribed 
patients (P = 0.004) as compared to the placebo. Oral cytokine levels of TNF-α decreased in the Probio-M8 group (P = 0.001) 
accompanied by increased in IL-10 (P = 0.018) over 4-week post-discharged, while the placebo group did not exhibit such an 
effect. Increased IL-10 in the Probio-M8 group was correlated with decreased body ache (r = − 0.296, P = 0.001), headache 
(r = − 0.295, P = 0.001) and pain during swallow (r = − 0.235, P = 0.010).
Conclusion  Data from our present study show that B. lactis Probio-M8 could be a potential natural and non-drug strategy 
for the management of RTI in young children in a safe manner.
Clinical trial registration  Clinical studies (Approval No. USM/JEPeM/19030177) were registered at ClinicalTrials.gov (Iden-
tifier No. NCT04122495) on September 30, 2019.

Keywords  Bifidobacterium lactis Probio-M8 · Children · Respiratory tract infections · Probiotic · Inflammation · 
Antibiotic · Hospitalization

Introduction

Probiotics are live microorganisms that grant health effects 
to the host upon consumption in sufficient amounts [1]. Pro-
biotic bacteria, which beneficially affect the host by improv-
ing the intestinal microbial balance, may affect the immune 
response; thus, boosting the body system to combat against 
diseases [2].

 *	 Fahisham Taib 
	 fahisham@usm.my

 *	 Heping Zhang 
	 hepingdd@vip.sina.com

 *	 Min‑Tze Liong 
	 mintze.liong@usm.my

Extended author information available on the last page of the article

http://orcid.org/0000-0002-4471-8271
http://crossmark.crossref.org/dialog/?doi=10.1007/s00394-021-02689-8&domain=pdf


1680	 European Journal of Nutrition (2022) 61:1679–1691

1 3

Respiratory tract infection (RTI) is an infectious dis-
ease that includes both the upper and lower respiratory 
tract. Upper respiratory tract infection (URTI) is less severe 
than lower respiratory tract infection (LRTI); however, the 
latter often requires hospital admissions. RTIs remain the 
top three causes of death and disability among infants and 
children globally. LRTI causes nearly four million deaths 
annually among children under 5 years old and may pre-
dispose for chronic respiratory diseases later in life [3]. 
Considering that acute RTIs are one of the leading causes 
of hospitalization and emergency department visits, the use 
of antibiotics in RTIs remains one of the main concerns in 
clinical practises. Antibiotic overuse is associated with an 
increase in the prevalence of antibiotic resistance, where 
25,000 patients in Europe die annually following infections 
related to antibiotic-resistant microorganisms. Antibiotics 
were prescribed in 37% of children in The Netherlands 
and Israel [4]. Hospital-acquired infections have also been 
a major concern, especially among children who require 
prolonged hospitalization due to their susceptibility to 
increased risks of multidrug-resistant infections and over-
use of antibiotics.

It is hoped that natural dietary interventions could buffer 
and reduce the dependency towards antibiotics in RTI and 
thus reducing hospitalization period, especially in young 
children. Children receiving either probiotic in milk or con-
trol milk showed reduced absentia from day care attributed 
to fewer RTI complications and less antibiotic requirement 
[5]. The duration of respiratory symptoms was significantly 
shorter in the probiotic group compared with the control 
group [2].

The precise mechanisms of action of probiotics in the 
management of RTI remain largely unknown. It is hypoth-
esized that probiotics prevented inflammation in the epi-
thelium of respiratory barriers; thus, preserving functions, 
cellular immunity and activities of immune cells and mac-
rophages in airways. Lactobacillus plantarum DR7 has 
been reported to alleviate symptoms of respiratory illnesses 
via the activation of natural killer cells [6] while Lactoba-
cillus casei Zhang exerted mechanisms against respiratory 
illnesses via the activation of T cells and B cells [7]. In a 
long-term probiotic intervention period of 10 months in 
pre-school children attending day care, Bifidobacterium 
longum BB536 was shown to reduce the frequency of res-
piratory illnesses while reducing the duration of sore throat 
as compared to the placebo [8]. It is thereby suggested 
that probiotics may offer protection on the risk of early 
RTI and recurrences thereby may represent a simple, safe, 
effective, and affordable method for the preventing RTI in 
children [9].

Bifidobacterium is one of the best-known probiotic 
genera globally and is widely used in the dairy industries. 
Evidence from in vitro, in vivo, and clinical studies have 

supported the safety and health benefits of Bifidobacte-
rium strains [10]. The ingestion of fortified yoghurt with 
B. longum was shown to reduce harmful bacteria such as 
Enterobacteriaceae, Streptococcus and C. perfringens, and 
alter the gut microbiota profile with a significant increase 
of beneficial microbes Bifidobacterium and Lactobacillus 
species [11] Such findings suggest that Bifidobacterium 
strains are safe with antimicrobial potentials against harm-
ful pathogens, which may play a role in preventing and/or 
treating the onsets of RTI.

Bifidobacterium lactis Probio-M8 (Probio-M8) was iso-
lated from human colostrum samples collected from 40 
healthy lactating women in the Inner Mongolia. A total of 
197 bacterial strains were isolated where the genera of Bifi-
dobacterium accounted for 4.06% comprising of three spe-
cies. Probio-M8 was selected based on excellent tolerance 
to gastric acid, intestinal fluid and bile salt of the digestive 
system [12]. We hypothesized that Probio-M8 may exert a 
certain level of protection against RTI in young children. 
Most reports on probiotics and RTI primarily emphasized 
on adults in general, while young children under the age of 
5 years old remain highly susceptible to respiratory illnesses. 
This is crucial as recent developments on probiotics have 
revealed the importance of strain and host dependencies, 
and the impacts of these on the quality of life of the intended 
patients.

With proper management of RTI, probiotics offer pro-
tection on the risk of early and recurrences of RTI thereby 
represent a simple, safe, effective, and affordable method 
for respiratory health management in children [9]. Thus, 
in this study, we explored the effects of a Bifidobacterium 
probiotic in reducing duration and frequency of symptoms 
attributed to acute RTI, prescription of antibiotic, hospitali-
zation period and inflammatory parameters in hospitalized 
children under two years old.

Materials and methods

Bifidobacterium lactis Probio‑M8 and placebo 
products

Bifidobacterium lactis Probio-M8 and placebo products 
were manufactured under an ISO9001 certified manufac-
turing plant (JinHua YinHe Biological Technology Co. 
Ltd.,China). The product B. lactis Probio-M8 contains 
Bifidobacterium lactis Probio-M8 and maltodextrin as 
carrier while placebo contains only maltodextrin. Both 
probiotic Probio-M8 and placebo are identical in taste, 
appearance and appeared as light-yellow powder. Both 
Probio-M8 and placebo products were kept at storage tem-
perature below 30 °C according to the recommendation of 
the manufacturer.
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Selection of patients

Patients were recruited from Hospital Universiti Sains 
Malaysia in Kubang Kerian, Malaysia. The inclusion cri-
teria were all children aged 0–24 month who were hos-
pitalized for acute RTI with either bacterial or viral-like 
RTI needing acute medical observation or management. 
Children who were on long-term medications of 6 months 
or more, or an underlying glucose-6-phosphate dehydroge-
nase deficiency, and uncommitted parents were excluded 
from the study. RTI diagnosis were made by the medical 
team and characterized as respiratory symptomatology 
of either upper or lower tract infections such as coryzal, 
fever, cough together with positive clinical examination 
findings which included bronchiolitis, croup, pneumonia, 
tonsillopharyngitis and laryngitis. Written informed con-
sent was obtained from the parents prior to the start of 
the study.

Study protocol

This was a double-blind, randomised and placebo-con-
trolled design study. Randomisation was conducted upon 
applying the inclusion and exclusion criteria. Qualified 
patients were randomised according to 1:1 ratio to the 
two arms of the study according to a computer-generated 
list, assigned to the probiotic group and placebo group 
with treatment codes. Randomisation was performed by 
the study statistician, who had no contact with the par-
ticipants. The allocation sequence was not available to any 
member of the research team until the completion of the 
study. Intervention consisted of daily administration of one 
sachet/day of Probio-M8 or placebo, starting from during 
admission at hospital and continued for 4 weeks upon dis-
charged. Each sachet was two grams in total weight and 
contained 2 × 1010 log CFU of Probio-M8. Probio-M8 or 
placebo powder was dissolved in a small quantity of room 
temperature water or milk prior to consumption.

The primary outcome was duration of RTI symptoms, 
while secondary outcomes included parameters of gastroin-
testinal, RTI symptoms and concentrations of inflammatory 
proteins from the oral swabs. Compliance was monitored 
by requesting the participated parents to return all sachets, 
opened and unopened during the 4-week follow-up post-
discharged. This study was conducted according to the 
guidelines laid down in the Declaration of Helsinki. All 
procedures involving human subjects were approved by the 
JEPeM-USM Review Panel on Clinical Studies (Approval 
No. USM/JEPeM/19030177) and was registered at Clinical-
Trials.gov (identifier No. NCT04122495).

The sample size was calculated for a parallel group 
study design involving one prevention arm and one pla-
cebo arm and was based on power design analysis. A 

total of 120 subjects are needed for this study, with a 
total of 60 subjects in each arm and an additional 10% 
dropout. This calculation was based on the need for a 
continuous response variable from an independent con-
trol and experimental subjects, with a ratio of control to 
subject fixed at 1:1, probability of 0.95 and Type-I error 
probability associated with this test of null hypothesis 
of 0.05. Previous data have shown that for an interven-
tion using probiotic against reducing clinical visits in 
children for respiratory diseases, a standard deviation of 
0.46 times within group was observed, accompanied by 
a reduction of 0.32 times between treatment and placebo 
groups [13].

Analyses

Questionnaires

Enrolled patients were assessed using three types of 
questionnaires; (i) demographic questionnaire which 
was collected upon admission (baseline), (ii) respiratory 
health questionnaire [14] which was collected at base-
line, prior to discharged and on the next visit at 4-week 
post-discharged, and (iii) as probiotic products primarily 
enhance gut health, a gut health questionnaire [15] which 
was collected at similar time points. The questionnaires 
were multiscale where the respiratory health questionnaire 
comprised of two domains covering aspects on daily diet 
(5 items), clinical respiratory parameters (21 items), while 
the gut health questionnaire covered aspects of clinical 
gastrointestinal parameters (15 items). The domains for 
gastrointestinal and RTI questionnaire were identified 
through literature reviews, focus groups and opinions of 
experts, prior to generating the items for each tool. The 
translated Malay versions showed item content validity 
index (I-CVI) of 1.00 and 0.99, respectively, and item-
level face validity index (I-FVI) of 1.00 for both ques-
tionnaires, showing reliability and suitability for assess-
ing gastrointestinal and RTI symptoms in young children 
[16]. Length of hospitalization period was obtained from 
hospital records.

Inflammatory cytokines of oral samples

Oral swab was collected from each child at three differ-
ent time points; at baseline (during admission), at the 
time of discharge and at week-4 post-discharged, from 
the inside of both left and right cheeks, one immediately 
after the other. This was performed by our medical team 
and swabs were immediately placed in sterile saline and 
frozen at − 80 °C until further analyses. Oral swab sam-
ples were analyzed for the concentrations of interleukin-4 
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and -10, tumor necrosis factor (TNF)-α and interferon 
(IFN)-γ using enzyme-linked immunosorbent assay 
(ELISA) kits (Immunodiagnostik, Germany) following 
the manufacturer’s instructions. Changes in concentra-
tions were determined by comparing the concentrations 
at baseline versus at the time of discharge or week-4 
post-discharged.

Statistical analyses

Data were analyzed using SPSS version 24.0 (SPSS 
Inc., Chicago, IL). The primary hypothesis of this study 
involved differential efficacy between the two treatment 
groups of probiotic and placebo. Considering the skewed 
distribution and non-parametric nature of our data, differ-
ences of scale data between probiotic and placebo groups 
or between two different time points, were compared using 
the Mann–Whitney U test, while nominal data were com-
pared using the Chi-square test. Spearman’s rank corre-
lation was used in non-parametric correlation analyses 
with rho (r) as the correlation coefficient. All tests were 
two-sided with P < 0.05 as considered statistically signifi-
cant and data are presented as mean value ± standard error 
unless stated otherwise.

Results

Baseline characteristics

During the study period, 137 patients were hospitalized with 
various RTI diagnosis. A total of 17 patients dropped out 
during the 4-week period, primarily due to travel restrictions 
attributed to lockdown for COVID-19; thus, unable to per-
form sampling and collection. This has yielded 120 subjects 
after the 4-week study (Fig. 1; Probio-M8, n = 60; placebo, 
n = 60). No adverse effects or any health implications com-
plaints were received, indicating product safety. Although 
sufficient sample size was achieved; this sample size was 
calculated based on data of clinical visits. However, due 
to travel restrictions during lockdown for COVID-19, the 
assessment on clinical visits were unable to be performed. 
Insignificant differences were observed in all the general 
characteristics of Probio-M8 and placebo subjects (Table 1).

RTI incidences and symptoms duration

Probio-M8 reduced several RTI symptoms in all children 
during the warded period, with a more prevalent effect 
on pharyngeal symptoms (Table 2), where all pharyngeal 

Fig. 1   Consort flowchart 
detailing patients’ recruitment, 
randomization and allocation
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symptoms studied have shown reduction in durations 
(P < 0.05) as compared to the placebo. Probio-M8 also 
reduced the duration of several nasal symptoms such as 
sneezing (P = 0.017) and runny nose (P < 0.0001) while the 
placebo group did not show any changes. A marginal reduc-
tion was also observed for nose block (P = 0.051) and mucus 
production (P = 0.059) in patients consuming Probio-M8 as 
compared to the placebo group. The duration of general flu-
like symptoms such as body ache and headache were also 
reduced in the Probio-M8 group as compared to the placebo 
counterpart (P < 0.05), with a marginal reduction in duration 
of vomit (P = 0.080).

At 4-week post-discharged, the administration of Pro-
bio-M8 has shown reduction in the duration of pharyngeal 
symptoms such as sore throat (P = 0.004) and pain during 
swallowing (P = 0.008) while the placebo group did not 
show such a benefit. Duration of general flu symptoms 

such as body ache (P = 0.012) and headache (P = 0.012) 
were also reduced in the Probio-M8 group as compared to 
the placebo counterpart.

Such effects of Probio-M8 were more prevalently 
observed in patients with LRTI (Table  3) than URTI 
(Table 4) during the hospitalization period. Probio-M8 
reduced duration for runny nose, wheezing, sore throat, 
hoarseness, cough and fatigue in LRTI patients as com-
pared to placebo (P < 0.05). Significant effects were not 
observed at 4-week post-discharged for LRTI patients 
between treatment groups. In patients with URTI, Probio-
M8 reduced the number of RTI incidences, and duration 
for poor appetite and fatigue as compared to the placebo 
group during the hospitalization period (P < 0.05). Probio-
M8 showed better benefits in patients with URTI at 4-week 
post-discharged, where duration of nose block, wheezing, 

Table 1   Baseline characteristics of children (n = 120) hospitalized for acute RTI and randomly assigned to a double-blind treatment with either 
placebo (n = 60) or Bifidobacterium lactis Probio-M8 (n = 60)

*P value obtained via Mann–Whitney U test unless specified otherwise
**P value obtained via Chi-square test

Baseline characteristics Placebo Probiotic Bifidobacterium lactis 
Probio-M8

P value*

All subjects (n) 60 60 0.000**
LRTI (n) 50 42 0.084**
URTI (n) 10 18 0.084**
Sex(male) 65% 65% 0.000**
Age (months) 12.11 ± 0.73 13.81 ± 0.90 0.262
Body weight (kg) 10.70 ± 1.40 8.79 ± 0.26 0.781
Height (cm) 72.18 ± 1.55 73.02 ± 1.68 0.384
Number of siblings 2.93 ± 0.21 2.85 ± 0.18 0.922
Smokers in family 0.53 ± 0.06 0.60 ± 0.06 0.460
History of food allergy 0.07 ± 0.03 0.1 ± 0.04 0.514
Hospitalization for the past 12 months 0.37 ± 0.06 0.30 ± 0.06 0.443
Incidence of diarrhea for the past 12 months 0.33 ± 0.06 0.28 ± 0.06 0.562
Incidence of RTI for the past 12 months 0.57 ± 0.06 0.48 ± 0.07 0.361
Having pets at home 0.43 ± 0.06 0.37 ± 0.06 0.460

% (n) % (n) P value**

Family income status:
 Low (< RM 2300) 68.33 (41) 55.93 (34) 0.190
 Middle (RM 2301–5999) 26.67 (16) 30.51 (18) 0.641
 > RM6,000 3.33 (2) 11.86 (7) 0.082
 > RM10,000 1.67 (1) 1.69 (1) 0.991

Number of people living together in a household
 Less than or equal to 4 people 36.67 (22) 30.51 (18) 0.441
 More than 4 people 63.33 (38) 69.49 (42) 0.441

House location:
 Urban 35 (21) 32.20 (19) 0.701
 Sub-urban 40 (24) 40.68 (25) 0.850
 Town 25 (15) 27.12 (16) 0.832
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pain during swallow, cough and vomit were reduced as 
compared to the placebo (P < 0.05).

Prescription of antibiotic and duration 
of hospitalization

A total of 21.67% patients from placebo and 20.00% from 
Probio-M8 group were prescribed with antibiotic during 
admission (Table 5). Probio-M8 reduced the overall num-
ber of patients with prescribed antibiotic upon discharged 
(P = 0.037), with a more prevalent effect in LRTI patients 
(P = 0.001) as compared to the placebo. Although the Pro-
bio-M8 group had a higher number of URTI patients with 
prescription of antibiotic during admission, the number 
maintained at discharged while the placebo group showed a 
marginal increase (P = 0.088). The number of overall, LRTI 
and URTI subjects at 4-week post-discharged was similar 
between treatment groups. A total of 25.00% of the patients 
who were previously prescribed with antibiotic has been 
stopped on the prescription at the time of discharge in the 
Probio-M8 group while all patients in the placebo group 
had to continue antibiotic treatment at the time of discharge 
(P < 0.0001). At 4-week post-discharged, more patients pre-
viously started on antibiotic did not continue prescription 
in the Probio-M8 group (83.33%) than the placebo coun-
terpart (69.23%; P = 0.021). Meanwhile, total number of 
subjects that were not initially prescribed with antibiotic 
during admission increased by 6.38% at discharge in the 
placebo group while Probio-M8 prevented new antibiotic 

prescription at discharge (P = 0.013). Such an effect was not 
observed at 4-week post-discharged. Among all patients pre-
scribed with antibiotic during admission, all patients were 
hospitalized for a duration of 1 week or less in the Probio-
M8 group while 7.69% of the placebo group were hospi-
talized for over 7 days (P = 0.004). Such an effect was not 
observed for hospitalization duration of 2 days or less.

Inflammatory cytokines of oral samples

Oral swab samples were evaluated for concentrations of 
cytokines, which included pro-inflammatory cytokines 
such as tumour necrosis factor-α (TNF-α) and interferon‐
gamma (IFN‐ γ), and anti-inflammatory cytokines such as 
interleukin-4 (IL-4) and interleukin-10 (IL-10). One sam-
ple from the probiotic group had concentrations of pro-
teins that were below detection threshold and thus, only 
59 samples from the probiotic group were included in the 
analyses. Patients consuming Probio-M8 showed a lesser 
increase in concentration of TNF-α from oral samples at 
4-week post-discharged as compared to a higher increase 
as observed in the placebo group (P = 0.001; Fig. 2). This 
was also accompanied by a higher increase in concentration 
of IL-10 from oral samples of subjects from the Probio-M8 
group at 4-week post-discharged as compared to the pla-
cebo group (P = 0.018). Meanwhile, changes in concentra-
tions of IFN‐γ and IL-4 from oral samples were insignificant 
between groups after 4 weeks. No significant changes were 

Table 5   Prescription of antibiotic and effects on hospitalization period from hospitalized children whom were randomly assigned to a double-
blind treatment with either placebo or Bifidobacterium lactis Probio-M8

*P < 0.05
# P < 0.10

Prescription of antibiotic Placebo Probio-M8 P value Placebo Probio-M8 P value Placebo Probio-M8 P value
Admission/baseline Discharged 4 weeks after dis-

charged

Overall subjects prescribed with antibiotic 21.67% 20.00% 0.728 26.67% 15.00% 0.037* 13.33% 10.00% 0.506
LRTI subjects prescribed with antibiotic 21.67% 13.33% 0.094 25.00% 8.33% 0.001* 10.00% 8.33% 0.621
URTI subjects prescribed with antibiotic 0.00% 6.67% 0.007* 1.67% 6.67% 0.088# 3.33% 1.67% 0.651
Subjects prescribed with antibiotic during 

admission, and stopped prescription 
thereafter

0.00% 25.00%  < 0.0001* 69.23% 83.33% 0.021*

New subjects prescribed with antibiotic, 
but not prescribed during admission

6.38% 0.00% 0.013* 8.51% 8.33% 0.800

Patients with antibiotic prescription at 
admission

Placebo Probio-M8 P value

Hospitalization period (length of stay):
 ≤ 2 days 69.23% 58.33% 0.106
 > 2 days 30.77% 41.67%
 ≤ 7 days 92.31% 100.00% 0.004*
 > 7 days 7.69% 0.00%
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observed between baseline and at discharged for both treat-
ment groups (data not shown).

Gut health parameters

While the placebo group did not show changes in defeca-
tion frequency between baseline and at discharged, patients 
consuming Probio-M8 showed a reduction of defecation 
frequency (P = 0.021), that was not accounted for by con-
stipation or diarrhea (Table 2). Insignificant changes were 
observed for incidences of diarrhea between treatment 
groups. The administration of Probio-M8 had maintained 
defecation frequency during the 4-week period upon dis-
charged (between baseline and 4 weeks), while patients in 
the placebo group showed increased defecation frequency 
(P = 0.008). The administration of Probio-M8 also margin-
ally reduced the incidences of diarrhea (P = 0.052) at 4-week 
post-discharged while the placebo group did not show such 
an effect. Meanwhile, in patients with LRTI (Table 3), the 
placebo group showed an increase in defecation frequency 
4-week post-discharged (P = 0.021) while the Probio-M8 
group showed insignificant changes. Insignificant changes 
were observed between groups in patients with URTI for 
both periods of discharged and 4-week post-discharged 
(Table 4).

Correlation analysis

Correlation analysis was performed for clinical symptoms 
against oral cytokines levels that yielded significant differ-
ences between treatment groups at 4-week post-discharged. 
Among the six significant clinical symptoms (defecation fre-
quency, sore throat, body ache, vomit, headache, pain during 

swallow) and the two significant inflammatory cytokines 
(TNF-α, IL-10), only clinical symptoms of body ache, 
headache and pain during swallowing against IL-10 showed 
significant correlations between treatment groups. The Pro-
bio-M8 group exhibited significant negative Spearman’s 
correlation between body ache (r = − 0.296, P = 0.001), 
headache (r = − 0.295, P = 0.001) and pain during swallow 
(r = − 0.235, P = 0.010) against IL-10, while no such cor-
relations were observed for the placebo group (P > 0.05).

Discussion

RTIs in children should not be taken lightly, as their conse-
quences often include parental absentia from work, increase 
in hospitalization and emergency room visits, antibiotic pre-
scriptions and spread of pathogens and illnesses to other 
family members within the same household. The use of 
probiotics to treat and/or prevent RTI in children is not new, 
where probiotics are often seen as a feasible non-drug inter-
vention to improve the immunity of children against RTI. 
However, it should be noted that not all probiotics have the 
same biological activity, but each has specific mechanism 
of action, efficacy, and more importantly, host-, dose- and 
strain-dependency. Various meta-analyses have shown con-
tradicting results where some studies did not yield any sig-
nificant benefits against respiratory illnesses in children [17].

In our present study, we aimed to establish the benefits of 
one specific strain of probiotic at a specific dose is adminis-
tered to a specific group of patients. The observed beneficial 
effects within such designed specificity have enabled us to 
justify concerns related to host-, dose- and strain-depend-
ency. The administration of Probio-M8 reduced the dura-
tion of the majority nasal, pharyngeal and general flu symp-
toms, as compared to the placebo during the hospitalization 
period. Meanwhile, several of these symptoms, primarily 
attributed to pain such as sore throat, pain during swallow-
ing, body ache and headache have continuously improved in 
the Probio-M8 group over the next 4 weeks upon discharged 
as compared to the placebo counterpart, indicating potential 
prolonged benefits. LRTI often poses more life-threatening 
threats than URTI, with prolonged hospitalization period 
and the risk of starting on a broad spectrum of antibiotic 
use. Our present study showed that Probio-M8 reduced the 
duration of RTI symptoms more prevalently during the hos-
pitalization period than at 4-week post-discharged, indicat-
ing that the severity of LRTI can be diminished in a speedy 
manner without prolonged detrimental effects in subsequent 
hospital visits.

The known causes of inflammation in the respiratory tract 
include immune activation in response to local infections, 
allergic responses to inhaled allergens, and trauma to the 
respiratory epithelium predominantly with the disruption 
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Fig. 2   Changes in concentrations of cytokines (pg/µg total protein) 
such as tumor necrosis factor-α (TNF-α), interferon‐gamma (IFN‐γ), 
interleukin-4 (IL-4) and interleukin-10 (IL-10) in comparison of 
baseline and at 4-week post-discharged from oral swabs of children. 
Children were hospitalized for acute RTI and randomly assigned to 
a double-blind treatment with either placebo (n = 60) or probiotic 
Bifidobacterium lactis Probio-M8 (n = 59) upon admission to ward, 
throughout hospitalization and until 4-week post-discharged
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of mucosal membrane integrity. Meanwhile, inflammation 
and infections in the respiratory tract were associated with 
an identifiable pathogen causes approximately one‐third of 
RTI incidences [18]. The administration of Probio-M8 has 
benefited against pharyngeal irritation and odynophagia in 
young children, which were related to reduced inflammatory 
effects. Subjects in the placebo group showed higher con-
centration of oral pro-inflammatory cytokine TNF-α accom-
panied by lower concentration of plasma anti-inflammatory 
cytokine IL-10, indicating higher inflammation in the oral 
region consistent with sore throat and pain during swallow-
ing, as compared to children who consumed Probio-M8 over 
4-week period. Prolonged inflammation which may also 
include symptoms such as body ache and headache, with 
indications of an extended process in fighting against infec-
tions during the healing cycle. The observed oral cytokine 
profiles in our present study over 4 weeks; thus, exemplify-
ing the importance of probiotics in reducing inflammation 
and subsequently duration of pain and respiratory symptoms, 
as also supported by the negative correlations of IL-10 with 
headache, body ache and pain during swallow. This is cru-
cial as young children have been reported to feel pain like 
adults but have much lower pain thresholds [19], leading to 
much behavioural changes including tantrums and anxiety 
[20].

Considering that probiotics are orally consumed, much 
emphasis is given on gut health over the years. While pro-
biotics have been well documented for gut health benefits 
such as general diarrhea, antibiotic-associated diarrhea, 
constipation and colitis, these effects were less prevalent in 
the present study. Notably, the administration of Probio-M8 
has reduced defecation frequency in hospitalized children, 
while the placebo showed increased episodes during the 
hospitalization period. Considering that such a benefit did 
not account for improvement of diarrhea, we postulate that 
Probio-M8 may have prevented any possible increased in 
abnormal bowel movements during the hospitalization. It 
is not uncommon for children to experience diarrhea during 
hospitalization attributed to various factors such as antibiot-
ics exposure, prolonged hospitalization, enteral feeding and 
the presence of antimicrobial stewardship programs in hos-
pitals. Children are more likely to acquire infections upon 
hospitalization with over sixfold higher mortality rate than 
non-hospitalized children [21].

As antibiotic resistance is an increasing global con-
cern, the prescription of antibiotic was thus evaluated 
in our present study. Of all patients that were prescribed 
with antibiotic in our present study, the administration 
of Probio-M8 evidently prevented further prescription 
upon discharge with a more prevalent effect in patients 
with LRTI. More importantly, with the administration of 
Probio-M8, we could see increased number of patients 
that did not require antibiotic prescription at discharge, 

indicating the potential protections against hospital 
acquired infections. While prolonged inpatient stay has 
been defined as greater than 1.8 days in paediatric set-
ting [22, 23], acute LRTI and URTI patients often require 
a longer period of hospital stay. Children below 5 years 
old that were hospitalized for LRTI were shown to have 
a median hospitalization duration of 7 days [24], while 
children with mean age of 2.5 years old and hospitalized 
for acute URTI was shown to need 6.2 days of hospital 
stay [25]. In our present study, although the administra-
tion of probiotic had no effect in reducing hospital stay 
below 2 days in antibiotic-prescribed patients, Probio-M8 
prevented prolonged hospitalization period of over 7 days, 
indicating a faster recovery and discharged than the pla-
cebo. Probiotics have a long history of safe use while the 
safety of vulnerable groups which include young children 
is always a primary concern. With no reported adverse 
effects or health complications in all subjects throughout 
the intervention period, we remain confident that the dose 
and probiotic strain selected are safe for the targeted group 
of young children below 2 years of age.

Conclusions

Our present study showed that the administration of Bifido-
bacterium lactis Probio-M8 (2 × 1010 log CFU/day) daily 
during admission at hospital and continued 4-week post-
discharged exhibited beneficial effects against acute RTI 
and gastrointestinal symptoms in children below 2 years 
old, both in terms of frequency and duration of symptoms 
as compared to the placebo. We postulate that these effects 
were mostly attributed to anti-inflammatory properties of 
Probio-M8 as shown by the modulation of oral cytokine lev-
els and significant correlation analysis. More importantly, 
Probio-M8 reduced prescription of antibiotic, prevented 
new prescription of antibiotic in non-prescribed patients 
and reduced hospitalization period in antibiotic-prescribed 
patients. Taken altogether, our current study has illustrated 
dependency requirements of a probiotic strain namely 
strain-, host- and disease specific in a safe manner.
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