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Introduction parenchyma, mainly the alveolar spaces and distal

bronchial tree, due to an infection. This causes pus and
Pneumonia is one of the main causes of death in children  debris to accumulate in the parenchyma which

worldwide. Pneumonia killed 740,180 children under the Compromises respiratory function. This infection can
age of 5 in 2019, which accounts for 14% of all under eijther be viral, bacterial or fungal in nature.2 Progression
five deaths.! Although Pneumonia affects children  of pneumonia depends on host immunity as well as tissue

everywhere, it is most prevalent in South Asia and sub- resilience of lung parenchyma. Children with pneumonia
Saharan Africa.l Pneumonia is inflammation of |Ung can present with respiratory as well as systemic
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symptoms, and they are diagnosed based on both clinical
and radiological findings.®> WHO classifies pneumonia
into no pneumonia, pneumonia and severe pneumonia.
Children with cough and cold symptoms only are
classified as “no pneumonia”, children with cough and
tachypnea are classified as “pneumonia”; and Children
who had chest in-drawings, with or without tachypnea,
having any general danger signs are labelled as “severe
pneumonia or very severe disease”. Children in no
pneumonia and pneumonia category can be treated safely
at home but children with severe pneumonia with any
danger signs require inpatient treatment with appropriate
intravenous antibiotics.®

Probiatics are live microorganisms that when ingested are
beneficial to host health.* Probiotics help normalize
composition of gut microbes as well as promote
immunity by interacting with innate and adaptive
immunity.

Intestinal commensals have a systemic effect on effector
cells of innate immune system outside intestinal sites.
There is evidence suggesting that systemic signals from
intestine, program antibacterial activity of alveolar
macrophages. NOD like receptors play a major role in
this. NLR in intestinal mucosa are activated by intestinal
microflora and could result in production of a signal that
has systemic influence on host lung function. The exact
signaling pathway is unknown.®

Lactobacillus and Bifidobacterium species are the most
frequently used probiotics.® Probiotics are made as
capsules, tablets, powders and as food ingredients.
Probiotics are safe to use in healthy as well as diseased
individuals.* Probiotics have been used in prevention and
treatment of diseases affecting several different organ
systems.?” Their beneficial effects have been studied
thoroughly in children and adults as well as elderly.?’
Probiotics have been studied for their preventive role in
respiratory tract infections ranging from common cold to
ventilator acquired pneumonia (VAP). Probiotics have
shown beneficial effects in reducing severity of common
cold.? Probiotics intake has also shown promising results
in reducing incidence of VAP in critically ill children.”

Even though, probiotics have been studied for their
preventive role in respiratory illness, their role in
treatment of respiratory illnesses has not been studied
much. As pneumonia is prevalent in children under 5
years in Pakistan and it is a resource limited area, there is
need to find cost effective therapies for treatment of
pneumonia which cause rapid improvement. Our study

was conducted to find if probiotics, as adjunct therapy
along with standard care, have any beneficial role in
treatment of pneumonia. We hypothesize that Probiotics
as adjuvant therapy along with standard care can decrease
duration of hospital stay and duration of symptoms like
fever, cough in pediatric patients admitted with severe
pneumonia.

Methodology

This randomized controlled trial was conducted over a
period of six months from March 2022 to September
2022, IRB approval no F.1-1/2015/ERB/SZABMU/941
in various wards of the Children’s Hospital, Pakistan
Institute of Medical Sciences (PIMS), Islamabad.
Participants were recruited after obtaining ethical
approval from the Institutional Review Board. Written
informed consent was obtained from the parents or
attendants of all enrolled patients.

Using the WHO sample size calculator and a reference
article, the calculated sample size was 60 (30 patients per
group), with a 5% level of significance, 90% power, a
test value of the population mean as 2.4, anticipated
population mean of 4.3, and a population standard
deviation of 1.9.

A total of 60 children, aged 2 to 24 months and admitted
with severe pneumonia, were selected through non-
probability consecutive sampling. The diagnosis of
pneumonia was made clinically and confirmed by expert
review of chest radiographs using the WHO criteria.?
Exclusion criteria included children who were
unvaccinated, had severe acute malnutrition, other
concurrent infections, chronic debilitating conditions,
convulsions, unconsciousness, or a history of probiotic
use (either dietary or medicinal) in the past six months.

Participants were randomized into two groups of 30 each
using the lottery method. Group 1 received milk
containing a probiotic sachet, while Group 2 received
plain milk as a placebo. The parents or attendants were
blinded to the intervention received. The probiotic used
contained Lactobacillus rhamnosus GG, and the
probiotic/placebo preparation was administered daily for
three consecutive days.

Demographic data, breastfeeding status, respiratory rate,
chest auscultation findings, and chest X-ray results were
recorded. All patients were treated with intravenous
antibiotics per hospital protocol. Patients requiring
intensive care unit (ICU) admission were considered to
have experienced an adverse outcome. The standard first-
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line antibiotic used was intravenous ceftriaxone at a dose
of 75 mg/kg/day. Patients who showed no improvement
within 48 hours and required second-line intravenous
antibiotics were excluded from the final analysis.

Patients in both groups were followed throughout their
hospital stay until discharge or the development of
adverse outcomes. The duration of hospital admission
was recorded. Symptom resolution (fever and cough) was
assessed based on caregiver reports at discharge and
follow-up. Respiratory rate and auscultation findings
were also reassessed at discharge. Any complications or
adverse events occurring during the hospital stay were
documented.

All data were entered into SPSS version 23. Qualitative
variables were analyzed using frequency distribution and
the chi-square test, while quantitative variables were
analyzed wusing mean, standard deviation, and the
independent sample t-test.

Results

The study included 60 participants both males and
females, 30 in each intervention and placebo group. In
group 1 (probiotic intake) out of 30 participants 16 were
male (53%) and 14 were female (46%). In the placebo
group there were 19 males (63%) and 11 females (36%).
However, there was no statistically significant difference
in gender distribution in both groups (p-value = 0.432).

The descriptive statistics for age and weight of
participants in both groups showed no significant
differences. The mean age and weight were comparable
between the probiotic and placebo groups, with p-values
of 0.99 and 0.81, respectively (Table I).

Table 1: Showing baseline mean age and weight of
participants in both groups.
Probiotic Placebo P-
Characteristics group group value
Mean+SD Mean+SD
Age (months) 7+6 7%6 0.99
Weight (kg) 6.3+2.2 6.4+23 0.81
There was also no difference in other baseline

characteristics of both groups like: breast feeding status,
auscultation findings on admission and chest x-ray
findings (p-value of 0.79, 0.96 and 0.30 respectively).
Table 1l

Thus, there were no significant baseline demographic
differences in the study population in both groups making
the participants similar in each arm of our study.

Table 11: Showing baseline characteristics of participants in
both groups. (n=total number)

Probiotic Placebo P-
Characteristics group group value
m @ 0 %)
Total participants 30 100 30 100 -
Males 16 533 19 633 043
Gender: Females 14 46,6 11 36.6
Yes 14 46,6 13 433
Breast fed No 16 533 17 56.6 0.79
Auscultation  Crackles 18 60 19 63.3 0.96
on Bronchial 1 3.3 1 3.3
admission breathing
Crackleswith 11 36.6 10 33.3
ronchi
Chest Xray Consolidation 17 56.6 13 433 0.30
findings Infiltrates 13 433 17 56.6

Table Il shows the results of our study in terms of
duration of hospital stay, duration of fever and cough.
Out of total 30 participants 2 in each group had adverse
outcomes in the form of need for ventilation. Data
analysis was done on the remaining participants.

Table I11: Showing outcomes in both groups.

Outcomes
Outcome measure Probiotic Placebo

Group Group

Mean SD Mean SD  p-value

Duration of hosp. 6.50 2742 7.18 2229 0.314
Stay
Fever duration 5.93 2707 7.82 5150 0.091
Cough duration 9.46 4342 12.36 5.632 0.036
Number of patients 2(6.7%) 2(6.7%) 1

with Adverse
outcomes

Independent sample T-test used for quantitative variables
and Fishers exact test used to analyze difference in
adverse outcomes of both groups.

As shown in Table IlIlI, there was no statistically
significant difference in hospital stay or fever duration
between the probiotic and placebo groups (p=0.314 and
p=0.091, respectively). However, the duration of cough
was significantly shorter in the probiotic group
(p=0.036). These findings suggest a potential role of
probiotics in reducing cough duration in pediatric patients
with severe pneumonia, although larger studies are
needed to confirm this effect.

Discussion

The study findings suggest that probiotics, when used
alongside standard care, may be beneficial for pediatric
patients admitted with severe pneumonia. The data
suggests that children who received probiotics along with
standard care tend to have shorter hospital stays
compared to those who did not receive probiotics but it
was not statistically significant. There's also an indication
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that probiotics might be helpful in reducing the duration
of symptoms like fever and cough in these patients.

A study conducted in Philippines showed significant
decreased in hospital stay, and duration of cough and
fever in patients who received probiotics versus placebo.
But the probiotics used had multiple strains of
Lactobacillus and Bifidus bacteria, and were given in bi-
daily dose for 5 days.® Compared to this study our study
only showed significant decrease in cough duration in
probiotics vs placebo group and no significant decrease in
hospital stay or fever duration. This could be attributed to
the small sample size of our study and the use of only a
single strain of lactobacillus as probiotic.

Another study by Bing Li et al showed decreased
treatment failure (persistence of fever, tachypnea or
danger signs) at day 3 when probiotic Lactobacillus casei
Shirota was given with amoxicillin-sulbactam compared
to placebo. Probiotics were given every 8hrly for 3
days.1° This study was conducted on a larger population,
probiotic strain used was different than our study and
increased frequency of probiotic doses was used.

Previous literature shows that probiotics have preventive
role in respiratory tract infections ranging from common
cold to ventilator acquired pneumonia (VAP). Probiotics
have been beneficial in reducing severity of not only
common cold but also incidence of VAP in critically ill
children.”®

While the specific mechanisms for these benefits remain
unclear, several potential pathways exist based on current
research. The gut microbiome plays a crucial role in
overall immune function.!! Probiotics may help restore a
balanced gut microbiota, potentially enhancing the gut
barrier and reducing the translocation of harmful bacteria
to the lungs.*? Probiotics can stimulate the production of
immunoglobulins (antibodies) and activate immune cells
like macrophages and dendritic cells. This enhanced
immune response could aid in fighting off the
pneumonia-causing pathogens.*® Pneumonia can trigger a
significant inflammatory response. Some probiotics
might exhibit anti-inflammatory properties, helping to
regulate the immune response and potentially reducing
lung injury.* Probiotics might compete with pathogenic
bacteria for adhesion sites in the gut and potentially
reduce their colonization, thereby indirectly impacting
respiratory infections.!> Certain probiotic strains may
produce antimicrobial substances like lactic acid and
bacteriocins, directly inhibiting the growth of pneumonia-
causing bacteria.™

The Gut-Lung axis highlights how the trillions of bacteria
residing in our gut (intestinal commensals) can influence
the function of distant organs like the lungs.!® Key
Players are the Intestinal commensals, Effector cells of
the innate immune system and Nucleotide-binding
oligomerization domain-like receptors (NOD like
receptors/NLRs). The intestinal commensals are friendly
bacteria that live in our gut and contribute significantly to
maintaining overall health.!” Effector cells of the innate
immune system are immune cells like macrophages, the
first line of defense against invading pathogens. Alveolar
macrophages are specialized macrophages residing in the
air sacs of the lungs. NOD-like receptors (NLRs) are
protein sensors within immune cells that recognize
specific components of bacteria and trigger immune
responses.*®

Signals originating from the gut, potentially triggered by
NLR activation due to commensal bacteria, can influence
the antibacterial activity of alveolar macrophages in the
lungs.®® As gut bacteria digest dietary fibers, they
produce short-chain fatty acids (SCFAs) like acetate,
butyrate, and propionate. These SCFAs can enter the
bloodstream and potentially travel to the lungs, where
they might influence macrophage function.'” Activation
of immune cells in the gut by commensals might lead to
their migration to the lungs. These migrated immune cells
could then influence the local lung immune response.?
Cytokines are signaling molecules produced by immune
cells. NLR activation in the gut could trigger the release
of cytokines that travel through the bloodstream and
impact macrophage activity in the lungs.?

Studies have shown that the composition of gut
microbiota can influence the development and severity of
asthma and chronic obstructive pulmonary disease
(COPD), highlighting the potential link between gut
health and lung function.? Activation of NLRs in the gut
by commensal bacteria has been demonstrated to trigger
immune responses throughout the body, supporting the
concept of systemic signals from the intestine.'®

The gut-lung axis is a rapidly evolving field of research
with exciting implications. Understanding how our gut
bacteria talk to our lungs can pave the way for novel
therapeutic strategies for various respiratory illnesses. By
harnessing the power of the gut microbiome, we might be
able to promote better lung health and potentially prevent
or manage respiratory diseases.

While the exact mechanisms remain under investigation,
the potential benefits of probiotics in reducing hospital
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stay and symptom duration in pediatric pneumonia are
promising. Further research is crucial to solidify this
evidence base and identify the optimal probiotic strains
for clinical use

Conclusion

Overall, this study suggests that probiotics have the
potential to be a beneficial addition to standard care for
pediatric patients with severe pneumonia. Multicenter
studies with large sample size are needed to determine
whether probiotics can be an effective adjuvant therapy
for severe pneumonia in children and explore the
underlying mechanisms.

Investigating the effects of probiotics in children with
severe pneumonia is a focused and relevant area of
research. The findings suggest a potential reduction in
hospital stay and symptom duration, which could be
significant for both patients and healthcare systems. We
testes a single strain of probiotics in treatment of
pneumonia. Studies regarding use of probiotics in
treatment of pneumonia or lung diseases in children are
scarce.

Limitations: We used a small sample size and larger studies are
needed to confirm these observations in a broader population.
The study used a specific strain of probiotics and the results
may not be applicable to other probiotic strains or
formulations. As the participants were clinically diagnosed,
aetiology of pneumonia was not explored. We did not explore
any long-term effects on respiratory health or immune
function in the children who received probiotics. The
mechanism by which probiotics might improve outcomes in
childhood pneumonia needs further investigation.
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