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1.	 Introduction
The human gut harbours around 40 trillion microbes, 

which is more than the number of cells in the human body, 
and is dominated by two broad phylogenetic groups namely 
Bacteroidetes and Firmicutes accounting to almost 90 per cent 
of the total microbiota in the gut1. These groups collectively 
encode over 100-fold more genes than the human genome. 
Over 316 million microbiome-encoded genes are known to 
be present when observed in the human microbiome2. These 
genes code for proteins that are involved in the biosynthesis 
of vitamins and isoprenoids through the 2-methyl-D-erythritol 
4-phosphate pathway, metabolism of amino acids and glycans, 
metabolism of xenobiotics, etc.3. Further, it has been observed 
that the obese individuals have the gut microbiota composition 
that harvests more energy, leading to storage of the excess 
energy as more complex lipids in adipose tissue4. Hence, the 
alteration of the normal gut microbiota can bring about subtle 
changes in one’s physiology. To investigate the presence and 
functioning of the microbes residing in the gut, the NIH project 
named Human microbiome Project (HMP) was initiated and 
conducted in two phases. The first phase was to identify and 
characterise human microbial flora5, while the second phase 
was to elucidate the roles of microbes in health and diseases. It 
included microbiome dynamic changes studies and host under 
three circumstances: pregnancy and preterm birth; inflammatory 

bowel illnesses; and stressors that affect prediabetes 
individuals6. The key findings for phase two led people to 
rethink how the microbes present in the gut can be utilised to 
treat individuals with different illnesses using the microbes 
present in the healthy individuals. Since then various efforts 
have been made to treat people with certain diseases such as 
severe, refractory or recurrent Clostridium difficile (C. difficile) 
infection, Crohns’s disease, autism, and other gastrointestinal 
problems using Fecal microbiota transplant (FMT) or what is 
commonly called as stool transplantation7-9. The gut bacteria 
present in the stool sample of a healthy donor is administered 
to the patients through  nasogastric  and nasoduodenal tubes, 
or through a colonoscope  or as a retention  enema. This has 
shown to be effective in 85-90 per cent of the patients who 
are suffering from antibiotic-resistant C. difficile infection and 
those who suffer from recurrent attacks of the same due to 
antibiotic usage10. Due to increased awareness about the gut 
health and the link between gut microbiome and the host, much 
research has been carried out in this field of science. 

The story of probiotics started when Elie Metchnikoff, a 
Nobel laureate and a professor at the Pasteur Institute in Paris, 
found out that Bulgarians who drank fermented milk lived 
longer as compared to the people in France11. This inspired 
him to take up this work on probiotics further wherein he also 
said that animals would not be viable without their associated 
microbes12. Table 1 enlists the chronology of events in the 
evolution of probiotics. The term ‘probiotic’ was first used by 
the German scientist Werner Kollath in 1953 and defined as 
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definition was modified and the final definition as given by 
WHO states “microorganisms give health benefit to the host 
when it administered in sufficient amounts.” 14 The colonisation 
of microbes in the body starts right from the birth where the 
presence of Bifidobacterium in breast-fed infants is observed 
in stool samples15. The microbiota composition is dynamic 
and changes with changes in diet and lifestyle. This can be 
observed when a breastfed infant changes its diet from milk 
to solid food resulting in the lowering of bifidobacterium and 
an increase in the number of bacteroidetes and firmicutes16. 
This is a solid proof of how changes in diet can change the 
gut microbiota composition. And to mention, it’s not just the 
commensal bacteria that reside in the gut, but also the potential 
pathogens that are present in small numbers in the gut17. 
These numbers are kept in check by the commensal microbes. 
Whenever the number of pathogens overtakes the number the 
commensals, it leads to a situation called ‘dysbiosis’18. This 
dysbiosis is said to be the reason for many diseases of the 
gastrointestinal tract and other associated organs, including 
the brain. Consumption of unhygienic food and water may 
cause these kinds of diseases. Availability of clean drinking 
water in army deployments is mostly fulfilled in the ration, but 
during some emergency situations, where a continuous supply 
of water is not possible, servicemen often have to depend on 
local water bodies quenching the thirst. Stagnant water bodies 
are a source of potential pathogens which when ingested can 
cause serious infections of the gastrointestinal tract such as 
cholera, etc. Hence, there is a need to treat the servicemen 
from such kinds of situations in case they encounter some 
contagious diseases. Antibiotic therapy is the most abundant 
therapy used for treating such diseases19. But antibiotics come 
with certain limitations and side effects. They disturb the 
entire gut microbiota20 eliminating most of the commensal 
microbes, and also antibiotic abuse can predispose a person to 
antibiotic resistance21. Antibiotics treatment on mice showed 
that it can render the mice susceptible to various infections 
such as Salmonella typhimurium, Shigella flexneri and Vibrio 
cholera22-23. This leads to the spreading-up of the contagious 
diseases to a major population and the episodes could be 
recurrent. There is a significant correlation between the host 
physiology gut microbiome (structure and diversity) with 
respect to physiological robustness and disease24. Hence we 
discuss here the benefits of probiotics (Fig. 1) in modulating 
host metabolism, physical endurance and treating various 
conditions mostly related to armed forces25. Food safety and 
standards authority of India (FSSAI) nodal regulatory agency 
meant for food business has recognised a list of strains indented 
to formulate probiotic foods (Table 2).

2.	 Major health issues in military 
personnel
Septicaemia of the soldiers injured in various terrorist 

attacks led to multiple organ failure, severe head injury and 
pulmonary complications which led to higher reasons for 
mortality in soldiers. The rate of infection, closed mainly after 
debridement, was 8.97 per cent whereas the rate of infection 
treated by delayed primary suturing of war wounds was 6.89 
per cent. Irreversible shock led to the death of 47 per cent of 

Table 1. History and origin of some fermented foods

Food origin
Approximate 
year of 
introduction

Region

Fermented milk 10,000 BC Middle East

Fermented milk 
products

7000-5000 BC Egypt, Greece, Italy

Mushrooms 4000 BC China

Soy Sauce 3000 BC China, Korea, Japan

Wine 3000 BC
North Africa, Europe, 
Middle East

Fermented rice 2000 BC China, Asia

Fermented honey 
(mead)

2000 BC
North Africa, Middle 
East

Cheese 2000 BC China, Middle East

Fermented malted 
cereals: Beer

2000 BC
China, Middle East, 
North Africa

Bread 1500 BC Egypt, Europe

Fermented meats 1500 BC Middle East

Sourdough bread 1000 BC Europe

Fish Sauce 1000 BC
Southeast Asia, 
North Africa

Pickled vegetables 1000 BC China, Europe

Garum (from fish gut) 400 BC Greece, Italy (Rome)

Tea 200 BC China

Figure 1: 	This figure shows some of the common health benefits 
conferred by probiotics.

“active ingredients are vital for a life’s healthy development”13 
Later on, with too much research work on probiotics, its 
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such a way that led to intestinal permeability by a whopping 
62 per cent28-29.

3.	 Gastrointestinal disorders faced 
d u r i n g  d e p l o y m e n t at va r i o u s 
places
U.S. defence personnel of 77 per cent (N=15,459) deployed 

in Iraq, and 54 per cent in Afghanistan experienced at least one 
episode of acute diarrhoea most of which is presumed to be 
infectious diarrhoea. A negative impact was observed for 2 days 
in 46 per cent of the survey respondents30. In another report with 
1,599 personnel, it was found that the rate of infection in the 
case of U.S. military personnel deployed to Southwest Asia and 
the Middle East was 24-32 per cent31. The author also discusses 
the reporting bias as there was less hospitalisation at that area 
and the episodes were also shorter. The infections could be 
either traveler’s diarrhoea or non-traveler’s diarrhoea32. Meal, 
Ready-to-Eat ration diet alters fecal microbiota composition as 
compared to the usual ad libitum diet when observed over a 30 
day period, with an increase in Dorea species. But, the positive 
income was that it lowered the bacteria Desulfovibrio that cause 
inflammation and also lowered the levels of potential pathogens 
such as Haemophilus parainfluenzae which is known to cause 
serious diseases such as pneumonia, abscesses, endocarditis 
and genital tract infections33.

4.	R espiratory diseases in military 
personnel
Furthermore, in the U.S. Army basic training Soldiers, 

the incidence of the acute respiratory disease varies from 
0 to 1.2 cases per 100 trainees per week, depending on the 
location and time of the year34. Respiratory infections happen 
to be the most commonly diagnosed medical condition in the 
U.S. Military trainee groups, assessed to be liable for ∼36,000 
to 1,00,000 clinical encounters that influences an estimated 
25,000 to 80,000 recruits every year. It has also been found 
that the respiratory diseases in defence personnel are 3 to 4 fold 
more than an adult civilian, leading to loss of days in military 
training and the number of beds occupied because of Acute 
Respiratory Diseases (ARD)35. Disclosure to novel respiratory 
pathogens may happen during deployments in areas of endemic 
diseases. In the entire history of the U.S. military, the number 
of non-battle injuries and illnesses have outpaced the battle 
wounds numbers. Respiratory diseases accounted for the third 
highest reason for hospitalisation due to illness after diarrhoea 
and non-combat injuries in U.S. military deployments in Iraq 
and Afghanistan in the year 2003 to 2004. In a case study from 
2008-2012, as many as 7,000 to 25,000 cases of influenza was 
reported per week in Military Health System (MHS), of which 
3,000 to 16,000 (40 % to 65 %) involved military personnel36.

5.	 Multidrug Resistant Enteric Pathogens 
in India
Infectious diseases affect most of the people in the 

world by spreading from person to person, either directly 
through physical contact or through various indirect ways 
such as cough droplets that cause tuberculosis, pneumonia- of 
which Coronavirus is in highlight recently, and various other 

Table 2. 	 Food safety and standards authority of India (FSSAI) 
nodal regulatory agency meant for food business 
recognised list of strains indented to formulate 
probiotic foods

List of strains

Probiotics

Lactobacillus acidophilus

Lactobacillus plantarum

Lactobacillus reuterin

Lactobacillus rhamnosus

Lactobacillus salivarius

Lactobacillus casei

Lactobacillus brevis

Lactobacillus johnsonii

Lactobacillus delbrueckii sub-sp. bulgaricus

Lactobacillus gasseri

Lactobacillus fermentum

Lactobacillus caucasicus

Lactobacillus helveticus

Lactobacillus lactis

Lactobacillus amylovorus

Lactobacillus gallinarum

Lactobacillus delbrueckii

Lactobacillus paracasei

Bifidobacterium bifidum

Bifidobacterium lactis

Bifidobacterium breve

Bifidobacterium longum

Bifidobacterium animalis

Bifidobacterium infantis

Streptococcus thermophilus 

Saccharomyces boulardii

Saccharomyces cerevisiae

soldiers, followed by septicaemia, 25 per cent, and severe 
head injury, 14 per cent. From 1990-1998, 44.37 per cent of 
people suffered from bullet injuries whereas 55.63 per cent of 
people suffered from injuries by fragments due to improvised 
explosive devices (IEDs), artillery shells and landmines26. 
As per the official report from Ministry of External Affairs, 
India, the casualty figure in Jammu & Kashmir from 1990 to 
2001 stands at 9718 civilians and 3053 security forces27. From 
Jan 1999 to Dec 2006, terrorist rendered injuries in Kashmir 
valley accounted for 8.16 deaths per thousand troops deployed. 
While, enemy action from across the line of control accounted 
for 0.63 deaths per thousand troops. Stress induced due to 
military training changed the gut microbiota of the trainees in 
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diseases37. Even though it looks like viruses are the major 
ones that spread infections, it somehow is not true. Bacteria 
are known to cause 54 per cent of global infectious diseases38. 
Antimicrobials are the major tools that can fight against 
bacteria, viruses, parasites and fungi and are used for different 
infections. Antimicrobials hinder the normal physiology of 
the microbes by impeding essential cellular processes such 
as DNA, RNA and protein synthesis, cell wall biosynthesis, 
etc.39 Due to the ability of the bacteria to adapt to adverse 
conditions, there has been an increased incidence of antibiotic 
resistance that prevails all across the globe. This resistance is 
acquired due to antibiotic abuse in most cases. The microbes 
that survive the antibiotic treatment alter the environment 
where they reside so as to make it suitable for the resistant 
ones to grow and susceptible ones to eliminate40. This trait of 
resistance is acquired either by spontaneous mutations or by 
horizontal gene transfer. Mutations alter the target sequence 
where the antibiotics bind and exhibit their effect. Another way 
of resistance through mutation is the overexpression of efflux 
pumps that expel out the antibiotics that enter the cell. Other 
ways of resistance include hydrolysis or chemical modification 
of the antimicrobials41.

Adaptation of various bacteria to harsh conditions has led 
to the emergence of anti-microbial resistant Gram-negative 
bacterial strains that have created a serious worldwide health 
emergency and challenges the effectiveness of the mostly 
available over-the-counter antibiotics used to treat bacterial 
infections. Out of 654 enteric pathogens investigated, which 
in aggregate encode resistance against 22 antibiotics, ~97% of 
the total isolates are resistant against ≥2 antibiotics whereas 
~24% of isolates are resistant against ≥10 antibiotic and ~3% 
isolates are resistant against ≥15 antibiotics. The Sequences 
whole genome show the presence of mobile genetic elements 

physically linked with resistance traits and these elements 
play a major role in disseminating drug resistance among 
the pathogenic bacteria through horizontal gene transfer.The 
emergence of antimicrobial-resistant pathogens viz, Escherichia 
coli, Klebsiella pneumoniae, Salmonella typhi, Pseudomonas 
aeruginosa, Providencia stuartii and several strains of Shigella 
are resistant to most of the class of antibiotics used for the 
treatment of several diseases42. 

6.	Eff ects of probiotics in alleviating 
respiratory diseases
Daily administration of probiotics has shown a positive 

influence on markers of systemic and mucosal immunity43, as 
well as a reduced incidence of the colonisation of potentially 
pathogenic bacteria in the nasal cavity, suggesting that probiotic 
administration can reduce the incidence, severity and duration of 
the disease44. When Lactobacillus and Bifidobacterium species, 
such as L. fermentum, B. longum and B. bifidum, were given to 
patients containing 109 cfu/mL, the duration of common cold 
infection reduced to 21.5 per cent as compared to the control 
group and also the number of days of respiratory symptoms 
were lower (30 days) in the probiotic group as compared to 
more number of days (72 days) in the case of placebo group. 
Another report on Finnish military personnel says that even 
though probiotics reduced the time period required to heal 
from picornavirus infection, it did not reduce the occurrence 
of the disease. This may be because of the restriction of using 
only two strains of probiotics (Lactobacillus rhamnosus GG 
and Bifidobacterium animalis ssp. lactis BB-12) which may not 
colonise in the gut or the respiratory tract for a longer period 
of time45. 

Looking at all of these data we can conclude that probiotics 
cannot completely protect a person from respiratory infections, 

Figure 2. Flow diagram indicating health benefit mechanism of action conferred by probiotic foods/strains.
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but can reduce the time and the severity of the infection by 
competitively inhibiting the potentially pathogenic organism 
and making the environment less likely for the pathogen to 
survive and reproduce.

7.	 Probiotics for dental health
Even though the amount of lactobacilli residing in the oral 

cavity is less than 1 per cent of the total cultivable microbiota, 
the role that it plays in maintaining oral health is important46. 
As per the report of WHO, an adult will be affected by dental 
caries at least once in his lifetime47. Mutants Streptococci are 
the major organisms involved in dental caries. About 17 per 
cent of all military personnel have lost a permanent tooth since 
joining the military, with over 50 per cent of tooth loss due to 
cavities48. a higher number of L. gasseri and L. Ultunensis were 
found in carious dentine than other Lactobacillus species49-50. 
Lactobacillus rhamnosus GG and Lactobacillus casei showed 
protective nature against S. mutans51 thereby decreasing their 
count in the oral cavity and reducing caries. L. salivarius 
has shown the highest antibiofilm and peroxide dependent 
antimicrobial activity among the other bacteria in the normal 
oral microflora. Probiotics have shown the ability to modulate 
local and systemic immunity by reducing the markers of 
inflammation52.

8.	 Safety aspect of probiotics
Probiotics have been considered to be safe since it has a 

long history of safe usage in humans as it was used to preserve 
food by fermenting it, and the history of fermentation dates 
back to as long as 6000 B.C53. Fermentation lowers the pH 
and allows mostly Lactic Acid Bacteria (LAB) to grow in it. 
S. boulardii was shown to be effective against Clostridium 
difficile infection that causes severe diarrhoea54. But this also 
is shown to be more effective on children rather than adults. 
Probiotics play an important role in modulating the expression 
of immune-related genes, inflammatory pathway activity and 
immune marker levels55-56. Flow diagram indicating health 
benefit mechanism of action conferred by probiotic foods/
strains (Fig. 2).

But, recent studies in ICU patients have shown the 
invasion of the probiotic bacteria into the blood stream causing 
bacteraemia and in certain people, it has also ended up into 
sepsis. In one patient, non-synonymous SNP conferring 
antibiotic resistance was detected in the lactobacillus isolate 
taken from blood sample57. Multi-drug resistance in a large 
population of people is recognised by the World Health 
Organisation as a public health threat of global concern. The 
pace at which a pathogen acquires antibiotic resistance is faster 
than the discovery of new antibiotics. Hence this lag is of major 
concern causing more than 2.8 million antibiotic-resistant 
infections and 35,000 deaths each year in the U.S. alone59. 
Hence an effort to substitute antibiotics with probiotics has 
been attempted in several health conditions such as spinal cord 
injury (SCI), hospital acquired pneumonia (HAP), sepsis, acute 
pancreatitis, urinary tract infection (UTI) etc. 60-61 The results 
are not the same in every condition. In SCI, there is a high risk 
of multi-resistant organism (MRO) colonisation or infection 
resulting from prolonged hospitalisation making 43 per cent 

of the total inpatients to carry one or more MROs62. The use 
of probiotics Lactobacillus rhamnosus GG + Bifidobacterium 
lactis BB-12 (LGG-BB12) and Lactobacillus reuteri RC-14 
+ Lactobacillus rhamnosus GR-1 (RC14-GR1) in treating 
SCI patients with MRO proved ineffective but, RC14-GR1 is 
effective at preventing new colonisation with multi-resistant 
gram-negative organisms (MRGNs)63. Patients admitted in 
ICU, who acquired ventilator-acquired pneumonia (VAP) were 
given Lactobacillus plantaris (300 m CFU), Lactobacillus 
casei (300 m CFU), Lactobacillus bulgaricus (300 m CFU), 
Bifidobacterium infantis (300 m CFU), Bifidobacterium 
breve (300 m CFU), Streptococcus thermophiles (300 m 
CFU), Bifidobacterium longum (400 m CFU), Lactobacillus 
rhamnosus (400 m CFU) and Lactobacillus acidophilus (700 
million CFU). Mortality rate decreased from 48.6 per cent 
to 17.1 per cent after the administration of probiotics twice 
daily for 7 days or until discharge, whichever was earlier64. 
Patients with acute pancreatitis suffered a huge losses as the 
death rate among the patients increased after the consumption 
of probiotics (16 % as compared to 6 % in the placebo group). 
But, the increased number of deaths was because the patients 
were already suffering from organ failure who did not respond 
to the treatment, while those who did not have organ failure 
responded well to the probiotic therapy. The exact mechanism 
that causes death due to bowel ischemia in case of organ-failure 
patients is not clearly known65. Even in case of sepsis, a severe 
systemic infection, probiotics proved to be useful reducing the 
risk of post-operative sepsis by 38 per cent when administered 
with Bifidobacterium longus, Lactobacillus acidophillus, L. 
bulgaricus, L. casei, L. plantarum, L. paracasei, L. paracasei, 
Bifidobacterium breve, Bifidobacterium lactis, Leuconostoc 
mesenteroides, Streptococcus thermophiles and Pediacoccus 
pentosaceus along with prebiotics66.

9.	C onclusion
Probiotics have emerged as a novel functional food that 

has the ability to modulate one’s health in a positive way with 
very few side effects such as bloating, nausea, and increased 
flatulence. Adverse effects have been observed mostly in 
immune-compromised people and living alone as solider, the 
meal only along with probiotics dietary food pattern is strongly 
affected by many lifestyle factors, weight control, anemic 
condition, weakness and shorter sleep. The weightage of the 
beneficial effect as compared to the adverse effects observed 
from the studies are higher paving the way for probiotics to be 
used for treating certain conditions. 

The biggest question now, when it comes to defence 
personnel is that whether or not probiotics should be considered 
for the treatment of military-relevant health conditions. We can 
even suggest providing probiotic drinks to be procured and 
promoted in military dining facilities if the cost of doing so is 
negligible. But intense care has to be taken to what should be 
included in the list before it is being even provided. Probiotics 
can be provided to a service person who is supposed to be 
a part of an operation where the conditions are harsh or the 
immunological behavior is going to be really challenged. 
A suitable-strain-containing probiotics relevant against the 
challenging biological situation will protect him from the 
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consequences of the upcoming health issues as it is rightly 
said that “prevention is better than cure”. The inclusion of 
probiotics in the Indian Armed Forces is a debatable question 
and many higher authorities have declined the use of probiotics 
in military dining menus. But it won’t be long before probiotics 
will be a part of the menu in military dining as general usage, 
probiotic foods with high viability standards are superior to 
supplements.
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