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Background. Studies proposed a link between gur microbiota and airway tract. Objective.
Study the diversity and density of qut microbiota in healthy and asthmatic patients. Method.
Semi-quantitative stool cultures were performed from fecal samples collected from 80 adult
asthmatic patients and 40 healthy individuals. Data on gender, age, dietetic history, clinical
examination and investigations as skin prick test and pulmonary function testing were also
collected. Results. Lactobacilli were found to be higher among patient group than control
group. E. coli density was statistically higher in patient than control group. No significant dif-
Jference was detected between male and female patients or controls. Lactobacilli were statisti-
cally more prevalent in stool culture of male cases than that of male controls. No difference was
Jound between female cases and controls. There was no relationship between type of microbial
growth and disease related parameters including age, duration of illness, number of allergens
and pulmonary function test in cases. Conclusion. Atopic asthma is significantly associated
with gut microbiota Lactobacilli and E. coli. It is important to determine the organism in-

volved to focus on microbiome-driven disease and therapies.

Introduction

Asthma is a complex disease that has influence on and is influ-
enced by a colonization of the communities of microbes in the
gut and the respiratory tract. These communities, in turn, are
affected by environmental factors such as diet and antimicrobial
administration in early life. Many of the animal studies proved
the presence of a gut-airway axis. This opened up opportunities
and ideas that aim at modifying the airway and/or gut micro-
biome in order to provide a novel strategy for prevention and
treatment of allergic asthma (1).

Although more than 1000 different bacterial species represent
human gut microbiota, only 150-170 predominate in any given
subject (2,3). Infants during vaginal delivery are exposed to a pop-
ulation of microbes from the surrounding environment leading
to formation of a colony of microbes in the human gut immedi-

ately at birth. As time passes, the gut flora of infants transforms
into another form that is reported in young adults (4).
Fermentation of non-digestible dietary residue and control
of intestinal epithelial cell growth maturation are some of the
functions of the microbiota that are important for maintaining
balance of the immune system (5,6). Yet, the human bacterial
ecology has also been linked to pathogenesis and onset of many
diseases, autoimmune disorders in particular, and of course al-
lergy. These disorders, in return, cause further transformation
and changes in the human microbiome (7-10). Therefore, bio-
diversity proves to be important in determining the wellbeing
of human livelihood (11). This led to increasing interest in rela-
tionship between host and microbiota (12-14).

The relationship between allergic disease and gut microbiota
was identified in several clinical studies. These studies reported
a difference in the composition (diversity) of the bacterial mi-
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crobiome in the feces (15-21). Differences in the gut microbiota
diversity involve Clostridium, Bacteroides, Bifidobacterium, Lacto-
bacillus and Enterobacteriaceae (22). One study reported that al-
lergic children had fewer Lactobacilli and Bacteroides species, but
higher aerobic bacteria, especially Enterobacteriaceae and Staph-
ylococci (23). Collectively, studies on gut and environmental mi-
crobiota concluded that negative balance occurs due to decreased
exposure to a certain diversity of microbes leading to increased
risk of allergy in general and asthma in particular (24,25).
However, the scientific information about the relationship between
allergy and gut microbiota dysbiosis is still controversial (26).

In asthma, no single straightforward mechanism can explain the
gender differences amongst asthmatic subjects. Before puberty,
it is more prevalent in boys than in girls; by adulthood, though,
it is more prevalent in women than in men (27). Although sev-
eral studies investigated microbiome in children (28-30), little
is known about the complete microbiota profile of adult indi-
viduals suffering from asthma and relation to gender. Therefore,
the aim of this work was to study the diversity of gut microbiota
among atopic asthmatic adult males and females in comparison
to matched controls, especially Enterobacteriaceae, Staphylococci
and Lactobacilli.

Methods

This cross-sectional study included 120 adults; 80 of them
were participants diagnosed with bronchial asthma according
to Global Initiative for Asthma (GINA), 2015 (31). Cases were
between the ages of 18 to 45 years, and were recruited from the
Allergy Clinic of Ain Shams University over an eight-month
period. The remaining forty adults were healthy individuals
(controls). Exclusion criteria for standard analysis of gut flora
(32) included adults < 18 years old, abnormal body mass index,
unusual dietetic regimen, smokers, history of cancer colon, au-
toimmune diseases, presence of inflammatory bowel disease, an
acute or chronic diarrhea in the previous 4 weeks before taking
the stool sample, antibiotic, prebiotic and probiotic or vitamin
administration of a period less than one month before fecal sam-
pling. Participants who received immunosuppressive therapy
and/or allergen specific immunotherapy in the last 5 years, and
patients on oral glucocorticoid treatment during the 6 months
prior to the sample collection date were also excluded from the
study, as well as patients with any associated co-morbidities.

Cases and controls were evenly stratified by gender; into 40
atopic asthmatic females and 40 atopic asthmatic males, and
controls into 20 females and 20 males. An informed consent
was obtained from all participants, and the study was approved
by the Research Ethics Committee of Ain Shams University.

Cases completed a questionnaire on asthma symptoms (33,34),
triggering factors, and associated atopic diseases. Skin prick test
(SPT) to allergens was used to determine atopic status. The most

commonly inhaled allergens included mites, mixed pollen, mold,
and animal epithelia. Positive (0.1% histamine in phosphate-buff-
ered saline) and negative (physiologic saline) controls were used.
A wheal size over 3 millimeters greater than the negative control
after 15 minutes was considered a positive result (35). Spirometry
was performed at the Pulmonary Functions Laboratory at Ain
Shams University Hospital using the Flow Mate V Plus Spirome-
ter (Spirometrics, ME, USA). Reference values used were adapted
from the European Respiratory Society (36).

Stool sample collection

A single fresh stool sample was collected from each participant
in sterile screw caped containers and rapidly delivered to the
Central microbiology laboratory of Ain Shams University Hos-
pitals for culture, according to Infectious Diseases Society of

America (IDSA) guidelines, 2013 (37).
Semi quantitative stool culture

Fecal specimens were examined to demonstrate the fecal micro-
bial diversity of normal intestinal flora among the cases and con-
trols. Semi quantitative stool cultures were performed using the
quadrant technique. The quadrant technique is recommended
for samples that are rich in microflora and contain numerous
colony-forming units, such as stool or sputum. Use of this tech-
nique allows for enhanced separation and enumeration of col-
onies. Part of the stool were cultured directly on MacConkey
agar media plates (Oxoid, UK); to identify the microbial growth
pattern of gram negative bacteria, on Xylose lysine deoxycholate
(XLD) agar media plates (Oxoid, UK) to exclude Shigella and
carrier state of Salmonella, on blood agar plates aerobic and an-
aerobic (Oxoid, UK) for isolation of gram positive and anaero-
bic bacteria respectively, and on Man-Rogoza Sharp agar media
(MRs) (Oxoid, UK) for isolation of Lactobacillus species.

Feces were inoculated by dipping a swab into the specimen. Af-
ter implantation of the inoculum, a wire loop was flamed and
cooled. The loop was held between the thumb and index finger
and passed at a 90 degree angle several times through the initial
inoculum into the second quadrant of the plate (streak area 1).
The plate was turned 90 degrees, and the process was repeated,
streaking into the third quadrant (streak area 2), and finally, af-
ter another 90 degree turn, into the fourth quadrant (streak area
3). The loop was flamed between quadrants. When streak plates
were used, the relative numbers of bacteria was reported. Several
methods of semi-quantitation were used. Bacterial density was
measured by use of (very few, few, moderate or many) growth
with the use of (1+ to 4+) growth scoring criteria, heavy growth
had a score 3 or 4 (38).

Man-Rogoza Sharp agar media (MRs) (Oxoid, UK) for isolation
of Lactobacillus species was incubated anaerobically for 72-hours
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in anaerobic conditions using (GasPak EZ Anaerobe, Becton
Dickinson, Heidelberg, Germany) at 37 °C in jars (AnaeroPack,
Mitsubishi Gas Chemical America Inc., NewYork, NY, USA),
other plates were incubated aerobically for 48-hours at 37 °C.
Colonies of different morphology grew and were identified ac-
cording to standard phenotypic methods, as regards gram stain,
colony morphology and biochemical reactions using Vitek 2
identification cards (39).

Fecal flora richness (alpha diversity)

We examined allergy associations with the number of observed
species (richness) or alpha diversity of taxa with relative abun-
dances.

Fecal flora Composition and density (beta diversity)

We studied the microbiome composition difference between
patients and controls expressed by percentage of prevalence and
density (colonization rate) which was expressed as the odds ratio
(OR) and 95% confidence interval (CI). The associations were
adjusted for sex, age, body mass index, time since last antibiotic
use, probiotic and vitamin use.

Statistical methodology

Comparative analysis was performed using student t test, Chi-
squared, and Fisher’s exact test for continuous and categorical
data, respectively. Continuous data was expressed as mean +
standard deviation, while categorical data was expressed as num-
ber and percent of total. An odds ratio (OR) is a measure of
association between an exposure and an outcome. The OR rep-
resents the odds that an outcome will occur given a particular

exposure, compared to the odds of the outcome occurring in
the absence of the exposure. The 95% confidence interval (CI)
was used to estimate the precision of the OR. A p value of p <
0.05 was considered statistically significant. Data analysis was
completed using PASW Statistics, version 18.

Results

Eighty participants diagnosed with bronchial asthma were in-
cluded, together with forty healthy individuals as a control group.
Table 1 represents the demographic data between both studied
groups, in which cases and controls were comparable as regards
age and gender. There was no statistically significant difference
between male and female atopic subjects as regards age, duration
of illness, number of allergens and pulmonary function test.

As regards severity of bronchial asthma (interpretation of pul-
monary function test), no statistically significant difference was
found between male and female atopic subjects.

Regarding diversity and density of gut microbiota, Lactobacil-
li were found to be higher among patient group than control
group with odds ratio 7.2 (1.6 - 32.4) CI (p value 0.01). At the
same time, Escherichia coli density (heavy colonization) was sta-
tistically higher in patients than control group with Odds ratio
16.9 (5.75-50) CI (P value < 0.001). However, no significant
difference was detected between male and female patients or
controls (table 2).

On comparing male cases with male controls, and female cases
with female controls, Lactobacilli were statistically more preva-
lent in stool culture of male cases than in male controls (p value
= 0.045). On the other hand, no difference was found between
female cases and controls (table 3).

Lastly, no relationship was detected between type of microbial
growth and disease related parameters including age, duration

Table 1 - Demographics.

Groups
cases control
gender gender
f (40) m (40) p value f (20) m (20) p value
mean SD mean SD mean SD mean SD

age 31.85 8.37 29.70 8.72 0.264 34.90 7.58 31.10 11.35 0.390
duration of illness 6.21 5.15 6.93 4.61 0.516

number of allergens 3.55 1.34 3.95 1.45 0.204 - - - - -
FVC! 74.60 20.15 75.30 20.24 0.877 87.46 15.77 87.51 13.46 0.994
FEV1? 73.06 20.27 71.45 20.65 0.726 88.96 12.08 91.76 10.20 0.582
FEV1/FVC 90.90 11.58 92.02 14.14 0.70 97.55 11.45 99.27 12.99 0.757
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Table 2 - Distribution and density of isolated finding microbiota across the male and female in each group.

Cases (n = 80) Control (n = 40)

female male p value female male p value
Lactobacilli 8 (20.0%) 14 (35.0%) 0.133 2 (10.0%) 0 (0.0%) 0.468
density (heavy growth) 2 (25.0%) 2 (14.3%) 0.959 2 (100.0%) 0 (0.0%) 0.317
E. coli 35 (87.5%) 34 (85.0%) 0.745 18 (90.0%) 18 (90.0%) 1.000
density (heavy growth) 30 (85.7%) 22 (64.7%) 0.081 2 (11.1%) 3 (16.7%) 0.990
Klebsiella 8 (20.0%) 10 (25.0%) 0.592 2 (10.0%) 8 (40.0%) 0.068
density (heavy growth) 2 (25.0%) 1 (10.0%) 0.832 0 (0.0%) 1 (12.5%) 0.516
Proteus 5 (12.5%) 7 (17.5%) 0.755 0 (0.0%) 2 (10.0%) 0.123
density (heavy growth) 5 (100.0%) 7 (100.0%) 1.000 0 (0.0%) 2 (100.0% 0.545
Enterobacter 6 (15.0%) 1 (2.5%) 0.108 6 (30.0%) 0 (0.0%) 0.027
density (heavy growth) 3 (50.0%) 0 (0.0%) 0.876 3 (50.0%) 0 (0.0%) 0.608
Enterococci 3 (7.5%) 1 (2.5%) 0.615 0 (0.0%) 0 (0.0%) -
density (heavy growth) 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) -
Candida 1 (2.5%) 2 (5.0%) 0.677 2 (10.0%) 0 (0.0%) 0.468
density (heavy growth) 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) -
Serratia 0 (0.0%) 1 (2.5%) 0.476 0 (0.0%) 0 (0.0%) -
density (heavy growth) 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) -
Citrobacter 2 (5.0%) 2 (5.0%) 1.000 0 (0.0%) 2 (10.0%) 0.468
density (heavy growth) 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) -
Bacteroids 0 (0.0%) 2 (5.0%) 0.494 0 (0.0%) 0 (0.0%) -
density (heavy growth) 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) -
Provedencia 1 (2.5%) 0 (0.0%) 0.476 0 (0.0%) 0 (0.0%) -
density (heavy growth) 0 (0.0%) 0 (0.0%) ] 0 (0.0%) 0 (0.0%) -
Morganella 00.0%) 1 (2.5%) 0.476 0 (0.0%) 0 (0.0%) -
density (heavy growth) 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) -
Pseudomonas 0 (0.0%) 4 (10.0%) 0.116 2 (10.0%) 0 (0.0%) 0.468
density (heavy growth) 0 (0.0%) 1 (25.0%) 0.329 0 (0.0%) 0 (0.0%) -
Staph. aureus 0 (0.0%) 0 (0.0%) - 0 (0.0%) 2 (10.0%) 0.468
density (heavy growth) 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) -

'FVC: forced vital capacity; 2FEV1: forced expiratory volume during first second.
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Table 3 - Comparison of the distribution of isolated microbiota between cases and controls, stratified by gender.

Female Male

cases control p value cases control p value
Lactobacilli 8 (20%) 2 (10%) 0.665 14 (35%) 0 0.045
E. coli 35 (87.5%) 18 (90%) 1 34 (86%) 18 (90%) 1
Klebsiella 8 (20%) 2 (10%) 0.665 10 (25%) 8 (40%) 0.436
Proteus 5 (12.5%) 0 0.569 7 (17.5%) 2 (10%) 1
Enterobacter 6 (15%) 6 (30%) 0.358 1(2.5%) 0 1
Enterococci 3 (7.5%) 0 1 1 (2.5%) 0 1
Candida 1(2.5%) 2 (10%) 0.363 2 (2.5%) 0 1
Serratia 0 0 0 1(2.5%) 0 1
Citrobacter 2 (5%) 0 1 2 (5%) 2 (10%) 0.496
Bacteroids 0 0 0 2 (5%) 0 1
Provedencia 1(2.5%) 0 1 0 0 0
Morganella 0 0 0 2. ; %) 0 1
Pseudomonas 2 (10%) 0.2 4 (10%) 0 0.571
Staph. Aureus 0 0 0 0 2 (10%) 0.2

of illness, number of allergens and pulmonary function test in
atopic patients.

Discussion

Competent immune system depends on T-helper (Th) CD4
lymphocyte population balance. The onset of allergic disease
is due to an imbalance in this population and favoring im-
munity towards Th2 (40). Gut microbiota participates cru-
cially in the evolution of the intestinal immune system as
well as adjustment of the T helper cell balance. Moreover,
the loss of biodiversity may have serious impact on human
wellbeing (41). Studies showed that the risk of developing
asthma and allergy happens due to change in diversity of the
body’s microbiota (42,43). This may explain why diseases
such as asthma and allergy develop at any age. Also evidence
showed that there is an increased incidence of asthma and
allergies in industrialized countries during the last 50 years.
Moreover, studies demonstrated correlation between aller-
gic diseases and antibiotic use (44), altered fecal microbiota
(45), and dietary changes (46). Some studies even suggest an
association between growing up in a farm environment, early
life consumption of unpasteurized milk, and decreased risk
of developing allergy later in life (47-49). All the previous
support the microbial hypothesis that proposed that micro-
biota is vital for immune hemostasis.

It is well known that the dendritic cells (DCs) are the anti-
gen-presenting cells responsible for the activation of naive T
cells. DC recognizes microbes in the intestine, samples them
directly either from the lumen or through the gut-associated
lymphoid tissue (GALT), then activates a cascade of events
eventually ending in the differentiation of Th1, Th2, and Treg
cells. (40). If dysbiosis prevails, increased susceptibility to air-
way colonization by certain bacteria or the microbiota may oc-
cur, resulting in switching immunity towards the inflammatory
immune responses (50).

To the best of our knowledge, few studies investigated diversity
of microbiota in adult atopic subjects. Most of the studies con-
ducted before, focused on atopic children.

Several studies suggest a role for sex hormones in the pathogenesis
of asthma. Asthma prevalence was found to be higher in women
than men, as recorded by Rhodes and co-workers. On the other
hand, other clinical studies pointed to distinctive changes in the
prevalence and severity of asthma with age progression (51-55).
The current study focused on adult asthmatic subjects and in-
vestigated the diversity of microbiota in males and females. The
design of this study was done to eliminate the hormonal factor
by dividing both subgroups equally into male and female group.
In our study, although diversity of bacteria was detected to be
more towards Klebsiella, Proteus, Enterobacter, Enterococci in
asthmatics, the results did not reach statistical significance dif-
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ference except for predominance of Lactobacilli among patient
group than in control group. At the same time, E. coli density
(heavy colonization) was statistically higher in patients than in
control group. However, no significant difference was detected
between male and female patients. On comparing male cases
with male controls and female cases with female controls, Lacto-
bacilli were statistically more prevalent in stool culture of male
cases than in male controls. On the other hand, no difference
was found between female cases and controls.

Penders and co-workers reported that gut microbial differences
contribute to allergy risk in humans (56). In two studies, infants
who had a higher fecal abundance of Clostridium difficile had
an increased risk of developing an allergy in the future (9,57).
The current study showed low isolation rate of Bacteroides and
no growth of Biftdobacterium in the conducted stool cultures as
well as other species. This may return to the fact that there is
pediatric age predominance of some strains as Bifidobacterium.
The number of Bifidobacteria actually declines in the human
body with age. In infants who are breast-fed, Bifidobacteria con-
stitute about 90% of intestinal bacteria; however, this number is
lower in bottle-fed infants and adults (58).

The diversity of the microbiota in healthy and allergic children was
studied in two-year old children in Sweden and Estonia countries.
Allergic children showed few colonies of Lactobacilli and Bacteroids
and had higher counts of acrobic bacteria, especially Enterobacteria-
ceae and Staphylococci, irrespective of country of residence (23). Dif-
ferences of the gut microbiota diversity between allergic and healthy
children was also demonstrated by another case control study, but
the differences identified concerned various particular genera and
species, including Bifidobacterium, Clostridium, Bacteroides, Lacto-
bacillus and Enterobacteriaceae (22). This is in accordance to our
study, in which there was not only higher isolation of Lactobacilli in
asthmatic patients, but also higher growth of Lactobacillus in male
patients than male controls. E. coli density (heavy colonization) was
statistically higher in patients than in control group. At the same
time, the prevalence of E. coli as one of Enterobacteriaceae was more
detected in asthmatic patients than control in a study by Bjorksten
and co-workers (22). Enterobacteriaceae and Staphylococci were sug-
gested by Penders et al. as potential candidates, as these have been
associated with an increased risk of atopic diseases (10). This study
detected Staph. aureus in 2 of control subjects only. Still, results
were of no statistical significant difference.

Reduction of Bacteroidetes, Lactobacilli and Bifidobacteria were
found in a study by Ouwehallnd et al. They demonstrated that
this finding has been associated with an asthma phenotype (59).
However, another study by Waligora-Dupriet and colleagues
found that the prevalence of Bifidobacterium was similar in
healthy and allergic subjects, regardless of the type of the al-
lergic disease (58). On the other hand, Sjogren and colleagues
recorded that Bacteroides colonization of the gut was not found

to be related to allergy (17). Similarly, the present study showed
growth of Bacteroids only in two male cases, yet no statistical
significant value related was found.

Rook and co-workers established that Lactobacilli are microor-
ganisms that stimulate immune regulation by triggering regu-
latory T-cell responses (60). However, He et al. suggested that
Bifidobacteria was similar to Lactobacilli in their effects, and that
the immune system may be species dependent because intesti-
nal Bifidobacterium species showed to induce varying cytokine
production by cells of the innate immune system (61). On the
other hand, another study by Stsepetova et al. showed that aller-
gy is related to restricted Bifidobacterium diversity (62). Bottch-
er and co-workers suggested an association between allergy
and Clostridium difficile as they found that allergic infants had
higher fecal concentrations of the rarely detected icaproic acid,
which has been associated with the presence of Clostridium dif-
ficile (45), and Woodcock et al. detected higher C. difficile IgG
antibody levels in allergic than non-allergic subjects (63). The
present study could not prove presence or detect Clostridium
difficile in neither case or control subject, because Clostridium is
one of fecal flora characterized by attachment to mucosal sur-
face of intestine rendering the culture and isolation very difficult
(64). Furthermore, Kalliomaki et al. detected a reduced ratio
of Bifidobacteria to Clostridia in the stools of atopic subjects in
comparison to those of non-atopic subjects (57).

In contrast to the current study, Hevia and colleagues showed
that the microbial alpha-diversity was not significantly differ-
ent between healthy and allergic adult individuals. However,
the analysis of specific bacterial groups detected significantly
lower levels of Bifidobacteria in patients with long-term asthma.
Also, in allergic individuals the Bifidobacterium adolescentis spe-
cies prevailed within the bifidobacterial population (65). This
in line with Hua and co-workers, who found statistically sig-
nificant fecal dysbiosis across multiple allergies in adult allergic
patients. Specifically, reduced richness and altered composition
was found with all allergies except asthma, bee sting, and ecze-
ma. The dysbiosis was most marked with allergies to nuts and
seasonal pollen, and it was driven by higher abundance of Bacte-

roidales and reduced abundance of Clostridiales (66).

Conclusions

The current challenge aimed to identify the role of gut microbiota
in allergic disease, specifically atopic asthma, in adults. In addition,
the study investigated the relationship between gender and gut mi-
crobiota profile. This study demonstrated predominance of Lacto-
bacilli and E. coli in patients group. Interestingly, the study demon-
strated higher levels of Lactobacillus in male patients. Yet, there was
no relationship between type of microbial growth in stool culture
of cases and parameters of the disease including age, duration of
illness, number of allergens and pulmonary function test.
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Further investigations are required, especially new methods like
quantitative polymerase chain reaction, to investigate a relation-
ship and detect whether microbiota could be considered an ad-
ditional factor in pathogenesis of asthma. Proving this link may
lead to new opportunities in diagnostic and therapeutic modali-
ties. Further studies may be needed on large scale for evaluation
of gut microbiota in asthmatic subjects using molecular meth-
ods to identify strains at the species level, evaluation of signifi-
cance of certain strains, and probiotics as an adjuvant treatment
of bronchial asthma. Evaluation of hormonal and genetic fac-
tors in comparison with microbiota would be preferable. Future
research should include patients from other hospitals, from oth-
er areas, other countries and other races.
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