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Theintestinal tract harborsahugediver sity of metabolically-active aer obic and anaer obic
bacteriathat interact, for ming acomplex ecosystem. Thismicrobiotahasan important rolein
human metabolism, nutrition, immunity, and protection against colonization by pathogenic
microor ganisms. Sever al factor scan influencetheintestinal microbiota; theseincludeage, diet,
inflammatory and infectiouspr ocesses, and theuseof antimicrobials. Weinvestigated theinfluence
of bacterial infection of therespiratory tract and of amoxicillin therapy on thenormal intestinal
micr obiota of patients. Bacterial infectiousprocessesaffecting therespiratory tract werefound
toinfluencetheintestinal microbiota, significantly decreasing the number of colony-forming
units(CFUs) of Bacteroidesspp. and Lactobacillusspp. per gram of feces. Theuseof amoxicillin
also influenced theintestinal microbiota, significantly decreasing the CFU of Bifidobacterium
spp. and Lactabacillus spp. /g of feces. Changesin thecomposition of theintestinal microbiota
need to beobserved, snceadecr easein thenor mal microor ganismscan poseanumber of hazards
for hosts, including decr eased resistance to colonization. With proper follow-up, health-care
teamscan minimize such hazar dsby implementing suitablether apy- and diet-related measur es,

Federal University of Mato Grosso do Sul (UFMS),
Campo Grande, MS 2Sate University of Sdo Paulo

thusreducing theoccur renceof detrimental effectson thegastr ointestinal ecosystem.
Key Words: Intestinal microbiota, bifidobacterium, bacter oides, lactobacillus.

Thegastrointestinal tract harborsahugediversity
of aerobic and anaerobic bacteria that interact in a
complex ecosystem|[1]. Thismicrofloracomprises400
to 500 metabolically-active bacterial species, which
have a pronounced impact on the host’s intestinal
function and health[2,3]. Thereisevidencethat the
dominant profileof anaerobic bacteriausudly foundin
adultsisestablished inthefirst four yearsof life[4].

Overal, intestinal bacteria can be grouped into
speciesthat have detrimental effectson the host and
speciesthat have beneficia effects. The detrimental
effects include diarrhea, infections, liver damage,
carcinogeness, andintestind putrefaction. Inhibition of
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harmful bacteria(amechanism known as' resistance
tocolonization’) [5], simulation of theimmunesystem,
improvements in the digestion and absorption of
essentia nutrients, and vitamin synthesisareexamples
of the protective effectsbrought about by theintestina
microbiota[6]. Thenormd microbiotaactsasabarrier,
preventing colonization by potentially pathogenic
microorganismsand an overgrowth of microorganisms
that aredready present, such asyeasts, which can cause
systemic infectionsinimmunodepressed patients, and
Clogtridiumdifficile, which can beacause of diarrhea
and pseudomembranouscoalitis[7,8].
Microorganismsof thegeneraBifidobacteriumand
Lactobacillusperformavariety of functionsimportant
for the host’ shealth. Whereas microorganisms of the
genusBacteroideshavebeneficid aswdll asdetrimentd
effects[9], those of thegenus Lactobacillus contribute
to sustaining resistance to colonization, possibly by
producing acetic and lactic acids, whichlower intesting
pH, thus preventing overgrowth of many potentially
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pathogenic microorganisms, whosespread iscurbed by
intestinal acidity. Lactobacillus spp. aso produce
hydrogen peroxide, which preventsthe devel opment of
yeasts (Candida albicans) [ 10]. In addition, they can
stimulate cells of the immune system, inducing the
production of IL-12 by mononuclear cells of the
peripheral blood [11]. They are also capable of
converting cholesteral into coprostanal, which, beingless
soluble, can beexcreted; thismechanism precludesits
absorption and consequentia increasein plasma[12).
Lactobacillus spp. and Bifidobacterium spp., when
administered infood itemsknown asprobiotics[13-15)],
cansurvivethetrangt throughthegestrointestingl tract and
temporarily settleintheintestine[6], withanumber of
desrableeffectsontheimmunesystem, suchasgimulaion
of phagocyticfunction[16] and control of thebal anceof
pro- and antiinflammeatory cytokines[15]. Bifidobacteria
condtituteanumericaly-important group that iscapable
of awidevariety of biological activitiesimportant for host
hedlth. Oneof theseativitiesisaninhibitory effect againgt
other species, often preventing colonization by invasive
pathogens[17,18]. It hasbeen suggested that theinhibitory
mechanismisrdated totheproduction of aceticandlactic
acidsand other wide-spectrum antimicrobia compounds
[19]. Infact, microorganismsof thegenus Bacteroides
arenutritionaly versatile, being abletouseawiderange
of carbon sources. They areresponsiblefor most of the
digestion of polysaccharidesthat takesplaceinthelarge
intestine[20,21]. Likebifidobacteria, Bacteroides spp.
play animportant functioninthemechanismof resstance
tocolonizationby C. difficle[22]; they arefoundin large
numbersinthelargeintestine[23].
Althoughtheintestina microfloraremainsreatively
stablethroughout life[ 8], factors such asdisease and
certaindrugscan affect thisbaance[17]. Thisecosystem
can also beinfluenced by diet, geographical location,
and gastrointestinal surgery [24]. Over the past years,
sudieshavereved ed theimportance and participation
of theintestind microbiotain pathologica processes, such
asrheumatoid arthritisand atopic diseases[25-30].
Infectionsintherespiratory tract havedso attracted
the attention of investigators, astheseinfectionsare
commonly seeningenera clinica practice. Although
antibiotics are routinely prescribed to treat such

episodes, oneresult of antimicrobia therapy may bea
reductioninthenumber of microorganismsthat normally
liveinthe gastrointestinal tract, which allowsfor an
overgrowth of bacterid speciesthat area ready present
and consequent col onization by potentially-pathogenic
microorganisms[31].

Amoxicillin (aminopenicillin) isthedrug of first
choicefor thetreatment of respiratory tract infections.
Thisbeta-lactam antibiotic with bactericidal actionis
widdly prescribedinclinical practice, particularly when
apatient’sairwaysare compromised [32].

Knowledgeontheinfluenceof infectiousprocesses
and antimicrobial agents on the gastrointestinal
ecosystem is highly important clinically, since this
microbiota has functionsthat affect host health. We
investigated theinfluence of respiratory tract infections
and of amoxicillin therapy on the normal intestinal
microbiotaof patients.

Materials and M ethods
Subjects

A progpectivestudy wascarried out on42individuas
distributed into two Groups.

Group 1 (G1): 22 patientswith bacterial infectionsof
therespiratory tract (Snustis, pneumonia), of both sexes,
19to 50 yearsold, seen at the emergency department
of theHospitd dasClinicasof the School of Medicine
of the Universidade Estadual Paulista (UNESP) in
Botucatu, SP, Brazil, from July to December 2002.

Control Group (CG): 20 blood donorsof both sexes,
18to 50 yearsold, screened at the blood center of the
sameingtitution over thesameperiod.

Methods

Criteria for inclusion: patients of both sexes, aged
18yearsand over, with epidemiological, clinical, and
imaging diagnosisof acute bacterid infectiousdiseases
of therespiratory tract.
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Criteriafor exclusion: pregnancy; lactation; women
with hormonal disorders; individuals with other
underlying diseases; use of medication, particularly
antimicrobials, withinthepast 30 days.

The diagnoses of infection with bacterial
microorganisms were based on clinical and
epidemiologica dataand on nongpecific supplementary
exams (complete blood counts, chest and/or sinus
radiographs). Blood countsrevesling leukocytossand
radiographictestsshowing Snusopacity (Snusitiscases)
and/or revealing lung condensation (pneumoniacases)
were consderedindicative of bacteria infection. Age
and sex datawere al so recorded.

Thenutritional assessment took into account dietary
aspectsand anthropometric measurements (weight and
height). Three-day intake recordswere used for food
intake assessment. The calculations of total calories,
carbohydrates, proteins, lipids, and other specific
nutrients ingested were performed with the program
Virtual Nutri [33]. In each group, the nutritional
classficationwasbased on body massindex (BMI) [34].

Theintestina bacterid microbiotawasassessedwith
the method proposed by Sutter et al. [35], with
adaptations. Stool sampleswere collected from both
groupsin sterile containers with Transbac transport
medium (Probac). The interval between sample
collection and laboratory handling did not exceed 1 h
[36,37]. Three stool samples were collected from
patientsin Group 1. beforetreatment (timepoint T)),
at the end of treatment (time point T,), and 30 days
after treatment (timepoint T,). Only onesamplewas
collected fromeachindividud inthecontrol group (time
point T ). A 1-gaiquot wastaken from each sample
and transferred into a screw-capped test tube
containing 9 mL of Stuart transport medium (Oxoid).
After homogenization, successivedilutionsupto 108
were prepared using the same eluent. Kanamycin-
vancomycin blood agar, Bifidobacteriummedium, and
Lactobacillus selective medium (Probac) were the
sl ective culturemediaused for microorganismsof the
genera Bacteroides, Bifidobacterium, and
Lactobacillus, respectively. Once inoculated and
identified, the plates were placed into GasPak

anaerobicjars(Permution) and incubated at 37°C for
48 h in a low-oxygen and high-carbon dioxide
atmosphere generated by an Anaerobac system
(Probac). After that, the plates were evaluated for
bacterial growth and colony aspect. Colony-forming
units (CFUs) were counted for each plate, and the
mean values for each type of microorganism were
calculated. Microorganism concentration was
expressed as log,, CFU/g of feces. Observations
related to colony morphology, Gram staining, and
catal asetesting wererecorded for each plate.

Mean values and standard deviations of log-
transformed dataand mean valuesat theoriginal scale
were cal culated for Bacteroides, Bifidobacterium, and
Lactobacilluscounts[38]. TimepointsT,, T,,and T,
(Group 1) were compared by using Friedman's
nonparametric test with calculations of 2 and p
statistics. Comparisons of both groups at each time
point were performed with the t-test for two
independent samples (using log-transformed counts)
with calculations of t and p statistics and/or Mann-
Whitney’snonparametric method. The comparisons
were considered significant whenever p<0.05.

The study was approved by the Research Ethics
Committee of Hospital das Clinicasof the School of
Medicineof UNESPin Botucatu.

Results

The distribution of subjects by sex was
homogeneous in both groups (50% males and 50%
females). Inthe control group. therewas predominance
of the 41 to 50 year (45%) and 21 to 30 year (30%)
ageranges, whereasin Group 1 the 21 to 30 year (40%)
and 41 to 50 year (30%) ranges predominated.

In both groups, eutrophicindividuals(BMI = 18.5
to 24.9) werethe most frequent. Thefood consumption
recordsdid not reveal significant differencesbetween
the groups in terms of macronutrients, fibers, or
micronutrients.

The concentration of Bacteroides spp. in Group 1
wassignificantly (p<0.05) smallera T,. When each
experimenta time point (T, T, T,) in Group 1 was
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comparedwith T of thecontrols, asignificant (p<0.05)
decreasewasfoundin the CFU of Bacteroides spp. /g
of fecesat T,, demondrating that theinfectious process
affectingtherespiratory tract of patientsinfluencedtheir
intestinal microorganism populations(Tablel).

The concentration of Bifidobacterium spp. in
Group 1significantly (p<0.01) decreasedat T,. When
each experimental timepoint (T, T,, T,) inGroup 1
was compared with T of the controls, asignificant (p
<0.02) decreasewasfound in the CFU/g of fecesfor
Bifidobacterium spp. at T,, demonstrating that
treatment with amoxicillin influenced theintestinal
popul ation of these microorganisms(Table 2).

Inthe examination of Lactobacillusspp. in Group
1, the number of CFU/g of feces at T, was smaller
thanthatat T,, whichwassmaller thanthat at T, (p<
0.001). When each experimental time point (T, T,
T,) of Group 1 wascompared with T  of thecontrols,
sgnificantly fewer Lactobacillusspp. CFU/g of feces
werefound for timepoints T, (p=0.05) and T, (p <
0.01), demondirating that theinfectiousprocessaffecting
the respiratory tract and treatment with amoxicillin
influenced the intestinal population of these
microorganisms(Table3).

Amoxicillin, however, did not prevent aquantitative
recovery of Bacteroides spp. (T,). Thirty days after
the end of treatment (T,), the concentrations of
Bifidobacterium and Lactobacillus had recovered
their normal values(Figure 1).

Discussion

Thegastrointestind ecosystemisanamplefieldfor
research and has long been the focus of interest of
investigators. Although severd sudieshaveinvestigated
thegadtrointestinal microbiota[39-46], littleinformation
isavailable on the effect of some diseasesand onthe
useof antimicrobias.

To helpfill thisgap, weinvestigated theinfluence
of bacterial infections of the respiratory tract and of
amoxicillin therapy onintestinal populationsof the
bacterial genera Bifidobacterium, Lactobacillus,
and Bacteroides.

Several factors can influence the intestinal
microbiota, including host age. Such changes,
however, aremore pronounced at birth, whentheflora
isestablished and the gastrointestind tract iscolonized
with microorganismsingested with food and acquired
through contact with the environment [17,47,48].
Aging also promotes changes to the intestinal
microbiota, significantly reducing the quantity of
Bifidobacterium spp. and increasing the numbers of
Lactobacillus spp., Clostridium perfringens,
Escherichia coli, and Streptococcus spp. [17]
Several authors have pointed out, however, that in
the human adult phase the intestinal floraremains
relatively stable, both quditatively and quantitatively
[3,9,12,17,47,49,50]. We found that age did not
affect the qualitative or quantitative composition of
theintestinal microbiota.

Another factor that hasbeen suggested toinfluence
thismicrobiotaisdiet [2,6,39,46,51]. Based onfood
consumption recordsand nutritional diagnosis, wedid
not find that diet had an influence on the intestinal
microbiotic composition. However, al theindividuals
that were investigated lived in the same geographic
location and had very similar diets.

Over the past years, afew studies have revealed
theinfluence of certaininflammatory processesonthe
gastrointestina microbiota Therelationship between
rheumatoid arthritisand intestinal microbiotahasbeen
afocus of great interest for researchers, who have
found patientswith rheumatoid arthritisto harbor fecal
floras significantly different from those of normal
individuals[25,52,53].

A number of studiesare currently being conducted
on intestinal microbiota and allergic diseases, and
reductions in microorganisms of the genera
Lactobacillus, Bifidobacterium, and Bacteroides
have been detected [54,55]. Alterationsintheintestinal
microbiota have also been observed in diarrhea
episodes[48].

We also detected changes in the intestinal
mi crobiotaaccompanying bacterial infections of the
respiratory tract. Thisfinding demonstratesthat under
conditionsof infection and inflammation theecol ogical
bal ance of theintestinal microbiotacan bealtered.
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Table 1. Mean counts(original scae) and meansand standard deviations of |og-transformed counts of Bacteroides
spp. inacontrol group (CG,; at timepoint T ) andinagroup of patientswith bacterial infection of therespiratory
tract (G1, at three experimental time points: T, beforetreatment; T, at theend of treatment; T, 30 daysafter
treatment). Botucatu, SP, Brazil, 2002

Bacteroides spp.
CG(N=20) G1(N=22
TO Tl T2 T3
Mean count 7.17 x 10%° 1.81 x 10 4.09 x 10% 3.87 x 10%
*Mean 10.8557 10.2582 10.6121 10.5880
*SD 0.7138 1.0541 0.6265 0.6022

*: mean values and standard deviations of |og-transformed counts.
N: number of patients.

Hypothesis Calculated statistics Significancelevel Comment

Comparisonof T, =T,=T, x%=6.909 p<0.05 T,<(T,=T)

T,T,andT,

Comparison of céG=aG1 t=219 p<0.05 T,>T,

CGand G1 t=1.18 p>0.10 T,=T,
t=1.32 p>0.10 TO: T3

Table 2. Mean counts (original scale) and means and standard deviations of log-transformed counts of
Bifidobacteriumspp. inacontrol group (CG; at timepoint T ) andinagroup of patientswith bacterial infection
of therespiratory tract (G1; a three experimental timepoints: T, = beforetreatment, T, = at theend of treatment,
T, =30daysafter treatment). Botucatu, SP, Brazil, 2002

Bifidobacterium spp.

CG (N =20) G1(N=22)
T, T, T, T,
M ean count 841x 10 4.37 x 10° 1.85x 10° 4.44 x 10°
*Mean 9.9250 9.6410 9.2676 9.7965
*SD 0.9551 0.7441 0.7962 0.7089

*: mean values and standard deviations of log-transformed counts.
N: number of patients.

Hypothesis  Calculated statistics ~ Significance level Comment

Comparison of T,=T=T, y?= 11.545 p<0.01 (T,=T)>T,

T,T,andT,

Comparison of CG=G1 t=1.08 p>0.10 T,=T,

CGand G1 t=243 p<0.02 T,>T,
t=0.50 p>0.50 T,=T,
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Table 3. Mean counts (origina scale) and means and standard deviations of log-transformed counts of
Lactobacillus spp. for acontrol group (CG; at timepoint T ) and for agroup of patientswith bacterial infection
of therespiratory tract (G1, at threeexperimenta timepoints. T, beforetreatment; T, at theend of treatment; T
30 daysafter treatment). Botucatu, SP, Brazil, 2002

2! 3

Lactobacillus spp.

CG (N =20) G1(N=22)
TO Tl T2 T3
Mean count 8.32x 10° 1.62 x 10° 0.82x10°  7.31x 10°
*Mean 8.9199 8.2100 7.9146 8.8640
*SD 0.9783 1.3747 1.3533 1.2934

*: mean vaues and standard deviations of |og-transformed counts.
N: number of patients.

Hypothesis Calculated statistics Significancelevel ~ Comment

Comparison of T,=T=T, x?=20.727 p < 0.001 T,<T,<T,

T,T,andT,

Comparison of cé=aG1 t=196 p=0.05 T,>T,

CGand G1 t=2.79 p<0.01 T>T,
t=0.16 p > 0.50 T,=T,

Figure 1. Means of log,, of the number of Bacteroides spp., Bifidobacterium spp., and Lactobacillus spp.
CFU/g of fecesinacontrol group (CG; at timepoint T ) andinagroup of patientswith bacterial infection of the

‘—O—Bacteroides Bifidobacterium ==@==|actobacillus ‘
11 A
*
106 4 10,8557
1012 | 10,2582 10,6121 10,588
i 9,9
g 98 9,71
8 94 - 9,7965
o 97 89199 @ 9,29
S 86 A 8,864
S
28,2 A 8,21®
7,8 4 ¢
7,9146
7.4 -
7 T T 1
T0 (GC) T1(G1) T2 (G1) T3 (G1)
Time
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Another common cause of alteration in the
gastrointestinal microbiota is the administration of
antimicrobias, which caninducerapid and profound
changesintheintestinal microflora[36,48,56,57]. The
extent of these changes depends not only on the
spectrum of action of the antimicrobial agent
administered, but also on its degree of absorption,
administration route, and possible enzymatic
Inactivation and/or ability to attach to water and to
intestina material [7].

During the past decade, several researchershave
investigated theeffectsof variousantimicrobia agents.
Amoxicillin has been found to cause important
dteraionstotheintestind microbiota, affecting severd
groupsof microorganismsbothin patientsand normal
individuals. Changesincludeanincreaseinthenumber
of enterobacteria and Bacteroides spp. [58], the
emergence of resistant strains of enterobacteria
[31,58,59], overgrowth of C. difficile, Candida spp.
[58], Klebsiella spp., and Enterobacter spp. [60], a
reduction in the anaerobic microflora [61], and a
reductionin the number of bifidobacteria, lactobacilli,
and clostridia[62].

Inour study, theadministration of amoxicillinledto
asgnificant decreasein the CFU of Bifidobacterium
spp. and Lactobacillus spp. /g of feces, thoughit did
not prevent the recovery of Bacteroides spp. Thirty
daysafter theend of treatment, the concentrations of
all threemicroorganismshad returned to their normal
vaues

| dentifying gastrointestinal microbiotaimbalances
caused by infectious processes and by the use of
antimicrobidsisthusquiteimportant, asthismicrobiota
has a decisive role in health maintenance. Any
quantitativechangeinthisgroup of microorganismsmay
have serious effects on the ecol ogical balance of the
intestinal microbiota, with detrimental consequencesfor
thehost.

Concluson

The intestinal microbiota plays a central rolein
maintaining the host’shealth, and it can be adversely

affected by bacteria infectious processesoccurringin
the respiratory tract, as reveaed by the significant
decrease in the CFU of Bacteroides spp. and
Lactobacillusspp. /g of feces. Theuseof amoxicillin
also affected theintestinal microbiota, significantly
decreasing the CFU of Bifidobacterium spp. and
Lactobacillus spp. /g of fecesamong these patients.
Weexpect that theseresultswill encourageadditiond
studies on the infectious processes in the Brazilian
population, since the investigations available for
comparison have been conducted in countrieswhere
socioeconomicand cultura conditionsdiffer greatly from
those found in Brazil, thus posing difficulties for
comparative analyses. We suggest that thereisaneed
for adopting nutritional measuresthat canminimizethe
negativeeffectsof infectiousprocessesand of theuse of
amoxidllinonthenormd intestind microbiotaof patients
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