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ABSTRACT

Antimicrobial therapy may cause changes in the resident oral microbiota, with the increase of opportunistic
pathogens. The aim of this study was to compare the prevalence of Candida, Staphylococcus, Pseudomonas
and Enterobacteriaceae in the oral cavity of fifty patients undergoing antibiotic therapy for pulmonary
tuberculosis and systemically healthy controls. Oral rinsing and subgingival samples were obtained, plated
in Sabouraud dextrose agar with chloramphenicol, mannitol agar and MacConkey agar, and incubated for 48
h at 37°C. Candida spp. and coagulase-positive staphylococci were identified by phenotypic tests, C.
dubliniensis, by multiplex PCR, and coagulase-negative staphylococci, Enterobacteriaceae and
Pseudomonas spp., by the API systems. The number of Candida spp. was significantly higher in
tuberculosis patients, and C. albicans was the most prevalent specie. No significant differences in the

prevalence of other microorganisms were observed. In conclusion, the antimicrobial therapy for pulmonary

tuberculosis induced significant increase only in the amounts of Candida spp.
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INTRODUCTION

Tuberculosis is a chronic infectious disease caused by
Mycobacterium tuberculosis or other pathogenic mycobacteria
of the Mycobacterium tuberculosis complex. The disease
continues to be an important public health problem in various

countries. Infection with human immunodeficiency virus

(HIV), injection drug use, increased poverty, migration,
malnutrition and urbanization have contributed to the increase
in the number of tuberculosis cases worldwide (9). As
mycobacteria are able to develop resistance to single-drug
regimens, the treatment of choice is based on the use of
multiple antimicrobial agents administered over a period of 6

to 12 months (25).
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There is evidence indicating that the long-term use of
antibiotics might be related to alterations in the resident oral
microbiota and to a possible increase in the occurrence of
opportunistic microorganisms (22), as enteric bacilli,
Pseudomonas, Staphylococcus and yeasts (7, 19).

Candida spp. is present in the oral cavity and is
considered a commensal fungi. C. albicans is the predominant
species, accounting for 60 to 70% of all isolations, followed by
C. tropicalis and C. glabrata (2, 12, 26). The incidence of
Candida spp. in the oral cavity and the reasons for the
establishment of infections caused by these microorganisms
have been associated to immunosuppression, endocrine
disorders, mucosal lesions, poor oral hygiene, and long-term
treatment with antibiotics or corticosteroids (3, 13).

Bacteria of the families Enterobacteriaceae and
Pseudomonas spp. have been extensively studied and, although
these bacteria are not considered pathogenic in healthy human,
the oral cavity may serve as a reservoir for these
microorganisms and may seriously compromise the life of
debilitated individuals (19, 10, 23).

Microorganisms of the genus staphylococci are not
considered part of the resident human oral microflora, but may
act as opportunistic pathogens in patients undergoing
prolonged systemic treatment with antimicrobial agents or
immunosuppressors (1, 17).

Several lines of evidence indicate that the prolonged use
of antibiotics and host-related factors are associated with
alterations in the resident oral microbiota and with a possible
increase in the occurrence of opportunistic microorganisms.
Therefore, the objective of the present study was to compare
the prevalence of Candida, Enterobacteriaceae, Staphylococcus
and Pseudomonas in the oral cavity and gingival sites in the
oral cavity of patients undergoing antibiotic therapy for

pulmonary tuberculosis and healthy controls.

MATERIALS AND METHODS

The study was approved by the Ethics Committee of the
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Sdo José dos Campos Dental School, Univ. Estadual
Paulista/UNESP (protocol number 089/2003-PH/CEP). All
subjects signed informed consent to participate in the study.

Fifty patients (17 females and 33 males) aged 20 to 73
years with diagnosis of pulmonary tuberculosis, who had
undergone antibiotic therapy at the Day Hospital of the
Taubaté Medical School for at least 45 days, were included in
the study. HIV-positive patients, diabetics, patients with any
other systemic diseases, pregnant women, smokers, and
patients using dentures or orthodontic devices were excluded.

The control group consisted of 50 healthy subjects aged
20 to 73 years, who were matched for age, gender, denture use
and oral conditions to the pulmonary tuberculosis patients,
were selected among patients under treatment at the Sdo José
dos Campos Dental School. The same exclusion criteria were
applied to the tuberculosis patients. In addition, individuals
treated with antimicrobial/antifungal agents over the 60 days
preceding sample collection were excluded. The mean age was
41.94 years (£ 15.29) in the tuberculosis group and 42.1 years
(£ 15.28) in the control group.

Samples were obtained from each subject by oral rinses
with 0.1 M phosphate-buffered saline (PBS), pH 7.2, for 1 min.
The oral rinse samples were centrifuged for 10 min at 8,000 g
and the supernatant was discarded. Next, 2.5 ml PBS was
added to the pellet and dilutions of 10" and 107 were prepared
in PBS.

Subgingival samples were also collected with sterile paper
points introduced into the bottom of the pocket and kept in
place for 30 s (Maillefer Instruments, Ballaigues, Switzerland).
Three samples were collected from each subject and placed
into an Eppendorf tube containing 1 ml PBS. The samples were
homogenized by vortexing for 30 s and the paper points were
removed with sterile tweezers.

Aliquots (0.1 ml) of each suspension (oral rinses and
subgingival biofilm) were plated onto Sabouraud dextrose agar
(Difco, Detroit, MI) supplemented with chloramphenicol (0.1
mg/ml culture mannitol (Difco), and

medium), agar
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MacConkey agar (Difco). The plates were incubated for 48 h at
37°C. After growth, the colonies were examined regarding
morphological features and characteristic colonies were
counted to calculate the number of colony-forming units (CFU)
per milliliter. For each colony with different morphology,
microscopic confirmation was performed.

For the obtaining of pure cultures, colonies suggestive of
yeast were inoculated into test tubes containing Sabouraud
dextrose agar and incubated for 24 h at 37°C. Colonies of
Gram-positive cocci and Gram-negative bacilli were inoculated
into test tubes containing gelose agar and incubated for 24 h at
37°C. These samples were stored at 4°C until identification.

Phenotypic identification of Candida spp. consisted of the
determination of germ tube formation in bovine serum, growth
on corn meal-Tween 80 agar (Difco), fermentation, and
carbohydrate assimilation (18, 24). C. albicans reference strain
ATCC 18804 was used as control. Isolates identified
phenotypically as C. albicans/C. dubliniensis were submitted
to molecular detection of C. dubliniensis. These isolates were
analyzed by the polymerase chain reaction (PCR) according to
the method of Donnelly et al. (6) and Méhnss et al. (16), with
modifications. Briefly, the isolates were plated onto Sabouraud
dextrose agar and incubated for 24 h at 37°C. Next, a single
colony was transferred to 75 uL zymolyase solution (Sigma,
St. Louis, MO; 0.5 mg/ml in 1 M sorbitol buffer). The tubes
were incubated at 95°C for 10 min. The samples were then
centrifuged at 8,000 g for 15 min at 4°C and the supernatant
was kept on ice until the time for PCR analysis.

Two pairs of primers were used for PCR: two universal
primers, Uni-f: 5’-GCATATCAATAAGCGGAGGAAAA-3’
and Uni-r: 5GGTCCGTGTTTCAAGACG-3’, and two C.
dubliniensis-specific primers, DUBF Act-f: S>GTATTTGTCG
TTCCCCTTTC-3" and DUBR Act-r: 5’-GTGTTGTGTGCAC
TAACGTC-3’. Amplification was carried out in a final volume
of 10 puL containing 5 pmol of each primer, 5.0 pL PCR Master
Mix (Promega), 3.2 pL ultrapure water, and 1 uL of the DNA

template. Cycling conditions were 3 min at 95°C, followed by
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30 cycles of 30 s at 95°C, 30 s at 58°C, 60 s at 72°C, and a final
extension at 72°C for 10 min. C. albicans (ATCC 18804) and
C. dubliniensis (CD33) reference strains were included as
controls in all reactions. The amplification products were
separated by electrophoresis on 2% (w/v) agarose gels
containing 25 pM ethidium bromide and visualized under a UV
transilluminator (Foto/UV 26, Fotodyne, Inc.). A 100-bp DNA
ladder (Gibco, BRL) was used as molecular size standard. The
gels were photographed for documentation (DC290 Kodak
Photo Documentation System).

Staphylococcus spp. isolates were tested for catalase and
coagulase production. Positive strains were identified by acid
production from D-trehalose and the Voges-Proskauer test.
Coagulase-negative staphylococci were identified using the
API Staph system The

(bioM¢érieux, France).

Enterobacteriaceac and Pseudomonas spp. isolates were
identified using the API 20E system (bioM¢érieux).
The results were compared statistically by ANOVA and

the Mann-Whitney test, at the level of significance of 5%.

RESULTS

At the time of sample collection, 19 (38%) patients of the
tuberculosis group were in the first phase of treatment,
receiving a combination of rifampicin, isoniazid and
pyrazinamide, and 31 (62%) were in the second phase of
treatment, receiving a combination of rifampicin and isoniazid.

Candida spp. was more prevalent in the oral cavity of the
tuberculosis patients, than control individuals, for both
analyzed samples (Table 1). Candida counts were also
significantly higher in the oral cavity (3.61 log CFU/ml) and
gingival sites (2.62 log CFU/ml) of patients with tuberculosis,
compared to controls (3.16 log CFU/ml and 0,69 log CFU/ml,
respectively) (p=0.0085 and p=0.0103, respectively).

From Candida positive individuals, 73 different strains of
the yeasts were isolated from tuberculosis patients and 33, from

the control group. C. albicans was the most frequently isolated

species in both groups, followed by C. tropicalis. A greater
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diversity of Candida isolates was observed in the tuberculosis
group compared to the control subjects (Table 2). C.
dubliniensis was not detected in both groups.

The prevalence of Staphylococcus spp. was slightly higher
in the oral cavity of tuberculosis group. In the gingival sites,
Staphylococcus spp. was more prevalent among control
subjects than among patients with tuberculosis (Table 1). No
significant differences in the CFU/ml of Staphylococcus spp. in
the oral cavity (p=0.3664) or gingival sites (p=0.5404) were
observed between studied groups, with mean counts of 3.43
and 2,39 log CFU/ml in the tuberculosis group and 3.44 and
1,21 log CFU/ml in the control group. As many individuals
presented more than one strain in the oral cavity, i.e. an

association of them, a total of 191 strains of Staphylococcus
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spp. were isolated, 95 (49,7%) from tuberculosis patients and
96 (50,3%) from control group. Out of them, 40,3% were
coagulasis positive and 59,7% were coagulasis negative. All
the species and their frequency are shown in Table 3.
Enterobacteriaceac and Pseudomonas were also slightly
more detected in the oral cavity and gingival sites of patients
with tuberculosis (Tablel). No significant differences in the
mean number of CFU/ml of Enterobacteriaceae and
Pseudomonas in the oral cavity (p=0.1648) or gingival sites
(p=0.2879) were observed between the tuberculosis and control
groups. A total of 125 strains of Enterobacteriaceac and
Pseudomonas were isolated, 74 (59,2%) from tuberculosis
patients and 51 (40,8%) from control group. The species and

their frequency can be observed in Table 4.

Table 1. Number and percentage of individuals positive for Candida spp., Staphylococcus spp., Enterobacteriaceae and

Pseudomonas spp. isolated from the oral cavity and gingival sites, from tuberculosis (n=50) and control (n=50) groups. Total (all

individuals, n=100).

Oral cavity

Gingival sites

Tuberculosis Control Tuberculosis Control

n (%) n (%) n (%) n (%)

Candida spp. 36 (72) 26 (52) 19 (38) 05 (10)
Staphylococcus spp. 48 (96) 46 (92) 19 (38) 22 (44)
Enterobacteriaceae ¢ Pseudomonas spp. 28 (56) 24 (48) 09 (18) 05 (10)

Table 2. Percent distribution of Candida species isolated from patients with tuberculosis (n=50) and controls (n=50).

Species Tuberculosis Control
n (%) n (%)
C. albicans 31 (42,5) 26 (78,8)
C. tropicalis 21 (28,8) 7(21,2)
C. parapsilosis 5(6,8) 0(0)
C. stellatoidea 4 (5,5) 0(0)
C. lipolytica 34,1 0(0)
C. krusei 34,1 0(0)
C. glabrata 2(2,7) 0(0)
C. kefyr 2(2,7) 0(0)
C. guilliermondi 1(1,4) 0(0)
C. famata 1(1,4) 0(0)
Total 73 (100) 33 (100)
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Table 3. Percent distribution of staphylococci species (n=191) detected in the oral cavity of patients with tuberculosis and control

individuals.
Species Coagulasis Tuberculosis Control
n (%) n (%)
S. aureus positive 25 (26,3) 32 (33,3)
S. schleiferi positive 3(3,2) 17 (17,7)
S. epidermidis negative 32 (33,7) 26 (27,1)
S. warneri negative 8 (8,4) 2(2,1)
S. capitis negative 6 (6,3) 2(2,1)
S. haemolyticus negative 4(4,2) 3.1
S. xylosus negative 3(3,2) 2(2,1)
S. saprophyticus negative 3(3,2) 1(1,0)
S. lugdunensis negative 1 (LD 4(4,2)
S. sciuri negative 1(1,1) 33,1
S. hominis negative 1 (L1 2(2,1)
S. lentus negative 22,1 2(2,1)
S. cohnii ureal negative 22,1 0(0)
S. auricularis negative 2(2,1) 0 (0)
S. simulans negative 1 (L1 0(0)
S. chromogenes negative 1(1,1) 0 (0)
Total 95 (100) 96 (100)

Table 4. Percent distribution of Enterobacteriaceae and Pseudomonas species (n=125) detected in the oral cavity of patients with

tuberculosis and control individuals.

Species Tuberculosis Control
n (%) n (%)
Enterobacter cloacae 16 (21,6) 10 (19,6)
Klebsiella oxytoca 4(5,4) 8 (15,7)
Chryseomonas luteola 8 (10,8) 23,9
Klebsiella pneumoniae 5(6,8) 4(7,8)
Enterobacter sakazakii 4(5,4) 4(7,8)
Serratia liquefaciens 6 (8,1) 1(2,0)
Escherichia coli 4(54) 1(2,0)
Citrobacter freundii 22,7 23,9
Serratia ficaria 34,1 2(3,9)
Enterobacter asburiae 2(2,7) 23,9
Serratia marcescens 4(5,4) 0(0)
Klebsiella ornithinolytica 1(1,4) 2(3,9)
Pantoea spp. 1(1,4) 35,9
Serratia odorifera 2(2,7) 1(2,0)
Kluyvera spp. 22,7 1(2,0)
Enterobacter aerogenes 1(1,4) 1(2,0)
Pseudomonas aeruginosa 1(1,4) 1(2,0)
Pseudomonas fluorescens 1(1,4) 0(0)
Burkholderia cepacia*® 1(1,4) 1(2,0)
Citrobacter koseri 1(1,4) 1(2,0)
Salmonella spp. 1(1,4) 1(2,0)
Klebsiella terrigena 1(1,4) 1(2,0)
Morganella morganii 1(1,4) 0(0)
Serratia plymuthica 1(1,4) 0(0)
Serratia fonticola 1(1,4) 0(0)
Shigella spp. 0 (0) 1(2,0)
Enterobacter amnigenus 0 (0) 1(2,0)
Total 74 (100) 51 (100)

* previously named Pseudomonas cepacia
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DISCUSSION

Systemic diseases and conditions such as pulmonary
tuberculosis may have direct oral manifestations or exert an
indirect effect by modifying the inflammatory or immune
response of the host and by altering host-parasite interactions
(5). Oral cavity harbors a heterogeneous composition of
microorganisms. The subgingival biofilm is a complex
bacterial community that adheres to the root surface and is
separated from the oral cavity by the soft tissue pocket wall.
Under these conditions, many microorganisms with high
virulence potential, such as Candida, Staphylococcus and
Pseudomonas spp., are able to colonize, grow and cause tissue
damage (11). No studies are available in the literature
regarding the composition of the oral microbiota or subgingival
microflora in patients undergoing antibiotic therapy for
pulmonary tuberculosis.

Infections caused by Candida currently represent a
significant problem, especially among immunosuppressed
patients. In the present study, the prevalence and the amounts
of Candida spp. were higher in patients diagnosed with
pulmonary tuberculosis undergoing antibiotic therapy, when
compared with control group. Besides the compromised
immune efficiency of these patients, the antibiotic therapy
could have interfered with bacterial microbiota balance,
favoring the growth of the yeasts. In the literature, variations in
the prevalence of Candida in the oral cavity can be found in
different populations, but most of the studies have shown that
systemic conditions predispose to higher percentages. Back-
Brito et al. (2) detected Candida spp. in the oral cavity of
73.3% of HIV-positive patients; Belazi et al. (3) reported the
prevalence of 64% in patients with type 2 diabetes mellitus,
while Kaklamanos et al. (10) found 46.6% in elderly
individuals. In addition to systemic predisposing factors,
differences in oral conditions and in the method, sampling sites
and sample collection, as well as in demographic and

socioeconomic characteristics may explain the differences in
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the reported frequencies.

Regarding the species identified, C. albicans was the most
frequently isolated species in both groups, followed by C.
tropicalis. C. albicans was isolated from 60.8% of patients
with tuberculosis, in agreement with other studies showing that
C. albicans is the predominant species in the oral cavity,
accounting for 60 to 70% of all isolations (10), followed by C.
tropicalis (21,26). However, in contrast to other authors who
reported C. glabrata to be the third most prevalent species after
C. albicans and C. tropicalis, in the present study C.
parapsilosis was the third most frequent species, isolated from
4.4% of patients with pulmonary tuberculosis. C. glabrata was
detected in only 1.7% of patients, a rate lower than the 7 to
24% reported by various studies (4,26).

Another finding of the present study was the greater
diversity of Candida species in patients with pulmonary
tuberculosis. These results agree with previous studies
reporting higher prevalence of non-albicans species in patients
with different predisposing factors (13,2). Probably, the
imbalance in the microbiota favored the adherence of other
species of Candida, which normally would not be able to
adhere.

In the present study, the prevalence of Staphylococcus
spp- was high in both groups (96% in the tuberculosis group
and 92% in the control group). These rates are higher than the
61.36% reported by Loberto et al. (15) for the oral cavity of
patients diagnosed with chronic periodontitis. Staphylococcus
spp. is a common resident of the nasal microbiota (8) and may
reach the mouth of any individual. Ohara-Nemoto et al. (17)
provided evidence of this nasal-oral transmission of
Staphylococcus species by genotyping (PFGE).

S. epidermidis was the most prevalent species in the
tuberculosis group, corresponding to 33.7% of all isolates,
followed by S. aureus (26.3%). Loberto et al. (15) also found
higher prevalence of S. epidermidis in the oral cavity of
patients with periodontal disease. However, the most prevalent

species in the control group was S. aureus (33.3%), followed
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by S. epidermidis (27.1%). These data are in accordance to
Ohara-Nemoto et al. (17) and Belazi et al. (3) who reported
that S. aureus was the most frequently isolated bacterial species
in saliva (46.4%) and oral mucosa of patients with dentures
(52.4%), respectively. There are insufficient available data to
determine whether S. aureus isolates were colonizing or
infecting the oral cavity (Smith et al., 2003). On the other hand,
the high prevalence rates of Staphylococcus spp. emphasize the
importance of the oral cavity as a significant reservoir of these
microorganisms, which might be disseminated to other regions
of the body, especially in immunosuppressed patients, or
transmitted to other individuals, foods and objects. In a 3-year
retrospective study of clinical laboratory data, Smith et al. (20)
suggested that S. aureus may be more frequently isolated from
the oral cavity than suspected.

High prevalence of Enterobacteriaceae and Pseudomonas
spp. was also observed in the oral cavity of studied patients
with pulmonary tuberculosis (56%) and healthy controls
(48%). Lower frequency of isolation of Enterobacteriacecae
(20%) was reported by Kaklamanos et al. (10) studying oral
samples from elderly individuals. E. cloacae was the most
prevalent species in the tuberculosis group and in the control
group. However, Leung et al. (14) found more K. oxytoca
(5.3%) than E. cloacae (1,6%) in oral samples obtained from
adult subjects (20 to 46 years). Klebsiella oxytoca was the
second most frequently isolated species from the oral cavity of
control subjects (16.6%).

Although higher prevalence of Staphylococcus spp. and
enterobacteria were observed in tuberculosis patients, the
differences were not significant, as observed with Candida spp.
Some patients were receiving a combination of rifampicin,
isoniazid and pyrazinamide, and others just rifampicin and
isoniazid. Except rifampicin, the other antibiotics are very
specific to mycobacteria, having no effect against other groups
of bacteria. Probably, that is why the amounts of

Staphylococcus spp. and enterobacteria were not affected and

were almost the same as control group. However the diversity
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and frequency of species seemed to be different between the
studied groups, suggesting that long-term therapy, especially
because of rifampicin, could have induced the selection of
resistant strains and consequently a change in microbiota
profile. A change in antimicrobial sensitivity of these strains
could also have occurred and future investigation in this field
could help to find out the ideal treatment of the patients who
develop an opportunistic infection by these microorganisms.

Candida spp., Staphylococcus spp., and bacteria from the
families Enterobacteriaccae and Pseudomonas spp. are
frequently described as potential opportunistic pathogens,
presenting high prevalence in the human oral cavity. Within
this context, studies on the virulence and pathogenicity of these
species and their association with other microorganisms are
always important.

In conclusion, the present study suggests that the
antimicrobial therapy for pulmonary tuberculosis induced

significant increase in the amounts of Candida spp. and

changes in diversity of species of all opportunistic
microorganisms studied.
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