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To Identify lower respiratory tract pathogens and their in-vitro antibiotic susceptibilities 
In Turkish cystic fibrosis (CF) patients, a total of 383 sputum cultures were evaluated 
from 45 CF children in 168 symptomatic and 215 control periods over 25 months. 
Microorganisms were Isolated In 252 of the cultures. The Isolation rate was 82 percent 
for symptomatic periods and 53 percent for control periods. The most common 
microorganism was P. aeruginosa in the symptomatic period and S. aureus in the 
control period. Other microbiological species included E. coll, H. influenzae, 
K. pneumoniae, S. epldermldis, ^-hemolytic streptococcus, H. parainfluenzae, 
K. oxytoca, E. aerogenes and E. aglomerans. P. cepacia was not found. In 20 cultures 
more than one microorganism was Isolated at the same time. In in-vltro conditions, 
high susceptibility rates were detected to amikacin, ciprofloxacin and ceftazldim for 
P. aeruginosa; cefuroxlme, ceftriaxone, amikacin, cephalothln, chloramphenicol and 
erythromycin for S. aureus; amikacin and ceftriaxone for E. coll; amplcillln-sulbactam, 
amoxlclllin-clavulanate, cefuroxime, ceftazidime, ceftriaxone and aztreonam for 
H. influeanzae; and aztreonam and amikacin for K. pneumoniae. Lower respiratory 
tract pathogens and their antibiotic susceptibilities in Turkish CF children were not 
significantly different from those indicated previously In the literature. Key words: cystic 
fibrosis, sputum bacteriology, antibiotic susceptibility.

*
Chronic pulmonary disease and its complications of recurrent pulmonary infections 
determine the quality of life and survival of cystic fibrosis (CF) patients. Since 
the early description of CF, various efforts have been made to identify and 
eliminate the microorganisms in the lungs of CF patients. The aim of this study 
was to detect microbiological flora in the respiratory system and antibiotic 
susceptibility in CF patients in our country.
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Material and Methods

The study group comprised 45 CF children, 22 female and 23 male, who were 
being followed at Hacettepe Children's Hospital between January 1991 and 
February 1993. Their ages ranged from two months to 16 years. They were 
diagnosed with CF by obtaining at least two sweat chloride values higher than 
60 mEq/L with the method of pilocarpin iontopheresis1, and typical clinical and 
•laboratory findings. Sputum cultures were taken from the patients at routine 
monthly check-ups and during lower respiratory system infections. Sputum 
brought to the oropharynx by coughing in children, and by stimulating the 
coughing reflex in infants, was removed with cotton-tipped swabs. Samples were 
immediately sent to the laboratory in Stuarts transport medium and inoculated 
onto appropriate media by the same microbiologist who was working with the 
subject. All the samples were streaked directly onto two five-percent sheep blood 
agar (Oxoid); one eosin-methylene blue agar (EMB) (Oxoid); one chocolate agar 
with 10 percent horse blood containing 300 pg/ml bacitracin. 5 pg/ml 
vancomycine, 1 pg/ml clindamycine (CHOC-BVC) which was selective for 
Haemophilus species2; one cetrimide agar for Pseudomonas aeruginosa; and 
one OFPBL (oxidation fermentation medium supplemented with 300,000 U/L 
polymyxcin B sulfate, 200 U/L bacitrain and lactose) for Pseudomonas cepacia3. 
One sheep blood agar and CHOC-BVC were incubated in five to 10 percent 
CO2 at 35 °C for 18-24 hours. One sheep blood agar, EMB agar, cetrimide agar 
and OFPBL agar were incubated in normal atmosphere at 35 °C for 18-24 hours. 
If there was no bacterial growth on CHOC-BVC agar at the end of 24 hours, 
the plates were reincubated for an additional 24 hours. Standard microbiological 
techniques were used to identify the microorganisms4. Antibiotic susceptibilities 
of detected microorganisms were evaluated by the Bauer-Kirby disk diffusion 
method according to NCCLS standards5.

Antibiotic disks used for gram-negative microorganisms included ampicillin­
sulbactam (10/10 ng), trimethoprim-sulfamethoxazole (1.25/23.75 pg), 
chloramphenicol (30 pg), amikacin (30 fig), ceftazidime (30 pg), cefuroxime 
(30 pg), cefoxitin (30 pg), ceftriaxone (30 pg), aztreonam (30 pg) and ciprofloxacin 
(5 pg). Antibiotics disks used for gram-positive microorganisms included ampicillin 
(10 pg), ampicillin-sulbactam (10/10 pg), trimethoprim-sulfamethoxazole 
(1.25/23.75 pg), amikacin (30 pg), erythromycin (15 pg), cephalothin (30 pg), 
cefuroxime (30 pg), ceftriaxone (30 pg) and chloramphenicol (30 pg). Antibiotic 
disks used for Haemophilus species were ampicillin (10 pg), ampicillin-sulbactam 
(10/10 pg), amoxicillin-clavulanate (20-10 pg), aztreonam (30 pg), trimethoprim- 
sulfamethoxazole (1.25/23.75 pg), ceftazidime (30 pg), cefuroxime (30 pg) and 

chloramphenicol (30 pg).
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Results
During the study period a total of 383 cultures were taken from CF children (215 in 
control and 168 was in symptomatic periods), and microorganisms were isolated 
in 252 of them (114 in control, 138 in symptomatic periods). The isolatioh rate 
was 82 percent during symptomatic periods and 53 percent for control periods. 

The most frequently isolated microorganism was Pseudomonas aeruginosa (23%) 
in symptomatic periods and Staphylococcus aureus (19%) in control periods. 
All cultivated microbiological species are shown in Table I. In 20 sputum cultures, 
more than one microorganism was isolated at the same time-frequently in the 
symptomatic period (Table II). The in-vitro antibiotic susceptibilities of the main 
isolated microorganisms are shown in Table III. In in-vitro conditions, high 
susceptibility rates were detected to amikacin, ciprofloxacin and ceftazidime for 
P. aeruginosa; cefuroxime, ceftriaxone, amikacin, cephalothin, chloramphenicol 
and erythromycin for S. aureus; amikacin and ceftriaxone for E. coli; ampicillin­
sulbactam, amoxicillin-clavulanate, cefuroxime, ceftazidime, ceftriaxone and 
aztreonam for H. influeanzae; and aztreonam and amikacin for K. pneumoniae.

Table I: Microbial Species in 252 Sputum Specimens of 46 CF Children and 
Distribution According to Age as well as Symptomatic and Control Periods

P. aeruginosa S 6 6 9 7 4 32 (23)
C 3 3 8 5 19 (17)

S. aureus S 2 2 7 2 4 17 (12)
C 2 7 2 11 22 (19)

E. coli S 3 1 11 1 16 (12)
C 4 3 6 1 2 16 (14)

H. influenzae S . 4 2 11 3 2 22 (16)
K 1 3 — 2 — 6(5)

K. pnemoniae S 7 1 2 — 1 11 (8)
C 7 6 2 1 — 16 (14)

S. pneumoniae S 3 0 1 4 2 10 (7)
C 2 2 6 4 — 14 (12)

ß Hemolytic streptococcus S 1 «V 8 3 ’ 2 14 (10)
C — 5 2 — 7 (6)

H. parainfluenzae S 1 1 8 1 2 13 (9)
C 2 2 — 1 5 (4)

S. epidermidis S 2 — — 2 (1.4)
C 1 «V — — 1 (0.9)

K. oxytoca S — — — «V —
C 1 — — — 1 (0.9)

E. aerogenes S — — 1 — 1 (0.7)
C — — — — —

E. agglomerans S — — —
C 1 — — — — 1 (09)

Total S 138 (100)
C 144 (100)

S: Symplomatic period C: Control period.
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Table II: Pattern of Combination of Microorganisms in 252 Sputum Specimens

Microorganisms
Symptomatic Control

Period Period

H. influenzae + S. aureus
H. influenzae + H. parainfluenzae
H. influenzae + B. hemolytic streptococcus
H. influenzae + S. pneumoniae
H. influenzae + H. parainfluenzae + ß hemolytic streptococcus
E. coli + H. parainfluenzae
E. coli + S. pneumoniae
S. aureus + H. parainfluenzae
S. aureus + K. oxytoca
S. aureus + E. coli
S. aureus + K. pneumoniae
S. epidermidis + H. parainfluenzae

3
1
2
2
1 1
2 1

1
1
1

1
2
1

Table III: Antibiotic Susceptibility of Microorganisms

Staphylococcus aureus (t 39)

Antibiotic

Pseudomonas Aeruginosa (t 51) Escherichia Colt (t 32) Klebsiella Pneumoniae (t 27)

n S(%) S.S(%) R(%) n S(%) S.S(%) R(%) n S(%) S.S(%) R(%)

Ampicillin
Ampicillin­

— - - - (32) - - 32(100) (27) - * 27 (100)

sulbactam (51) 3(5) — 48 (95) (32) 12 (38) 2(6) 18 (56) (27) 6(22) 6(22) 15 (56)
TMP-SMX (51) 5(10) 1 (2) 45 (88) (32) 9 (28) — 23 (72) (27) 18 (67) 9(33)
Chloramphenicol (51) 2(4) 4(8) 45 (88) (15) 8(53) 7(47) (10) 3 (30) — 7(70)
Amikacin (51) 51 (100) — — (32) 30(94) 2(6) — (27) 23 (85) 3(11) 1 (4)
Cefuroxime (28) — 3(11) 25 (89) (32) 18 (56) 6(19) 8(25) (27) 14 (52) 9(33) 4(15)
CephaJothin — — — — (18) 5(28) 5(28) 8(44) (27) 3(11) 3(11) 21 (78)
Cefoxitin (7) — — 7(100) H — •• — (-) •• ••
Ceftazidime (51) 48 (94) 3(6) — 0) 4(44) — 5(56) (11) — — 11 (100)
Ceftriaxone (51) 11 (22) 18 (33) 23 (45) (32) 29 (91) 3(9) — (27) 18 (67) 7(26) 2(7)
Aztreonam (20) 11 (55) 4(20) 5(25) (32) 26 (81) 6(19) (27) 25 (93) 2(7)
Ciprofloxacin (6) 6(100) — - (-) — — — (-) — — -

Staphylococcus aureus (t 39)

Antibiotic n S (%) S.S (%) R (%) Antibiotic n S(%) SS (%) R W
Ampicillin (39) 2(5) 37 (95) Ampicillin (28) 13 (46) 8(29) 7 (25)

Ampicillin-sulbactam (39) 28(72) 6(15) 5(13) Ampiciflin-sulbactam (28) 28(100) -

TMP-SMX (39) 26 (67) 1 (2) 12 (31) Amoxcillin-davuianate (28) 28(100) — —

Chloramphenicol (27) 23 (85) — 4(15) TM-SMX (28) 21 (75) 4(14) 3(11)

Amikasin (39) 34 (87) 3(8) 2(5) Chloramphenicol (20) 17 (85) - —

Erythromycin (39) 33 (85) — 6(15) Cefuroxime (28) 28 (100) - *•

Cephalotin (39) 33 (65) 1 (2) 5(13) Ceftazidime (17) 17 (100) - ••

Cefuroxime (4) 4 (100) — — Ceftriaxone (28) 28 (100) - —

Ceftriaxone (39) 35 (90) 3(8) 1 (2) Aztreonam (28) 28 (100) — W

S Sensitive
S S. Semi-sensitive
R: Resistant

t: Total number of microorganisms isolated from sputum cultures 
n: Number of cultures to which antibiotic was applied.
TM-SMX: Trimethoprim-sulfamelhoxazole
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Discussion

Despite the importance of evaluating the sputum cultures of CF patients, it is 
often difficult to obtain these cultures in infants and young children. The most 
appropriate methods for obtaining sputum samples are probably by the trans­
tracheal approach or broncho-alveolar lavage, but it is quite difficult to use these 
routinely. As shown in previous comparative studies, samples taken from the 
oropharynx in CF patients give information about lower respiratory tract flora, 
although this method is less valid for some microorganisms in the normal flora 
of the oropharynx6,7.

Pseudomonas aeruginosa was the most common of the isolated microorganisms 
found during symptomatic periods. According to studies from various countries, 
there has been a gradual increase in the isolation of P. aeruginosa and the other 
pseudomonas species over the years8,9. The cause of this increases could be 
linked to patients' common activities, such as summer camps, as well as to the 
use of selective media for isolation10,11. In our study we did not detect P. cepacia 
in any culture despite selective media. The fact that such activities are rare in 
Turkey may explain the lack of P. cepacia in our CF patients.

Staphylococcus aureus was reported to be the most commonly isolated 
microorganism in the early years of CF. In the 1962 study by lacoca et al.6 in 
which they evaluated the sputum cultures of 34 CF children. S. aureus was isolated 
in 85 percent of cultures. On the other hand, in the study by Mearns et al.12 it 
was shown that S. aureus infections were decreasing gradually over the years.

Haemophilus influenzae is an important microorganism that is particularly common 
in CF patients. Corey et al.9 showed that the role of H. influenzae infections is 
gradually increasing in CF patients. In the literature, the incidence of H. influenzae 
infections in CF patients has been described as 10 to 20 percent6,7,13,14; the 
same incidence was noted in our patients. Two H. influenzae strains which were 
isolated in control periods were serotype b, but no serotype b isolate was detected 
during smptomatic periods.

It has recently been proposed that E. coli strains forming mucoidal colonies play 
a role in lower respiratory tract infections of CF patients15. In the same study 
E. coli ranked fourth and third in symptomatic and control periods, respectively. 
The isolation rate for Klebsiella pneumoniae was eight percent in symptomatic 
periods, and 14 percent in control periods. In the study by Bauernfeind et al.14, 
however, E. coli and K. pneumoniae were isolated in 0.9 and 0.4 percent of 
cases, respectively. These percentages were much lower than our findings.

Streptococcus pneumoniae was detected in seven percent of cultures taken in 
symptomatic periods, and 12 percent in control periods. This high rate may be
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related to the use of oropharyngeal cultures in the current study. Although S. 
pneumoniae has not frequently been detected in the suputum cultures of CF 
patients. It was detected in 11.8 percent of the specimens in our study, similar 
to the findings of Bauernfeind et al.14. Beta-hemolytic streptococcus was also 
isolated frequently, especially during smyptomatic periods. In this study, although 
P. aeruginosa, S. aureus, H. influenzae and E. coli infections were seen in all 
age-groups. K. pneumoniae was generally seen in the first six months of life. 
Some reports regarding serum antibacterial precipitins have shown that S. aureus 
precipitins were gradually increasing. P. aeruginosa precipitins which were high 
in young age-groups were gradually decreasing and H. influenzae precipitins 
were increasing with age16. Mearns et al.12 reported that P. aeruginosa precipitins 
were high in all age-groups and S. aureus and H. influenzae precipitins were 
low in young children but gradually incerased with age.

H. influenzae was observed to be the microorganism most commonly isolated 
together with other bacteria in the specimens.

The standard regimens of treatment for P. aeruginosa in CF patients have 
previously consisted of a combination of a antipseudomonal penicillin and an 
aminoglycoside. However, increasing resistance to antipseudomonal penicillins 
and adverse drug reactions to aminoglycosides have created the need for other 
treatment regimens. Ceftazidime or imipenem plus aminoglycosides have been 
recommended as new antibiotic regimens for P. aeruginosa infections in CF 
patients17’24. Aminoglycosides are known to be very effective in CF patients25,26, 
and in our study a high susceptibility to amikacin (100%) was detected in all 
of the P. aeruginosa isolates in in-vitro conditions. Ciprofloxacin, which has gained 
importance because of its oral antipseudomonal effect27,28, was used in only six 
patients considering their young age, and the P. aeruginosa strains isolated from 
these patients were found to be susceptible to ciprofloxacin (100%). In-vitro 
response to ceftazidime was also high (94%). Aztreonam seems to be a valid 
antibiotic, as the results showed 55 percent susceptibility and 20 percent 
moderate susceptibility. In-vitro resistance was detected in most of the 
P. aeruginosa strains against ceftriaxone, trimethoprim-sulfamethoxazole, 
chloramphenicol, cefuroxime and cefoxitin.

In S. aureus infections high susceptibility rates were detected to cefuroxime, 
ceftriaxone, amikacin, chloramphenicol and erythromycin. Ampicillin resistance 
was found in 95 percent of the S. aureus isolates.

Haemophilus influenzae was found susceptible in in-vitro conditions to ampicillin­
sulbactam, amoxicillin-clavulanate, aztreonam, cefuroxime, ceftriaxone and 
ceftazidime. On the other hand, susceptibility to ampicillin, which is recommended 
in classical H. influenzae treatment, was determined to be only 46 percent. It
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is known that H. influenzae resistance to ampicillin has gradually increased in 
recent years29,30. One might think that the widespread use of ampicillin in our 
country would play an important role in these results. Trimethoprim­
sulfamethoxazole and chloramphenicol were other recommended antibiotics in 
the classical treatment of H. influenzae infections, and susceptibilities to these 
two agents were 75 and 85 percent respectively.

In the current study, high in-vitro susceptibility was found to amikacin and aztreonam 
in K. pneumoniae and to amikacin, aztreonam and ceftriaxone in E. coli.

Although advanced microbiological methods were not used in this study, it is 
the first on this subject in Turkey, and the results were similar to those obtained 
from studies in Europe and North America.

P. aeruginosa was the most commonly isolated microorganism, especially in 
symptomatic periods. S. aureus infections are still important for CF children in 
our country, and P. cepacia is not. The in-vitro antibiotic susceptibility results 
obtained in our study were not significantly different from those of similar studies 
in the literature.
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