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Impact of the BACTEC NR System in Detecting Candida Fungemia
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As a result of the growing importance of candidemia, various techniques for the detection of Candida spp.

in blood have been designed with a view to speeding up the laboratory procedure. We have performed a

retrospective comparison of the efficiencies of the conventional VACUTAINER system (Becton Dickinson

Vacutainer Systems) and the BACTEC NR system (Johnston Laboratories, Inc.). During a 4-year period,

88,300 blood cultures were processed, with growth of Candida species in 552. The mean times required for the

detection of growth were 7.55 days with the VACUTAINER system and 4.1 days with the BACTEC NR system

(P < 0.05). During the first week of incubation, the VACUTAINER system detected 56.1% of the candidemias

and the BACTEC NR detected 93.6% (P < 0.05). Use of the BACTEC NR therefore permits reduction of the

incubation period from the previously established 4 weeks to a more convenient 7 to 14 days.

Candida fungemia, a growing nosocomial problem (20,
22), is frequently the only evidence of systemic candidiasis.
The detection of candidemia by conventional blood culture
procedures (nonautomated monophasic systems) is, how-
ever, rather slow and requires prolonged incubation periods
(14, 24). More specific blood culture techniques, designed to
reduce these delays, involve the introduction of special
media (2, 3, 7, 16, 27), the alteration of well-established work
routines (6, 10-12, 18, 19, 26), or the application of lysis-
centrifugation, with its well-known time-consuming proce-

dure (1, 4, 5, 17).
The detection of Candida spp. in blood cultures by the

radiometric system (BACTEC R) has been shown to be
superior to the conventional methods with regard to produc-
tivity and shorter times of detection of positive bottles (13,
21, 25). With the introduction of the nonradiometric system
(BACTEC NR) into many laboratories (9, 15) and the
increasing importance of candidemia in recent years, an

assessment of this method has become necessary.
We compared retrospectively the efficiency of the

BACTEC NR system in the recovery of Candida spp. with
that of the conventional method previously used (VACUTA
INER).
The method selected for comparison of the two systems

was a retrospective review of the data obtained simulta-
neously from the microbiology laboratories of two large
teaching hospitals in Madrid, Spain (Hospital Universitario
de San Carlos and the Hospital General Gregorio Marafién)
performed between 1 October 1984 and 31 December 1987.
Until the first quarter of 1986, the VACUTAINER blood
culture system (Becton Dickinson Vacutainer Systems) was

used in both hospitals. This was then substituted by the
BACTEC NR system (Johnston Laboratories, Inc.). In both
hospitals, the processing of blood cultures with the VACU-
TAINER system was carried out by standard methods,
employing the acridine orange stain for confirmation of
suspicion of growth, and with the corresponding subcultures
at 7 days of incubation. Blood cultures were processed by
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the BACTEC system according to the instructions of the
manufacturer. In all cases with clinical suspicion of en-

docarditis, fungemia, or brucellosis, blood cultures were

maintained for a month. Subcultures (VACUTAINER) or

automated readings (BACTEC) were performed at weekly
intervals. With the BACTEC system, if the reading showed
no indication of growth (less than 30 U), subculturing after
incubation was not performed. The identification of Candida
spp. at both generic and species levels was carried out
according to conventional methods (8).

In cases in which the blood cultures were positive for
Candida sp., a preestablished protocol was completed,
including the name of the patient, the lapse of time before
detection of growth, the type of bottle (vented or not), the
Candida species isolated, and the type of blood culture
technique employed.

Statistical comparison was done by using the chi-square
test. The Student t test was used to compare quantitative
variables whenever necessary. Statistical significance was

considered to exist when the P value was <0.05.
During the study period a total of 88,330 blood cultures

were processed, with growth of Candida species in 552
(0.6%), from 126 patients who presented with 137 episodes
of candidemia. Since no significant difference was found
between the two hospitals, all comments will refer to both,
without distinction.
Candida albicans was identified in 284 bottles in a mean

time of 5.25 3.85 days, while the remaining 268 Candida
isolates were detected in a mean time of 6.77 + 3.83 days (P
< 0.05). Table 1 shows the more noteworthy results. With
the VACUTAINER system, the mean time required for the
detection of growth was 7.55 4.06 days (95% confidence
interval, 7.10 to 8), while with the BACTEC NR system the
mean time was 4.1 2.66 days (95% confidence interval,
3.78 to 4.42) (P < 0.05).
During the first week of incubation, the VACUTAINER

and BACTEC NR systems detected positivity in 56.1 and

93.6% (P < 0.05), respectively, of the blood cultures show-

ing growth of Candida spp. The different Candida species
identified and the respective mean times of their detection
are shown in Table 2.
During recent years many varieties of blood culture sys-

tems have been introduced to improve the rate of recovery
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TABLE 1. Correlation between VACUTAINER and
BACTEC NR results

Results obtained with:
Characteristic

VACUTAINER BACTEC NR

No. (%) of blood cultures
Total 38,593 49,737
Positive for Candida 303 (0.78) 249 (0.5)

species
Mean time (days) of

growth + SD
All Candida species 7.55 ± 4.06 4.1 ± 2.66"
C. albicans 7.17 ± 4.47 4.0 ± 2.91"l
Other Candida species 7.47 ± 3.97 4.1 ± 1.50"

% Detected within:
7 days 56.1 93.6a
14 days 96.3 99.6b

Vented/nonvented bottles 293/10 248/1"
No. (%) positive for:

C. albicans 92 (30) 192 (77)"
Other Candida species 211 (70) 57 (23)"

"P < 0.05.
b No significant differences.

of fungi from blood (23). Some of these, based on conven-
tional systems, have the disadvantage of requiring separate
incubation and examination routines when candidemia is
suspected, thus increasing the workload in busy laboratories
(2, 3, 6, 7, 10, 12, 16, 18, 19, 26, 27). Others, such as those
based on lysis-centrifugation, are time-consuming and have
a high index of contamination (1, 4, 5, 17).
The introduction of the radiometric detection procedure

(BACTEC R) has permitted the establishment of a mecha-
nized routine which has demonstrated greater sensitivity in
the detection of candidemia than that displayed by conven-
tional systems (13, 21, 25). The radiometric system, never-
theless, has the drawbacks inherent in the handling of
radioactive materials.
The new, automated, nonradiometric BACTEC system

(BACTEC NR) is a very convenient and reliable procedure
for the detection of bacteremia (9, 15), but, to our knowl-
edge, no information regarding its efficiency in the diagnosis
of candidemia is available. Our data show a significant
reduction in the time required for the detection of candi-
demia, to a mean period of 4.1 days, with 93.6% of all

TABLE 2. Correlation between Candida or Torulopsis species
and mean times of growth

VACUTAINER BACTEC

Species No. of Mean time No fMean time
(days) of No (days) of

isolates growth ± SD isolates (days) ofS
Candida albicans 92 7.17 ± 4.27 192 4.08 ± 2.92
Candida tropicalis 55 8.16 ± 4.73 20 3.85 ± 1.31
Candida parapsilosis 45 7.20 ± 5.01 18 4.67 ± 2.06
Torulopsis glabrata 36 7.65 ± 3.46 8 4.12 ± 0.35
Candida rugosa il 6.82 ± 3.16
Candida krusei 3 5.00 ± 0.00 3 4.00 ± 0.00
Candida stellatoidea 3 6.33 ± 2.31
Torulopsis candida 3 3.00 ± 0.00
Candida guilliermondii 3 5.00 ± 3.46
Candida lipolytica 2 12.5 ± 2.12
Candida pseudotropi- 2 6.00 ± 0.00

calis
Candida sp. 53 7.15 ± 2.44 3 3.67 ± 1.15

recognized candidemias detected by the end of the first week
of incubation. These figures show a significant improvement
over thosè obtained with the standard VACUTAINER sys-
tem (56.1% detection during the first 7 days of incubation
and a mean time of growth of 7.55 days). Although our study
did not include a comparison of costs, a disadvantage of the
BACTEC NR system seems to be the cost of materials,
which, in our country, is almost twice that of the VACU
TAINER system. Nevertheless, the saving in work hours
probably compensates for the cost.
Our study has shown significant differences between the

two systems in the detection of the diverse Candida species.
These differences may be due to a simultaneous change in
epidemiology in the two hospitals or, more probably, to
differences in the capacities of the two systems to detect
candidemia caused by the different species. Further compar-
ative studies of the two systems in parallel, with the same
group of patients, are required to clarify this point. Until
such studies are done, the apparent difference between the
two systems should be borne in mind.
According to our data, in cases of suspected candidemia,

the use of the BACTEC NR system permits the reduction of
the generally accepted period of blood culture incubation
from 4 weeks to a more convenient 7 to 14 days, with
considerable benefits to both patients and laboratory staff.

LITERATURE CITED
1. Bille, J., R. S. Edson, and G. D. Roberts. 1984. Clinical

evaluation of the lysis-centrifugation blood culture system for
the detection of fungemia and comparison with a conventional
biphasic broth blood culture system. J. Clin. Microbiol. 19:
126-128.

2. Bille, J., G. D. Roberts, and J. A. Washington Il. 1983. Retro-
spective comparison of three blood culture media for the
recovery of yeasts from clinical specimens. Eur. J. Clin. Micro-
biol. 2:22-25.

3. Bille, J., L. Stockman, and G. D. Roberts. 1982. Detection of
yeasts and filamentous fungi in blood cultures during a 10-year
period. J. Clin. Microbiol. 16:968-970.

4. Bille, J., L. Stockman, G. D. Roberts, C. D. Horstmeier, and
D. M. Ilstrup. 1983. Evaluation of a lysis-centrifugation system
for recovery of yeasts and filamentous fungi from blood. J. Clin.
Microbiol. 18:469-471.

5. Brannon, P., and T. E. Kiehn. 1985. Large-scale clinical com-
parison of the lysis-centrifugation systems for blood culture. J.
Clin. Microbiol. 22:951-954.

6. Braunstein, H., and M. Tomasulo. 1976. A quantitative study of
the growth of Candida albicans in vented and unvented blood
culture bottles. Am. J. Clin. Pathol. 66:87-90.

7. Caplan, L. M., and W. G. Merz. 1978. Evaluation of two
commercially prepared biphasic media for recovery of fungi
from blood. J. Clin. Microbiol. 8:469-470.

8. Cooper, B. H., and M. Silva-Hutner. 1985. Yeasts of medical
importance, p. 526-541. In E. H. Lennette, A. Balows, W. J.
Hausler, Jr., and H. J. Shadomy (ed.), Manual of clinical
microbiology, 4th ed. American Society for Microbiology,
Washington, D.C.

9. Courcol, R. J., A. Fruchart, M. Roussel-Delvallez, and G. R.
Martin. 1986. Routine evaluation of the nonradiometric
BACTEC NR 660 system. J. Clin. Microbiol. 24:26-29.

10. Cross, A. J., E. Haworth, and R. E. Spencer. 1986. A reevalu-
ation of the pour plate blood culture method for the detection of
Candida and other septicaemias. J. Hosp. Infect. 7:74-77.

11. Dorn, G. L., G. A. Land, and G. E. Wilson. 1979. Improved
blood culture technique based on centrifugation: clinical evalu-
ation. J. Clin. Microbiol. 9:391-396.

12. Gantz, N. M., J. L. Swain, A. A. Medeiros, and T. F. O'Brien.
1974. Vacuum blood culture bottles inhibiting growth of Can-
dida and fostering growth of Bacteroides. Lancet ii:1174-1176.

13. Hopfer, R. L., A. Orengo, S. Chesnut, and M. Wenglar. 1980.

J. CLIN. MICROBIOL.



NOTES 641

Radiometric detection of yeast in blood cultures of cancer

patients. J. Clin. Microbiol. 12:329-331.
14. Horn, R., B. Wong, and T. E. Kiehn. 1985. Fungemia in a cancer

hospital: changing frequency, earlier onset and results of ther-
apy. Rev. Infect. Dis. 7:646-655.

15. Jungkind, D., J. Millan, S. Allen, J. Dyke, and E. Hill. 1986.
Clinical comparison of a new automated infrared blood culture
system with the BACTEC 460 system. J. Clin. Microbiol.
23:262-266.

16. Kiehn, T. E., C. Capitolo, J. B. Mayo, and D. Armstrong. 1981.
Comparative recovery of fungi from biphasic and conventional
blood culture media. J. Clin. Microbiol. 14:681-683.

17. Kiehn, T. E., B. Wong, F. F. Edwards, and D. Armstrong. 1983.
Comparative recovery of bacteria and yeasts from lysis-centrif-
ugation and a conventional blood culture system. J. Clin.
Microbiol. 18:300-304.

18. Kojnorowski, R. A., and S. Farmer. 1973. Rapid detection of
candidemia. Am. J. Clin. Pathol. 59:56-61.

19. Land, G. A., G. L. Dorn, W. H. Fleming, T. A. Beadies, and
J. H. Foxworth. 1978. Isolation and rapid identification of yeasts
from compromised hosts. Mycopathologia 65:123-131.

20. Myerowitz, R. L., G. J. Pazin, and C. M. Allen. 1977. Dissem-

inated candidiasis: changes in incidence, underlying diseases,
and pathology. Am. J. Med. 68:29-38.

21. Prevost, E., and E. Bannister. 1981. Detection of yeast septice-
mia by biphasic and radiometric methods. J. Clin. Microbiol.
13:655-660.

22. Reingold, A. L., X. D. Lu, B. D. Plikaytis, and L. Ajello. 1986.
Systemic mycosis in the United States, 1980-1982. J. Med. Vet.
Mycol. 24:433-436.

23. Reller, L. B. 1983. Recent and innovative methods for detection
of bacteremia and fungemia. Am. J. Med. 75(Suppl. 1B):26-30.

24. Reller, L. B., P. R. Murray, and J. D. MacLowry. 1982.
Cumitech 1A, Blood cultures II. Coordinating ed., J. A. Wash-
ington Il. American Society for Microbiology, Washington,
D.C.

25. Renner, E. D., L. A. Gatheridge, and J. A. Washington Il. 1973.
Evaluation of radiometric system for detecting bacteremia.
Apple. Microbiol. 26:368-372.

26. Roberts, G. D., C. Horstmeier, M. Hall, and J. A. Washington
IH. 1975. Recovery of yeasts from vented blood culture bottles.
J. Clin. Microbiol. 2:18-20.

27. Roberts, G. D., and J. A. Washington Il. 1975. Detection of
fungi from blood cultures. J. Clin. Microbiol. 1:309-310.

VOL. 28, 1990


