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Low-colony-number counts on solid media are considered characteristic of cross-contamination, al-
though they are normally observed in true-positive cultures from some groups of patients. The aim of this
study was to evaluate low-yield growth cultures as a microbiological marker for cross-contamination. We
evaluated 106 cultures with <15 colonies from 94 patients, and the proportions of false-positive cultures
were 0.9% per sample and 1.1% per patient, which indicates that low-yield growth is not a reliable marker
of cross-contamination.

Isolation and identification of Mycobacterium tuberculosis
from clinical specimens remain the definitive methods for di-
agnosing tuberculosis (TB). Occasionally, false-positive cul-
tures occur due to contaminated clinical equipment, clerical
errors, or cross-contamination of specimens (1, 3, 11, 14, 16).
Indications of cross-contamination include culture results in-
consistent with the patient’s clinical course, unexpected drug
resistance, single culture-positive specimens, and solid-me-
dium cultures with low-colony-number counts (4). A single
positive culture is the most commonly reported indicator of
false positivity. When molecular-strain-typing methods were
used to investigate the source of single positive cultures, out-
breaks of laboratory cross-contamination that had been unrec-
ognized by clinicians or laboratory personnel were identified
(7, 11). Drug treatment trials usually consider cultures yielding
�10 colonies negative to avoid false-positive culture results.
However, in cultures of specimens from some patients having
active TB but minimal radiographic disease, having human
immunodeficiency virus coinfection, or already receiving anti-TB
treatment, growth of few colonies is normally observed (5, 8,
12). No studies have systematically evaluated the predictive
value of low-colony-number counts of M. tuberculosis on solid
media as a microbiological indicator (4).

This study was conducted in the mycobacteriology labora-
tory of a large urban teaching hospital in Brazil, where about
30 specimens are processed daily and the M. tuberculosis pos-
itivity rate is 8%. From January 2003 to January 2005, 12,984
respiratory samples from 8,656 patients suspected of having
TB were received. M. tuberculosis was isolated from 2,399
(18.5%) specimens obtained from 2,141 patients. Isolates from

smear-negative, low-colony-number (�15 colonies) cultures
with corresponding clinical information were included in the
study; 106 isolates from 94 patients met these criteria. Quan-
tification of growth and identification of isolates were done
according to standard procedures (6, 9). To investigate cross-
contamination episodes, the DNA fingerprint patterns of the
106 isolates were compared to those of positive specimens
processed on the same day, resulting in the analysis of 279
isolates processed on 92 days.

The rapid PCR-based epidemiological typing (RAPET)
method was used to screen 279 isolates. The PCR mixture
contained 20 mM Tris-HCl (pH 8,4), 50 mM KCl, 2.5 mM
MgCl2, 0.2 mM of each deoxynucleoside triphosphate, 40 pmol
of the primer, and 1 U of Taq polymerase; the PCR primers
and cycling conditions were as described by Yates et al. (17).
PCR mixtures showing similar patterns were digested with
HaeIII. Isolates that had similar RAPET patterns were sub-
jected to restriction fragment length polymorphism (RFLP)
analysis with IS6110, using a standardized method (15). Iso-
lates were considered identical when they had matching
RAPET fingerprint patterns which were confirmed by RFLP
analysis. When an isolate from a low-growth-rate culture had
the same fingerprint pattern as an isolate from a culture pro-
cessed on the same day, the low-growth-rate culture was con-
sidered to be cross-contaminated, especially when the patient
had no clinical indication of active TB and no epidemiological
link with the presumed source of M. tuberculosis. When there
were no isolates with matching fingerprint patterns and the
patient had a clinical course consistent with active TB, the
culture was considered to be a true positive.

To investigate cross-contamination episodes, the RAPET
PCR patterns from each of the isolates included in the study
were compared to the RAPET PCR patterns of all culture-
positive specimens processed concurrently. After RAPET, 16
isolates showed a molecular pattern similar to that of a true-
positive specimen processed in the same batch. These isolates
were subjected to the RAPET restriction enzyme analysis and
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RFLP analysis. After RAPET restriction analysis, only two of
the isolates had patterns identical to that of a true-positive
specimen (Fig. 1). Subsequently, RFLP analysis showed that
the fingerprint patterns of each of the pairs were indistinguish-
able (Fig. 2). Thus, molecular results suggested the occurrence
of two cross-contamination episodes.

Next, demographic and clinical data for the paired patients
were reviewed. The patients were not epidemiologically linked.
Medical records showed that patients 1 and 2 had clinical
courses consistent with active TB (Table 1). The second pair

was assessed to involve a cross-contamination episode between
patients 3 and 4, as patient 3 had been treated for TB for 2
years at the time the specimen was collected, whereas patient
4 had a clinical course inconsistent with active TB, had no
other positive smears or cultures, and was not reported as a TB
case by the responsible clinician.

Thus, out of the 106 M. tuberculosis isolates from cultures
growing �15 colonies, only 1 (0.9%) was considered a false
positive, which corresponds to 1.1% (1/94) of the patients.
Considering the time intervals when specimens were collected,
the cross-contamination rates were 1.2% for diagnostic and
0% for follow-up cultures. The lack of false-positive results for
patients receiving anti-TB drugs confirms the importance of
low-growth-rate culture results in the evaluation and classifi-
cation of a patient’s response to TB treatment.

Our results differ from those of MacGregor et al., who eval-
uated 36 cultures, yielding �5 colonies from 31 patients, and
observed a cross-contamination rate of 33% (10). However, in
this study, only clinical and radiological data were used for final
assessment of true- and false-positive cases of TB, as molecu-
lar-typing techniques were unavailable. The association be-
tween low-colony-number counts and cross-contamination
events, first mentioned by MacGregor et al., has been accepted
for decades. Others have reported that low-growth-rate cul-
tures were associated with false positivity; however, these stud-
ies did not prospectively investigate the validity of this associ-
ation (1, 5, 13).

Although false-positive cultures are more likely to have few
colonies on solid media, the opposite was not true in our study.
Braden et al. reached a similar conclusion in their evaluation of
the number of colonies observed in cultures from 15 TB pa-
tients (3). Five or more colonies were discriminatory for those
cultures considered unlikely cross-contaminated, compared
with those considered cross-contaminated; however, a lower
colony number was not discriminatory for the two groups.
Bhattacharya et al. reported that, although the two episodes of
cross-contamination detected in their laboratory showed
growth with five or fewer colonies, the same was observed for
16 (30%) specimens from 54 patients with culture-confirmed
TB (2).

Although the growth of few colonies of M. tuberculosis on
solid media is commonly attributed to cross-contamination,
our findings suggest that, even for a single specimen, this result

FIG. 1. Comparison of RAPET patterns of M. tuberculosis isolates from suspected false-positive cultures and isolates from cultures processed
on the same day. Patterns generated by HaeIII digestion of PCR products are shown.

FIG. 2. IS6110 RFLP patterns from M. tuberculosis isolates that
showed similar patterns of PCR products after the first step of RAPET
analysis. The rectangles represent the two possible cross-contaminated
cultures.
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should not be considered indicative of a false-positive culture.
Such results must be carefully considered in the context of the
clinical and epidemiologic information and strain genotyping
performed when these data are unclear.
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TABLE 1. Clinical and laboratory characteristics of patients whose M. tuberculosis cultures were suspected to be false positive and patients
with isolates matching those of another patient whose specimen was processed on the same day

Patient Isolate
no. Status of specimen Smear result

No. of M.
tuberculosis
colonies on

Ogawa

Clinical signs and symptoms Panel decision Final
diagnosis

1 8a Follow-up (mo 1) Negative 0a 40-Yr-old man with chest pain, wt loss,
adynamia, and fever; chest radiograph
showed two right lung zones involved

TB TB

2 8 Initial Negative 2 27-Yr-old woman with productive cough
for 30 days, household contact; chest
radiograph was normal

TB TB

3 10 Follow-up (yr 4) 3� positive 20 39-Yr-old woman with multi-resistant TB,
nonproductive cough; chest radiograph
suggested active disease

TB TB

4 10a Initial Negative 10 79-Yr-old woman, household contact, no
clinical signs of active TB disease

Cross-contamination Not TB

a Positive in Bactec 12B.
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