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Laboratory cross-contamination by Mycobacterium tuberculosis is known to be responsible for the misdiag-
nosis of tuberculosis, but its impact on other contexts has not been analyzed. We present the findings of a
molecular epidemiology analysis in which the recent transmission events identified by a genotyping reference
center were overestimated as a result of unnoticed laboratory cross-contamination in the original diagnostic
laboratories.

The phenomenon of misdiagnosing tuberculosis by labora-
tory cross-contamination when Mycobacterium tuberculosis is
cultured has been widely reported (3, 4–8, 10, 11). The pro-
duction of aerosolized particles after the processing of smear-
positive specimens, cultures positive for M. tuberculosis, or
positive control strains may be responsible for the inoculation
of other specimens processed on the same day or of reagents
used for the decontamination of specimens (5). False positivity
is suspected (i) if M. tuberculosis is cultured from a sample
processed together with a smear-positive specimen, (ii) if M.
tuberculosis is cultured from only one of the cultures in the set
(usually with a low yield of bacteria), and (iii) if the clinician is
considering an alternative diagnosis, that is, a diagnosis other
than tuberculosis (TB). Suspicion of false positivity is increased
when two or more of these conditions are met. Finally, if
molecular analysis is available, cross-contamination is con-
firmed when the strains cultured from both truly infected and
contaminated specimens share the same genotypic pattern and
no epidemiological links can be found between the cases. Sev-
eral studies, some of which are based on molecular analysis,
have estimated that the rate of laboratory cross-contamination
for M. tuberculosis ranges from 0.1% to 3%, although massive
contamination has caused up to 65% of false-positive cases (11).

False-positive results for tuberculosis have been a matter of
concern because of the clinical, therapeutic, and social impacts
of the misdiagnosis of tuberculosis. The economic load asso-
ciated with each misdiagnosed case of tuberculosis has been
estimated to be $32,618 (9). However, another area on which
false positivity has an impact but which has received little
attention is the misidentification of recent transmission events

by molecular epidemiology studies. Molecular epidemiology is
based on the analysis of the genotypes of cultured M. tubercu-
losis isolates to identify cases infected by the same M. tubercu-
losis strain. These cases are defined as clustered and are con-
sidered to be caused by recent transmission events and to
belong to the same transmission chain. If an analysis to deter-
mine the existence of potential false-positive cases is not per-
formed before molecular analysis, as a quality control of mi-
crobiological procedures, there is a risk of misassigning
clustered cases. This refined preanalysis is not usually per-
formed because molecular epidemiology studies are generally
run by laboratories which are different from those which cul-
ture M. tuberculosis from clinical specimens. Therefore, the
genotyping laboratory lacks the data on which the suspicion of
cross-contamination is based (smear-staining features of the
specimens handled on the same day, the number of positive
tubes for each patient, the bacterial yield in the culture, the
degree of clinical suspicion, etc).

Our aim was to evaluate the possibility that the molecular
analysis performed by reference centers could be overestimat-
ing recent transmission if communication with the diagnostic
laboratory is poor. Our proposal was to reanalyze all finger-
printing data using laboratory observations to identify false-
positive cases. Therefore, we performed a preanalysis before
the initiation of a long-term molecular epidemiology study in
Almerı́a, which is in southeastern Spain. This study runs from
2005 to 2007 and aims to analyze the M. tuberculosis transmis-
sion patterns in a region of Spain where the incidence is 27.6
per 100,000 population/year and where the rate of tuberculosis
in the immigrant population is very high (45% [143/316] of the
cases in 2003 and 2004). The local reference mycobacteriology
laboratory processed an average of 21 specimens per day (7%
were acid-fast bacillus smear positive, and 54% were from
other laboratories) and identified an average of 116 new cases
per year. Since there are no facilities for molecular epidemi-
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ology studies in Almerı́a, the M. tuberculosis isolates cultured
from the three health care institutions in the province were
sent to our institution (Hospital Gregorio Marañón, Madrid,
Spain) for genotyping. During the pilot study (January 2003 to
September 2004), 180 TB cases were diagnosed and 154 iso-
lates (85.5%) were available for genotyping by IS6110-based
restriction fragment length polymorphism analysis and spoli-
gotyping. Sixty-nine cases (44.8%) were grouped in 20 clusters
(each with from 2 to 10 representatives) (Fig. 1). Three clusters
included only immigrant cases, 4 clusters were autochthonous,
and the remaining 13 clusters (65%) included both immigrant
and autochthonous cases (mixed clusters) (Fig. 1).

The results of the molecular analysis in the preanalytical
study were sent to the diagnostic laboratories in Almerı́a for
reanalysis of all clustered cases to identify cases incorrectly
clustered because of false positivity. That analysis revealed that
in 13 clusters (65%), at least one case was suspected of being
false positive due to laboratory cross-contamination (Fig. 1 and
2). This observation was supported by the finding of a close
chronological proximity between the handling of the corre-
sponding specimens with M. tuberculosis isolates sharing iden-
tical genotypes, and all fulfilled the criteria for consideration as
a false-positive case (the specimen was coprocessed with a
smear-positive specimen, M. tuberculosis grew from only one of
the cultures in the set, and the clinician considered a diagnosis
other than tuberculosis). An extensive false cluster (cluster 1)
was caused by massive contamination affecting 10 cases. The
clinicians confirmed that an alternative diagnosis was possible

for all the suspected false-positive cases. Furthermore, the
epidemiological study ruled out any connection between the
case and its cluster companions. When the cluster analysis was
purged of the false-positive cases, the number of clustered
cases fell from 69 to 32 (from 44.8 to 20.7%) and the number
of clusters fell from 20 to 11 (Fig. 1 and 2). Most of these
eliminated clusters included foreign and autochthonous cases
(mixed clusters, which are potential indicators of cross-trans-
mission between both populations) (Table 1; Fig. 1). In sum-
mary, if the pilot study had not been performed, the recent
transmission patterns obtained in Almerı́a would not have re-
flected the real ongoing transmission, due to a high rate of
unnoticed laboratory cross-transmission.

The frequency of false-positive cultures has been calculated
to be higher for laboratories that do not process high numbers
of specimens (4). It is also easier for them to detect these cases
because of the low probability of having two positive specimens
close in time. However, some reports (2) state that in high-
incidence settings, several positive samples are frequently
found in 1 day. This also happens in Almerı́a, especially with
cases from the Poniente region (48% of all cases in Almerı́a),
thus making it difficult to suspect false positivity. In this case,
the laboratory cross-contamination alert was activated only
after the molecular pilot study. On the other hand, if the
molecular genotyping center (which was blinded to the labo-
ratory features related to the handling of specimens and cul-
tures) had not requested a retrospective reanalysis of the clus-
tered cases, (i) the recent transmission would have been

FIG. 1. Dendrogram with all the clustered cases found in the study before and after the identification of the false-positive cases. The eliminated
clusters and cases after documentation of false-positive cross-contaminations are indicated. I, international (clusters that included only foreign
cases); M, mixed (clusters that included both Spanish and foreign cases); S; Spanish born (clusters that included only autochthonous cases).
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overestimated, (ii) several false clusters would have been de-
fined, and (iii) the rate of cross-transmission between individ-
uals of different nationalities and between foreigners and the
autochthonous population would have been miscalculated. In
conclusion, all the objectives of the molecular epidemiology
analysis would have been misinterpreted.

Recommendations for the minimization of laboratory cross-
contamination have been made. These include separation of
the locations for the handling of stain-positive and -negative
specimens and the use of independent cabinets when work is

performed with positive cultures and specimens (1, 2). These
findings led the microbiology laboratory in Almerı́a to activate
a system to minimize cross-contamination, including the acti-
vation of the previously indicated recommendations (1, 2, 12),
and to precisely track the days on which the specimens were
handled and the time when common reagents were used. An
alert was activated when two or more positive cultures corre-
sponded to specimens handled over a 3-day period, and urgent
genotyping was requested to quickly identify potential cross-
contamination and to rule out the inclusion of false-positive
cases in the molecular epidemiology analysis.

This refinement before the initiation of the molecular anal-
ysis ensured that in the epidemiological research in Almerı́a,
the clusters defined at the end of the study will reflect the real
situation of ongoing transmission. This kind of pilot study
should be performed before molecular analysis of recent trans-
mission in order to guarantee the rigor of the findings.

We are indebted to Thomas O’Boyle for revision of the English of
the manuscript.
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FIG. 2. Distribution of clustered cases according to their true-pos-
itive (TP) or false-positive (FP) status. The cluster caused by a massive
cross-contamination (cross c.) event is specified.

TABLE 1. Nationalities of the clustered cases

Cluster no. Country(ies)

1..........................................Morocco, Spain, Chile, United Kingdom
2..........................................Russia, Spain
3..........................................Romania, Spain
4..........................................Bulgaria, Spain
5..........................................Ecuador, Spain
6..........................................Morocco, The Gambia
7..........................................Romania, Morocco
8..........................................Morocco, Spain
9..........................................Spain
10........................................Ecuador, Spain, Colombia
11........................................Morocco
12........................................Spain
13........................................Spain
14........................................Romania, Spain
15........................................Morocco, Spain
16........................................Romania, Spain
17........................................Morocco, Ecuador, Spain
18........................................Spain
19........................................Mali, Morocco, Spain
20........................................Germany, Spain
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