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ABSTRACT

Setting: A laboratory cross-contamination event was suspected because Mycobacterium tuberculosis was
unexpectedly detected at a high incidence in the cultures of several clinical specimens at the National
Hospital Organization, Tokyo National Hospital, Japan.
Objective: To describe a case of Mycobacterium tuberculosis laboratory cross-contamination.
Design: We reviewed the medical records of 20 patients whose clinical specimens were suspected to
have been contaminated by Mycobacterium tuberculosis. Variable number of tandem repeat analysis with
15 loci, the Japan Anti-Tuberculosis Association-12, and three additional hyper-variable loci, was per-
formed to identify the cross-contamination event.
Results: The clinical, laboratory, and variable number of tandem repeat data revealed that the cross-
contamination had possibly originated from one strongly positive specimen, resulting in false-positive
results in 11 other specimens, including a case treated with anti-tuberculosis drugs.
Conclusion: Clinical and laboratory data must be re-evaluated when cross-contamination is suspected
and variable number of tandem repeat analysis should be used to confirm cross-contamination.
Furthermore, original isolates should be stored appropriately, without sub-culturing and genotyping
should be performed at the earliest possible for better utilization of variable number of tandem repeat
for the identification of cross-contamination.

© 2019 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
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Isolation of Mycobacterium tuberculosis (MTB) is necessary for a
definite diagnosis of active tuberculosis. However, laboratory cross-
contamination is relatively common and the false-positive rate of
MTB cultures has been reported to be as high as 2—4% [1—8], mainly
during batch processing of large numbers of specimens containing
one smear-positive sample [5—8]. Therefore, the possibility of a
false-positive result should always be considered when the clinical
manifestations do not match the disease. When cross-
contamination is suspected, it is important to immediately
confirm the event. However, the identification of cross-
contamination is not a simple matter, especially in ordinary clin-
ical laboratories.
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Genotyping is useful for identifying cross-contamination [1—13].
One such method, variable number of tandem repeat (VNTR), is
reported to be highly reproducible and discriminative, similar to
IS6110 restriction fragment length polymorphism (RFLP) [9—11].
VNTR analyzes the size of several mini-satellite loci in the MTB
genome using the polymerase chain reaction (PCR) and nucleic acid
electrophoresis system without the need for highly complicated
techniques [12—14] or high amounts of DNA, as required for RFLP
[15]. VNTR analysis is often used for the identification of MTB cross-
contamination [4,7,15—17].

A laboratory cross-contamination event was suspected on
February 3rd, 2016, at the National Hospital Organization (NHO),
Tokyo National Hospital, which is a tertiary hospital for tubercu-
losis, because MTB was unexpectedly detected in the cultures of
several specimens; humidifier water obtained from the house of a
patient with hypersensitivity pneumonia, as well as sputa from
patients with bronchial asthma, aspiration pneumonia, and bron-
chiectasis. During a single day, MTB was detected in 20 of 45
(44.4%) specimens of acid-fast bacillus (AFB) cultures, representing
83.3% (20/24) of isolated mycobacteria. The mycobacterial labora-
tory at the hospital processes approximately 11,000 to 12,000 AFB
specimens by culture examination each year, of which approxi-
mately 9—11% are positive for mycobacteria and approximately
35—40% of the isolates in these positive cultures are MTB. This
article reports a case of Mycobacterium tuberculosis laboratory
cross-contamination.

2. Materials and methods
2.1. Clinical data

The medical records of 20 patients with positive MTB cultures
from the time of the possible cross-contamination event were
retrospectively reviewed. We analyzed the clinical course/mani-
festation and the laboratory data including specimen type, smear
results, and interferon-gamma release assay. “No.” was used to
designate patient number. The Institutional Review Board of NHO
Tokyo National Hospital (approval date: May 30", 2018; approval
number: 180,015) approved this retrospective study and there was
no requirement for written informed consent.

2.2. Bacteriological procedures

Forty-five clinical specimens, including sputum, gastric aspirate
and fecal specimens, pleural effusions, and humidifier water, were
handled in a single bio-safety cabinet on the day. A maximum of 20
specimens were simultaneously processed. For the sputum and
gastric aspirate specimens, a pre-treatment procedure with a semi-
alkaline protease (Sputazyme, Kyokuto Pharmaceuticals, Tokyo,
Japan) [18] was performed. The fecal specimens were suspended
and vortexed in sterile distilled water and the supernatant was then
used for further examination. All specimens were further decon-
taminated using N-acetyl-L-cysteine-sodium hydroxide (NALC-
NaOH), followed by neutralization with phosphate buffer (PB, pH
6.8) and centrifugation (3000 g, 15 min at 4 °C). Next, the sediments
were re-suspended at a 5:1 PB:sediment ratio and used to inoculate
liquid medium (mycobacterium growth indicator tube; MGIT,
Becton Dickinson, Sparks, MD, USA) or solid medium (2% Ogawa
medium) for culturing at 37 °C for 6—8 weeks, respectively.

2.3. Mycobacterium tuberculosis isolates
In total, 24 MTB isolates were collected and examined. Nineteen

MTB isolates were collected from sputum, pleural effusion, feces,
and humidifier water specimens from patients treated during a

single day. Unfortunately, one MTB isolate obtained from patient
No. 19 became unculturable prior to VNTR analysis. Additional
isolates were collected on the following days from three tubercu-
losis patients (No. 8, 10, and 11) to assess whether the VNTR profiles
matched those obtained on the day of the possible cross-
contamination event. MTB isolates could not be collected from
tuberculosis patient No. 12 during the following days. The
remaining two isolates were collected the next day to assess
possible extended cross-contamination. The specimens were
grown on 2% Ogawa medium and sub-cultured twice for 1.5 years
until VNTR analysis. “#” was used to designate specimen number.

2.4. DNA preparation

One loopful of cells (approximately 10 pL) harvested from
cultured colonies grown on 2% Ogawa medium was suspended in
400 pL of Tris/EDTA buffer (pH 8.0) and the bacteria were then heat-
killed in boiling water for 10 min. Following centrifugation
(18,000 g, 5 min at 4 °C), the supernatant was used for VNTR
analysis.

2.5. VNTR analysis

VNTR analysis were performed for 15 loci; JATA-12 [19] and
three additional hyper-variable (HV) loci (3232, 3820, and 4120)
[20]. PCR analysis was performed for all loci and the sizes of the
amplified DNA fragments were estimated according to previously
described conditions [19]. Two isolates were deemed to be the
same when their VNTR profiles matched completely or differed in
only one locus.

3. Results

Twenty cases of possible cross-contamination were identified
based on the clinical, laboratory, and VNTR data (Table 1). The VNTR
profiles demonstrated very similar results for 11 specimens
(#8—18) on the day of the possible cross-contamination. The VNTR
profiles of the other two specimens from the second day were
distinctly different.

VNTR analysis revealed differences in two loci among similar
VNTR profiles (#8—18). For the MIRU 26 locus, two bands were
present at a size of seven and eight copies in three of the 11 isolates
(#8—10). For VNTR 3232, a difference in copy number (12 or 14)
was observed for one HV locus.

Based on the clinical and laboratory data, seven cases (No. 9,
13—18) with similar MTB VNTR profiles were inconsistent with
tuberculosis. In four other cases (No. 8, 10—12) the VNTR profiles of
MTB isolated from the specimens were consistent with
tuberculosis.

Specimen #8 was considered as the index as this specimen was
strongly AFB-positive (3+) and was the first suspected cross-
contamination specimen handled.

The VNTR profile of patient No. 8, completely matched that of a
subsequent specimen obtained from the same patient. In contrast,
the VNTR profiles of specimens obtained on different days from
both patient No. 10 and No. 11 did not match (>5/15 loci; Table 1).

Two cases with discordant clinical and VNTR data were
observed. Patient No. 9 was first diagnosed as having pulmonary
empyema and was treated with ampicillin/sulbactam, which
improved the clinical findings. However, the patient was subse-
quently re-diagnosed as having concomitant pleuritis caused by an
uncultured bacterium and MTB, based on a single MTB isolate
identified at that time. The VNTR profile of this MTB isolate was the
same as that of the cross-contamination specimen; thus, patient
No. 9 was thought to have been misdiagnosed as tuberculosis.
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Table 1
Clinical, laboratory, and VNTR data of suspected cross-contamination cases.
Patient Specimen Process date Specimen Smear MTB-positive IGRAs Final diagnosis JATA-12 HV
g\;‘gber Number (#) type result S‘i’flfte”rfnct’zays 0424 MIRU 1955 2074 2163b 2372 MIRU QUB15 MIRU 3336 QUB26 4156 3232 3820 4120
10 26  (3155) 31 (4052)
1 1.1 03/02/2016 sputum 2+ + T-SPOT (—) Pulmonary tuberculosis 3 2 3 2 3 2 5 6 3 12 8 3 14 5 4
2 2 03/02/2016 sputum - + T-SPOT (+) Pulmonary tuberculosis 2 4 3 3 7 3 7 4 5 7 8 5 15 12 5
3 3 03/02/2016 sputum 2+ + T-SPOT (—) Pulmonary tuberculosis 1 4 2 3 7 4 7 4 5 7 8 5 17 14
4 4 03/02/2016 sputum - + T-SPOT (+) Pulmonary tuberculosis 1 4 2 3 7 4 7 4 5 7 8 5 16 14 11
5 5s 03/02/2016 sputum 3+ + ND Pulmonary tuberculosis 3 2 3 1 4 2 5 4 4 10 3 3 5 5
5 5f 03/02/2016 fecal 2+ + ND Pulmonary tuberculosis 3 2 3 1 4 2 5 4 4 10 3 3 5 5 2
specimens
6 6 03/02/2016 sputum 2+ —+ ND Pulmonary tuberculosis 3 4 3 4 8 3 7 4 5 7 8 3 14 14 9
7 7 03/02/2016 sputum - + T-SPOT (+) Pulmonary tuberculosis 3 2 3 2 2 5 5 5 2 6 2 2 5 6 4
8 8 03/02/2016 sputum 3+ + ND Pulmonary tuberculosis 4 3 4 3 2 3 7/8% 4 5 7 8 4 12 12 10
9 9 03/02/2016 pleural - - T-SPOT (—)/QFT-3G Empyema + Tuberculous 4 3 4 3 2 3 7/8* 4 5 7 8 4 12 12 10
effusion (=) pleuritis misdiagnosed
10 10 03/02/2016 pleural — + T-SPOT (+) Tuberculous pleuritis 4 3 4 3 2 3 7/8* 4 5 7 8 4 12 12 10
effusion
11 11 03/02/2016 sputum - + T-SPOT (+) Pulmonary tuberculosis 4 3 4 3 2 3 7° 4 5 7 8 4 12 12 10
12 12 03/02/2016 sputum — + T-SPOT (+) Pulmonary tuberculosis 4 3 4 3 2 3 7° 4 5 7 8 4 12 12 10
13 13 03/02/2016 sputum — — ND Bronchial Asthma 4 3 4 3 2 3 7° 4 5 7 8 4 12 12 10
14 14 03/02/2016 sputum - - T-SPOT (+) Chronic pulmonary 4 3 4 3 2 3 7° 4 5 7 8 4 12 12 10
aspergillosis + Old
pulmonary
tuberculosis
15 15 03/02/2016 sputum — — T-SPOT (—)/QFT-3G Bacterial pneumonia 4 3 4 3 2 3 7° 4 5 7 8 4 12 12 10
(=)
16 16 03/02/2016 humidifier — — T-SPOT (+) Hypersensitive 4 3 4 3 2 3 7° 4 5 7 8 4 12 12 10
water pneumonia
17 17 03/02/2016 sputum — — T-SPOT (—) Bronchiectasis 4 3 4 3 2 3 7° 4 5 7 8 4 14" 12 10
18 18 03/02/2016 sputum - - T-SPOT () Bronchiectasis 4 3 4 3 2 3 7" 4 5 7 8 4 14" 12 10
19 — 03/02/2016 sputum — — T-SPOT (—) Aspiration pneumonia ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
20 20 04/02/2016 sputum - + T-SPOT (+) Pulmonary tuberculosis 2 2 3 1 4 2 5 4 3 17 5 3 5 5 2
1 1.2 04/02/2016 sputum 2+ + T-SPOT (—) Pulmonary tuberculosis 2 2 3 2 3 2 5 6 3 12 8 3 14 5 4
8.2 04/02/2016 sputum 3+ + ND Pulmonary tuberculosis 4 3 4 3 2 3 7/8% 4 5 7 8 4 12 12 10
10 10_2 05/02/2016 pleural biopsy — + T-SPOT (+) Tuberculous pleuritis 4 3 3 3 3 3 7 4 4 1 9 4 12 14 12
specimen
11 112 02/02/2016 sputum — + T-SPOT (+) Pulmonary tuberculosis 4 1 4 2 6 4 7 4 5 7 7 5 17 13 12

719—019 (610Z) ST +aypoway) 193fuf [/ Ip 39 DPADL N

MTB: Mycobacterium tuberculosis
JATA: the Japan Anti-Tuberculosis Association.
HV: hyper-variable.
IGRAs: Interferon-Gamma Release Assays.
T-SPOT: T-SPOT TB.
QFT-3G: QuantiFERON TB Gold In Tube.
ND: not conducted.
2 Two bands were present corresponding to a size of seven and eight copies.
b the rectangles in the MIRU26 and 3232 locus columns indicate differences between specimens with similar VNTR profiles.



K. Takeda et al. / ] Infect Chemother 25 (2019) 610—614 613

Based on the clinical course and on the evidence of cross-
contamination in other samples, it was concluded that patient
No. 19 was also false-positive for MTB, although VNTR analysis was
not performed.

4. Discussion

This report describes a suspected laboratory cross-
contamination event deduced based on an unexpectedly high
number of MTB-positive cultures in a single day. Clinical, labo-
ratory, and VNTR data indicated that the cross-contaminations
occurred during the processing of specimen #8, which may
have contaminated the following 11 specimens (#9—18 and the
subsequent specimen obtained from patient No. 19).

MTB genotyping should be examined as soon as possible in or-
der to prevent unnecessary medical interventions [8,21]; although
a prompt examination was not performed in the present case. In
fact, patient No. 9 was misdiagnosed as having tuberculosis and
therefore unnecessarily treated with anti-tuberculosis drugs. The
present case emphasizes an important message: clinical data must
be re-evaluated and VNTR analysis should be performed to identify
cross-contamination.

Based on the VNTR results, specimen #8 also affected the
following specimens of true tuberculosis patients (No. 10—12). As
these specimens were smear-negative, it was difficult to assess
whether MTB was present in the specimens or whether contami-
nated MTB had been cultured.

The VNTR profiles of MTB isolates considered as cross-
contamination demonstrated differences in two loci. For the
MIRU 26 locus, two bands were present in only three isolates,
suggesting the presence of clonal variants [21] and that one of the
variants had contaminated the other specimens. A difference in
copy number was observed for the VNTR 3232 locus; it is possible
that mutations occurred during the sub-culturing step, as HV loci
have been reported to be more evolutionary than standard loci [20].

Original isolates should be stored appropriately to assess cross-
contamination events. In the present case, VNTR analysis could be
performed because nearly all of the isolates had been stored and
sub-cultured for 1.5 years. However, repeated sub-culturing may
cause changes in the VNTR profile. Thus, it is recommended that the
original isolates from the specimens are stored without sub-
culturing, preferably at —80 °C.

In the present case, MTB contamination had most likely
occurred in the reagents (i.e., the semi-alkaline protease, the
NALC-NaOH solution, or PB) during batch processing via a
contaminated lid or pipette [5,22,23]. Cross-contamination
occurred after the processing of specimen #8 on a certain day
and ended within a day and these reagents are changed daily. The
maximum number of specimens simultaneously handled at the
NHO Tokyo National Hospital was reduced to 15 following this
event because one of the factors contributing to cross-
contamination is a large batch number [5—8].

In conclusion, clinical and laboratory data must be re-
evaluated when cross-contamination is suspected and VNTR
analysis should be applied to identify cross-contamination. We
further recommend that in cases of suspected cross-
contamination, the MTB isolates should be stored appropri-
ately; original isolates should be stored without sub-culturing
and genotyping should be immediately performed for better
utilization of the VNTR results.
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