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Background: Detection of Mycobacterium avium complex (MAC) in tissue is essential for the diagnosis of MAC infections when the
Mycobacterium is not isolated from sputum. However, detection of MAC in paraffin-embedded sections has not been established.
Methods: We encountered two patients with suspected MAC infections after surgery: patient 1 had a pulmonary nodule that was
initially suspected to be lung cancer and was excised under video-assisted thoracoscopic surgery (VATS). Patient 2, who was under
treatment with steroids and anti-IL-6 inhibitors for rheumatoid arthritis, was suspected to have disseminated ileocecal cancer with
metastasis to the lung and skin. In both cases, we postoperatively detected MAC genes in paraffin-embedded tissue sections using the
novel mycobacterial nucleic acid identification test, ie tissue-direct polymerase chain reaction (tdPCR)-based nucleic acid lateral flow
immunoassay (NALFIA). Both patients showed granulomatous lesions with hematoxylin-eosin staining, and mycobacteria by Ziehl–
Neelsen staining in tissue sections from the lung and skin, respectively, although MAC were not isolated from the sections. MAC
genes were finally detected by tdPCR-NALFIA in both cases.
Conclusion: Although Ziehl–Neelsen staining and culture tests are the gold standard in identifying causative mycobacteria, the rapid
results of tdPCR-NALFIA performed simultaneously with sputum and/or tissue culture may make it an important auxiliary diagnostic
tool for identifying mycobacterial infection, leading to improvement in the management of MAC patients.
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Background
Mycobacterium avium complex (MAC) is the most commonly isolated non-tuberculous Mycobacterium (NTM) in Japan
which leads to lung diseases that manifest as fibro-cavitary (FC) radiographic changes or bronchiectasis with nodular and
reticulonodular radiographic changes, termed the nodular bronchiectatic (NB) type.1

Since the presentations are similar to those of pulmonary tuberculosis and lung cancers, a definitive diagnosis, such as
by microbial identification and isolation of MAC from sputum, bronchial lavage fluid and dissected tissue sections,
obtained by surgery and/or bronchoscopic biopsy, are important for determining the appropriate therapeutic agents, such
as clarithromycin (CAM), rifampicin (RIP), and ethambutol (EB).2,3
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Usually, diagnosis of NTM are recommended more than one positive sputum culture microbiologically because NTM
can be isolated from respiratory specimens due to environmental contamination and some patients who have an NTM
isolated from their respiratory tract do not show evidence of progressive disease.1 Therefore, two or more sputum culture
positive are required, however, since the detection rate of MAC from sputum culture alone is relatively low, mycobac-
terial gene analysis is sometimes required for detecting MAC in tissue sections that have already been embedded in
paraffin.4,5

In this report, we present two cases of MAC that were clinically diagnosed as cancers before operation, although
mycobacterial infections were later suspected because granulomas and mycobacteria were found with hematoxylin-eosin
(HE) and Ziehl–Neelsen (ZN) staining of surgical specimens, respectively. Gene analysis for MAC was not performed
before surgery, although a novel mycobacterial nucleic acid identification test using a tissue-direct polymerase chain
reaction (tdPCR)-based nucleic acid lateral flow immunoassay (NALFIA) later confirmed the MAC genes in paraffin-
embedded tissue sections.

This study was approved by the Committee for Clinical Scientific Research of Tohoku Medical and Pharmaceutical
University Hospital on July 08, October 09, 2015 (Nos. ID2015-2-008 and ID2015-2-025, as Trial cdPCR-NALFIA for
sepsis and mycobacterium, respectively: https://www.hosp.tohoku-mpu.ac.jp/department/infection.html. The patients
whose specimens were used provided written informed consent to have their case details and any accompanying images
published.

Case Reports
Case 1
A 79-year-old male patient was found to have a small nodular shadow in his right middle lung lobe during an annual
health examination that was suspected to be lung cancer (Figure 1A and B), and received the surgery because the
malignant cells and some pathogenic bacteria including mycobacteria were not collected and isolated from his sputum.
He was healthy and no history of the other drugs use and immunocompromised status, including HIV and diabetes.
Although he underwent partial lobectomy, malignant cells were not found in the intraoperative frozen section.
Subsequently, granulomatous lesions were found by hematoxylin-eosin (H&E) staining (Figure 1C and E) and myco-
bacteria were identified by ZN staining of the resected lung tissue (Figure 1D). We then successfully identified the
Mycobacterium subtype after removal of the paraffin from a paraffin-embedded lung specimen, and detected the band
indicating the MAC gene by tdPCR-NALFIA (Figure 1F). He was treated with CAM 800 mg/day, RIP 600 mg/day, and
EB 750 mg/day for a year, with no tumor recurrence.

Case 2
An 83- year-old male patient was suspected to have ileocecal cancer for which he underwent surgery, although no
evidence of malignancy was identified in the resected specimen. He also had rheumatoid arthritis and was under
treatment with immunosuppressive therapy, including prednisolone 5 mg/day and tocilizumab 8 mg/kg every month.
Two months postoperatively, he developed chest abnormalities with pleural effusions (Figure 2A and B), and two skin
tumors on his chest and waist, respectively, those were surgically resected. The tumors were initially suspected as
metastasis of the ileocecal cancer, but malignant cells were not found in the skin section. However, granulomatous
lesions were identified by H&E staining, suggesting the presence of mycobacterial infection (Figure 2C and D).
Subsequent tdPCR-NALFIA using a tissue sample obtained by removal of the paraffin from the paraffin-embedded
skin tissue section specimen led to identification of the Mycobacterium subtype and the MAC genes (Figure 2E and F).
These results were matched with the MAC positive results of the culture from the skin tissue lesions at the 8 weeks after
tumor removal surgery. He received CAM 800 mg/day, RIP 600 mg/day, and EB 750 mg/day for a year, with no further
tumor recurrence.
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Discussion
Identification of Mycobacterium and its subtype is essential for the diagnosis and treatment of mycobacterial infections,
although its isolation from cultures is sometimes difficult.1 In addition, examination for mycobacteria, such as by ZN
staining, PCR, or culture is overlooked in many cases that are initially suspected to be malignant tumors. It is important
the knowledge of the Mycobacterium species involved in the disease because of the different treatments required
dependent on each mycobacterium.1 For example, isoniazid are required for the treatment of M tuberculosis, but
CAM are needed for the treatment for the MAC. Furthermore, differential diagnosis versus cancer is also required to
prevent the wrong use of the antitumor agents and the recurrence of the Mycobacterium during the antitumor
chemotherapy.5 In the present cases as well, we did not initially detect the Mycobacterium species and subtypes correctly,
although we postoperatively identified the presence of mycobacteria and granulomas in the resected tissue.

Recently, a new test to identify bacterial nucleic acid in peripheral blood leukocytes (DiagnoSep) using cell direct
PCR-NALFIA (cdPCR-NALFIA) has become clinically available in Japan (Fuso Pharmaceutical Industries, Osaka,
Japan).6 The combination of cdPCR and NALFIA is a simple, rapid, and sensitive detection method for identifying seven
representative bacterial species often isolated from blood cultures, including Staphylococcus aureus (S aureus).7 The use
of cdPCR-NALFIA makes it possible to detect the DNA of bacteria phagocytized by leukocytes. Furthermore, the assay
can be directly applied to blood samples without cultivation, and the results are obtained within 4–5 hours. In our cases,

Figure 1 Chest X-ray/computed tomography (CT) findings and detection of the genes of Mycobacterium avium complex by tissue-direct polymerase chain reaction-based
nucleic acid lateral flow immunoassay (tdPCR-NALFIA) from lung tissue in patient 1. (A and B) Chest X-ray findings (A) and CT findings (B) of patient 1, respectively. The
arrows indicate the abnormal nodules. (C and D): Magnified view of the section stained with hematoxylin-eosin (× 400) and Ziehl–Neelsen (× 1000), respectively. (E and F):
Mycobacterium avium complex in the patient’s lung tissue section and tdPCR-NALFIA, respectively. The images show the granulomas (C and E), stained Mycobacterium (D)
and the detected band (F), respectively (arrows).
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we next developed the new products and were able to detect mycobacterial genes by tdPCR-NALFIA and identified the
subtypes as MAC, which enabled appropriate treatment with antimycobacterial agents, including CAM, RIP, and EB,
rather than with antitumor agents although detection of mycobacterial genes from tissue sections were more difficult than
the that of the other bacterium, such as S aureus from the blood.

tdPCR-NALFIA is similar to cdPCR-NALFIA for the detection of bacteria/fungus in the blood, and for the rapid
detection of mycobacteria, including tuberculosis and MAC, in tissue sections. A basic scientific evaluation of this
method was provided in our earlier paper.7 Briefly, the test procedure involves the following steps: removal of the
paraffin from the tissue sections, preparing the tissue containing mycobacteria from the tissue section of a patient, coating
the PCR tube with the tissues, increasing the membrane permeability of tissues and mycobacteria by enzyme/surfactant
treatment, amplifying mycobacterial DNA in tissues through mycobacterial species-specific PCR which primers and
systems were made by also Fuso Pharmaceutical Industries, Osaka, Japan, and evaluating the presence of PCR products
using NALFIA.

In our cases, tdPCR-NALFIA methods that can specifically detect the two major mycobacterial species, M.
tuberculosis and MAC, were applied. Next, the presence of PCR products was evaluated using a mycobacterial
species-specific NALFIA for tissue samples containing granulomatous lesions. The results of the evaluation were the
same as those of electrophoresis. If mycobacterial species-specific PCR products are present, red bands will appear
within 20 minutes after chromatography is performed. The results can typically be obtained within 4–5 hours following

Figure 2 Chest X-ray/ computed tomography (CT) findings and detection of the genes of Mycobacterium avium complex by tissue-direct polymerase chain reaction-based
nucleic acid lateral flow immunoassay (tdPCR-NALFIA) from skin tissue in patient 2. (A and B): Chest X-ray findings (A) and CT findings (B) of patient 2, respectively.
Arrows indicated infiltration shadows and pleural effusions. (C–F): Mycobacterium avium complex detection in the patient’s skin tissue section and tdPCR-NALFIA,
respectively. The images show the granulomas (C and D) and the detected bands (E and F), respectively (arrows). The numbers indicate the selected tissue and the
results of tdPCR-NALFIA for each selected tissue.
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tissue collection after removal of the paraffin from the tissue section, although if mycobacterial examination, such as ZN
staining, PCR, or cultures are not performed before obtaining tissue sections, it typically takes 3–8 weeks to identify the
pathogenic mycobacteria by conventional mycobacterial culture.

In the present study, tdPCR-NALFIA was used to identify mycobacterial genes in patients with suspected MAC
infection after surgery, although we initially diagnosed them as having cancers. Culture tests remain the gold standard for
identifying the causative organism in infectious diseases, however, mycobacterial cultures are sometimes neglected when
cancers are strongly suspected, and we frequently found negative culture results.1,5

Shimada et al previously compared the results of using a PCR and in situ hybridization kit (PCR-ISH, named
HybriSep; Fuso Pharmaceutical Industries, Osaka, Japan), and the PCR-based assay was reported to provide a sig-
nificantly higher bacterial detection rate than blood cultures within 12 hours in sepsis patients,8 although the bacterial
detection rate was higher with blood cultures in our previous similar study using DiagnoSep (Fuso Pharmaceutical
Industries, Osaka, Japan).7 In our cases, granulomatous lesions and mycobacteria were found and MAC genes were
identified by tdPCR-NALFIA using formalin-fixed paraffin-embedded tissue sections, following which the patients were
successfully treated with antimycobacterial agents. Concurrence between the results of cultures and tdPCR-NALFIA in
the patient 2 and the resultant clinical improvement following appropriate treatment in the two patients in the present
study are suggestive of the diagnostic accuracy of this method. Additionally, the more rapid results of tdPCR-NALFIA
rather than the standard culture methods might make this method important as an auxiliary diagnostic test for identifying
infecting mycobacterium. In our cases, we could immediately start the anti-mycobacterial therapy without waiting for
positive culture results at 3–8 weeks after surgeries.

Our report has certain limitations. First, this was a single center study and the sample size was small. In addition, we did not
confirm the accuracy of the method for the detection of M. tuberculosis. Furthermore, we did not show the no negative and
positive results of these clinical case series, and need to more detailed basic experiments. Moving forward, studies with a
larger number of patients are needed to confirm the utility of tdPCR-NALFIA for the diagnosis of MAC infections.

Conclusions
In these two cases, although we did not initially perform conventional Mycobacterium examinations, identification of
granulomatous lesions and mycobacterial structures in the resected specimen led us to perform tdPCR-NALFIA for the
detection of MAC genes after removal of paraffin from the paraffin-embedded tissue sections. Clinical improvement with
antimycobacterial agents confirmed the diagnosis. In the future, given its accuracy and speed of diagnosis, tdPCR-
NALFIA has the potential to be a clinically useful diagnostic tool for identifying and predicting infecting organisms after
surgery. When performed simultaneously with tissue pathological analysis, tdPCR-NALFIA might have diagnostic value
as an auxiliary diagnostic test for identifying infecting organisms, in particular for the detection of DNA of mycobacter-
ium, especially in cases where the previous culture examinations are insufficient.
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