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Abstract
Objectives: Non-tuberculous mycobacterial (NTM) infection is a growing public health concern. Due to
atypical clinical symptoms and poorly de�ned radiological �ndings, NTM is often misdiagnosed,
resulting in treatment delay. The aim of the present study was to analyze the �ndings of 18F-
�uorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) scan
imaging in patients with NTM infection in order to improve the diagnosis and treatment of NTM disease.

Methods: A total of 23 patients with con�rmed NTM infection who underwent 18F-FDG PET/CT scan
imaging were retrospectively analyzed. The data on clinical and 18F-FDG PET/CT imaging characteristics
were reviewed. The 18F-FDG PET/CT images were analyzed both qualitatively and quantitatively using
maximum standardized uptake value (SUVmax), SUVMax (the most FDG-avid lesion in the whole body),

SURLiver and SURBlood (SUVMax ratio of lesion-to-liver and lesion-to-blood pool). The optimal cut-off of 8F-
FDG was determined using receiver operating characteristic curve (ROC).

Results: Subgroup analysis showed signi�cant differences in metabolic parameters of 18F-FDG-avid
lesions, including SURLiver, SURBlood, and SUVMax among the three groups with different immunological
states (p = 0.007, 0.012, and 0.010, respectively). The cut-off point of 3.8 for SURLiver showed the best
equilibrium between sensitivity and speci�city (52.9% and 83.3%). In terms of the NTM lesion distribution,
there were signi�cant differences in SURLiver, SURBlood, and SUVMax between the localized and
disseminated groups (p = 0.003, 0.009, and 0.005, respectively). The cut-off point of 3.3 for the SUVBlood

had high speci�city (87.5%) and sensitivity (71.4%). Furthermore, in terms of NTM lesion severity, SUVmax

of lung lesions (SUVI-lung), SUVmax of marrow (SUVMarrow), and platelet count signi�cantly differed
between severe and non-severe groups (p = 0.036, 0.006, and 0.007, respectively). When the cut-off
values of SUVMarrow and SUVI-lung were set at 3.1 and 4.6, the sensitivity was 76.9% and 76.9%,
respectively, while the speci�city was 88.9% and, 55.9%, respectively.

Conclusion: In patients with NTM infection, 18F-FDG PET/CT is a unique and powerful tool in the
diagnosis and evaluation of disease activity, immunological state, and extent of lesion involvement and it
can help determine the appropriate treatment for NTM infection.

Introduction
Non-tuberculous mycobacteria (NTM) are mycobacterium (M.) species other than M. leprae and M.
tuberculous. NTM are prevalent in the environment, such as soil, dust, plants, water sources, foods, and
animals, and are more likely to infect healthy individuals, including immunocompromised or
immunocompetent individuals [1]. The disease caused by NTM has increased in prevalence in recent
years; for instance, in the United States, it rose from 40 to 85 per 100,000 people between 2010 and 2014
[2]. In China, this disease has also gradually increased over the last 20 years [3]. There are already more
than 170 NTM species reported [4]. Although there are many different types of NTM, they can be classi�ed
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into two types based on their growth rate: rapid-growing mycobacteria (RGM) and slow-growing
mycobacteria (SGM). RGM, such as Mycobacterium abscessus, Mycobacterium massiliense, and
Mycobacterium bolletii, form colonies within 3–7 days on Löwenstein-Jensen media, but SGM, such as
Mycobacterium avium and Mycobacterium intracellulare, take seven or more days or even several weeks
[2]. SGM are the most common cause of human NTM infection [5].

Different categories of NTM may be more prevalent in speci�c natural geographic settings or niches,
resulting in different clinical diseases in predisposed hosts and affecting various target organs or tissues
[2]. NTM can cause a variety of clinical syndromes, ranging from lymphadenopathy to aseptic meningitis
[6]. The most common clinical manifestation is lung infection secondary to NTM inhalation. Furthermore,
extra-pulmonary NTM diseases, such as soft tissues, lymph nodes, or bone infections, can emerge as a
result of NTM exposure [5]. However, there are no unique clinical manifestations of NTM diseases.
Pulmonary NTM may be presented by coughing, expectoration, chest tightness, fever, or no symptoms [7,

8], whereas extra-pulmonary NTM diseases may be presented by lymphadenitis, ulcer, granuloma, or
abscess. NTM diseases are classi�ed into four clinical types: (a) chronic pulmonary disease, (b)
lymphadenopathy, (c) skin and soft tissues, and rarely bones and joints, and (d) disseminated diseases
[6].Thus, the primary diagnostic methods are culture of clinical samples, NTM detection in body �uids,
and/or histopathological examinations of tissue sections [9]. However, some of these methods are
invasive, requiring the invasive acquisition of biopsies from the patients. In addition, the sensitivity and
accuracy of these procedures are limited by sampling errors or contamination, as well as NTM
heterogeneity in biopsy samples [8, 9].

Computed tomography (CT) scanning enables a quantitative, repetitive, noninvasive examination of the
entire course of NTM disease in patients, particularly for pulmonary NTM. However, the radiological
features of NTM are not well de�ned. However, the most common radiological �ndings are bronchiectasis
and solitary cavities or nodules. Therefore, based on the clinical and radiological features, NTM is
frequently misdiagnosed as pneumonia, tuberculosis, and malignancy. Furthermore, according to the
general NTM treatment guidelines, such as the O�cial ATS/ERS/JRS/ALAT Clinical Practice Guideline for
Treatment of NTM in 2020 [10] and British Thoracic Society guidelines for the management of NTM
pulmonary disease in 2017 [11], individuals may require a period of longitudinal assessment before
treatment, including immunological state, the severity and risk of progressive NTM infection, and the
extent of lesion involvement. Therefore, it is necessary to develop a valuable disease-speci�c activity and
severity assessment tool [12].

18F-FDG PET/CT, a noninvasive and whole body imaging method, can reliably measure the pathological
conditions characterized by infection and aseptic in�ammation. In the �elds of early identi�cation of the
source of infection or in�ammation ahead of morphological changes, mapping the extent and severity of
disease, and assessing therapy response, 18F-FDG PET/CT imaging outperforms traditional conventional
anatomical imaging techniques such as CT and magnetic resonance imaging (MRI) [13]. The speci�c role
of 18F-FDG PET/CT in mycobacterium tuberculosis infection has received little attention [14, 15], and the
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available data on the 18F-FDG PET/CT �ndings of NTM is scarce. Therefore, we conducted a
retrospective study to investigate 18F-FDG PET/CT imaging features in patients with NTM and to
determine the clinical relevance of 18F-FDG PET/CT in the management of NTM.

Materials And Methods

Patients
In this study, 23 patients with NTM infection (19 men and 4 women, mean age 60 years) who underwent
18F-FDG PET/CT at our hospital between December 2016 and October 2021 were retrospectively
reviewed. The �ow diagram of the study design is presented in Fig. 1.NTM infection was diagnosed
based on tissue culture (n = 9) and molecular diagnostic techniques such as metagenomic next-
generation sequencing (mNGS) (n = 14). Data on clinical characteristics such as age, gender, risk factors,
and syndromes, as well as laboratory results such as serum cytokines, immune cells, and mycobacterium
species, were acquired from the medical records.

The included patients were divided into three groups based on their immunological state: a de�ciency
group with innate or acquired immune de�ciency syndrome, such as those receiving chemotherapy; a
slightly decreased group with a history of chemotherapy, cirrhosis, diabetes, long-term use of
glucocorticoids, or splenectomy; and a normal group. They were also divided into localized and
disseminated groups based on the distribution of the involved lesions. Furthermore, the patients were
classi�ed into severe and non-severe groups based on the British Thoracic Society guidelines for the
management of NTM pulmonary disease in 2017 [3]. The severity was determined by the presence of
acid-fast bacillus in respiratory tract sample smears, radiological evidence of lung cavitation or severe
infection, and severe symptoms or signs of systemic illness.

All patients had 18F-FDG PET/CT scans at the time of initial NTM diagnosis. The protocol for this
retrospective study was reviewed and approved by the Institutional Review Board of the First A�liated
Hospital of Zhejiang University. All participants provided a signed informed consent form for
participation.

18 F-FDG PET/CT imaging

The 18F-FDG was synthesized using a Siemens Eclipse cyclotron (Siemens Medical Solutions, Knoxville,
TN 37932, USA) and an FDG4 chemical module. Patients were fasted for at least 4 hours before being
injected with 18F-FDG at a dose of 4.44 to 5.55 MBq/kg. Images were acquired using a PET/CT (Biograph
16 and Version, Siemens Company, Germany). Two experienced nuclear medicine physicians
independently reviewed PET/CT images in consensus. Semiquantitative analysis was performed using
the maximum standardized uptake value (SUVmax). Furthermore, 8 parameters were also recorded:
SUVMax (the most FDG-avid lesion in the whole body), SUVI−lung (SUVmax of lung lesions), SUVE−lung

(SUVmax of extra-lung lesions), SUVLiver (SUVmax of liver), SUVSpleen (SUVmax of spleen), SUVMarrow
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(SUVmax of marrow), SURLiver (SUVmax ratio of lesion-to-liver), and SURBlood (SUVmax ratio of lesion-to-
blood pool).

Statistical analysis
The quantitative data are presented as mean and standard deviation. All statistical analyses were
performed using GraphPad Prism, version 8.0 (GraphPad Software, San Diego, CA, USA). The differences
in distribution and severity were analyzed using the chi-square test. The differences in immunological
state were analyzed using single-factor analysis. A p-value of less than 0.05 was considered statistically
signi�cant. ROC curves were used to determine the optimal cut-off values.

Results
Patients’ clinical characteristics

In this study, 23 patients with NTM infection were included, and their demographics and clinical features
are presented in Table 1. They were 19 men (82.6%) and four women (17.4%), with age ranging between
14 and 84 years (median: 60 years). The most common clinical manifestations were fever (12 cases,
52.2%), coughing and expectoration (8 cases, 39.1%), ostealgia (5 cases, 21.7%), fatigue (2 cases, 8.7%),
chest tightness (1 case, 4.3%), and weight loss (1 case, 4.3%).

In terms of immunological status and risk factors, six patients (26.1%) had high risk factors due to
immunological dysfunction, such as chemotherapy (3 cases, 13.0%), acquired immune de�ciency
syndrome (AIDS) (2 cases, 8.7%), and monocytopenia and mycobacterial infection syndrome (MonoMAc
syndrome) (1 case, 4.3%). In addition, 8 patients (37.8%) had mild risk factors, such as a history of
chemotherapy (4 cases, 17.4%), splenectomy (1 case, 4.3%), hepatitis B cirrhosis (1 case, 4.3%),
tuberculosis (1 case, 4.3%) and use of small-dose glucocorticoids (1 case, 4.3%). Furthermore,
six patients (26.1%) had mild chronic obstructive pulmonary disease as a result of long-term
smoking, while three patients (13.0%) had no risk factors or underlying diseases.

NTM infection was diagnosed in the included cases using mNGS (14 cases, 60.9%) and specimen culture
(9 cases, 39.1%). Specimens were collected from blood or alveolar lavage �uid, pus, surgical sites, and
other sites. Regarding the NTM species, the following were identi�ed: M. intracellulare in 12 cases
(52.2%); M. avium (4 cases, 17.4%); M. abscessus (3 cases, 13.0%); M. paraintracellulare (1 case, 4.3%);
and M. chimaera (1 case, 4.3%).

Laboratory characteristics

The laboratory characteristics of the 23 patients with NTM infection are presented in Table 2. The
median white cell count was 7.6 × 109/L [interquartile range (IQR): 2.3–22.8 × 109/L], with nearly half of
the patients having leukocytosis (10 cases, 43.5%). Of these patients, the neutrophil count was elevated
in nine patients, and the lymphocytic count was elevated in one. The median platelet count was 226 ×
109/L [interquartile range (IQR): 85–492 × 109/L], with more than one-third of the patients having
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polyplastocytosis (8 cases, 34.8%).However, red blood cell counts and hemoglobin levels were reduced in
eight patients (34.8%) and 11 patients (47.8%), respectively, with eight patients having both
decreased. Although the majority of patients had variable levels of elevation in C-reactive protein (CRP)
(16 cases, 69.6%) and erythrocyte sedimentation rate (ESR) (15 cases, 65.2%), the procalcitonin (PCT)
levels which is commonly used to determine bacterial infection were all within the normal range. The
serum ferritin and CA125 levels were elevated in 13 (56.5%) and 9 (39.1%) patients, respectively. In
addition, the median serum ferritin and CA125 levels were 326.6 (IQR: 43.2–2286.6 g/dL) and 34.6 (IQR:
2.1–290.8 U/L), respectively.

In terms of serum cytokine levels, the median interleukin 6 (IL-6) level was 13.9 pg/ml (IQR: 1.1–184.3
pg/ml), with 20 patients (87%) having signi�cant elevations. In addition, tumor necrosis factor-alpha
(TNF-α) and interferon-gamma (IFN-γ) levels were both elevated in two patients. Furthermore, serum IL-
10 level was elevated in only one patient, whereas serum IL-2 and IL-4 levels were all within the normal
range.

The functional immune cell percentage in peripheral blood was within the reference range in the majority
of patients, with only two patients having elevated total T lymphocytes, two patients having decreased
assisted/induced T lymphocytes and inhibited/cytotoxic T lymphocyte, and one patient having decreased
B lymphocytes.

18F-FDG PET/CT scan imaging characteristics

The 18F-FDG PET/CT scan imaging characteristics in patients with NTM infection are summarized in
Table 3

Intra-pulmonary lesions

The 18F-FDG PET/CT scan imaging revealed that 21 patients (91.3%) had an intensive or moderate
uptake of 18F-FDG in the pulmonary lesions, with a single lobe (5 cases) and double lobe involvement
(16 cases). Of these patients, 18 (85.7%) had patchy in�ltration on breath-holding lung CT. In addition,
bronchiectasis (8 cases), cavitation (5 cases), pleural effusion (4 cases), nodular in�ltration (3 cases),
calci�cation (3 cases) and atelectasis (2 cases) were detected. Furthermore, high FDG-uptake (SUVI-lung

2.5) lesions were found in 14 patients (Fig. 2A, blue arrows) and low FDG-uptake (SUVI-lung ≤ 2.5) lesions
were found in seven patients (Fig. 2B, white arrows).

Extra-pulmonary lesions

The 18F-FDG PET/CT scan imaging revealed abnormally high 18F-FDG FDG uptake in extra-
pulmonary lesions in 17 patients (73.9%), with increased 18F-FDG accumulation in lymph nodes
(14 cases), bone (6 cases), subcutaneous tissues (1 case), spleen (1 case), and adrenal glands (1 case).

Distribution of lesions



Page 8/20

The 18F-FDG PET/CT scan imaging revealed that the lesion involved multiple systems in 16 patients,
including the lung and lymph nodes (8 cases), lung and bone (3 cases) (Fig. 3), lung, lymph nodes,
bone, and subcutaneous tissues (one case), lung, lymph nodes, and bone (one case), lung, lymph nodes,
and spleen (one case), lung, lymph nodes, and adrenal gland (one case), and lymph nodes and bone (one
case). Furthermore, NTM infection was found in multiple sites within a single-system in six patients (�ve
patients with pulmonary involvement and one patient with lymph node involvement), whereas NTM
infection was found in a single site within a single-system in one case (nodular in�ltrate in the left upper
lobe of the lung).

Metabolic parameters

The median SUVMax in 23 patients with pulmonary involvement was 10.0 (range: 1.2–28.1).The
median SUVI-lung in 21 patients with pulmonary involvement was 5.5 (range: 1.2–13.9). The
median SUVE-lung in 23 patients was 5.4 (range: 1.8–28.1). The median SUVLiver, SUVMarrow and SUVSpleen

were 2.7 (range: 1.7–3.8), 3.1 (range: 1.7–6.7), and 2.1 (range: 1.7–6.0), respectively. The median SURLiver

and SURBlood were 3.2 (IQR: 0.5–7.6) and 4.1 (IQR: 0.7–10.3), respectively.

18F-FDG PET/CT scan imaging characteristics in different immunological states, NTM lesion distribution
and severity

The clinical and FDG PET/CT scan imaging characteristics of different immunological states, as well as
NTM lesion distribution and severity, are presented in Table 4. In terms of the NTM lesion
distribution, there were signi�cant differences in the SURLiver, SURBlood and SUVMax of the 18F-FDG-avid
lesions between the localized and disseminated groups (p = 0.009, 0.003, and 0.005, respectively) (Fig.
4A). In terms of the NTM lesion severity, SUVI-Lung, SUVMarrow, and platelet count signi�cantly differed
between the severe and non-severe groups (p = 0.036, 0.006, and 0.007, respectively) (Fig.
4C). Furthermore, one-way analysis of variance revealed signi�cant differences in metabolic parameters
of 18F-FDG-avid lesions, including SURLiver, SURBlood and SUVMax among the three groups with different
immunological states (p = 0.007, 0.012, and 0.010, respectively) (Fig. 4F).

Receiver operating characteristic (ROC) curves were created to assess the consistency of 18F-
FDG PET/CT metabolic parameters and clinical features (Fig. 4). In the localized and
disseminated groups, the areas under the curve (AUCs) for SUVMax, SURLiver, and SURBlood were 0.796 (p =
0.027), 0.853 (p = 0.008), and 0.826 (p = 0.015), respectively (Fig. 4B). When the cut-off values of
SUVMax, SURLiver, and SURBlood were set at 7.7, 2.9, and 3.3, respectively, the sensitivity of 18F-FDG PET/CT
for lesion distribution was 68.8%, 75%, and 87.5%, respectively, while the speci�city was 71.4%, 71.4%,
and 71.4%, respectively. In the severe and non-severe groups, the AUCs for SUVMarrow, SUVI-lung,
and platelet count were 0.897 (p = 0.001), 0.688 (p = 0.158), and 0.794 (p = 0.019), respectively
(Fig. 4D). When the cut-off values of SUVMarrow, SUVI-lung, and platelet count were set at 3.1, 4.6, and 202.5

× 109/L, the sensitivity of 18F-FDG PET/CT for severity detection was 76.9%, 76.9%, and 92.3%,
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respectively, while the speci�city was 88.9%, 55.9%, and 55.6%, respectively. In the immunocompromised
and immunocompetent groups, the AUCs for SUVMax, SURLiver, and SURBlood were 0.759 (p = 0.05), 0.768
(p = 0.04), and 0.696 (p = 0.14), respectively (Fig. 4E). The cut-off values for SUVMax, SURLiver, and

SURBlood were set at 5.3, 3.8 and 3.0, respectively, and the sensitivity of 18F-FDG
PET/CT for compromised immune function in patients with NTM infection was 88.2%, 52.9%, and 76.5%,
respectively, while the speci�city was 50.0%, 83.3% and 50.0%, respectively.

Correlations between metabolic parameters of 18F-FDG PET/CT scan imaging and clinical laboratory
results

The Spearman’s correlation analysis (Fig. 5) revealed that PCT and IL-6 correlated positively
with SUVMarrow of the 18F-FDG PET/CT scan imaging (r = 0.507 and 0.530, respectively, both p <
0.05). Furthermore, PCT and ferritin correlated positively with SUVSpleen (r = 0.577 and 0.558, respectively,
both p < 0.05).

Discussion
NTM is an opportunistic pathogen with obviously varying susceptibility across different populations. The
pathogenicity of NTM is often mild and slowly progressive. Therefore, some patients do not require active
treatment due to minor clinical symptoms. However, this organism markedly affects patients with chronic
lung diseases, immunode�ciency, and nosocomial infections [1]. Given its di�culty in diagnosing, high
antibiotic resistance, and high recurrence rate, clinicians need to precisely evaluate the state of NTM
infection based on comprehensive clinical, laboratory, and imaging examination before choosing a
standardized and individualized treatment option to improve the patients’ chance of cure and quality of
life [7].

The symptoms of NTM infection were determined based on virulence and host immunological responses
to the pathogen. NTM resided exclusively in macrophages and formed granulomas in humans, resulting
in clinical features of progressive disease [1]. M. intracellulare is the most common pathogen (12/23,
52.2%), and it was found in all cases of lung disease in the present study. These �ndings were consistent
with the previous study �ndings [8, 9], but not with the results by I. Porvaznik [7], possibly due to presumed
geographical or environmental factors.

In the present study, the presence of risk factors was assessed in all patients. The most prevalent
predisposing factors were systemic immunological dysfunction caused by chemotherapy or local host
defense alteration caused by an existing lung tumor, accounting for nearly one-third of the cases.
Systemic immune de�ciency syndrome included two patients having AIDS and one patient having
MonoMAc syndrome (an autosomal dominant inherited disease by mutations in the GATA-2 gene [16]). In
these patients, CD4 T lymphocytes signi�cantly decreased and attenuated speci�c immune responses
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against NTM. Patients with splenectomy and hepatitis B cirrhosis had compromised immune systems
that also needed to be identi�ed and addressed.

In our study, NTM disease was presented with nonspeci�c symptoms including local symptoms such as
cough, expectoration, and chest tightness and general symptoms such as fever, ostealgia, fatigue, and
weight loss. The signs of systemic illness are usually advanced or extensive. The red blood cell count and
hemoglobin levels were reduced in more than one-third of these patients, which could be attributed to a
lengthy disease course and malnutrition. However, platelet counts were increased in approximately one-
third of the patients. In addition, the platelet count in patients with severe NTM infection was higher than
that in patients with non-severe NTM infection, which is contradictory to the majority of severe infections
that cause thrombocytopenia [10]. Our �ndings could be explained by the fact that platelets greatly
accumulate at the site of vascular endothelial infection to promote the development of in�ammation and
defense against blood spread in severe NTM infections.

Evidence suggested that speci�c host responses to NTM were cellular immune-dependent, with cytokines
like TNF-α and IL-6 required for granuloma formation and pathogen eradication in NTM infection lesions
[1]. After mycobacterial infection, IL-6 can induce the production of T helper cells and promote the
proliferation of granulocytes and macrophages [11–12], while TNF-α plays an important role in preventing
the infection [13]. However, there have been few reports on the clinical signi�cance and changes in serum
cytokine levels and cellular immune function in NTM-infected patients. In the present study, 20 patients
(87%) had signi�cantly elevated IL-6 levels, but only two (8.7%) had elevated TNF-α levels. Serum TNF-α
and IL-6 levels did not differ signi�cantly among groups with different immunological states and NTM
lesion distribution and severity. Therefore, we concluded that serum TNF-α and IL-6 were not effective
markers of NTM infection severity, although playing a signi�cant role in its development. In terms of
cellular immunological function, the percentages of T lymphocyte subsets, B lymphocytes and natural
killer cells in peripheral blood were within the reference range in the majority of patients and did not differ
signi�cantly among groups with different immunological states and NTM infection distribution and
severity. In our future work, we aim to increase the sample size and conduct prospective experiments to
further investigate the relationship between immunological function and NTM infection.

Recently, it has been found that some in�ammatory markers in the peripheral circulation, such as PCT,
CRP, ESR, white cell count, and neutrophil count, can appear abnormal in the early stages of a variety of
infectious diseases and provide a basis for early treatment [14, 15, and 17]. However, these in�ammatory
markers, particularly PCT, have received little attention in NTM infections. The normal plasma PCT level is
less than 0.10 ng/mL, and it rises to more than 0.50 ng/mL with systemic infection [18]. In the present
study, CRP and ESR levels were elevated in more than half of the patients, while white cell count and
neutrophilic granulocyte count were elevated in half of these patients. Surprisingly, PCT levels in all
included patients were within the reference range. This discrepancy in the in�ammatory marker levels
was inconsistent with that observed in active tuberculosis infection and other general bacterial infections.
Therefore, normal PCT levels along with other elevated in�ammatory markers may suspect NTM
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infection. Furthermore, according to our statistical analysis, these in�ammatory markers were also
ineffective in assessing the NTM infection severity.

Unlike traditional imaging, 18F-FDG PET/CT detects functional or metabolic alterations in in�ammatory
cell activity prior to morphological abnormalities, regardless of post-in�ammatory scar [19, 20]. Another
advantage of 18F-FDG PET/CT is the ability to assess infection throughout the body [21, 22]. The most
commonly markers used to assess FDG-uptake levels are SUVmax and SUR. In addition, Hautzel et al.
found that using SURLiver of more than 1 signi�cantly improved the speci�city when compared to visual

analysis [23]. The role of 18F-FDG PET/CT scan with semiquantitative parameters has been recognized in
infectious or in�ammatory diseases, but it remains vacant in NTM infection.

In our study, only metabolic parameters such as SURLiver, SURBlood, and SUVMax were signi�cantly
different among the three groups with different immunological states and two groups with different
lesion distribution. SURLiver, SURBlood, and SUVMax in patients with a normal immunological state were
apparently higher than those in patients with immunode�ciency or mildly decreased. Patients with
normal immunity are more likely to develop in�ammatory reactions that engulf bacteria and form
granulomas. Furthermore, according to our ROC analysis, the cut-off point of 3.8 for SURLiver showed the
best equilibrium between sensitivity and speci�city. SURLIver ≤3.8 can help predict immunological
dysfunction in patients with NTM infection. Clinicians should pay more attention to the treatment of the
underlying diseases and search for hidden diseases that lead to immunological dysfunction in these
patients. Meanwhile, SURLiver, SURBlood, and SUVMax in disseminated NTM infection were signi�cantly
higher than those of patients with localized NTM infection. In particular, the cut-off point of 3.3 for
SURBlood showed the best equilibrium between sensitivity and speci�city. the SURBlood ≥3.3 could be used
as a powerful basis for predicting NTM dissemination. These �ndings were crucial in directing treatment
planning.

The severity of non-tuberculous mycobacterial pulmonary disease (NTM-PD) was determined by
symptoms, radiological changes, and mycobacterial culture results of acid-fast bacilli smears, although
these measurements were subjective and took long time to assess [4]. In our severity analysis, SUVLung

and SUVMarrow were higher in patients with severe NTM infection than in those with non-severe NTM
infection. High FDG uptake of NTM-PD indicates in�ammatory activity, signi�cant mycobacterial
pathogenicity, or an elicited systemic response (such as patient 1 in Fig. 2), while normal or low FDG
uptake indicates in�ammation regression or scar formation (such as patient 2 in Fig. 2). The use of a cut-
off value of 3.1 for SUVMarrow and 4.6 for SUVLung simultaneously helped to better delineate NTM-PD
severity, guide NTM-PD treatment, and monitor treatment responses.

There are some limitations to this study. First, it was conducted at a single center, with a limited sample
size (n = 23). Second, because this was a retrospective study, the use of 18F-FDG PET/CT in the
assessment of patients introduced a potential bias toward a disseminated NTM infection cohort. Third, in
our study, 18F-FDG PET/CT was only used for the pre-treatment assessment of NTM infection, with no
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post-treatment reassessment. Last, metabolic measurements re�ected the FDG uptake by in�ammatory
cells rather than the NTM itself. NTM-speci�c radiolabeled compounds and imaging approaches were
urgently needed to be developed. Therefore, a multicenter, prospective analysis will be designed in a
future study to attain a better representation of NTM-infected patients.

Conclusion
To the best of our knowledge, the present study is the �rst to analyze the �ndings of 18F-FDG PET/CT
scan imaging in patients with NTM infection. 18F-FDG PET/CT is a unique and powerful tool in the
diagnosis and evaluation of disease activity, immunological state, and extent of lesion involvements, and
it can help determine the appropriate treatment for NTM infection.
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Tables
Tables 1 to 4 are available in the Supplementary Files section

Figures

Figure 1

Flow diagram shows patient selection details. NTM Non-tuberculous mycobacterial 18F-FDG PET/CT:
18F-�uorodeoxyglucose positron emission tomography/computed tomography.
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Figure 2

Patient 1: A 38-year-old male patient presented with a cough, phlegm, and intermittent fever for two
months. The pathology of the pulmonary puncture suggested chronic granulomatous in�ammation of
the lungs. Finally, metagenomics next-generation sequencing (mNGS) of alveolar lavage �uid suggested
M. abscessus infection. Multiple patchy shadows (white arrows, SUVmax = 11.3) and consolidation (blue

arrows, SUVmax = 3.7) in both lungs on axial slices of 18F-FDG PET/CT scan images.

Patient 2: A 60-year-old female patient with a history of acute lymphocyte leukemia. After one cycle of
chemotherapy, opportunistic intracellular mycobacterial infection appeared in both lungs and was
con�rmed by sputum culture and mNGS. The patient was given active anti-infection treatment. To assess
tumor activity after treatment, an 18F-FDG PET/CT scan was performed, which revealed multiple FDG-
unavid nodules (white arrows, SUVmax = 2.2) in the right lung. The pathology of the wedge resection of
the right lung nodule suggested pulmonary granulomatosis.
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Figure 3

A 47-year-old man with no previous history, presented with right calf and chest pain, fever, and sweating
for one month. A laboratory examination revealed signi�cant increases in leukocyte count (19 × 109/L),
erythrocyte sedimentation rate (77 mm/hour), and C-reactive protein level (87 mg/L). 18F-FDG PET/CT
showed diffuse bony destruction with increased high FDG uptake (SUVmax = 14.8) and mild-uptake small
nodule in the upper lobe of the right lung (white arrows, SUVmax = 2.0). Finally, M. intracellulare was
con�rmed by sputum culture of a rib lesion after removal in orthopedics.
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Figure 4

(A) Comparison of SURBlood, SURLiver, and SUVMax between localized and disseminated groups.

(B) The receiver operating characteristic curve (ROC) analysis for predicting disseminated NTM infection
using SURBlood, SURLiver, and SUVMax values of 18F-FDP-PET/CT scans.

(C) Comparison of SUVMarrow, SUVI-lung, and platelet count between non-severe and severe groups.

(D) The ROC curve analysis for predicting severe NTM-PD using platelet count and SUVMarrow, and SUVI-

lung values of 18F-FDP-PET/CT scans.
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(E) Comparison of SURBlood, SURLiver, and SUVmax between the de�cient, mildly decreased, and normal
groups.

(F) The ROC curve analysis for predicting decreased immunological state in NTM-infected patients using
SURBlood, SURLiver, and SUVMax values of 18F-FDP-PET/CT scans.

Figure 5

Spearman’s rank analysis of the uptake intensity (SUVSpleen and SUVMarrow) and laboratory markers such
as interleukin 6 (IL-6), procalcitonin (PCT), and ferritin.
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