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Objectives: This study aims to develop a novel diagnostic approach using the

recombinase aided amplification-lateral flow dipstick(RAA-LFD) assay for the

distinction of Mycobacterium tuberculosis (MTB) and Mycobacterium avium

complex (MAC), enabling rapid and convenient as well as accurate

identification of them in clinical samples

Methods: Our study established a duplex RAA-LFD assay capable of

discriminating between MTB and MAC. Based on the principles of RAA primer

and probe design, specific primers and probes were developed targeting theMTB

IS6110 and the MAC DT1 separately. Optimization of reaction time points and

temperatures was conducted, followed by an evaluation of specificity, sensitivity,

and reproducibility. The established detection method was then applied to

clinical samples and compared with smear microscopy, liquid culture, LAMP,

and Xpert/MTB RIF in terms of diagnostic performance

Results: The complete workflow allows for the effective amplification of the MTB

IS6110 and MAC DT1 target sequences at constant 37°C within 20min, and the

amplification products can be visually observed on the LFD test strip. This method

exhibits high specificity, showing no cross-reactivity with nucleic acids from

M. kansassi, M. abscessus, M. gordonae, M. chelonae, M. fortuitum, M.

scrofulaceum, M. malmoense, M. chimaera, M. szulgai and common respiratory

pathogens. It also demonstrates high sensitivity, with a detection limit as low as 102

CFU/mL. Additionally, the method’s Coefficient of Variation (CV) is less than 5%,

ensuring excellent repeatability and reliability. Furthermore, clinical performance

evaluations, using Xpert/MTB RIF as the gold standard, demonstrated that the

duplex RAA-LFD assay achieves a sensitivity of 92.86% and a specificity of 93.75%. It

is also noteworthy that the assay exhibits considerable diagnostic efficacy in

smear-negative patients

Conclusions: Our study introduces a rapid, specific, and sensitive duplex RAA-

LFD assay for the discriminatory diagnosis of MTB and MAC. This method
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represents a significant advancement in the field of infectious disease

diagnostics, offering a valuable tool for rapid detection and management of

MTB and MAC infections. The implementation of this approach in point-of-care

settings could greatly enhance TB control and prevention efforts, especially in

resource-limited environments.
KEYWORDS

Mycobacterium tuberculosis (MTB), Mycobacterium avium complex (MAC),
recombinase-aided amplification (RAA), lateral flow dipstick (LFD), rapid distinction
1 Introduction

Tuberculosis, caused by MTB, kills 1.5 million people every year

and has tremendous negative health and economic effects, especially in

underdeveloped countries (Bagcchi, 2023). Non-tuberculous

Mycobacterium (NTM) refers to strains of the genus Mycobacterium

other than MTB complex group andMycobacterium leprae. Over 90%

of clinical NTM isolates belongs to Mycobacterium intracellular

complex (MAC), Mycobacterium kansasii, or Mycobacterium

abscessus (Tan et al., 2021).The accurate and timely diagnosis of TB

and its differentiation from diseases caused by non-tuberculous

mycobacteria (NTM) is crucial for appropriate treatment and

control measures (Gopalaswamy et al., 2020; Thomson and Yew,

2009). Traditional diagnostic methods, including sputum smear

microscopy, culture, and nucleic acid amplification tests (NAATs),

have limitations in terms of sensitivity, specificity, turnaround time,

and operational complexity. Therefore, innovative diagnostic methods

need to be developed (Hermes et al., 2018).

In recent years, isothermal amplification techniques have

emerged as promising tools for nucleic acid detection, offering

simplicity, rapidity, and high efficiency at a constant temperature

(Silva Zatti et al., 2020; Wei et al., 2023). Among these, the

recombinase aided amplification (RAA) has shown potential for

point-of-care testing (POCT) diagnostics due to its low operational

complexity and ability to produce results within minutes at a single

temperature (Zhao et al., 2021). RAA’s utility in detecting a wide

range of pathogens has been documented (Wang et al., 2021).

However, its application, in differentiating TB from MAC

infections, remains underexplored.

The objective of this study is to develop and evaluate a duplex

RAA-LFD assay for the discriminatory diagnosis of MTB and

MAC. This approach aims to address the limitations of current

diagnostic methods by providing a rapid, specific, and sensitive

tool for TB diagnosis and differentiation from MAC infection,

which is essential for the accurate treatment and control of

mycobacterial diseases.
02
2 Materials and methods

2.1 Primers and probe design for duplex
RAA-LFD

We selected the conserved and specific MTB IS6110 and the

MAC DT1 (Gene ID: L0454) as the target markers. Primers and

probes were designed within the conserved regions by using Oligo 7

software, according to the principles of RAA primer and probe

design. All primers and probes were synthesized by Sangon Biotech

Co., Ltd (Shanghai, China) using high-performance liquid

chromatography (HPLC). Details of the final primers and probes

are shown in Table 1.
TABLE 1 The primers and probes used in MTB and MAC duplex RAA-
LFD assay.

Gene
Primers/
probes

Sequences(5’-3’) Size

IS6110—Forward 5’-CCCCATCGACCTACTACG
ACCACATCAACCGGGAG-3’

IS6110—Reverse 5’-Biotin-TCACGGTTCAGGGTTAG
CCACACTTTGCGGGCAC-3’

148 bp

IS6110—Probe 5’-FITC-CTCAAGGAGCACATCAG
CCGCGTCCACGCC-THF-CCAACTAC
GGTGTTTA-C3 Spacer-3’

DT1—Forward 5’- CTTTCACCTGCTCCATT
CCCGTTCTTCACACC-3’

DT1—Reverse 5’-TAMRA-GACGACGGCGTTCGAAAT
GGCACACATCAGC-3’

231 bp

DT1—Probe 5’-Digxin-TGTCCGACCGTGTTGCGCT
CGTCGTAGCT-THF-TCCAGGCCGAT
CCAT-C3 Spacer -3’
fro
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2.2 Duplex RAA-LFD assay

The RAA assays were performed using multienzyme isothermal

rapid amplification nfo kit (DNA) purchased from Qitian Biotech Co.,

Ltd (Jiangsu, China). The RAA system (50mL per reaction) contained

25mL of buffer V, 0.3mL of IS6110-Forward, 0.3mL of IS6110-Reverse,

0.6mL of IS6110-Probe, 0.7mL of DT1-Forward, 0.7mL of DT1-

Reverse,0.6mL of DT1-Probe,4mL of template, 2.5mL of magnesium

acetate and 15.3mL of nuclease-free water. We spined down and repeat

three times to ensure thorough mixing. After a brief centrifuge, we

transfered the tubes to a metal bath and incubate at 37°C for 20min.

Negative control with nuclease-free water was included in each run.

The amplification products were analyzed by using lateral flow dipstick

(LFD) purchased from Tiosbio Co., Ltd (Beijing China). After heating,

we transfered 2mL of the amplification product into a 1.5mL EP tube

containing 48mL of RNase-free water solution, thenmix well and insert

the colloidal gold strip’s sample end into the tube. The changed were

observed on the colloidal gold test strip detection line.
2.3 Specificity of RAA assay

For specificity analysis, the assay was evaluated with M.kansassi,

M.abscessus, M.gordonae, M.chelonae, M.fortuitum, M.scrofulaceum,

M.malmoense, M.chimaera, M.szulgai,Klebsiella pneumoniae,

Pseudomonas aeruginosa, Streptococcus pneumoniae, Hemophilus

influenzae, Acinetobacter baumannii, Staphylococcus aureus,

Stenotrophomonas maltophilia to identify the specificity of RAA-LFD

assay in the diagnosis of MTB and MAC. The DNA template was

extracted by the CTAB method. The DNA template from MTB and

MAC, and nuclease-free water were used as a positive and blank

control, respectively.
2.4 Sensitivity analysis

The fresh cultures of MTB and MAC strains were separately

resuspended to a turbidity equivalent of 1mg/mL. The suspension

was then diluted in a 10-fold gradient using physiological saline, with

each dilution (1mL) tested using the RAA-LFD assay. Both MTB and

MAC are slow-growing mycobacteria, and their culture times are

similar. For each dilution level, 100mL of suspension was inoculated

onto Löwenstein-Jensen (LJ) medium and incubated at 37°C for 2-4w

to record the final colony count. The sensitivity of the method was

determined by the average colony count on the LJ medium

corresponding to the lowest dilution detected by the duplex RAA-

LFD assay. All pathogen experiments were conducted in the TB

screening laboratory at Weifang NO.2 People’s Hospital, which

complies with Biosafety Level 2 (BSL-2) standard.
2.5 Repeatability analysis

The inter-batch assays for duplex RAA-LFD were evaluated by

testing two different concentrations: medium concentration

(MTB:6.87×104fg/mL,MAC:5.94×104fg/mL), and low concentration
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(MTB:6.87×103fg/mL,MAC:5.94×103fg/mL).The inter-batch assay

reproducibility was asssessed across three independent experiments.

The gray level of the detection line was analyzed by ImageJ. Coefficient

of Variation (CV%)=(Standard Deviation/Mean)×100%.
2.6 Duplex assay performance for
Mycobacterial infection

From January to December 2022, 60 patients with suspected TB

symptoms were selected as research subjects at Weifang NO.2

People’s hospital. This study protocol was approved by the

Ethical Committee of Shandong Second Medical University

(2021YX104). Informed consent was obtained from all

participants. The specimen types, including bronchoalveolar

lavage fluid (BALF) and sputum, were used in the study. The

sputum or BALF was liquefied with 4% NaOH, and 1mL of

this solution was inactivated at 80°C for 30min. The established

duplex RAA-LFD assay, liquid culture, loop-mediated isothermal

amplification (LAMP), and Xpert assays were used to test

60 suspected mycobacterium infection samples, with ddH2O

serving as the negative control and Clinical diagnosis as the

positive control to compare the concordance of the detection

methods. Based on the diagnostic criteria for TB, the subjects

were divided into mycobacterium positive and negative group,

and The details of clinical specimens used have been presented in

the Supplementary Material.
2.7 Statistical analysis

Statistical analysis was performed using SPSS 21. Clinical data

for the included cases were recorded in an Excel spreadsheet.

Sensitivity, specificity, positive predictive value, negative

predictive value, and accuracy were calculated using Xpert/MTB

RIF and clinical diagnosis as reference standards. Detection rates

between different methods were compared using McNemar’s test,

with a significance level set at a = 0.05. Consistency was evaluated

using the Kappa statistic, where a Kappa value ≥0.75 indicates

excellent consistency, 0.40 < Kappa < 0.75 indicates moderate

consistency, and Kappa < 0.40 indicates poor consistency.

Statistical significance was defined as a p < 0.05.
3 Results

3.1 System construction and reaction
condition optimization

The duplex RAA reaction system contains two sets of specificity

primers, two types of target pathogen DNA templates and one type

of target pathogen DNA template (Figure 1). The amplification

results were analyzed using LFD assays and agarose gel

electrophoresis to verify the specificity between the two targeted

strains. The experimental results showed that in the same detection

system, a red line on the dipstick was only observed when the
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FIGURE 1

Duplex RAA-LFD differential diagnosis of MTB and MAC experimental procedures (A) RAA amplification process: The processed probe and the
opposing primer will generate double- stranded amplification products that co-join the two antigenic labels. (B) The conserved and specific regions
of MTB IS6110 and MAC DT1 gene were selected to design the probes and primers. The differentiation diagnosis is achieved through antigenic
modification of two sets of primer-probe combinations. For the MTB assay, the 5’end of the downstream primer is modified with biotin, while the
5’end of the probe is modified with FITC. Both are further modified at the base 31 positions from the 5’end with tetrahydrofuran (THF), and a
polymerase extension blocking group, C3 spacer, is attached at the 3’end. For the MAC assay, the 5’end of the downstream primer is modified with
rhodamine (TAMRA), and the 5’end of the probe is modified with Digoxin. Additionally, for DT1-R, the bases at positions 30 from the 5’end,
respectively, are modified with tetrahydrofuran (THF), and a polymerase extension blocking group, C3 spacer, is present at the 3’end. (C) As shown,
two groups of probe groups with specific primers were added into the same system. After adding the target nucleotide sequence, the two groups of
modified target sequences were obtained after constant temperature amplification at 37°C for 20min (Biotin-S6110-FITC, TAMRA-DT1-Digoxin).
After dilution, RAA products combine with SA-DNPs through lateral flow dipstick, and show red detection lines when flowing through the coated
Anti-FITC and Anti-Digoxin detection lines, respectively. The quality control lines are coated with TAMRA and biotin. (D) Interpretation of the RAA-
LFD results. I, a positive result for IS6110 and DT1 (Test line 1, Test line 2 and Control line appear on the LFD); II, a positive result for MTB IS6110
(Test line 1 and Control line appear on the detection region); III, a positive result for MAC DT1 (Test line 2 and Control line appear on the detection
region); IV, negative (only the control line appears on the LFD). Note, Test line 1 (Positive result for IS6110) can be judged as positive for MTB. Test
line 2(Positive for DTI) can be judged as positive for MAC. Test line 1 and Test line 2 can be judged as both of mixed infection.
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corresponding target pathogen DNA template was added

(Figure 2). The duplex RAA agarose detection results were

basically consistent with the LFD, proving good specificity

between the two targeted strains without non-specific

amplification or cross-reactivity. Thus, the system effectively

differentiates and diagnoses MTB and MAC.

Amplification products were detectable at reaction

temperatures ranging from 36°C to 42°C. The amplification

efficiency for MTB remained relatively consistent across these

temperatures, whereas MAC exhibited the highest amplification
Frontiers in Cellular and Infection Microbiology 05
efficiency at 38°C. Both exhibited consistent amplification efficiency

at 37°C (Figures 3A, B). To ensure the stability of amplification and

consistency of amplification efficiency in the duplex system, the

optimal reaction temperature was ultimately determined to be 37°C.

For MTB, the target band was visible at 5min into the reaction and

became progressively clearer with longer incubation times

(Figure 3C). In contrast, the band for MAC was more

pronounced at 25min (Figure 3D). Based on these observations,

the optimal duration for the duplex RAA assay was established

as 20min.
FIGURE 3

(A, B) Optimization of RAA reaction temperature ranging from 36°C to 42°C; (C, D) Optimization of RAA reaction time, The reaction time is
respectively 5min, 10min, 15min, 20min, 25min, 30min.
FIGURE 2

(A) Construction of duplex RAA-LFD 1:Mixed template; 2-3:Target bacteria single template; (B) Construction of duplex RAA 1-2:Target bacteria single
template; 3:Mixed template; NC:ddH2O; M:Marker.
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3.2 Analytical sensitivity

The experimental results indicate that the lower limit of

detection sensitivity for the duplex LFD-RAA assay can reach

102CFU/mL. Specifically, the detection limit is 6.2×103CFU/mL

for MTB, and the detection limit is 8.4×102CFU/mL for MAC,

respectively (Figure 4).
3.3 Analytical specificity

Specificity analysis revealed that only the positive samples

showed a distinct red band on the colloidal gold test strips, while

other NTM, common respiratory bacteria, and the blank control

only showed a single blue control line (Figure 5). This indicates that

the primer-probe set in the RAA-LFD detection amplification

demonstrated good specificity, effectively detecting MTB and

MAC without cross-reacting with other pathogens.
3.4 Analytical repeatability

Inter-batch repeatability experiments were performed using two

different concentrations with three replicates each. The results

showed that the gray values of the detection lines for MTB at

medium and low concentrations were 172.43 ± 3.725 and 156.93 ±

3.22, with CV of 2.16% and 2.05%, respectively. For MAC, the gray

values at medium and low concentrations were 164.45 ± 5.10 and

137.78 ± 3.03, with CV of 3.10% and 2.20%, respectively. These

results suggested that the duplex RAA-LFD demonstrated excellent

repeatability and reproducibility.
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3.5 Application of the RAA-LFD assay in
clinical samples

To further evaluate the clinical performance, a total of 60

clinical samples (49 BALF and 11 sputum) were subjected to the

RAA assay, acid-fast bacilli smear microscopy, liquid culture

method, LAMP as well as Xpert/MTB RIF. Using Xpert as gold

standard, the sensitivity of RAA-LFD assay is 92.86%, which was

significantly higher than 50.0% by LAMP (Table 2). Among the 60

subjects, the accuracy of the duplex RAA-LFD method (76.67%)

was higher than that of the acid-fast bacilli smear microscopy

(51.67%) and the liquid culture method (71.67%)(Table 3).When

clinical diagnosis was used as the standard, the sensitivity of the

duplex RAA-LFD method (67.50%) was better than that of the AFB

smear microscopy (27.50%) and the liquid culture method

(57.50%), with the difference being statistically significant (c2 =

18.65, p<0.001; c2 = 20.93, p<0.005) (Table 3). Among the 49

patients who tested negative for AFB smear microscopy, the positive

detection rates of the liquid culture method and the duplex RAA-

LFD method were 24.49% (12/49) and 34.69% (17/49), respectively,

with the duplex RAA-LFD method showing a significantly higher

detection rate than the liquid culture method (c2 = 10.96, p<0.001).

Based on clinical diagnosis, the sensitivity of the duplex RAA-LFD

method was 55.17%, compared to 41.30% for the liquid culture

method, indicating the duplex RAA-LFD method had more

prominent sensitivity than the liquid culture method (c2 = 13.15,

p<0.001) (Table 4). It is particularly noteworthy that among the 17

patients with confirmed mycobacterial infection, where both smear

and culture results were negative, the duplex RAA-LFD was able to

additionally identify 5 cases (29.4%), significantly improving the

diagnostic rate for mycobacterial infection.
FIGURE 4

Sensitivity tests for duplex LFD-RAA assay.1-6, correspond to 107-102 CFU/mL and negative control, respectively.
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4 Discussion

The epidemiology of TB and NTM infections underscores the

substantial global health impact of mycobacterial diseases, with

significant challenges in accurate and timely diagnosis (Kumar and

Kon, 2021). Although advances inmolecular diagnostics have improved

the detection and differentiation of TB and NTM infection, limitations

in sensitivity, specificity, availability, and cost remain significant barriers

(Sali et al., 2016). Addressing these challenges requires ongoing research

and development of new diagnostic technologies, alongside efforts to

improve the availability and affordability of existing methods in low-

resource settings (Liu et al., 2022). Acid-fast Bacilli (AFB) Smear

Microscopy which is rapid, inexpensive method lacks sensitivity,

especially in patients with HIV co-infection or extrapulmonary TB

(Dinic et al., 2013). Considered the gold standard, culture methods are
Frontiers in Cellular and Infection Microbiology 07
more sensitive but require weeks for results, delaying diagnosis and

treatment (Karuniawati et al., 2022). NAATs offer rapid, sensitive, and

specific detection of MTB (Feng et al., 2022). However, NAATs require

technical expertise and are more expensive, limiting their use in

resource-limited settings (Malhotra et al., 2023). The application of

clinical mNGS for diagnosing respiratory infections improves etiology

diagnosis, but it has not been popularized in the laboratory because of

its high cost (Miao et al., 2022).

Isothermal amplification technologies are designed to amplify

nucleic acids at a constant temperature, eliminating the need for the

thermal cycling required in PCR (Boonbanjong et al., 2022; Zhao et al.,

2015). This feature simplifies the instrumentation required for nucleic

acid amplification, making these technologies more accessible for POCT

and in resource-limited settings (Craw and Balachandran, 2012).

Various isothermal amplification methods have been developed,
TABLE 2 Prediction value of mycobacteria infection using duplex RAA-LFD assay based on Xpert/MTB RIF.

Detection
method

Xpert/MTB RIF/n sensitivity
%

specificity
%

Positive predictive
value %

Negative predictive
value %

Kappa p

+(n=40) -(n=20)

LAMP + 14 2 50.00 93.75 87.50 68.18 0.45 <0.001

– 14 30

duplex
RAA-LFD

+ 26 2 92.86 93.75 92.86 93.75 0.87 <0.001

– 2 30
frontie
FIGURE 5

Specificity tests for detect MTB and MAC (A, B) DNA templates corresponding to MTB M.kansassi, M.intracellulare, M.avium, M.abscessus,
M.gordonae, M.chelonae, M.fortuitum, M.scrofulaceum, M.malmoense, M.chimaera, Klebsiella pneumoniae, Pseudomonas aeruginosa,
Streptococcus pneumoniae, Hemophilus influenzae, Acinetobacter baumannii, Staphylococcus aureus, Stenotrophomonas maltophilia. (C, D) DNA
templates corresponding to M.intracellulare, MTB, M.szulgai. The negative control was sterile water.
rsin.org

https://doi.org/10.3389/fcimb.2024.1454096
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Chen et al. 10.3389/fcimb.2024.1454096
including Loop-mediated Isothermal Amplification (LAMP), Nucleic

Acid Sequence Based Amplification (NASBA), Helicase-Dependent

Amplification (HDA), and Recombinase Polymerase Amplification

(RPA) (Wong et al., 2018; Jeong et al., 2009; Munawar, 2022). Recent

advancements in RAA technology have focused on enhancing its

specificity and sensitivity (Tian et al., 2023). Modifications to primer

designs and the introduction of novel recombinase and polymerase

enzymes have significantly reduced non-specific amplification and

increased the limit of detection to a few molecules of target DNA.

One of the most significant innovations in RAA technology is its

integration with CRISPR-Cas systems, specifically Cas12 and Cas13, for

ultra-sensitive and specific detection of nucleic acids (Li et al., 2023).

This combination, known as CRISPR-RAA, allows for the detection of

specific DNA or RNA sequences with high precision, leveraging the

collateral cleavage activity of Cas proteins to signal the presence of the

target nucleic acid. Advancements in RAA technology have led to

the development of portable, user-friendly devices for POCT (Zhang

et al., 2021). These devices often integrate RAA with lateral flow assays

or fluorescence detection, providing rapid results without the need for

sophisticated laboratory equipment (Liu et al., 2023; Xia et al., 2022).

Recent studies have demonstrated the potential for duplexing RAA

reactions, allowing for the simultaneous detection of multiple targets in

a single assay (Cao and Song, 2023; Ma et al., 2023). This is particularly

useful for differential diagnosis of diseases with overlapping symptoms

or for detecting co-infections. RAA offers many advantages over
Frontiers in Cellular and Infection Microbiology 08
traditional PCR, however, challenges remain in its widespread

adoption. The optimization of reaction conditions for different targets,

the potential for carry-over contamination, and the need for further

validation in clinical settings are areas that require ongoing research

(Munawar, 2022). Future directions for RAA technology include the

development of more robust reaction mixes that are tolerant of

inhibitory substances commonly found in clinical samples, enhancing

the utility of RAA in a wider range of applications.

The RAA-assisted isothermal amplification technique developed in

this study represents a significant advancement in the field of TB

diagnostics. To our knowledge, we develop a novel RAA based

molecular assay for rapid amplification of MTB and MAC from

clinical specimens. Our findings demonstrate that the method shows

high specificity and sensitivity for detecting MTB and differentiating it

fromMAC, and the whole amplification process takes only 20min. This

performance surpasses that of traditional diagnostic methods,

addressing critical gaps in the timely and accurate diagnosis of TB

and MAC infections. The clinical applicability of our RAA-based

method, particularly in resource-limited settings, is among its most

significant advantages. In this context, there is an urgent need for

simple, rapid, and accurate diagnostic tools, as delayed or incorrect

diagnoses can lead to ongoing transmission and inappropriate

treatment regimens, thereby exacerbating the public health burden of

mycobacterial diseases. Furthermore, our study highlights the

importance of integrating molecular diagnostics with clinical and
TABLE 4 Comparison of the efficacy of liquid culture and duplex RAA-LFD in the detection of mycobacteria in patients with negative AFB.

Detection
method

Clinical diagno-
sis/n

sensitivity
%

specificity
%

Positive predictive
value %

Negative predictive
value %

Kappa p

+(n=29) -(n=20)

liquid
culture

+ 12 0 41.30 100.00 100.00 54.05 0.37 <0.001

– 17 20

duplex
RAA-LFD

+ 16 1 55.17 95.00 94.12 59.38 0.46 0.002

– 13 19
frontie
TABLE 3 Prediction value of mycobacteria infection using duplex RAA-LFD assay based on clinical diagnosis.

Detection
method

Clinical diagno-
sis/n

sensitivity
(%)

specificity
(%)

Positive predictive
value (%)

Negative
predictive
value (%)

Accuracy
(%)

Kappa Standard
error

p

+(n=40) -(n=20)

AFB + 11 0 27.50 100.00 100.00 40.82 51.67 0.20 0.064 0.009

– 29 20

liquid
culture

+ 23 0 57.50 100.00 100.00 54.05 71.67 0.47 0.092 <0.001

– 17 20

Xpert/
MTB RIF

+ 28 0 70.00 100.00 100.00 62.50 80.00 0.61 0.093 0.001

– 12 20

LAMP + 16 0 40.00 100.00 100.00 45.45 60.00 0.31 0.097 <0.001

– 24 20

duplex
RAA-LFD

+ 27 1 67.50 95.00 96.43 59.83 76.67 0.54 0.098 <0.005

– 13 19
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epidemiological data to enhance the management of TB and MAC

infections. The ability to rapidly distinguish between these infections

enables targeted therapeutic interventions, reducing the risk of drug

resistance and improving therapeutic effect.

However, challenges remain in the broader implementation of

RAA-based diagnostics, including the need for further validation in

diverse settings and among varied patient populations. Future research

should focus on operationalizing this technology in field conditions,

evaluating its performance against a broader array of mycobacterial

species, and assessing its cost-effectiveness compared to existing

diagnostics. We compared five methods for detecting mycobacteria,

including duplex RAA-LFD. The results showed that the positive

detection rate, sensitivity and specificity of duplex RAA-LFD in

sputum samples of pulmonary TB patients were higher than that of

AFB and liquid culture. More importantly, the duplex RAA method

has high diagnostic efficacy in both TB infection and smear-negative

TB, and has high application value for the early and rapid diagnosis of

clinical mycobacterium infection and MAC differential diagnosis,

especially for those with negative smear tests. Besides, it has the

characteristics of short time, simple operation and low detection cost,

which is worthy of further clinical verification.

So far most isothermal nucleic acid amplification techniques are

usually limited to amplify only one target sequence (Mayboroda et al.,

2018). First of all, the entire reaction of RAA is performed by

quantitative enzyme system instead of ordinary PCR through the

process of unchain amplification through variable temperature, and

the multiple systems lead to competitive inhibition due to the

consumption of enzymes (Piepenburg et al., 2006). Secondly, due to

the restriction of the band size of the amplification target, usually RAA

nucleic acid products are between 125-200bp, and it is difficult to

distinguish them by agarose detection (Tan et al., 2022). In our study,

we found that by continuously optimizing the concentration of probe

primers in the reaction system, the efficiency of the two groups of

amplification systems was similar. Further, different antigen-modified

primers and probes were used for visual differential diagnosis of LFD.

In conclusion, the RAA-assisted isothermal amplification method

offers a promising approach for the rapid, specific, and sensitive

discrimination of TB from MAC. In future research, we are

continuously developing RAA-based diagnostics for other NTM

species, such as Mycobacterium kansasii and Mycobacterium

abscessus, with the goal of achieving rapid diagnosis coverage for

99% of mycobacteria. We will continue refining the multiplex system

to enable simultaneous detection of multiple pathogens and facilitate

further clinical utility. Its implementation could significantly improve

the diagnosis and management of mycobacterial diseases, particularly

in settings where traditional diagnostic resources are limited.

Continued innovation and research in this area are essential for

advancing global TB control and prevention efforts.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Frontiers in Cellular and Infection Microbiology 09
Ethics statement

The studies involving humans were approved by the Ethics

Committee of Shandong Second Medical University. The studies

were conducted in accordance with the local legislation and

institutional requirements. The participants provided their written

informed consent to participate in this study.
Author contributions

KC: Data curation, Validation, Visualization, Writing –

original draft, Writing – review & editing. JZ: Writing – review

& editing, Validation, Formal analysis , Investigation,

Visualization, Software. SW: Writing – review & editing,

Methodology, Supervision, Formal analysis, Validation,

Investigation. YF: Conceptualization, Funding acquisition,

Resources, Supervision, Writing – review & editing. ZY:

Conceptualization, Funding acquisition, Project administration,

Resources, Supervision, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This study

was supported by the Program of Shandong Province Natural

Science Foundation of China (grant number ZR2021MH401).

The funder had no role in the design of the study and collection,

analysis or preparation of the manuscript.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary Material

The Supplementary Material for this article can be found online at:

https://www.frontiersin.org/articles/10.3389/fcimb.2024.1454096/

full#supplementary-material
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcimb.2024.1454096/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2024.1454096/full#supplementary-material
https://doi.org/10.3389/fcimb.2024.1454096
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Chen et al. 10.3389/fcimb.2024.1454096
References
Bagcchi, S. (2023). WHO’s global tuberculosis report 2022. Lancet Microbe 4, e20.
doi: 10.1016/s2666-5247(22)00359-7

Boonbanjong, P., Treerattrakoon, K., Waiwinya, W., Pitikultham, P., and Japrung, D.
(2022). Isothermal amplification technology for disease diagnosis. Biosensors (Basel) 12,
677. doi: 10.3390/bios12090677

Cao, Y., and Song, X. (2023). Meat authenticity made easy: DNA extraction-free
rapid onsite detection of duck and pork ingredients in beef and lamb using dual-
recombinase-aided amplification and multiplex lateral flow strips. J. Agric. Food Chem.
71, 14782–14794. doi: 10.1021/acs.jafc.3c03259

Craw, P., and Balachandran, W. (2012). Isothermal nucleic acid amplification
technologies for point-of-care diagnostics: a critical review. Lab. Chip 12, 2469–2486.
doi: 10.1039/c2lc40100b

Dinic, L., Idigbe, O. E., Meloni, S., Rawizza, H., Akande, P., Eisen, G., et al. (2013).
Sputum smear concentration may misidentify acid-fast bacilli as Mycobacterium
tuberculosis in HIV-infected patients. J. Acquir. Immune Defic. Syndr. 63, 168–177.
doi: 10.1097/QAI.0b013e31828983b9

Feng, J. Y., Lin, C. J., Wang, J. Y., Chien, S. T., Lin, C. B., Huang, W. C., et al. (2022).
Nucleic acid amplification tests reduce delayed diagnosis and misdiagnosis of
pulmonary tuberculosis. Sci. Rep. 12, 12064. doi: 10.1038/s41598-022-16319-8

Gopalaswamy, R., Shanmugam, S., Mondal, R., and Subbian, S. (2020). Of
tuberculosis and non-tuberculous mycobacterial infections - a comparative analysis
of epidemiology, diagnosis and treatment. J. BioMed. Sci. 27, 74. doi: 10.1186/s12929-
020-00667-6

Hermes, R., Saragusty, J., Moser, I., Barth, S. A., Holtze, S., Lecu, A., et al. (2018).
Differential detection of tuberculous and non-tuberculous mycobacteria by qPCR in
lavage fluids of tuberculosis-suspicious white rhinoceros. PloS One 13, e0207365.
doi: 10.1371/journal.pone.0207365

Jeong, Y. J., Park, K., and Kim, D. E. (2009). Isothermal DNA amplification in vitro:
the helicase-dependent amplification system. Cell Mol. Life Sci. 66, 3325–3336.
doi: 10.1007/s00018-009-0094-3

Karuniawati, A., Burhan, E., Koendhori, E. B., Sari, D., Haryanto, B., Nuryastuti, T.,
et al. (2022). Performance of Xpert MTB/RIF and sputum microscopy compared to
sputum culture for diagnosis of tuberculosis in seven hospitals in Indonesia. Front.
Med. (Lausanne) 9, 909198. doi: 10.3389/fmed.2022.909198

Kumar, K., and Kon, O. M. (2021). Personalised medicine for tuberculosis and non-
tuberculous mycobacterial pulmonary disease. Microorganisms. 9, 2220. doi: 10.3390/
microorganisms9112220

Li, X., Su, B., Yang, L., Kou, Z., Wu, H., Zhang, T., et al. (2023). Highly sensitive and
rapid point-of-care testing for HIV-1 infection based on CRISPR-Cas13a system. BMC
Infect. Dis. 23, 627. doi: 10.1186/s12879-023-08492-6

Liu, D., Gu, L., Zhang, R., Liu, L., Shen, Y., Shao, Y., et al. (2022). Utility of urine
lipoarabinomannan (LAM) in diagnosing mycobacteria infection among hospitalized
HIV-positive patients. Int. J. Infect. Dis. 118, 65–70. doi: 10.1016/j.ijid.2022.02.046

Liu, W., Zhang, G., Xu, D., Ye, J., and Lu, Y. (2023). A novel RAA combined test strip
method based on dual gene targets for pathogenic vibrio vulnificus in aquatic products.
Foods 12, 3605. doi: 10.3390/foods12193605

Ma, Y., Wu, H., Chen, S., Xie, C., Hu, J., Qi, X., et al. (2023). FEN1-aided recombinase
polymerase amplification (FARPA) for one-pot and multiplex detection of nucleic
acids with an ultra-high specificity and sensitivity. Biosens Bioelectron 237, 115456.
doi: 10.1016/j.bios.2023.115456

Malhotra, A., Thompson, R., De Vos, M., David, A., Schumacher, S., and Sohn, H.
(2023). Determining cost and placement decisions for moderate complexity NAATs for
tuberculosis drug susceptibility testing. PloS One 18, e0290496. doi: 10.1371/
journal.pone.0290496
Frontiers in Cellular and Infection Microbiology 10
Mayboroda, O., Katakis, I., and O’sullivan, C. K. (2018). Multiplexed isothermal
nucleic acid amplification. Anal. Biochem. 545, 20–30. doi: 10.1016/j.ab.2018.01.005

Miao, Q., Liang, T., Pei, N., Liu, C., Pan, J., Li, N., et al. (2022). Evaluation of
respiratory samples in etiology diagnosis and microbiome characterization by
metagenomic sequencing. Respir. Res. 23, 345. doi: 10.1186/s12931-022-02230-3

Munawar, M. A. (2022). Critical insight into recombinase polymerase amplification
technology. Expert Rev. Mol. Diagn. 22, 725–737. doi: 10.1080/14737159.2022.2109964

Piepenburg, O., Williams, C. H., Stemple, D. L., and Armes, N. A. (2006). DNA detection
using recombination proteins. PloS Biol. 4, e204. doi: 10.1371/journal.pbio.0040204

Sali, M., De Maio, F., Caccuri, F., Campilongo, F., Sanguinetti, M., Fiorentini, S., et al.
(2016). Multicenter evaluation of anyplex plus MTB/NTM MDR-TB assay for rapid
detection of mycobacterium tuberculosis complex and multidrug-resistant isolates in
pulmonary and extrapulmonary specimens. J. Clin. Microbiol. 54, 59–63. doi: 10.1128/
jcm.01904-15

Silva Zatti, M., Domingos Arantes, T., and Cordeiro Theodoro, R. (2020). Isothermal
nucleic acid amplification techniques for detection and identification of pathogenic
fungi: A review. Mycoses 63, 1006–1020. doi: 10.1111/myc.13140

Tan, M., Liao, C., Liang, L., Yi, X., Zhou, Z., and Wei, G. (2022). Recent advances
in recombinase polymerase amplification: Principle, advantages, disadvantages
and applications. Front. Cell Infect. Microbiol. 12, 1019071. doi: 10.3389/fcimb.2022.1019071

Tan, Y., Deng, Y., Yan, X., Liu, F., Tan, Y., Wang, Q., et al. (2021). Nontuberculous
mycobacterial pulmonary disease and associated risk factors in China: A prospective
surveillance study. J. Infect. 83, 46–53. doi: 10.1016/j.jinf.2021.05.019

Thomson, R. M., and Yew, W. W. (2009). When and how to treat pulmonary non-
tuberculous mycobacterial diseases. Respirology 14, 12–26. doi: 10.1111/j.1440-
1843.2008.01408.x

Tian, Y., Fan, Z., Xu, L., Cao, Y., Chen, S., Pan, Z., et al. (2023). CRISPR/Cas13a-
assisted rapid and portable HBV DNA detection for low-level viremia patients. Emerg.
Microbes Infect. 12, e2177088. doi: 10.1080/22221751.2023.2177088

Wang, W., Wang, C., Zhang, Z., Zhang, P., Zhai, X., Li, X., et al. (2021).
Recombinase-aided amplification-lateral flow dipstick assay-a specific and sensitive
method for visual detection of avian infectious laryngotracheitis virus. Poult Sci. 100,
100895. doi: 10.1016/j.psj.2020.12.008

Wei, Z., Wang, X., Feng, H., Ji, F., Bai, D., Dong, X., et al. (2023). Isothermal nucleic
acid amplification technology for rapid detection of virus. Crit. Rev. Biotechnol. 43,
415–432. doi: 10.1080/07388551.2022.2030295

Wong, Y. P., Othman, S., Lau, Y. L., Radu, S., and Chee, H. Y. (2018). Loop-mediated
isothermal amplification (LAMP): a versatile technique for detection of micro-
organisms. J. Appl. Microbiol. 124, 626–643. doi: 10.1111/jam.13647

Xia, W., Chen, Y., Ding, X., Liu, X., Lu, H., Guo, C., et al. (2022). Rapid and visual
detection of type 2 porcine reproductive and respiratory syndrome virus by real-time
fluorescence-based reverse transcription recombinase-aided amplification. Viruses 14,
2526. doi: 10.3390/v14112526

Zhang, Y., Li, Q., Guo, J., Li, D., Wang, L., Wang, X., et al. (2021). An isothermal
molecular point of care testing for african swine fever virus using recombinase-aided
amplification and lateral flow assay without the need to extract nucleic acids in blood.
Front. Cell Infect. Microbiol. 11, 633763. doi: 10.3389/fcimb.2021.633763

Zhao, J., Ao, C., Wan, Z., Dzakah, E. E., Liang, Y., Lin, H., et al. (2021). A point-of-
care rapid HIV-1 test using an isothermal recombinase-aided amplification and
CRISPR Cas12a-mediated detection. Virus Res. 303, 198505. doi: 10.1016/
j.virusres.2021.198505

Zhao, Y., Chen, F., Li, Q., Wang, L., and Fan, C. (2015). Isothermal amplification of
nucleic acids. Chem. Rev. 115, 12491–12545. doi: 10.1021/acs.chemrev.5b00428
frontiersin.org

https://doi.org/10.1016/s2666-5247(22)00359-7
https://doi.org/10.3390/bios12090677
https://doi.org/10.1021/acs.jafc.3c03259
https://doi.org/10.1039/c2lc40100b
https://doi.org/10.1097/QAI.0b013e31828983b9
https://doi.org/10.1038/s41598-022-16319-8
https://doi.org/10.1186/s12929-020-00667-6
https://doi.org/10.1186/s12929-020-00667-6
https://doi.org/10.1371/journal.pone.0207365
https://doi.org/10.1007/s00018-009-0094-3
https://doi.org/10.3389/fmed.2022.909198
https://doi.org/10.3390/microorganisms9112220
https://doi.org/10.3390/microorganisms9112220
https://doi.org/10.1186/s12879-023-08492-6
https://doi.org/10.1016/j.ijid.2022.02.046
https://doi.org/10.3390/foods12193605
https://doi.org/10.1016/j.bios.2023.115456
https://doi.org/10.1371/journal.pone.0290496
https://doi.org/10.1371/journal.pone.0290496
https://doi.org/10.1016/j.ab.2018.01.005
https://doi.org/10.1186/s12931-022-02230-3
https://doi.org/10.1080/14737159.2022.2109964
https://doi.org/10.1371/journal.pbio.0040204
https://doi.org/10.1128/jcm.01904-15
https://doi.org/10.1128/jcm.01904-15
https://doi.org/10.1111/myc.13140
https://doi.org/10.3389/fcimb.2022.1019071
https://doi.org/10.1016/j.jinf.2021.05.019
https://doi.org/10.1111/j.1440-1843.2008.01408.x
https://doi.org/10.1111/j.1440-1843.2008.01408.x
https://doi.org/10.1080/22221751.2023.2177088
https://doi.org/10.1016/j.psj.2020.12.008
https://doi.org/10.1080/07388551.2022.2030295
https://doi.org/10.1111/jam.13647
https://doi.org/10.3390/v14112526
https://doi.org/10.3389/fcimb.2021.633763
https://doi.org/10.1016/j.virusres.2021.198505
https://doi.org/10.1016/j.virusres.2021.198505
https://doi.org/10.1021/acs.chemrev.5b00428
https://doi.org/10.3389/fcimb.2024.1454096
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Duplex recombinase aided amplification-lateral flow dipstick assay for rapid distinction of Mycobacterium tuberculosis and Mycobacterium avium complex
	1 Introduction
	2 Materials and methods
	2.1 Primers and probe design for duplex RAA-LFD
	2.2 Duplex RAA-LFD assay
	2.3 Specificity of RAA assay
	2.4 Sensitivity analysis
	2.5 Repeatability analysis
	2.6 Duplex assay performance for Mycobacterial infection
	2.7 Statistical analysis

	3 Results
	3.1 System construction and reaction condition optimization
	3.2 Analytical sensitivity
	3.3 Analytical specificity
	3.4 Analytical repeatability
	3.5 Application of the RAA-LFD assay in clinical samples

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


