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Abstract

Talaromyces (Penicillium) marneffeiis an emerging pathogen that causes significant morbidity and mortality
inimmunocompromised patients in endemic regions such as southeast Asia. The diagnosis of disseminated
T. marneffei infection remains challenging in clinical practice. In the study, a well-validated real-time quan-
titative polymerase chain reaction (qPCR) target region of ITS1-5.8S-ITS2 and a Platelia galactomannan
(GM) assay were compared for their diagnostic performance using serum samples from patients with or
without human immunodeficiency virus (HIV). The results showed that this novel gPCR method is highly
sensitive and specific for T marneffei DNA detection in serum samples, and the limit of detection and
species-specificity of gPCR were five copies of DNA and 100%, respectively. For detection in serum samples
from 36 talaromycosis patients, the sensitivity of gPCR was 86.11% (31/36), including 20/20 (100%) patients
with fungemia and 11/16 (68.75%) patients without fungemia. For the GM assay, the sensitivity was 80.56%
(29/36) when the GM optical density cutoff index was >0.5, including 19/20 (95%) patients with fungemia
and 10/16 (62.5%) patients without fungemia. These results indicate that the novel gPCR and GM assays
can be used as a valuable tool in the diagnosis of T marneffei infection. Serum samples are convenient
hematological specimens for T marneffei DNA quantification. Combining the GM assay and qPCR is more
scientific and appropriate for diagnosing T marneffei infection in endemic areas.
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Introduction

The dimorphic fungus Talaromyces marneffei, formerly called
Penicillium marneffei, is an emerging pathogen that is endemic
in southeast Asia, including Thailand, southern China, Viet-
nam, and northeastern India.'~3 This pathogen can cause dis-

seminated talaromycosis in immunocompromised hosts, such as
AIDS/human immunodeficiency virus (HIV) patients and is con-
sidered an “AIDS-defining pathogen” in endemic areas.* The ma-
jor manifestations of disseminated talaromycosis are fever, ane-
mia, lymphadenopathy, hepatosplenomegaly, respiratory signs
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and skin lesions,® which are not specific to or reliable for diag-
nosing and associated with a high fatality rate.?> Microbiologic
isolation and species identification of the pathogen may be time-
consuming; it can take up to 1-4 weeks.? Given the rapid, fatal
course of this mycosis, improved methods for early diagnosis
with subsequent initiation of antifungal therapy are urgently re-
quired to significantly improve the mortality rate.

Novel nonculture-based approaches focus on hasten diag-
nosis, thereby enabling diagnostic-driven rather than empirical
antifungal treatment strategies. In recent decades, quantitative
polymerase chain reaction (QPCR) has been extensively studied
and explored as a tool for detection and identification of
Aspergillus fumigatus and other pathogenic fungi in clinical
samples.®~® Previous studies have reported using qPCR to
identify T. marneffei in whole blood and plasma samples, and
the results were encouraging, as qPCR can rapidly detect T.
marneffei in clinical samples.”>'® However, the performance of
qPCR in serum samples from talaromycosis patients has not yet
been evaluated.

Galactomannan (GM) is a heteropolysaccharide composed of
a nonimmunogenic mannan core and immunoreactive galacto-
furanose side chains present in the cell walls of most Aspergillus
and Talaromyces species.!’>12 Studies have shown that detecting
the GM antigen in serum is useful for diagnosing talaromyco-
sis in HIV-infected patients;'®> however, GM assay has not been
tested in serum samples from talaromycosis patients without
HIV coinfection, and its performance has not yet been compared
with that of qPCR assays in diagnosing T. marneffei infection.
The present study aimed to develop a novel serum-based gPCR
assay and to compare the sensitivities of QPCR and GM assays
in diagnosing T. marneffei infection.

Methods

Preparation of fungal and bacterial

The following fungi were used in this experiment: T. marn-
effei type strain FRR2161, which was generously provided
by Dr. Alex Andrianopoulos (Department of Genetics, Uni-
versity of Melbourne, Australia), the T. marneffei GX1233H,
GX1229H, GX1323H, GX1420H, and GX1434H human iso-
lates, C. glabrata, C. tropicalis, C. albicans, C. parapsilosis, C.
krusei, Cryptococcus neoformans, A. flavus, A. niger, A. fu-
migatus (AF293), A. terreus, A. nidulans, A. oryzae, Rhizopus
oryzae, Rhizomucor pusillus, Scedosporium apiospermum, and

Table 1. Primers and probe for gPCR assay.

H. capsulatum. The assorted bacteria included Staphylococcus
aureus, Streptococcus pneuwmoniae, and Escherichia coli. The
yeast forms of fungus were cultured on brain heart infusion agar
(BHA, Becton Dickinson and Company, Franklin Lakes, NJ,
USA) at 37°C from 3 to 7 days. The mould forms of fungus were
cultured on potato-dextrose-agar (PDA; Becton Dickinson and
Company, USA) at 25°C from 4 to 7 days. A portion of mycelial
or yeast mat weighing approximately 10-20 mg was harvested
with sterile forceps and placed into a sterile 1.5 ml Eppendorf
tube with 600 ul of phosphate-buffered saline (PBS; PH = 7.0).

Patient group and samples

A case-control study was performed to anonymously evaluate
qPCR and GM assays for talaromycosis diagnosis. The tests
were performed retrospectively and had no impact on patient
diagnoses or management. Serum samples were collected from
36 culture-proven talaromycosis patients, 45 other invasive fun-
gal infection and 30 healthy volunteers, which patients prior
to initiating antifungal therapy between May 2011 and April
2016 at the following major hospitals in Guangxi province: The
First Affiliated Hospital of Guangxi Medical University, Nan-
ning, China; The People’s Hospital of Bose, Bose, China; and
The Fourth Hospital of Nanning, Nanning, China. The study
protocol was approved by the Ethics Committee of the First
Affiliated Hospital of Guangxi Medical University and was con-
ducted in accordance with the Declaration of Helsinki, ethics
amendment dated 28/10/2011, approval number KY-E-008.

DNA extraction

Fungal genomic DNA from a pure culture was extracted using a
phenol-chloroform method followed by glass bead pulverization
after liquid nitrogen frozen.'* Then A QIlAamp DNA Mini Kit
(Qiagen, Hilden, Germany) was used to extract DNA from 200-
ul serum samples as described previously.!> The DNA was eluted
in 100 ul of sterile water and stored at —20°C until analysis.

DNA amplification and detection

The primers and TagMan fluorogenic probe were designed to
be highly specific for the ITS1-5.8S- ITS2 rDNA of T. marnef-
fei (accession No0.L.37406.1), which was not examined in earlier
studies. The primer and probe sequences are shown in Table 1.
The standard curve was prepared as described previously.'® Ten-
fold serial dilutions of the positive recombinant plasmid standard

Primer and probe Nucleotide sequences(5’-3") Position of L37406 (bp) Tm (°C)
Forward primer 5'-AACCCTGATGAAGATGGACTGTCT-3' 175-198 59.0
Reverse primer 5'-AAATGACGCTCGGACAGGC-3 358-376 59.8
TagMan probe FAM-5AATCTTTGAACGCACATTGCGCCC3'-TAMRA 314-335 68.5

Regions of the specific primers and TagMan probe, which are located on the T. marneffei ITS1-5.8S-ITS2 region (accession no. L37406.1).
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(the final concentrations were S x 107, 5 x 10°, § x 10%, 5
x 10%, 5 x 103, 5 x 102, § x 10', and 5 x 10° copies per
reaction) were utilized in the gPCR amplification following op-
timal procedures. To test the sensitivity and detection rate, 107,
10%, 10!, and 5 copies per reaction were detected.

The qPCR included 10 ul of 2 x TagMan Universal Master
Mix (Applied Biosystems, Foster City, CA, USA), 1 ul (5 uM) of
each primer, 1 ul (5 uM) of the TagMan probe, 2 ul of RNase-
free water (Qiagen), and 5 ul of the template. The reaction was
performed as follows: 95°C for 10 minutes and 40 cycles of
95°C for 15 seconds, 60°C for 1 minute, and annealing and
extension at 60°C for 1 minute. The qPCR was performed in
an automated quantitative fluorescence PCR cycler (ABI 7500),
and the amplification curve was analyzed based on exponential
amplification and the Cq value, which was dose-dependent on
the positive standard.

GM antigen detection

GM levels were determined using the Platelia Aspergillus
enzyme immunoassay (Bio-Rad, Marnesla-Coquette, France)
according to the manufacturer’s instructions. Three different
optical density (OD) cutoff indexes for the GM antigen level
were used for the diagnosis of T. marneffei, including 0.5, 1.0,

and 1.5, as recommended by Huang et al.!3

Statistical analysis

The interquartile ranges of the serum GM and qPCR assays
were calculated for patients and negative controls, and differ-
ences were analyzed using the Mann-Whitney test. Sensitivity
and specificity were calculated to evaluate the performance of the
serum qPCR assay. The sensitivities of both diagnostic methods
were compared using Fisher exact test.

Results

Characteristics of the study population

Thirty-six patients, including 8 females and 28 males, were en-
rolled for laboratory diagnosis using qQPCR and GM assays; the
mean patient age was 38.64 years (range 1-69 years). Four-
teen (38.89%) patients had HIV coinfection, while the other 22
(61.11%) patients had no detectable underlying diseases. Among
the 36 patients, 20 had a positive blood culture (12 HIV-positive
and 8 HIV-negative patients), and 16 were blood-culture nega-
tive but positive for the culture of other samples (2 HIV-positive
and 14 HIV-negative patients). The clinical manifestations and
medical histories of the patients are shown in Table 2. Con-
trol blood samples were obtained from 30 healthy volunteers,
34 invasive aspergillosis (IA) patients, including 22 proven and
12 probable cases based on the EORTC/MSG criteria,'” and 11
cryptococcosis patients (two with cryptococcal pneumonia and
nine with cryptococcal meningitis).

Table 2. Baseline characteristics and clinical data of 36 talaromy-
cosis patients enrolled for serum GM and gPCR testing.

Talaromycosis patients

All with without
Characteristic (n=36) HIV (n =14) HIV (n =22)
Age[mean(range)] 37.14 (1-69) 38.64 (23-51) 36.18 (1-69)
Sex(female/male) 8/28 1/13 7/15
With fungemia 20 12 8
No. (%) of culture-positive specimens®
Blood 20 (55.56%) 12 (85.71%) 8 (36.36%)
Bronchoalveolar lavage 4 (11.11%) 0 (0) 4 (18.18%)
Skin biopsy 15 (41.67%) 2 (14.29%) 13 (59.00%)
Sputum 2(5.56%) 2 (14.29%) 0 (0)
Skin-pur 8 (22.22%) 1(7.14%) 7 (31.82%)
Lymph node 3(8.33%) 0(0) 3(13.64%)

3Some of the patients were positive for multiple specimen types

Sensitivity and specificity of the qPCR assay

The gPCR system proved to be highly specific for both the yeast
and hyphal forms of T. marneffei with an amplification prod-
uct of 202 bp. None of the 16 fungal pathogen samples or the
10 bacterial samples tested were identified by these primers and
probe. Control blood samples from healthy volunteers and pa-
tients with TA and cryptococcosis also tested negative according
to the qPCR assay. Thus, the analytical specificity of this method
was 100%. Using serial 10-fold dilutions of T. marneffei DNA
in water showed that the qPCR limit of detection was 5 copies
per microliter of DNA (80% detection rate), while the analytical
sensitivity was 10 copies of DNA (100% detecting rate). The
correlation between the Cy value and DNA copy number was
calculated as Cq = -3.34 x Lg (copy number) +43.22 (R? =
0.994; Eff = 99.6%) (Fig. 1).

Quantitation of DNA in clinical samples

Among the 36 talaromycosis cases, all the blood culture-positive
samples were also positive according to the qPCR assay (20/20).
The C; value (median, range) of qPCR was 34.24 cycles
(31.08—37.04). Additionally, the qPCR method detected 11 of
16 blood-culture negative samples (68.75%). The Cq value (me-
dian, range) was 36.41cycles (30.53—40). These results indicated
high sensitivity of the QPCR method for T. marneffei detection
directly from serum samples, and more positive samples were
detected by qPCR (31/36; 86.11%) versus conventional blood
culture (20/36; 55.56%). The median Cq value for serum gPCR
detection among talaromycosis patients with HIV infection was
33.24 cycles (range 30.53—37.04), which was lower than that
obtained for patients without HIV (35.98, range 33.26—40;
Mann-Whitney test P < .05). The diagnostic sensitivity and
specificity for talaromycosis based on qPCR for ITS1-5.8S-1TS2
were 86.11% and 100%, respectively.
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Figure 1. Standard Curve and Rn vs Cycle. (a) Linear regression of the crossing point values vs. log10 concentration of T. marneffei ITS1-5.8S-ITS2 region
plasmids. All the samples were performed in triplicate. The correlation between Cq value and DNA copy was Cq=—3.34xLg (copy number) +43.22 (R2=0.994;
Eff=99.6%). (b) Amplification plots of T. marneffei ITS1-5.8S-ITS2 region plasmids with dilution concentrations from 5x 107 to 5x 100copies per reaction, showing
increase in the fluorescence emission of the reporter dye relative to the reference dye.

Table 3. Serum GM OD indices and qPCR cycles of patients with talaromycosis, aspergillosis, or cryptococcosis and healthy volunteers.

No. (%) with a

GM OD index No. (%) with a GM OD index of: qPCR qPCR cycle of:
Patient group Range Median >1.5 >1.0 >0.5 <0.5 Range Median <39 cycles
Talaromycosis
With HIV (n = 14) 0.98-7.22  5.732 13 (92.86) 13 (92.86)  14(100) 0(0.00) 30.53-37.04 33.24¢ 14 (100)
With fungemia (7 = 12) 0.98-7.22 5.84 11 (91.67) 11 (91.67)  12(100) 0(0.00) 31.09-37.04 34.15 12 (100)
Without fungemia (n = 2) 2.66-5.73 4.20 2 (100) 2 (100) 2(100) 0(0.00) 30.53-33.22 31.88 2 (100)
Without HIV (7 = 22) 0.15-2.74  0.68* 5(22.73) 6(27.27) 15(68.18) 7(31.82)  33.26-39  35.98¢ 17 (77.27)
With fungemia (7 = 8) 0.49-2.74 0.89 3(37.50) 4(50.00) 7(87.50)  1(12.5) 33.26-36.55 34.75 8 (100)
Without fungemia (n = 14) 0.15-1.61 0.55 2(14.29) 2(14.29) 8(57.14) 6(42.86) 33.56-39 36.91 9 (64.29)
All (n = 36) 0.15-7.22  1.31b<d  18(50.00) 19 (52.78) 29 (80.56) 7(19.44)  30.53-39 34.83 31(86.11)
Aspergillosis
Proven (1 = 24) 0.55-7.41 318  20(83.33) 21(87.5) 24(100) 0 (0.00) NT NT 0 (0.00)
Probable (# = 10) 0 0 1(10) 2 (20) 4 (40) 6 (60) NT NT 0 (0.00)
All (=34) 0.22-7.41 231> 21(61.76) 23 (67.65) 28 (82.35) 6 (17.65) NT NT 0 (0.00)
Cryptococcosis
Cryptococcal meningitis (2 = 9) 0.15-1.20 0221 0(0.00) 1(11.11) 2(22.22) 7(77.78) NT NT 0 (0.00)
Pulmonary cryptococcosis (=2) 0.25-0.85 0.55 0 (0.00) 0 (0.00) 1(50) 1(50) NT NT 0 (0.00)
All (n=11) 0.15-1.20  0.24° 0 (0.00) 1(9.09) 3(27.27) 8(72.72) NT NT 0 (0.00)
Healthy control (7 = 30) 0.12-0.82  0.434 0 (0.00) 0 (0.00) 3 (10) 27 (90) NT NT 0 (0.00)

3P < 001, GM OD indices for talaromycosis with HIV versus talaromycosis without HIV.

bP > .05, GM OD indices for talaromycosis versus aspergillosis.

¢P < .01, GM OD indices for talaromycosis versus cryptococcosis.
4P < .001, GM OD indices for talaromycosis versus health.
¢P < .01, cycle number for talaromycosis with HIV versus talaromycosis without HIV.

NT, none detected.

GM antigen detection

GM antigen detection was performed in serum samples collected
from the same study population. The serum GM OD index
levels of 36 talaromycosis cases and 75 controls are shown
in Table 3. Of the 36 talaromycosis patients, 29/36 (80.56%)
had a GM OD index >0.5 (range 0.15—7.22), including 19/20
(95%) patients with fungemia and 10/16 (62.5%) without

fungemia. The median OD index was significantly higher for the
36 talaromycosis patients (1.31) than those for the 11 patients
with cryptococcosis (0.24) (P < .01) and the 30 healthy controls
(0.43) (P < .001) (Table 3). Among the talaromycosis patients,
fungemic patients had a higher median OD index than patients
without fungemia (3.29 vs 0.60; P < .001). Because most of
the fungemic talaromycosis patients were co-infected with HIV
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(12/20), a higher median OD index was found in HIV-infected
patients than that in patients without HIV infection (5.73 vs
0.68; P < .001). Of the 7/36 talaromycosis patients with OD
indices below 0.5 (19.44%), only one patient had fungemia and
his GM OD index was close to 0.5 (GM OD index 0.49); the
other six patients had T. marneffei isolated from lymph node
aspirates, sputum, or skin biopsy samples.

The median OD index of the serum samples from the 36 ta-
laromycosis patients was not significantly different from that
of the 34 IA patients in the study (1.31 vs 2.31; P > .095)
(Table 3). Three of the 30 healthy controls (10.0%) had an ele-
vated OD index of 0.5. Throughout a 6-month follow-up, none
of the 30 healthy volunteers developed invasive fungal infections
or lung lesions. The diagnostic sensitivity of the talaromycosis
GM assay was 80.56%.

Comparison of gPCR and GM assays

High concordance was observed between the qPCR assay and
ELISA GM antigen test in diagnosing T. marneffei infection. Of
the 36 talaromycosis patients, 31 tested positive according to
qPCR, while 29 of these 31 patients were also positive based
on the GM assay, generating an observed agreement of 93.54%
(29/31). Both the qPCR assay and GM ELISA were highly sen-
sitive in detecting talaromycosis patients with fungemia (20 vs
19). However, in patients without fungemia, qPCR was more
sensitive than the GM test, with 11/16 (68.75%) positive cases
compared to 10/16 (62.5%) positive GM cases. These results
indicate that gPCR was more sensitivity than the GM enzyme
immunoassay (86.11% vs 80.56%; P < .05; Fisher exact test) in
diagnosing T. marneffei infection in serum samples.

Discussion

Diagnosing T. marneffei infection remains challenging partly due
to a clinical presentation that is frequently nonspecific but also
due to a limited range of accepted nonculture-based diagnostic
assays that allow rapid and early detection of the pathogen.
qPCR techniques have been extensively studied and explored
as tools for detecting and quantifying pathogenic fungi in clinical

18,19 it has also shown great potential for the diagnosis

samples,
of T. marneffei infection. Pornprasert et al.” developed a gPCR
assay targeting the 5.8S rDNA that had 100% specificity and
the assay could successfully detect T. marneffei DNA in whole
blood samples from 60% (12/20) of patients. Hien et al.'”
developed a qPCR assay targeting the MP1 gene encoding a
cell wall protein specific to T. marneffei. The sensitivity and
specificity of the assay in plasma samples from talaromycosis
patients were 70.4% and 100%, respectively. In our study, the
primers and probe were designed to target the ITS1-5.8S-ITS2
region and were tested for analytic sensitivity and specificity
using clinically related pathogenic fungi and bacteria and serial
10-fold dilutions of T. marneffei DNA, with results of 10 copies

and 100%, respectively, indicating the applicability of the
qPCR assay.

Since serum and blood are sterile, samples are easy to ob-
tain noninvasively from patients and have been widely used in
gPCR assays.?2! Our study showed that use of serum for PCR
determination had several advantages, such as the ability to use
the same sample for GM and DNA detection, the ease of stor-
ing sera as frozen samples, and straightforward DNA extraction
since automated commercial kits can be used.?' Bernal et al.??
compared the performances of qPCR assays with both serum
and blood samples from a large number of IA patients, and the
results indicated that qPCR performed very similarly in both
blood and serum samples; therefore, this group recommended
serum as the best type of hematological sample to use for As-
pergillus DNA detection. In the study, we developed a specific
qPCR technique to detect T. marneffei DNA in serum samples
from culture-proven talaromycosis patients. The results showed
that the serum samples were positive according to qPCR in 20/20
of the patients with T. marneffei fungemia and in most of the
patients (11/16) who were blood culture-negative but whose cul-
tures of other specimens were positive. Overall, the sensitivity of
the qPCR assay was 86.11% in detecting clinical talaromyco-
sis patients. The results of our study indicated that the novel
qPCR assay had a higher sensitivity than blood culture and that
sera are convenient hematological samples for T. marneffei DNA
quantification.

1.13 showed that the GM antigen assay may facili-

Huangeta
tate an earlier diagnosis of T. marneffei infection in HIV-infected
patients in endemic areas. In our study, we evaluated the effi-
cacy of the GM antigen assay in both HIV-infected and HIV
noninfected talaromycosis patients. After comparing the Mann-
Whitney test for different OD cutoff indices, we suggest that 0.5
may be the optimal cutoff OD index for the GM antigen assay in
talaromycosis diagnosis, which is in accordance with the cutoff
OD index in the talaromycosis study of Huang et al., with a
sensitivity of 80.56% (29/36). In the study, most of the patients
infected with T. marneffei had a GM OD index above 0.5, in-
dicating that T. marneffei infection should be considered in the
differential diagnosis of patients with elevated GM antigen levels
in endemic areas.

Notably, significantly high GM OD indices were observed
in most of the patients with T. marneffei fungemia, which were
higher than those in the patients without T. marneffei fungemia;
this result was observed not only in HIV-infected patients but
also in HIV-noninfected patients. This result is consistent with

1_13

the findings of Huang et al.!’ in HIV-infected patients. Serum

GM levels may be lower in patients with airway IA than those
in patients with angio-invasive pulmonary aspergillosis.?3:2*
Moreover, studies have shown that T. marneffei is more likely
than Aspergillus spp. to be isolated from blood samples of
HIV-infected patients.”>>2¢ Taken together, our data imply

that a significantly high GM OD index in a patient residing
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in a T. marneffei-endemic area should lead one to suspect a
probable fungemic T. marneffei infection, particularly in an
HIV-infected patient.

To our knowledge, the efficacies of qPCR and GM assays in
detecting T. marneffei infection had not yet been compared in
clinical patients. In our study, we found that the sensitivities of
the qPCR and GM assays were 88.89% and 80.56%, respec-
tively. Most of the talaromycosis patients who were diagnosed
via qPCR assay were also diagnosed via GM assay, but three
GM-negative patients were diagnosed with the serum qPCR test.
The sensitivity of the serum qPCR assay was higher than that of
the GM assay (P < .05).

Our data showed that this novel qPCR method is highly
sensitive and specific for detecting T. marneffei DNA in serum
samples and can be used as a valuable tool to diagnose
T. marneffei infection. GM detection using an Aspergillus en-
zyme immunoassay is a useful test for the diagnosis of talaromy-
cosis with fungemia. However, combining the GM and qPCR
tests is more accurate and appropriate for early diagnosis of
T. marneffei infection in endemic areas.
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