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Ultrasound characterization of
superficial lymph nodes in HIV
patients with Talaromyces
marneffei infection

Lin Pan! and Huaguo Shao?*

!Department of Ultrasound, Affiliated Hangzhou Xixi Hospital, Zhejiang University School of Medicine,
Hangzhou, China, ?Institute of Hepatology and Epidemiology, Affiliated Hangzhou Xixi Hospital,
Zhejiang University School of Medicine, Hangzhou, China

Objectives: This study aimed at exploring the ultrasound characteristics of
superficial lymph nodes (LNs) in HIV patients with Talaromyces marneffei infection
to provide assistance and understanding for diagnosis and therapy.

Methods: A retrospective analysis was conducted on 26 patients with confirmed
HIV and T.marneffei coinfection. These patients underwent ultrasound
examination and ultrasound-guided puncture biopsies at our hospital from March
2015 to March 2023.

Results: In all 26 patients, lymphadenectasis was observed. Among the 21 cases
(80.76%), LNs showed a diffusely hyperechoic appearance with a tulle-like change,
and 6 cases (23.07%) showed liquefaction. When the hila were present or thinned,
the blood flow signals were primarily hilar, whether rich or poor, and when the
hila were absent, the blood flow signals were peripheral or poor. The axillary LN
long-to-short diameter (L/S) ratios exhibited a significant positive correlation
with CD4*T cell counts (r=0.8214, p=0.0341). Patients with retroperitoneal
lymphadenectasis showed decreased NK cell counts (p = 0.03).

Conclusion: In summary, the T.marneffei infection of LNs in HIV patients often
manifests with superficial LN enlargement, mostly affecting the cervical LNs. The
T.marneffei-infected LNs exhibit several characteristics such as echogenicity,
hilum, and blood flow signal. Furthermore, there might be associations between
lymphocyte subsets and enlarged superficial LNs. Ultrasound examinations
should be paid attention to if patients have superficial LN enlargement, and the
diagnosis of the T.marneffei infection is considered.
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1 Introduction

Human immunodeficiency virus (HIV) is a retrovirus that causes acquired immune
deficiency syndrome (AIDS) (1). HIV destroys and disables the immune system, often leading
patients to die from secondary infections and cancer (2). According to the Joint United Nations
Program on HIV and AIDS (UNAIDS), 38 million people were living with HIV worldwide in
2019 (3). The Chinese Center for Disease Control and Prevention (CCDC) estimated that, in
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China, there were more than 0.86 million people living with HIV at
the end of 2018, with 83.4% of them receiving anti-retroviral therapy
(ART) (4, 5).

Upon acquiring the infection, HIV specifically attacks CD4*T
lymphocytes in humans, resulting in the decrease or dysfunction of
CD4'T lymphocytes. This leads to secondary infection or secondary
tumors due to immune deficiency syndrome (6). Among secondary
infections, fungal infection causes at least a quarter of deaths in people
living with HIV (PLWH) (7). Talaromyces marneffei (Penicillium
marneffei) is one of the major causes of opportunistic fungal infection
in HIV-related secondary infections prevalent in Southeast and East
Asia, with the highest incidence in China, Thailand, and Vietnam (8,
9). Diagnosis can be inferred from fungal culture and microscopic
examination (10). Patients with lower CD4*T lymphocytes are more
likely to experience severe clinical manifestations (11, 12). When
infected, patients usually develop papulonecrotic skin lesions, fever,
lymphadenectasis, and gastrointestinal abnormalities, often
accompanied by other opportunistic infections such as tuberculosis
and salmonella infections (13, 14). Even with ART treatment, the
mortality rate of the T.marneffei infection can still reach 33% in China
(15). Given the high fatality rate, timely diagnosis and treatment are
crucial for HIV patients (16). In the current times, the most accurate
diagnosis is the microscopic identification of morphological and
dimorphic fungi separated and cultured from clinical specimens (17).
However, the fungal culture needs to be incubated for at most 2 weeks,
resulting in an elevated case fatality rate (18).

Ultrasound examination uses ultrasound microwaves to image the
organs and tissues inside patients. Unlike computed tomography
(CT), which produces ionizing radiation, ultrasound examinations do
not harm the human body. For T.marneffei-infected patients,
ultrasound examination can be used to investigate changes in lymph
node (LN) lesions. While there are several case reports and clinical
studies on the manifestation and CT results of HIV patients with
T.marneffei (19-22), studies on ultrasound imaging of the T.marneffei
infection are rarely reported. Based on the studies cited above,
we speculate that there are some distinguishable sonographic features
and a potential relationship between these features and the immune
status of these patients. Therefore, the objectives of this study were to
retrospectively characterize the ultrasound features of superficial LNs
and explore the associations between lymphocyte subsets and
sonographic features in HIV patients infected with T.marneffei to
provide assistance and understanding for diagnosis and therapy.

2 Materials and methods

2.1 Patients

This retrospective analysis was performed on 26 HIV patients
with T.marneffei infection, who underwent ultrasound examination
at the Affiliated Hangzhou Xixi Hospital of Zhejiang University School
of Medicine, Hangzhou, Zhejiang, China from March 2015 to March
2023. The diagnostic criteria for HIV were based on the Chinese
guidelines for the diagnosis and treatment of HIV/AIDS in 2021 (23).
All patients were confirmed to be infected with T.marneffei through
ultrasound-guided needle puncture biopsy of superficial LNs, with the
tissue culture demonstrating morphological similarity to T.marneffei
under a microscope (Supplementary Figure S1). Biopsy specimens
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were collected from right cervical LN, left axillary LNs, and left
cervical LNs in 2, 3, and 21 patients, respectively. The latest
measurement of lymphocyte subsets before the superficial LN biopsy
of each patient was also obtained.

2.2 Ultrasound examination

Ultrasound examinations of LNs were performed using LOGIQ
E9 (GE) and EPIQ5 (PHILIPS) diagnostic ultrasound systems
equipped with a 6-15MHz linear-array probe. The cervical, axillary,
and inguinal areas of patients were scanned routinely, and the
distribution, number, size, shape, long diameter, short diameter,
echogenicity, and blood flow signal of infected LNs were observed.
Real-time image data were recorded during the examination. The LN
L/S ratio was calculated by dividing the long diameter of the LN by the
short diameter. All ultrasound examination data were analyzed by at
least one associate chief physician and one chief physician with more
than 5years of experience in the ultrasound department.

2.3 Statistical analysis

All statistical analyses were conducted using R 4.2.2 software.
Given the small sample size, the observation values were described as
the median with interquartile range (IQR) and analyzed using the
Mann-Whitney U non-parametric test. Quantitative data were
reported by frequency. The Spearman rank correlation test was used
for correlation analysis. A value of p of <0.05 was considered
statistically significant for all test analyses in this study.

3 Results
3.1 Lymphocyte subsets

Examination results for HIV RNA viral loads and lymphocyte
subsets were collected from 26 patients, but one result was missing
(Table 1).

All patients included in this study belonged to male sex (100%).
HIV RNA viral loads were more than 100 (copies/ml) in 18 patients
(72%), undetectable in 7 patients (28%), and negative in 2 patients
(7.69%). Compared to the reference range, CD4*T cell counts were
decreased in all patients (100%, median: 17 cells/uL, IQR: 36 cells/pL,
range: 1-225 cells/pL), with less than 200, 100, and 50 cells/pL in 23
(92%), 21 (84%), and 20 (80%) patients, respectively. CD4*T cell
ratios were also all less than the reference range (100%, median:
4.57%, IQR: 8.94%, range: 0.31-13.69%). CD8T cell counts were
decreased in 10 patients (40%, median: 241 cells/pL, IQR: 216 cells/
pL, range: 41-1,046 cells/pL), but CD8'T cell ratios were increased
in 23 patients (88.46%, median 59.51%, IQR 21.73%, range: 31.56—-
84.47%). B cell counts of 19 patients (76%, median: 24 cells/pL, IQR:
64 cells/pL, range: 3-196 cells/pL) were decreased, and B cell ratios
of 10 patients (38.46%, median: 9.12%, IQR: 9.83%, range: 0.81-
48.44%) were decreased. NK cell counts were decreased in 17 patients
(68%, median: 44 cells/pL, IQR: 97 cells/uL, range: 88-640 cells/pL).
NK cell ratios were increased in 10 patients (38.46%, median: 13.24%,
IQR: 15.06%, range: 4.32-40.2%) and decreased in 5 patients
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TABLE 1 Lymphocyte subsets in HIV patients infected with TM.

Parameter Value Cases (%) Reference
range

Sex Male 26 (100) —
HIV RNA viral loads >100 18 (72)

Undetectable 7 (28) B
CD4*T cell count 17 (36) 25(96.15) 250-1561.6
CD8'T cell count 241 (216) 25(96.15) 203.5-1347.2
B cell count 24 (64) 25(96.15) 77-736
NK cell count 44 (97) 25(96.15) 88-640
T cell count 292 (229) 25(96.15) 660-2,720
Lymphocyte count 370 (440) 25 (96.15) 1,100-3,200
CDA4'T cell ratios 4.57 (8.94) 26 (100) 24.5-48.8
CDS8'T cell ratios 59.51 (21.73) 26 (100) 18.5-42.1
CD4*T/CD8'T cell ratios 11.39 (13.26) 26 (100) 1.2-1.94
B cell ratios 9.12 (9.83) 26 (100) 7-23
NK cell ratios 13.24 (15.06) 26 (100) 8-20
T cell ratios 74.06 (24.45) 26 (100) 60-85

(19.23%). T cell counts were decreased in 22 patients (88%, median:
292 cells/pL, IQR: 229 cells/pL, range: 61-1,318 cells/pL). T cell ratios
were increased in three patients (11.54%, median: 74.06%, IQR:
24.45%, range: 43.57-94.86%) and decreased in seven patients
(26.92%). Lymphocyte counts of 22 patients (88%, median: 370 cells/
pL, IQR: 440 cells/uL, range: 100-1720 cells/pL) were lower than the
reference range.

3.2 Sonographic features

Sonographic features of cervical LNs, axillary LNs, inguinal LN,
and retroperitoneal LNs for 26 patients are listed in Table 2.

Most of the lesions of LNs in T.marneffei had multiple
enlargements, defined margins (100%), and regular shapes (100%).
As the most commonly involved LN, cervical lymphadenectasis
occurred in 24 patients (92.31%), with 1 case (3.85%) being sinistral
multiple and 23 cases (88.46%) being bilateral multiple. Cervical LN
L/S ratios were less than or equal to 2 in 13 patients (54.17%, median:
2, IQR: 0.74, range: 1.2-4). Additionally, multiple regions were
involved. Axillary lymphadenectasis occurred in seven cases
(26.92%), with two (7.69%), one (3.85%), and four (15.38%) cases
being sinistral multiple, dextral multiple, and bilateral multiple,
respectively. Axillary LN L/S ratios were less than or equal to 2 in
four cases (57.14%, median: 1.86, IQR: 1.11, range: 1.09-3.9). Five
cases (19.23%) had inguinal lymphadenectasis, with one case
(3.85%) being dextral multiple and four cases (15.38%) being
bilateral multiple. Inguinal LN L/S ratios were less than or equal to
2 in one case (20%, median: 3.5, IQR: 1.13, range: 1.56-6.33).
Retroperitoneal lymphadenectasis occurred in 12 cases (46.15%,
with 7 cases from CT), and retroperitoneal LN L/S ratios were less
than or equal to 2 in three cases (60%, median: 1.92, IQR: 0.55,
range: 1.31-2.47).

The blood flow signals were complex and variable: 1 case was
mixed (3.85%), 10 cases were peripheral (38.46%), and 13 were hilar
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(50%). The hilum of LNs was absent, thinned, or present in 12 cases
(46.15%), 10 cases (38.46%), and 4 cases (15.38%), respectively. When
the hila were present or thinned, the blood flow signals were primarily
of the hilar type, whether rich or poor (Figure 1). However, when the
hila were absent, the blood flow signals were mostly peripheral type
and poor (Figure 2).

For the echogenicity of LNs, 21 cases (80.8%) were hyperechoic;
among them, 6 were heterogeneous, and 15 were homogeneous
(Figures 3A,B). In three out of five hypoechoic cases, the hila were
present, and these pathological expressions were similar to reactive
hyperplasia. Six cases (23.08%) showed liquefaction; four out of six
cases had less than 15% liquefaction and two out of six cases had more
than 50% liquefaction. In particular, all but one case (83.33%) had
liquefaction, with their echogenicity being hyperechoic with a tulle-
like change (Figures 3C,D).

There was neither fusion nor calcification nor LN sinuses nor
obvious edema of peripheral tissue. Given the above findings, the
sonographic features of superficial LNs reflected the seriously
damaged immune system and rapidly progressing condition of
T.marneffei-infected HIV patients.

3.3 Associations between lymphocyte
subsets and sonographic features

To understand the significance of ultrasound examination in
determining T.marneffei infection, the potential connection between
sonographic features of superficial LNs and lymphocyte subsets had
been explored. The comparison between the variables was analyzed
using the »* test, but there was no significant result. A correlation
analysis between LN L/S ratios and the amount of lymphocyte subsets
was conducted (Supplementary Figure S2). Axillary LN L/S ratios had
a significant positive correlation with CD4T cell counts (r=0.8214,
Pp=0.0341, Supplementary Figure S2A), CD4"T cell ratios (r=0.8929,
p=0.0123, Supplementary Figure S2C), and CD4*T/CD8*T cell ratios
(r=0.8929, p=0.0123, Supplementary Figure S2B). Inguinal LN L/S
ratios also had a high correlation with T cell ratios (r=1, p=0.0167,
Supplementary Figure S2D). Cases with different parameter values in
Tables 1, 2 were grouped. Patients with retroperitoneal
lymphadenectasis had decreased NK cell counts (p=0.03,
Supplementary Figure S3A) and NK cell ratios (p=0.0077,
Supplementary Figure S3B). These results showed that a lower count
of CD4'T cells and T cells might have an association with enlarged
superficial LNs.

4 Discussion

In this retrospective study, a small cohort of 26 HIV patients with
enlargement of LNs and T.marneffei coinfection were included. All
patients underwent ultrasound-guided needle puncture biopsy of
superficial LNs, confirming infection with T.marneffei. Clinical
information, including patient details, sonographic data, and
lymphocyte population, and ultrasound images were collected.
Through observation and statistical analysis, we characterized the
ultrasound features of superficial LNs in HIV patients infected with
T.marneffei and showed the possible associations between
sonographic data and lymphocyte population.
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TABLE 2 Ultrasound findings in HIV patients infected with TM.

Parameter Value Cases
(%)
Hepatomegaly No 15 (57.69)
Yes 11 (42.31)
Splenomegaly No 13 (50)
Yes 13 (50)
Ascites No 20 (76.92)
Mild 5(19.23)
Moderate 1(3.85)
Cervical lymphadenectasis No 2(7.69)
Sinistral multiple 1(3.85)
Bilateral multiple 23 (88.46)
Cervical LN L/S ratio 2(0.74) 24(92.31)
Axillary lymphadenectasis No 19 (73.08)
Sinistral multiple 2 (7.69)
Dextral multiple 1(3.85)
Bilateral multiple 4(15.38)
Axillary LN L/S ratio 1.86 (1.11) 7(26.92)
Inguinal lymphadenectasis No 21 (80.77)
Dextral multiple 1(3.85)
Bilateral multiple 4(15.38)
Inguinal LN L/S ratio 3.5(1.13) 5(19.23)
Retroperitoneal lymphadenectasis | No 14 (53.85)
Multiple 12 (46.15)
Retroperitoneal LNs L/S ratio 1.92 (0.55) 5(19.23)
Shape Regular 26 (100)
Margin Defined 26 (100)
Echogenicity Hypoechoic | Heterogeneous 1(3.85)
Homogeneous 4(15.38)
Hyperechoic = Heterogeneous = 6 (23.08)
Homogeneous | 15 (57.69)
Hilum of LNs Absent 12 (46.15)
Thinned 10 (38.46)
Present 4(15.38)
Blood flow signal No 2(7.69)
Mixed Poor 1(3.85)
Hilar Poor 6(23.08)
Rich 7(26.92)
Peripheral Poor 8(30.77)
Rich 2(7.69)
Fusion No 1(3.85)
Partial 25 (96.15)
Calcification No 26 (100)
Liquefaction No 20 (76.92)
Partial 4(15.38)
Most 2(7.69)
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It is worth noting that diagnoses of AIDS-related superficial LN
tuberculosis (ASLTB) and AIDS-related diffuse large B cell lymphoma
(ADLBL) should be differentiated in cases of T.marneffei-related LN
infection. Ultrasound findings for ASLTB often show superficial LN
enlargement in multiple locations, with the neck being the most
common site. The images are complex and variable, often showing
hypoechoic signs, thinned or absent hilum structure, and internal
liquefaction, which makes it difficult to differentiate from T.marneffei-
infected LNs (Supplementary Figure S4). However, ASLTB has a
specific chronic inflammatory response, and the lesion grows slowly,
with an increased probability of edema in the surrounding tissue.
There is usually no obvious tenderness upon local compression, and
LNs often fuse with visible calcification. Some cases may involve the
skin and form sinus tracts. In contrast, T.marneffei infection of LNs
has a more acute onset and rapid progression, often accompanied by
tenderness upon local compression. Adjacent LNs are rarely fused,
and skin lesion is rare, with no formation of sinus tracts. When
liquefaction occurs, the solid part still shows diffuse echogenicity.
Lymphoma is a common AIDS-related malignancy. The internal part
of the affected LN shows extremely low echogenicity, which is often
lower than that of the surrounding muscle tissue, and typical small
mesh-like changes can be noticed. The hilum is basically absent, and
calcification is rare. Color Doppler flow imaging (CDFI) often shows
a rich portal-type blood flow, with many branches and a few cases
showing mixed or marginal-typeblood flow (Supplementary Figure S5).
The progression is usually slow, and the affected LNs are usually large,
with an L/S ratio of less than 2 and a mean diameter of over 5cm.
There is usually no tenderness upon local compression. In CDFI scans
of patients with the T.marneffei infection, the mean diameter of the
involved superficial LNs is rarely over 3 cm. The internal echogenicity
is higher than that of ADLBL, and liquefaction is rare. The hilum of
LNs may exist or become thinner, and tenderness is often present
upon local compression. The type of T.marneffei-infected LNs
characterized by the absence of diffuse echogenicity increase in the LN
and the usually present or thinner hilum is prone to misdiagnosis and
relies more on clinical diagnosis. Therefore, sometimes, it is difficult
to discriminate by ultrasound alone, and ultrasound-guided puncture
biopsy of LNs is often needed for pathological diagnosis.

Talaromyces marneffei is a thermally dimorphic fungus primarily
prevalent in Southeast Asia and East Asia (24). It usually infects
people who have low immunity, especially immunocompromised HIV
patients (25). In HIV patients, the quantity of CD4"T cell can reflect
the body’s immunity because it is the major target cell of HIV. Clinical
researchers found that the majority of T.marneffei-infected HIV
patients had less than 50 CD4'T cell counts (26), and it had certain
diagnostic efficacy for early AIDS combined with the T.marneffei
infection (27). The same result was found in this study, with CD4*'T
cell counts less than 200, 100, and 50 cells/pL in 23 (92%), 21 (84%),
and 20 (80%) patients, respectively. The correlation analysis between
CD4"T cell counts, CD4"T cell ratios, CD4"T/CD8*T cell ratios, and
axillary LN L/S ratios showed that the quantity of CD4'T cell had a
significantly positive correlation with axillary LN L/S ratios. Decreased
CD4'T cells indicated that the immune system was damaged. The LN
L/S ratio less than 2 was known as malignant enlargement of LNs (28),
so this relationship between CD4'T cell and LN L/S ratios may
be explained as the worse immune status resulting in a heavier
infection. Another subset of blood lymphocytes, NK cells, was
reported to be decreased in T.marneffei-infected HIV-negative
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FIGURE 1

Ultrasound features of present or thinned hila. (A) Ultrasound images and (D) color Doppler flow imaging (CDFI) of the left cervical lymph node (LN)
from a 34-year-old patient showed a thinned hilum and a hilar-type blood flow signal (red arrows). (B) Ultrasound images and (E) CDFI of the left
cervical LN from a 31-year-old patient showed a thinned hilum and a hilar-type blood flow signal (red arrows). (C) Ultrasound images and (D) CDFI of
the left axillary LN from a 53-year-old patient showed a present hilum and a hilar-type blood flow signal (red arrows).

FIGURE 2

Ultrasound features of absent hila. CDFI of (A) left cervical LN from a 29-year-old patient, (B) left cervical LN from a 32-year-old patient, and (C) right
cervical LN from a 37-year-old patient showed the absence of hila and peripheral-type blood flow signals (red arrows).

patients (29, 30). Apart from their decrease in HIV patients, lower NK
cell counts and NK cell ratios were observed in patients who had
retroperitoneal lymphadenectasis. To summarize, similar to
lymphocyte subsets such as CD4T cells, ultrasound findings of LNs
could serve as indicators for the T.marneffei infection in HIV patients.

This study had several limitations, with the major one being the
small sample size. The reason only 26 patients were chosen for the
study was the inclusion criteria set by us. The present study aimed at
exploring the ultrasound characteristics of superficial LNs; only
patients confirmed to be infected with Tmarneffei through
ultrasound-guided needle puncture biopsy of superficial LNs, followed
by the tissue culture, met the inclusion criteria. This led to a small
sample size. Additionally, affected by the limited sample size, the
credibility of the results of statistical analysis in this study was reduced.
In future research, we might expand the sample size of

Frontiers in Medicine

T.marneffei-infected HIV patients with enlarged LNs and collect
patients with HIV and other pathogen coinfection, except T.marneffei,
who also have enlarged LNs into another group. Following this,
we might attempt to characterize the differences among patients who
have LN enlargement due to infections of different causes.

5 Conclusion

In summary, T.marneffei infection of LNs is common in HIV
patients with a rapid onset and often present with superficial LN
enlargement, mostly involving the cervical LNs. The T.marneffei-
infected LNs have several characteristics in echogenicity, hilum, and
blood flow signal, different from ALSTB or
ADLBL. Furthermore, there might be associations between

which s
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FIGURE 3

Ultrasound features of echogenicity. Ultrasound images of (A) the right cervical LN from a 37-year-old patient and (B) the left cervical LN from a
29-year-old patient showed that LNs were hyperechoic (red arrows). Ultrasound images of (C) the left cervical LN from a 29-year-old patient and
(D) the left cervical LN from a 33-year-old patient showed hyperechoic LNs (red arrows) and large liquefaction (green arrows).

lymphocyte subsets and enlarged superficial LNs. Ultrasound
examination should be paid attention to if patients have superficial
LN enlargement and if the diagnosis of T.marneffei infection
is considered.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Clinical Research
Ethics Committee of the Hangzhou Xixi Hospital. The studies were
conducted in accordance with the local legislation and institutional
requirements. The ethics committee/institutional review board waived
the requirement of written informed consent for participation from
the participants or the participants’ legal guardians/next of kin
because This research used data or specimens obtained in previous
clinical trials, disease surveillance or clinical studies.

Author contributions

LP conceived and designed this study and collected the data and
images. HS designed this study, analyzed the data and wrote the
manuscript. All authors reviewed and approved the final manuscript.

Frontiers in Medicine

Acknowledgments

The authors thank the Department of Pathology and the
Department of Open Laboratory Medicine, affiliated with Hangzhou
Xixi Hospital, Zhejiang University School of Medicine, for their
assistance with this study.

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/fmed.2023.1243599/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fmed.2023.1243599
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2023.1243599/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2023.1243599/full#supplementary-material

Pan and Shao

References

1. Turner BG, Summers MF. Structural biology of HIV. ] Mol Biol. (1999) 285:1-32.
doi: 10.1006/jmbi.1998.2354

2. Veazey RS, Marx PA, Lackner AA. The mucosal immune system: primary target for
HIV infection and AIDS. Trends Immunol. (2001) 22:626-33. doi: 10.1016/
$1471-4906(01)02039-7

3. De Cock KM, Jaffe HW, Curran JW. Reflections on 40 Years of AIDS. Emerg Infect
Dis. (2021) 27:1553-60. doi: 10.3201/eid2706.210284

4. Ding Y, Ma Z, He ], Xu X, Qiao S, Xu L, et al. Evolving HIV Epidemiology in
Mainland China: 2009-2018. Curr HIV/AIDS Rep. (2019) 16:423-30. doi: 10.1007/
s11904-019-00468-z

5. Qin Y, Huang X, Chen H, Liu X, Li Y, Hou J, et al. Burden of Talaromyces marneffei
infection in people living with HIV/AIDS in Asia during ART era: a systematic review
and meta-analysis. BMC Infect Dis. (2020) 20:551. doi: 10.1186/512879-020-05260-8

6. Moir S, Chun T-W, Fauci AS. Pathogenic mechanisms of HIV disease. Annu Rev
Pathol. (2011) 6:223-48. doi: 10.1146/annurev-pathol-011110-130254

7. Prabhu S, Harwell JI, Kumarasamy N. Advanced HIV: diagnosis, treatment, and
prevention. Lancet HIV. (2019) 6:e540-51. doi: 10.1016/52352-3018(19)30189-4

8. Vanittanakom N, Cooper CR, Fisher MC, Sirisanthana T. Penicillium marneffei
infection and recent advances in the epidemiology and molecular biology aspects. Clin
Microbiol Rev. (2006) 19:95-110. doi: 10.1128/CMR.19.1.95-110.2006

9. Limper AH, Adenis A, Le T, Harrison TS. Fungal infections in HIV/AIDS. Lancet
Infect Dis. (2017) 17:334-43. doi: 10.1016/S1473-3099(17)30303-1

10. Poplin V, Smith C, Milsap D, Zabel L, Bahr NC. Diagnosis of pulmonary infections
due to endemic fungi. Diagnostics (Basel). (2021) 11:856. doi: 10.3390/
diagnostics11050856

11. Wang RJ, Miller RE, Huang L. Approach to fungal infections in human
immunodeficiency virus-infected individuals: pneumocystis and beyond. Clin Chest
Med. (2017) 38:465-77. doi: 10.1016/j.ccm.2017.04.008

12. Lu X, Deng J, Huang A, Li X, Mou M, Ou R, et al. Clinicopathologic correlation
between CD4-positive T lymphocyte counts and superficial lymphadenopathy in HIV-
positive/ AIDS patients. Zhonghua Bing Li Xue Za Zhi. (2011) 40:622-5.

13. Larsson M, Nguyen LHT, Wertheim HE, Dao T'T, Taylor W, Horby P, et al. Clinical
characteristics and outcome of Penicillium marneffei infection among HIV-infected
patients in northern Vietnam. AIDS Res Ther. (2012) 9:24. doi: 10.1186/1742-6405-9-24

14. Le T, Wolbers M, Chi NH, Quang VM, Chinh NT, Lan NPH, et al. Epidemiology,
seasonality, and predictors of outcome of AIDS-associated Penicillium marneffei
infection in Ho Chi Minh City. Viet Nam Clin Infect Dis. (2011) 52:945-52. doi: 10.1093/
cid/cir028

15.Hu Y, Zhang J, Li X, Yang Y, Zhang Y, Ma J, et al. Penicillium marneffei infection:
an emerging disease in mainland China. Mycopathologia. (2013) 175:57-67. doi:
10.1007/s11046-012-9577-0

16.Qin Y, Zhou Y, Liu S, Lu Y, Liu M, Yuan J, et al. HIV-associated talaromycosis:
Does timing of antiretroviral therapy matter? J Infect. (2022) 84:410-7. doi: 10.1016/j.
jinf.2021.12.032

Frontiers in Medicine

07

10.3389/fmed.2023.1243599

17. Cao C, Li R, Wan Z, Liu W, Wang X, Qiao J, et al. The effects of temperature, pH,
and salinity on the growth and dimorphism of Penicillium marneffei. Med Mycol. (2007)
45:401-7. doi: 10.1080/13693780701358600

18. Supparatpinyo K, Chiewchanvit S, Hirunsri P, Uthammachai C, Nelson KE,
Sirisanthana T. Penicillium marneffei infection in patients infected with human
immunodeficiency virus. Clin Infect Dis. (1992) 14:871-4. doi: 10.1093/
clinids/14.4.871

19. Chen M, Houbraken J, Pan W, Zhang C, Peng H, Wu L, et al. Pulmonary fungus
ball caused by Penicillium capsulatum in a patient with type 2 diabetes: a case report.
BMC Infect Dis. (2013) 13:496. doi: 10.1186/1471-2334-13-496

20. Chen X, Jia L, Wu Y, Chang J, Zhang T, Ma Y, et al. A mass in the upper abdomen
derived from Talaromyces marneffei infected lymphadenopathy: a case report. BMC
Infect Dis. (2021) 21:750. doi: 10.1186/s12879-021-06489-7

21.Bai Y, Xi D, Chen Q, Shi Z, Wen B, Zhang Q, et al. Characteristics of Talaromyces
marneffei with bone destruction in Guangxi Province, China: a retrospective study. Am
] Transl Res. (2021) 13:11491-500.

22.Zhu X-L, Tang G-X, Liu X-Y, Li R, Lv §-X, Wang G-X. CT findings of Talaromyces
marneffei infection among HIV patients with lymphadenopathy. Front Med (Lausanne).
(2022) 9:930678. doi: 10.3389/fmed.2022.930678

23. AIDS and Hepatitis C Professional Group, Society of Infectious Diseases, Chinese
Medical Association, Chinese Center for Disease Control and Prevention. Chinese
guidelines for diagnosis and treatment of HIV/AIDS (2021 edition). Zhonghua Nei Ke
Za Zhi. (2021):1106-28. doi: 10.3760/cma.j.cn112138-20211006-00676

24. Phillips P. Penicillium marneffei part of Southeast Asian AIDS. JAMA. (1996)
276:86-7. doi: 10.1001/jama.1996.03540020008003

25. Supparatpinyo K, Khamwan C, Baosoung V, Nelson KE, Sirisanthana T.
Disseminated Penicillium marneffei infection in southeast Asia. Lancet. (1994)
344:110-3. doi: 10.1016/s0140-6736(94)91287-4

26. Xie Z, Lai ], Peng R, Mou M, Liang H, Ning C. Clinical Characteristics of HIV-
Associated Talaromyces marneffei Infection of Intestine in Southern China. Int ] Infect
Dis. (2022) 120:48-50. doi: 10.1016/}.ijid.2022.03.057

27.Huang J-L, Zhou X-X, Luo P, Lu X-Y, Liang L-H, Lan G-B, et al. Neutrophil-to-
lymphocyte ratio and lactate dehydrogenase for early diagnosis of AIDS patients with
Talaromyces marneftei infection. Ann Palliat Med. (2022) 11:588-97. doi: 10.21037/
apm-22-36

28. Steinkamp HJ, Cornehl M, Hosten N, Pegios W, Vogl T, Felix R. Cervical

lymphadenopathy: ratio of long- to short-axis diameter as a predictor of malignancy. Br
J Radiol. (1995) 68:266-70. doi: 10.1259/0007-1285-68-807-266

29.LiZ, YangJ, Qiu Y, Yang E Tang M, Li S, et al. Disseminated Talaromyces marneffei
infection with STAT3-Hyper-IgE syndrome: a case series and literature review. Open
Forum Infect Dis. (2023) 10:0fac614. doi: 10.1093/ofid/ofac614

30.Hu E Liu S, Liu Y, Li X, Pang R, Wang F. The decreased number and function
of lymphocytes is associated with Penicillium marneffei infection in HIV-negative
patients. ] Microbiol Immunol Infect. (2021) 54:457-65. doi: 10.1016/j.
jmii.2020.02.007

frontiersin.org


https://doi.org/10.3389/fmed.2023.1243599
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1006/jmbi.1998.2354
https://doi.org/10.1016/s1471-4906(01)02039-7
https://doi.org/10.1016/s1471-4906(01)02039-7
https://doi.org/10.3201/eid2706.210284
https://doi.org/10.1007/s11904-019-00468-z
https://doi.org/10.1007/s11904-019-00468-z
https://doi.org/10.1186/s12879-020-05260-8
https://doi.org/10.1146/annurev-pathol-011110-130254
https://doi.org/10.1016/S2352-3018(19)30189-4
https://doi.org/10.1128/CMR.19.1.95-110.2006
https://doi.org/10.1016/S1473-3099(17)30303-1
https://doi.org/10.3390/diagnostics11050856
https://doi.org/10.3390/diagnostics11050856
https://doi.org/10.1016/j.ccm.2017.04.008
https://doi.org/10.1186/1742-6405-9-24
https://doi.org/10.1093/cid/cir028
https://doi.org/10.1093/cid/cir028
https://doi.org/10.1007/s11046-012-9577-0
https://doi.org/10.1016/j.jinf.2021.12.032
https://doi.org/10.1016/j.jinf.2021.12.032
https://doi.org/10.1080/13693780701358600
https://doi.org/10.1093/clinids/14.4.871
https://doi.org/10.1093/clinids/14.4.871
https://doi.org/10.1186/1471-2334-13-496
https://doi.org/10.1186/s12879-021-06489-7
https://doi.org/10.3389/fmed.2022.930678
https://doi.org/10.3760/cma.j.cn112138-20211006-00676
https://doi.org/10.1001/jama.1996.03540020008003
https://doi.org/10.1016/s0140-6736(94)91287-4
https://doi.org/10.1016/j.ijid.2022.03.057
https://doi.org/10.21037/apm-22-36
https://doi.org/10.21037/apm-22-36
https://doi.org/10.1259/0007-1285-68-807-266
https://doi.org/10.1093/ofid/ofac614
https://doi.org/10.1016/j.jmii.2020.02.007
https://doi.org/10.1016/j.jmii.2020.02.007

	Ultrasound characterization of superficial lymph nodes in HIV patients with Talaromyces marneffei infection
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 Ultrasound examination
	2.3 Statistical analysis

	3 Results
	3.1 Lymphocyte subsets
	3.2 Sonographic features
	3.3 Associations between lymphocyte subsets and sonographic features

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

