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Purpose: Talaromyces marneffei (T.M) is an intracellular opportunistic fungus that causes
invasive mycosis in patients with or without human immunodeficiency virus (HIV) infection.
Hemophagocytic lymphohistiocytosis (HLH) caused by T.M infection is extremely rare.
Here, we analyzed the clinical features, immune mechanisms, treatment, and prognosis
related to this comorbidity.

Patients and Methods: This retrospective study was conducted between August 2012 and
February 2019 at multiple research centers. Patients who presented with culture and/or
histopathological proof of talaromycosis-associated HLH were included.

Results: HIV-negative patients (n = 126) were enrolled. Of nine patients with T.M infection
combined with secondary HLH, six were preschool children (five boys and one girl), and
three were adults (two men and one woman). Seven of these nine had underlying diseases or
recurrent infections. The most common symptoms were fever, anemia, hypoproteinemia,
cough, weight loss, oral thrush, lymphadenopathy, hepatomegaly, splenomegaly, digestive
symptoms, joint pain, and dyspnea. All patients showed reduced hemoglobin concentrations
and platelet numbers. Liver dysfunction, hyperferritinemia, elevated lactate dehydrogenase,
and low natural killer cell numbers were observed. Eight of nine patients received antifungal
therapy, one patient did not receive therapy, and two of nine patients received anti-HLH
therapy. Four died during treatment.

Conclusion: T.M fungemia associated with HLH was related to high mortality. Once
diagnosed, timely and effective antifungal treatments and supportive care are essential.
Keywords: Talaromyces marneffei, hemophagocytic lymphohistiocytosis, human

immunodeficiency virus, prognosis

Introduction

Talaromyces marneffei (T.M), formerly known as Penicillium marneffei, can
cause talaromycosis marneffei (TSM), a systemic deep fungal disease. T.M can
cause human infections in immunocompromised and healthy hosts. Recently,
more cases of T.M infection have been described in human immunodeficiency
virus (HIV)-negative individuals. Common clinical features of T.M infection
among these non-HIV-infected patients include fever, malaise, weight loss, skin
and soft tissue lesions, hepatosplenomegaly, lymphadenopathy, cough, and
dyspnea.' T.M infection is associated with high mortality because it is commonly
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misdiagnosed during the early stages of the disease.”
Moreover, secondary hemophagocytic lymphohistiocyto-
sis (SHLH),” a rare clinical syndrome characterized by
hyperinflammatory responses, high morbidity, acute
onset, rapid progression, and high mortality, occurs as
a comorbidity with other infections, particularly Epstein-
Barr virus (EBV) and bacterial infections.* However,
SHLH has rarely been shown to be associated with
TSM. Indeed, only three cases have been reported in
the literature;” ' one case was in an HIV-negative
patient, whereas the other two were HIV-positive cases.
HLH is characterized by fever, cytopenia, splenomegaly,
abnormal liver function, and hemophagocytosis (phago-
cytosis of erythrocytes, leukocytes, platelets, and their
precursors by macrophages) in bone marrow.” The clin-
ical features of TSM are similar to those of HLH, clin-
icians are easy overlook, therefore, SHLH may be
misdiagnosed as T.M infection deterioration, thereby
affecting clinical outcomes. Accordingly, it is important
to promote awareness of this comorbidity among
clinicians.

In this study, we describe TSM associated with SHLH
in nine patients without HIV. Our findings are expected to
improve the rate of early recognition and facilitate the
initiation of treatment.

Materials and Methods

Study Population

The medical records of 126 HIV-negative patients who
were diagnosed with T.M infections between
August 2012 and February 2019 at The First Affiliated
Hospital of Guangxi Medical University, The Second
Affiliated Hospital of Guangxi Medical University, and
The Fourth People’s Hospital were reviewed. Nine HIV-
negative patients infected with T.M leading to SHLH were
retrospectively evaluated. Data extracted from the medical
records included demographic information (sex and age),
clinical characteristics, laboratory findings, and clinical
outcomes.

This study was approved by the Faculty of Medicine at
The First Affiliated Hospital of Guangxi Medical
University [2019(KY-E-061)]. All patients or patient’s
parents provided written informed consent. The study
was carried out in accordance with the principles of the
Declaration of Helsinki. The first author vouches for the
completeness and accuracy of the data and for the fidelity
of the study to the protocol.

Inclusion and Exclusion Criteria

Inclusion criteria were as follows: (i) HIV-negative; and
(ii) a clear diagnosis of T.M infection with hemophagocy-
tic lymphohistiocytosis. Patients diagnosed with T.M
infection but who were HIV-positive were excluded.

Determination of HIV Status

Two enzyme-linked immunosorbent assays (Enzymun-
Test, Anti-HIV1+2; Mannheim GmbH
Diagnostica, Mannheim, Germany) were used to test the

Boehringer

sera for the presence of anti-HIV antibodies. Any sera that
were negative for anti-HIV antibodies underwent repeat
testing at our hospital and at the Guangxi Centers for
Disease Control and Prevention.

Methods Used to Diagnose T.M

Infection

There were three methods used for pathological and patho-
gen examination. First, direct examination was performed.
In this approach, direct smears of peripheral blood, bone
marrow, skin lesions, and puncture fluid from marrow
were all stained with Wright stain. Microscopic examina-
tion showed yeast-like cells with irregular sizes and shapes
and clear septa.® Second, cultures of clinical specimens
(blood, bone marrow, sputum, and skin) were performed
on Sabouraud’s dextrose agar (SDA) at 25°C and 37°C.
Positive cultures for T.M were characterized as dimorphic
fungi that grew as a mold at 25°C and as a yeast at
37°C. A unique characteristic of the T.M mold is the
presence of a soluble red pigment that diffuses into the
agar, making the reverse side appear either pink or red at
25°C.° Finally, the yeast form of T.M was confirmed by
cytological and histopathological assessments of tissue and
secretion samples using Periodic Acid-Schiff or Wright
staining, which revealed the characteristic morphology of
intracellular yeast-like or sausage-like cells measuring
2-3 mm in diameter with transverse septa.'’

Diagnostic Criteria for HLH

Patients were eligible if they met the 2004 Histiocyte Society
Criteria for HLH diagnosis (HLH-2004)."" These criteria
included a molecular diagnosis consistent with HLH and
five of the following eight findings: fever (> 38.5°C for
more than 7 days); splenomegaly; cytopenia affecting at
least two of three lineages (i.e., hemoglobin < 90 g/L, platelet
count < 100 x 10%/L, neutrophil count < 1.0 x 10°/L); hyper-
triglyceridemia (= 3 mmol/L) and/or hypofibrinogenemia
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(£ 1.5 g/L); hemophagocytosis in bone marrow, spleen, liver,
or lymph nodes; hyperferritinemia (= 500 pg/L); low or
absent natural killer (NK) cell cytotoxicity; and elevated
level of serum-soluble CD25 (i.e., soluble interleukin-2
receptor > 2400 IU/mL).

Results
Demographic Data and Clinical

Characteristics

During the 6-year study period, nine HIV-negative cases of
TM infection were evaluated at the hospital. All nine
cases were born in Guangxi Province and had stayed in
areas endemic for T.M in southern China. Patients who
were diagnosed with TSM-associated SHLH satisfied the
diagnostic criteria of HLH-2004. Six of nine cases were in
preschool children (five boys and one girl; median age: 20
months [range: 17.3-33.5 months]). The median time from
the onset of symptoms to diagnosis was 1.4 months (range:
0.9-2.5 months). The remaining three patients were adults
(two men and one woman; median age: 42 years [range

Table | Clinical Features of TSM-Associated SHLH

40-49 years]). The median time from the onset of symp-
toms to diagnosis was 6.6 months (range: 6.4-9.1 months).
Among the nine patients, six had underlying diseases or
recurrent infection. The most common symptoms were
fever and anemia. Seven patients had cough, six had
weight loss, and two each had oral thrush, lymphadeno-
pathy, hepatomegaly, and splenomegaly. One patient had
digestive symptoms and joint pain, and dyspnea was also
present (Table 1).

Laboratory Examination

All patients showed reduced hemoglobin concentrations
and platelet counts. Complete blood count examinations
revealed decreased white blood cell levels in seven
patients (77.8%) and decreased hemoglobin concentra-
tions, platelet counts, and neutrophil counts in five
patients. The median albumin level was 22.0 g/L, which
was below the normal range for all patients (range:
20.6-23.3 g/L). Six patients (66.7%) showed liver dys-
function. The median ferritin, triglycerides, and fibrinogen
levels on presentation were 4451.9 ng/mL (range:

No | Age (Years)/ | Occupation | Medical History Concurrent Clinical Manifestations
Sex Infection
Pl 1/M None Congenital megacolon, | No Fever, cough, anemia, hepatosplenomegaly
oral thrush
P2 2/F None Previously healthy CMV, EBV Fever, cough, anemia, weight loss, edema of lower
extremity, hepatosplenomegaly
P3 1'M None Premature, growth Thrush Fever, cough, anemia, weight loss,
retardation hepatosplenomegaly, lymphadenopathy
P4 1'M None Previously healthy No Fever, anemia, lymphadenopathy, hepatomegaly
P5 4/M None Frequent oral thrush Thrush, nail fungal Fever, anemia, oral thrush, edema of lower extremity,
infection, EBV, lymphadenopathy, hepatomegaly
candidemia
Pé6 I'M None Premature low birth HBV Fever, cough, anemia, gastrointestinal symptom,
weight, frequent lymphadenopathy, hepatomegaly
pneumonia
P7 | 42/F Farmer Hyperthyroidism Hepatitis B carrier Cough and sputum production, dyspnea, joint pain,
malaise, weight loss, skin lesion, lymphadenopathy
P8 | 40/M Farmer Previously healthy No Fever, cough and sputum production, malaise, weight
loss, skin lesion, lymphadenopathy,
hepatosplenomegaly
P9 | 49/M Farmer SLE, lupus nephritis No Fever, cough and sputum production, malaise, weight
loss, dental ulcer

Abbreviations: CMV, cytomegalovirus; EBV, Epstein-Barr virus; HBV, hepatitis B virus; SLE, systemic lupus erythematosus.
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Table 2 Laboratory Work-Up Results for TSM-Associated SHLH

Variables PI P2 P3 P4 P5 P6 P7 P8 P9 Median (IQR)
WBC (x10°L) | 6.7 6.6 35 1.7 48 44 1.9 22 3.9 3.7 (2.1-5.7)

ANC (x10°/L) .60 3.92 1.62 0.06 2.54 144 | 100 | 182 1.86 1.6 (1.2-2.2)

ALC (x10%/L) 35 2.5 1.4 1.6 2.0 1.8 03 03 1.9 1.8 (0.9-2.3)

HGB (g/L) 77.0 62.3 82.6 84.0 79.1 810 | 720 |e78 643 77.0 (66.1-81.8)

PLT (x10%1L) 15.0 18.2 87.5 25.4 223 660 | 930 | 46 780 25.4 (16.6-82.8)

TBIL (mmol/L) | 9.4 12 47.1 14.6 18.9 8.5 196 | 107 37.9 14.6 (10.1-28.8)

DBIL (mmol/L) | 4.1 49 388 6.2 16.4 2.9 120 |75 253 7.5 (4.5-20.9)

Albumin (g/L) 24.1 20.4 19.1 22,0 222 265 | 207 | 219 225 22.0 (20.6-23.3)

ALT (UIL) 22 193 362 449 13 68 26 9 144 40 (16-111)

AST (UIL) 3 40 108 59 737 18 23 I 677 144 (24-405)

LDH (U/L) 481 810 396 2894 2609 312 296 906 3056 810 (354-2752)

FIB (g/L) 2.44 0.4 0.26 ND 0.79 094 | 179 |e627 0.69 0.87 (0.48-2.28)

PT (s) 28.7 24.9 35.0 14.0 414 122 | 239 |2l 13.4 239 (13.7-31.9)

TG (mmolil) 113 331 2.15 ND 498 495 | ND ND 1044 | 4.1 (1.9-6.3)

Ferritin (ng/ml) | 59929 | 44519 | 1647.0 | 13127 | 183279 | 7923 | 747.4 | 46,0200 | 8966.4 | 4451.9 (1052.5-13,647.1)
DD (ng/ml) 1763 5851 ND ND 9842 4184 | 637 | 4075 18,473 | 9842 (4075-14,004)

Notes: Normal ranges: absolute neutrophil count: 1.80-6.30 x 10°/L; absolute lymphocyte count: 1.1-3.2 x 10%/L; glycerin trilaurate: 0.5-1.70 mmolJ/L; fibrinogen: 2-5 g/L;

ferritin: 21.8-274.66 ng/mL; D-dimer: 0-450 ng/mL.

Abbreviations: WBC, white cell count; Neu, neutrophil; ALC, absolute lymphocyte count; HGB, hemoglobin; PLT, platelet; FIB, fibrinogen; LDH, lactate dehydrogenase;

PT, prothrombin time; TG, triglycerides; DD, D-dimer; ND, not done.

1052.5-13,647.1 ng/mL), 4.1 mmoL/L (range: 1.9-6.3
mmol/L), 0.87 g/L (range: 0.48-2.28 g/L), respectively,
and 66.7% of patients had increased prothrombin times
(Table 2).

Inflammation and Immunological Indexes
C-reactive protein concentrations and erythrocyte sedi-
mentation rates were increased in all patients. Four
showed reduced globulin, and serum IgG levels were
increased in three patients (37.5%). Notably, patient 4
showed decreases in serum globulin, serum IgG, IgA,
and IgM. Two patients (50.0%) showed significant reduc-
tions in CD4 " T-cell counts and CD8" T-cell counts. Six of
seven patients (85.7%) showed low NK cell counts
(Table 3).

Chest Radiography and Computed
Tomography (CT)

Chest CT indicated that all patients had different pul-
monary lesions. Four (44.4%) had diffused patchy den-
sity shadow. Seven (77.8%) had pleural inflammatory
and six (66.7%)
had mediastinal and/or hilar lymphadenopathy. Two

reaction and/or pleural -effusion,

(22.2%) had pericardial effusion, cavities, pulmonary

consolidation, and osteolytic lesions in the ribs

(Figure 1A and B).

Fungal Culture and Histopathology

Fluid was aspirated from the bone marrow, blood, pleural
effusion, bronchoalveolar lavage fluid, and dermal secre-
tions. Samples were then inoculated onto SDA and incu-
bated at 37°C or 25°C. Nine cases were confirmed to be
positive for T.M culture. T.M was isolated from venous
blood (6/9, 66.7%), bone marrow (3/5, 60%), sputum sam-
ples (2/5, 40%), and dermal lesion secretions (2/2, 100%).
In addition, three cases were diagnosed with T.M infection
by histopathology or cytology of specimens obtained from
bone marrow (2/7, 28.6%) or lymph nodes (1/1, 100%).
Bone marrow aspirate from three patients (3/7, 42.9%)
showed histiocytic hyperplasia and marked hemophagocy-
tosis (Figure 2A and B), and all bone marrow analyses
showed the absence of leukemia.

Diagnosis of TSM and HLH

Diagnosis of HLH requires fulfillment of the criteria
described in the Methods. Patient 7 was progressing rapidly,
and some examinations were not performed (Table 4).

Treatments and Outcomes

Antifungal therapy was administered to eight patients
immediately after the diagnosis of TSM; however, one
patient died of disseminated intravascular coagulopathy
before the diagnosis of T.M infection, and antifungal ther-
apy was not administered. Patients 4 and 7, who received
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Table 3 Inflammation and Immunological Indexes of TSM-Associated SHLH
Variables Pl P2 P3 P4 P5 Pé6 P7 P8 P9
CRP (mg/L) 40.5 78.28 > 192 131.5 98.57 > 192 101.05 94.63 38.99
ESR (mm/h) ND ND ND ND ND 7 92 124 > 140
PCT (ng/L) ND 8.76 ND 30.27 36.35 3.04 ND 100 ND
G-test (pg/mL) 15.16 ND ND 515.97 ND 65.7 ND <10 ND
GM-test ND ND ND ND ND 3.7821 0.6457 0.329 ND
Globulin (g/L) 217 46.11 32.0 9.5 247 258 63.41 55.01 5631
1gG (g/L) 15.31 26.901 16.80 0.19] 14.78 10.21 40.071 ND 20.757
IgA (g/L) 1.48 1.33 139 0.03] 2.0l 071} 3.78 ND 5.15¢
IgM (g/L) 0.87 0.95 3771 0.48] 1331 1411 1.961 ND 2.991
C3 (glL) ND 0.592] ND ND 0.073] 1.357 ND ND ND
C4 (g/L) ND 0.136] ND ND 0.022] 0.286 ND ND ND
CD4" T cell count (cells/uL) ND ND ND 436 ND 4288t ND 299 95]
CD8* T cell count (cells/pL) ND ND ND 1044 ND 12191 ND 151] 133
CD4% 222 ND 39.1 ND 27.5] 60.27 ND 342 0.71]
CD8% 29.4 ND 16.9] ND 27.9 85] ND 36.87 ND
T cell% 54.1) ND 63.7| ND 59.2) 70.0 ND 74.6 79.51
NK% 2.1 28] 153 ND 23] 9.5 ND 32| 45]

Notes: Normal ranges: C-reactive protein: < |0 mg/L; erythrocyte sedimentation rate: < |5 mm/h; procalcitonin: < 0.05 ng/L; elevated (1—3)-p-d-glucan: < 100 pg/mL;
Aspergillus galactomannan antigen: < 0.5; immunoglobulin (Ig) IgG: 8-18 g/L; IgA: 0.9-4 g/L; IgM: 0.84-1.32 g/L; CD4 + T cell count: 410-1590 cells/uL; CD8" T cell count:
190—1140 cells/uL; T lymphocytes: 64.2-78.5%; CD4%: 30.1-40.4%; CD8%: 20.7-29.4%; NK%: 9—15%; C3: 0.79-1.52 g/L; C4: 0.16-0.38 g/L. G-test elevated (I-3)-B-

d-glucan.

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; GM-test, Aspergillus galactomannan antigen; IgG:, serum immunoglobulin G; IgA, serum

immunoglobulin A; IgM, serum immunoglobulin M; NK, natural killer cells.

intravenous fluconazole, died of heart failure or septic
shock within 2 weeks. Patient 9 was treated with intrave-
nous fluconazole showed no recurrence after 1 week. He
then received voriconazole, and the clinical symptoms
improved after 2 weeks. Five patients received voricona-
zole, one of whom died during treatment. The remaining
four patients had their temperatures return to normal, with

significant

improvement of their clinical

symptoms

a median of 13 days (range: 4-19 days) after antifungal
therapy. Patients were treated with oral voriconazole or
itraconazole, and all four patients showed improvement
4-24 months later during follow-up. In addition, no
relapse was observed during the 2-year period of antifun-
gal treatment. However, patient 1 died of leukemia. Eight
of nine patients received a specific treatment for HLH after

diagnosis; treatment included corticosteroids (CS) and/or

Figure | High-resolution computed tomography. High-resolution computed tomography showing a cavitary lesion (arrow) (A) and osteolytic lesions in the ribs

accompanied by soft tissue swelling (B).
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Figure 2 (A) Bone marrow aspirate with phagocytosed erythroid cells and a neutrophil-e granulocyte (a) (magnification: 1,000x). (B) Periodic acid-Schiff staining of
numerous intracellular and extracellular microorganisms with distinct central septa (b) (magnification: 1,000x).

intravenous immunoglobulin (IVIG) in six patients, CS +
etoposide + IVIG in two patients. One patient received
supportive care without anti-HLH treatment (Table 5).

Discussion
T.M is an important pathogenic thermally dimorphic fungus
that causes systemic mycosis in Southeast Asia countries and

Table 4 Diagnosis of TSM and HLH

the southern part of China.'> T.M infection occurs not only in
HIV-infected patients but also in both immunocompetent and
immunocompromised patients without HI'V, such as patients
with hyperimmunoglobulin M syndrome, hyperimmunoglo-
bulin E syndrome,'* hypogammaglobulinemia,'* adult-onset
immunodeficiency syndrome caused by anti-interferon
(IFN)-y autoantibodies,'>'® solid organ transplantation and

Patient | Site(s) of Positive Diagnostic Criteria for HLH
Culture Histology

Pl Blood, BM smear (i) Tmax 40.2°C, (ii) splenomegaly, (iii) peripheral blood cytopenia for two lineages, (iv)
hemophagocytosis in bone marrow, (v) low NK cell activity

P2 Blood, BM (i) Tmax 39.8°C, (ii) splenomegaly, (iii) peripheral blood cytopenia for two lineages, (iv) FIB < 1.5 g/L, (v)
low NK cell activity

P3 Blood (i) Tmax 38.7°C, (ii) splenomegaly, (iii) peripheral blood cytopenia for two lineages, (iv) low NK cell
activity, (v) ferritin > 500 ng/mL

P4 Blood (i) Tmax 39.0°C, (ii) splenomegaly, (iii) peripheral blood cytopenia for three lineages, (iv) FIB < 1.5 g/L,
(v) ferritin > 500 ng/mL

P5 Blood, sputum, BM smear (i) Tmax 39.0°C, (ii) splenomegaly, (iii) peripheral blood cytopenia for two lineages, (iv) FIB < 1.5 g/L and
TG > 3 mmol/L, (v) hemophagocytosis in bone marrow, (vi) low NK cell activity, (vii) ferritin > 500 ng/mL

P6 Blood, BM (i) Tmax 39.5°C, (ii) splenomegaly, (iii) peripheral blood cytopenia for two lineages, (iv) FIB < 1.5 g/L, (v)
ferritin > 500 ng/mL

P7 Skin (i) Tmax 41°C, (ii) peripheral blood cytopenia for two lineages, (iii) FIB < 1.5 g/L, (iv) ferritin > 500 ng/mL

P8 Skin, LN (i) Tmax 39.0°C, (ii) splenomegaly, (iii) peripheral blood cytopenia for two lineages, (iv) low NK cell
activity, (v) ferritin > 500 ng/mL

P9 BM, sputum (i) Tmax 39.1°C, (ii) peripheral blood cytopenia for two lineages, (i) TG > 3 mmol/L, (iv) low NK-cell
activity, (v) ferritin > 500 ng/mL

Abbreviations: BM, bone marrow; LN, lymph node; FIB, fibrinogen; Tmax, Maximum temperature.
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Table 5 Treatment of TSM-Associated SHLH

Patient | TSM Therapy HLH Therapy TSM Period of Treatment Outcome

Pl VCZ 7 mglkg every 12 h Dexamethasone 10 mg/m?® for 5 days + IVIG | VCZ 20 weeks, recurrence after 20 days | Death
2.5 g for 2 days of withdrawal, VCZ 2 years, diagnosis

leukemia died after 3 months

P2 VCZ 6.5 mg/kg every 12 h | Standard treatment protocol for HLH VCZ for 2 years Improve
consisting of dexamethasone and etoposide
+ IVIG 2.5 g for 5 days

P3 None Dexamethasone |0 mg/m? for 3 days + IVIG | None Death
2.5 g for 2 days

P4 FLC 3 mg/kg/day IVIG 2.5 g for 2 days None Death

P5 VCZ 7 mglkg every 12 h Etoposide once + dexamethasone 10 mg/m? | None Death
for 4 days + IVIG 2.5 g for 2 days

Pé6 VCZ 4.5 mgl/kg every 12 h | MTH |5 mg for 4 days + IVIG 2.5 g for 3 VCZ for 5 months Improve
days

P7 FLC 400 mg/day None None Death

P8 VCZ 200 mg every 12 h Dexamethasone 15 mg/days for 2 weeks Lost to follow-up Unknown

P9 FLC 200 mg/day for | week | MTH 40 mg for 2 days, 80 mg for 7 days, ITC for 4 months Improve

then change to VCZ 60 mg for 7 days, IVIG 15 mg for 4 days, |
improved after 2 weeks week after IVIG |5 mg/2 days

Abbreviations: 1V, intravenous; VCZ, voriconazole; FLC, fluconazole; ITC, itraconazole; IVIG, intravenous immunoglobulins; DIC, disseminated intravascular coagulopathy;

MTH, methylprednisolone.

hematopoietic stem cell transplantation recipients, and hema-
tology patients who have been treated with novel targeted
therapies, including anti-CD20 monoclonal antibodies and
kinase inhibitors.!” However, T.M infection associated with
HLH is extraordinarily rare, and only three prior cases have
been reported; one case occurred in an HIV-negative patient
with Sjogren’s syndrome treated with prednisolone and
cyclophosphamide,” whereas the other two (one a child®
and one an adult’) were HIV-positive. To the best of our
knowledge, this is the first study reporting the clinical fea-
tures and progress of TSM-associated SHLH.

The nine patients described in this study were all
HIV-negative; six of these nine were preschool children,
who showed common growth dysplasia and recurrent bac-
terial or viral infections. Three were adults, two of whom
had underlying diseases, such as hyperthyroidism or sys-
temic lupus erythematosus. These findings suggested that
patients with severe immunodeficiencies or immune
abnormalities were at higher risk of T.M infection. T.M
infection in HIV-negative children may be related to immu-
Th17 deficiency,
dominant gain-of-phosphorylation signal transducer and
of transcription (STAT) 1

nodeficiencies, such as autosomal-

activator mutations, and

heterozygous missense mutations in exon 12 of the STAT3
gene. Analysis of STAT! and STAT3 mutant genes showed
that Thl and Th17 immune responses play important roles
in host infection with T.M.'*'¢ In this study, patient 5 had
a medical history of frequent oral thrush, and patient 4 died
of heart failure, severe multiple organ failure, hypogamma-
globulinemia, and agranulocytosis. However, in this patient,
there was no conclusive diagnosis of immunodeficiency,
suggesting that the patients may have undefined severe
cellular immune dysfunction. In adults, even HIV-negative
patients with TSM, without any underlying diseases, are
likely to develop a new type of adult immunodeficiency
syndrome owing to the presence of anti-IFN-y autoantibo-
dies. This can be the cause of cell-mediated immunity
defects in HIV-negative adults. The pathogenesis of T.M
infection associated with SHLH may involve severe inflam-
matory response syndrome caused by congenital or post-
infection immune deficiency or by severe infection. The
imbalance of immunomodulation, accumulation of immu-
nocompetent cells, and production of inflammatory cyto-
kines are key factors in the pathogenesis of HLH.'” Animal
models have been shown to play key roles in IFN-y produc-
tion by CD8" T lymphocytes in the pathophysiology of
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HLH."® CD4" T lymphocytes mediate immunodeficiency to
play key roles in HIV-positive patients.'® Importantly, in
our study, CD4" T cells, CDS8" T cells, and immunoglobulin
were also abnormal but gradually became normal as the
disease status improved, suggesting that T.M infection
could lead to immune dysfunction. Prior literature and our
study showed that HLH in HIV-negative children patients
with T.M infection was more common than that in HIV-
positive patients. However, the mechanisms and diagnosis
of adult-onset HLH are poorly understood, and further
studies are needed to improve our understanding of these
topics.

It is difficult to differentiate between T.M fungemia
their
According to the literature,

and HLH owing to similar manifestations.
when TSM occurs in
HIV-negative hosts, white blood cells are increased, reach-
ing up to 57.48 x 10°/L.%° Therefore, when TSM is diag-
nosed, white blood cell levels are typically Ilow.
Alternatively, when patients exhibit the rapid onset of
pancytopenia, relevant examinations should be performed
in time to identify possible SHLH. The diagnostic criterion
of HLH includes neutrophils of less than 1 x 10°/L; if
neutrophils are reduced to granulocyte deficiency, the
infection is often severe, and the prognosis is poor, as
was observed for patient 4. In addition, the platelet count
of the peripheral blood is also an index that needs to
evaluate at an early stage. When patients with TSM exhibit
acute platelet decline, clinicians should consider excluding
SHLH. Increases in serum ferritin, lactate dehydrogenase,
and liver enzymes are also useful indexes for the diagnosis
of HLH.?' The presence of nucleated red blood cells in
peripheral blood on bone marrow smears usually indicates
bone marrow infiltration in the absence of serious hemo-
lysis, hemorrhage, or sepsis.”> Hemophagocytic cells can
be found by multisite bone marrow puncture when patients
with TSM exhibit whole blood cell reduction, elevated
ferritin levels, and hypertriglyceridemia. Even if no hemo-
phagocytic cells were found in bone marrow, HLH could
be diagnosed. All of our patients satisfied the diagnostic
criteria for HLH-2004, although not all of their bone
marrow smears contained hemophagocytes. Compared
with adults, the incidence of hepatosplenomegaly in chil-
dren is higher.'” When T.M infection leads to SHLH,
splenomegaly may be caused by reactive proliferation in
the spleen as well as T.M invasion of the spleen.
These findings may be explored further to identify the

etiology of T.M.

Our patients had the highest culture-positive rates in
blood, indicating that the infection could become severe
and spread hematogenously to other organs, potentially
leading to severe inflammatory reactions. Invasion of
monocyte-macrophage systems, particularly the blood,
bone marrow, liver, spleen, lung, lymph nodes, and skin,
by infection can cause multiple organ failure, abnormal
proliferation of histiocytes, and even myelosuppression.
Combined with gradual decreases in platelets and hemo-
globin, similar to symptoms observed in HLH, patients
may eventually die of disseminated intravascular coagula-
tion (DIC).

Talaromycosis leading to SHLH, particularly in patients
with underlying diseases, runs a rapid progressive course
with high mortality rates, and early application of effective
antifungals is an important measure for improving prog-
nosis. In the nine patients in our study with
TSM-associated SHLH, five died (mortality rate of 55.6%)
during treatment; the causes of death were leukemia, heart
failure, sepsis, DIC, and septic shock. The findings from
previous studies have shown that amphotericin B, itracona-
zole, and fluconazole are useful antifungal options for T.M
infection.® In our study, eight cases were treated with
antifungal therapy, among which two were initially treated
with fluconazole; these patients died of heart failure or
septic shock within 2 weeks. The initial use of fluconazole
in patient 9 was ineffective for 1 week, and the patient then
received voriconazole, resulting in improvement of condi-
tion after 2 weeks of replacement. Fluconazole, although
effective in the initial treatment, can easily lead to resistance
and should not be the first choice.”* Because of the low
nephrotoxicity, high sensitivity, and high efficacy of vori-
conazole, intravenous voriconazole could be recommended
as the initial antifungal agent for infants. Five cases were
treated with intravenous voriconazole. In addition, the clin-
ical symptoms were improved, and the final oral adminis-
tration of voriconazole or itraconazole was completed after
4-24 months, resulting in clinical cure. In patients with
defective immune systems, compared with itraconazole,
amphotericin B treatment shows faster clinical efficacy,
enhanced fungal clearance, and significantly lower recur-
rence rates.”> However, regardless of what type of initial
treatment is used, in the absence of clinical effects within
7 days, antifungal therapy should be replaced, and ampho-
tericin B can be considered if necessary. We have reported
an HIV-negative patient who relapsed after 4 years; there-
fore, for immunodeficiencies, longer-term secondary pro-
phylaxis and follow-up may be necessary, the withdrawal

submit your manuscript

3814

Dove

Infection and Drug Resistance 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Pan et al

of drugs should be based on the complete disappearance of
clinical symptoms and signs, normal imaging examination,
and, more importantly, the return of immune function to
normal. Infection-associated HLH can result in poor out-
comes. Predictors of a poor prognosis include age older
than 30 years, the presence of disseminated intravascular
coagulation, anemia with accompanying thrombocytopenia,
and elevated ferritin level.*? Indeed, patient 5 died of serum
ferritin levels greater than 10,000 ng/mL and DIC.

There is still no unified standard regarding whether
patients with TSM-associated SHLH should receive stan-
dardized chemotherapy. The treatment duration is typically
8 weeks in patients with HLH who do not have an identifi-
able genetic defect.? In this study, treatments were CS and/
or IVIG in six patients and CS + etoposide + IVIG in two
patients. One patient received supportive care without anti-
HLH treatment and finally died. In a review of three cases
of TSM-associated SHLH, only IVIG and CS therapy were
given to patients with HLH, and after a full course of
antifungal therapy, the condition was improved.”’ Three
patients in this group were given active antifungals, CS, and
IVIG after diagnosis. Only one case was cured clinically
using a combination of an antifungal combined with etopo-
side. After infection with T.M, the immune function of the
body is suppressed, and chemotherapeutic drugs may lead
to further aggravation of bone marrow or immunosuppres-
sion, which is disadvantageous for controlling the infection
and could aggravate the risk of spread of the infection.
Importantly, small amounts of short-term hormones are
beneficial for controlling inflammatory responses caused
by T.M infection. If effective antifungals are given, but
bone marrow suppression, peripheral blood leukocytes, pla-
telets, anemia, and other blood cell counts do not improve
significantly, it may be effective to attempt the HLH-2004
chemotherapy regimen. HLH is a serious complication of T.
M infection, and antifungal therapy is an important
approach for controlling the disease. Thus, application of
antifungal therapy should be an acceptable course of treat-
ment; however, in HIV-negative hosts, TSM may recur
because of the complexity of the immune deficiency
mechanism, and a longer treatment duration may be needed.
In areas endemic for T.M infection, when patients are
diagnosed with HLH, after excluding viral infection and
other types of infections, infection caused by T.M must be
considered. Moreover, the etiological basis of infection
should be analyzed, particularly in children. Once diag-
nosed, clinicians should take time to identify the underlying
mechanisms of immune deficiency.

One limitation of this study is that we did not perform
a complete immunological study to identify all possible
immunological abnormalities in these patients because this
was a retrospective study. More studies are needed to
address key questions regarding the use of prospective
surveillance and optimal treatment strategies.

Conclusions

T.M infection leading to HLH is extremely rare and asso-
ciated with a high mortality rate. However, it is difficult to
differentiate between T.M fungemia and HLH. Thus, when
patients are diagnosed with HLH, after excluding viral
infections and other types of infections, infection caused
by T.M must be considered. Once diagnosed, clinicians
should carefully consider the mechanisms of immune defi-
ciency, and timely, effective antifungal treatments and
supportive care are essential.
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