
International Journal of Infectious Diseases 153 (2025) 107360 

Contents lists available at ScienceDirect 

International Journal of Infectious Diseases 

journal homepage: www.elsevier.com/locate/ijid 

Fungal biomarkers in HIV-associated disseminated histoplasmosis: a 

multicenter diagnostic accuracy study on the Guiana shield 

Aurore Moussiegt 1 , ∗, Sigrid Mac Donald 

2 , 3 , Marie Elisabeth Bougnoux 

4 , 5 , Marja Van Eer 2 , 
Stephen Vreden 

2 , Tom Chiller 6 , Diego H. Caceres 7 , 8 , 9 , Beatriz L. Gomez 

8 , 
Mathieu Nacher 1 , 10 , Olivier Lortholary 

5 , 11 , # , Antoine Adenis 1 , 10 , 12 , # 

1 Centre d’Investigation Clinique Antilles Guyane Inserm CIC1424, Centre Hospitalier de Cayenne, Cayenne, French Guiana 
2 Foundation for the Advancement of Scientific Research in Suriname SWOS, Paramaribo, Suriname 
3 Department of Medical Microbiology, University of Amsterdam, Amsterdam UMC, Amsterdam, Netherlands 
4 Unité de Parasitologie Mycologie, Hôpital Necker-Enfants Malades, APHP, Université Paris Cité, Paris, France 
5 Institut Pasteur, Université Paris Cité, National Reference Center for Invasives Mycoses and Antifungals, Mycology Translational Research Group, Mycology 

Department, Paris, France 
6 Mycotic Diseases Branch, Centers for Disease Control and Prevention, Atlanta, USA 
7 Center of Expertise in Mycology Radboudumc/CWZ, Nijmegen, Netherlands 
8 Studies in Translational Microbiology and Emerging Diseases (ITM/ MICROS) Research Group, School of Medicine and Health Sciences, Universidad del 

Rosario, Bogota, Colombia 
9 IMMY, 2701 Corporate Centre Dr, Norman, OK 73069, USA 
10 DFR Santé, Université de Guyane, Cayenne, French Guiana 
11 Université Paris Cité, Necker Pasteur Center for Infectious Diseases and Tropical Medicine, IHU Imagine, Necker Enfants Malades University Hospital, APHP, 

Paris, France 
12 CRB Amazonie, Centre Hospitalier de Cayenne, Cayenne, French Guiana 

a r t i c l e i n f o 

Article history: 

Received 28 April 2024 

Revised 5 December 2024 

Accepted 6 December 2024 

Keywords: 

HIV 

Histoplasmosis 

Glucan 

Galactomannan 

Diagnostic performances 

a b s t r a c t 

Objectives: Diagnosis of HIV-associated histoplasmosis remains challenging. Our objective was to com- 

pare the performances of (1→ 3)- β-D-Glucan (BDG) and aspergillus galactomannan (GM) antigen for the 

diagnosis of HIV-associated histoplasmosis. 

Methods: We performed a diagnostic accuracy study using frozen primary serum specimens issued 

from consecutive hospitalized people living with HIV (PLWH) and blindly tested for BDG and GM using 

Fungitell R © and PlateliaTM Aspergillus , respectively. 

Results: We included 121 sera with 92 HIV-associated histoplasmosis cases and 29 negative controls. At 

thresholds of 150 pg/ml and 0.5 for BDG and GM, the sensitivity and specificity were 95% (85-100) vs 

90% (77-100) and 52% (34-70) vs 83% (69-97), respectively. The receiver operating characteristics (ROC) 

curves showed area under the curves of 0.82 (0.68-0.91) vs 0.92 (0.80-0.98) for BDG and GM, respectively. 

Post-test probabilities showed best performances at lowest thresholds for a negative testing of BDG and 

GM and at the 0.7 threshold for a positive GM test. 

Conclusions: If BDG alone may rule out histoplasmosis when negative, GM alone, either positive or neg- 

ative, showed the best performances for the diagnosis of histoplasmosis. Given the poorer performances 

of BDG and GM than Histoplasma antigen detection assays commercially available, they should be consid- 

ered as an alternative in settings where Histoplasma antigen detection assays remain unavailable. How- 

ever, this study essentially provides insights in the performances of fungal biomarkers in disseminated 

histoplasmosis and does not represent recommendations for best practices. 

© 2024 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Invasive fungal infections are neglected but common diseases 

ainly affecting immunocom promised hosts [ 1 , 2 ]. These diseases 

ffect more than 150 million people worldwide and have high mor- 

ality rates, often above 20-30% [ 3 ]. Their overall burden is, there- 

ore, significant and may become even more concerning due to (i) 

 growing number of immunocompromised individuals, (ii) persis- 

ent diagnostic and therapeutic difficulties in many countries, and 

iii) the relative dearth of research on invasive fungal infections 

 4 ]. 

People living with HIV (PLWH) are particularly at risk for fun- 

al infections [ 5 ]. Oropharyngeal candidiasis is diagnosed in 30% of 

ewly diagnosed patients. Pneumocystis jirovecii pneumonia is the 

rst AIDS-defining condition in western countries [ 6 , 7 ]. Dissemi- 

ated histoplasmosis, an endemic mycosis caused by Histoplama 

apsulatum, has been an AIDS-defining condition since 1987. Latin 

merican countries are hotspots for this disease, with an estimated 

urden of HIV-associated histoplasmosis at least equivalent to that 

f tuberculosis. In fact, both diseases are frequently misdiagnosed, 

eading to numerous avoidable AIDS-related deaths [ 8 ]. It is still 

he first AIDS-defining condition in the highly active antiretroviral 

herapy era in French Guiana [ 9 ], and yet lack of awareness, to-

ether with diagnostic and antifungal access difficulties, make it 

 neglected disease in much of Latin America and beyond [ 9 , 10 ].

he gold standard for diagnosis relies on fungal culture, a long (1- 

 weeks) and complex process (biosafety level 3 facilities), depen- 

ent on the quality of the source sample and the experience of 

he laboratory. Other diagnostic methods include specific antibody 

etection, which is not sensitive in immunocompromised patients, 

r molecular methods, with good performances but not commer- 

ially available. Specific antigenic testing is now the most promis- 

ng method and commercially available for testing in urine. This 

est has shown excellent sensitivity and specificity, although cross- 

eactions with other endemic mycoses may occur [ 11 ] . Still, it is

ot well-distributed or marketed outside the United States and, 

herefore, unavailable for routine use in low- and middle-income 

ndemic areas. 

Fungal biomarkers (1→ 3)- β-D-Glucan (BDG) and galactoman- 

an (GM), on the contrary, are available commercially in numerous 

ountries worldwide. These tests are based on components of the 

ungal wall: GM is a wall component of several Aspergillus species, 

hile BDG is a pan-fungal marker (except for mucorales, Cryptococ- 

us , or Blastomyces species). They are mainly used in hematology 

or the diagnosis of Pneumocystis jiroveci pneumonia and of fun- 

al infections in neutropenic or bone marrow transplanted patients 

 12 , 13 ]. Preliminary studies reported good analytic performances 

or the diagnosis of HIV-associated histoplasmosis [ 14 , 15 ], making 

hem relevant alternative diagnostic tools in regions where Histo- 

lasma antigen detection assays are not available. 

Thus, we aimed to assess and compare diagnostic performances 

f BDG and GM assays for the diagnosis of HIV-associated histo- 

lasmosis. Secondary objectives included (i) determination of opti- 

al thresholds for BDG and GM and (ii) performance assessment 

f a combination of both tests. 

ethods 

election of specimens and case definition 

We performed a diagnostic accuracy study using frozen pri- 

ary serum specimens stored in a certified biorepository (CRB 

mazonie-DC-2021-4649). Samples consisted of consecutive hos- 

italized adult PLWH, recruited between 2013 to 2015, for a fever 

nd/or a suspicion of infectious disease and/or an altered general 

ondition and unexposed to oral antifungals during the month be- 
2

ore inclusion (ANRS 12260 EDIRAPHIS study-NCT01884779). Ac- 

ording to the online description of the original study protocol, 

rine and serum samples were systematically taken from enrolled 

atients in Suriname and French Guiana. Participants benefited 

rom conventional methods for the diagnosis of histoplasmosis (di- 

ect examination, fungal culture, or pathology) on any tissue or 

uids, only if the senior clinician suspected the disease. Because 

he main objective of the original study was histoplasmosis preva- 

ence, serum specimens were systematically screened using a poly- 

lonal Histoplasma antigen detection developed by the US Cen- 

ers for Disease Control and an immunodiffusion anti- Histoplasma 

erology. Urine samples were systematically screened using a poly- 

lonal antigen detection developed by the US Centers for Disease 

ontrol and a first generation of monoclonal antigen detection de- 

eloped by IMMY R ©. 

Hence, the present study used serum samples available in the 

iorepository and the related data sets. For all participants, clini- 

al and paraclinical features were available to classify cases. Infor- 

ation on the results of conventional methods, together with the 

esults of specific Histoplasma antigenic testing, using two meth- 

ds on urine and one method on serum, helped us obtain a high- 

uality histoplasmosis case definition. No new information or sam- 

les were taken from the patients. 

To assess and compare diagnostic performances of BDG and 

M in serum samples, we randomly selected histoplasmosis cases 

mong either proven (at least one sample positive for Histoplasma 

apsulatum using conventional methods, e.g. direct examination 

r fungal culture or pathology) or probable (positive detection of 

istoplasma antigen in urine or serum) cases according to the lat- 

st European Organization for Research and Treatment of Can- 

er/Invasive Fungal Infections Cooperative Group and National In- 

titute of Allergy and Infectious Diseases Mycoses Study Group 

EORTC/MSG) criteria [ 13 ]. We selected negative controls who were 

egative in conventional methods and specific antigenic testing for 

istoplasma in urine and serum. Patients with a proven or sus- 

ected Pneumocystis jirovecii infection were excluded. 

Because the diagnostic accuracy may be influenced by the nat- 

ral course, clinical stage, and severity of the disease, we aimed 

o define histoplasmosis cases accordingly. Disseminated histoplas- 

osis was defined as the presence of at least one positive extra- 

ulmonary specimen, according to the EORTC-MSG criteria [ 13 ]. A 

evere form of histoplasmosis was defined according to the latest 

orld Health Organization (WHO) recommendations [ 16 ]: respira- 

ory failure (defined as presence of an acute respiratory distress 

yndrome or an oxygen arterial pressure < 70 mm Hg), renal failure 

defined as a two-fold increase of creatinine level), circulatory fail- 

re (defined as presence of a septic shock), coagulopathy (accord- 

ng to mention in medical records), severe alteration of the gen- 

ral condition with a WHO performance status score > 2, or neu- 

ologic features (defined as a coma). Pauci-symptomatic forms of 

istoplasmosis included fever, weight loss, and/or altered general 

ondition (WHO performance status score < 3), without any other 

linical features apart from isolated muco-cutaneous signs. Patients 

ithout either severe or pauci-symptomatic form were classified 

s mild disease. 

efinition of other final diagnoses 

To better characterize the studied specimens, notably the nega- 

ive controls and false-negative cases, we classified all hospitaliza- 

ions’ final diagnoses -corresponding to the clinicians’ conclusions 

pon patients discharge- as proven or suspected. 

Apart from histoplasmosis cases, other final diagnoses were 

onsidered proven if there was microbiological evidence of the in- 

ectious agent causing the disease: detection of Mycobacterium tu- 

erculosis or Mycobacterium avium complex in case of mycobacte- 
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ial infections, presence of Cryptococcus spp in cerebrospinal fluid 

r blood, respectively, in case of cryptococcal meningitis or sep- 

is (or disseminated infection), and growth of Candida spp or typ- 

cal mucosal plaques on endoscopic examination. Subclinical cryp- 

ococcal infection was considered as a final diagnosis if cryptococ- 

al antigen testing in blood was positive. 

Suspected diagnoses of toxoplasmosis, esophageal candidiasis, 

r mycobacterial infection were considered if they were mentioned 

y clinicians as the final diagnosis on discharge without confir- 

atory microbiological or imaging evidence. The same applied for 

acterial, viral, or undetermined infections as the final diagnoses 

n discharge. 

ungal biomarkers under study 

Following manufacturers’ instructions, serum specimens were 

ested for BDG and GM using Fungitell R © and PlateliaTM Aspergillus 

ntigen assays, respectively. For BDG, a threshold of 80 pg/ml sep- 

rated positive ( ≥80 pg/ml) from negative ( < 80 pg/ml) results. A 

esult between 80 and 150 pg/ml was considered as weakly posi- 

ive, between 150 and 300 pg/ml as moderately positive, and above 

00 pg/ml as highly positive. For GM, a threshold of 0.5 classified 

ositive ( ≥0.5) from negative ( < 0.5) results. 

All tests were performed blindly to the case definition, final di- 

gnosis on discharge, and results of other tests. 

old-standard definition 

Serum samples were categorized as proven or probable histo- 

lasmosis according to the EORTC/MSG criteria [ 13 ]. When avail- 

ble, we took advantage of having the results of both conventional 

ethods together with specific antigenic testing for histoplasmo- 

is on the same patients to ascertain presence or absence of cir- 

ulating Histoplasma antigen in the selected serum samples un- 

er study. Hence, we designed three scenarios of the gold-standard 

efinition when assessing accuracy of BDG and GM testing in pri- 

ary frozen serum samples: 

i) EORTC scenario: cases and controls were defined according to 

the EORTC-MSG criteria for proven endemic mycoses [ 13 ], rely- 

ing on conventional methods results (direct examination, fungal 

culture, or pathology). 

ii) Strict scenario: cases were restricted to those positive for both 

conventional methods and all three specific antigenic testing 

for histoplasmosis, and controls were conversely negative for all 

methods. 

ii) Large scenario: cases were defined as either proven or probable 

histoplasmosis cases according to the EORTC-MSG criteria [ 13 ], 

whereas controls were negative for all methods. 

tatistical analysis 

We expressed descriptive statistics as frequency and median 

interquartile range) for qualitative and quantitative variables, re- 

pectively. We performed univariate analyses using Student’s or 

ann–Whitney tests for quantitative variables and Pearson chi 

quare or Fisher exact tests for qualitative variables, as appropri- 

te. For each gold-standard scenario, we calculated diagnostic per- 

ormance measures (sensitivity, specificity, positive and negative 

ikelihood ratios, Youden index, and accuracy) and corresponding 

5% confidence intervals (CIs) for BDG (three thresholds: 80, 150, 

nd 300 pg/ml), GM (three thresholds: 0.5, 0.7, and 1), and a com- 

ination of both tests at relevant thresholds. We plotted receiver 

perating characteristic curves for BDG and GM testing and calcu- 

ated the area under the curve (AUC) and corresponding 95% CI. 
3

e calculated post-test probability curves according to hypothet- 

cal pre-test point levels of HIV-associated histoplasmosis preva- 

ence (1%, 5%, 10%, 20%, 30%, and 40%). Pre-test odds were calcu- 

ated as [prevalence ÷ (1 − prevalence)]. We obtained the post- 

est odds by multiplying the pre-test odds by the positive or neg- 

tive likelihood ratios. Finally, the post-test probability was [1 ÷
1 + post-test odds)]. We used thresholds of 150, 300, and 500 

g/ml for BDG and 0.5, 0.7, and 1 for GM. 

All statistical analyses were performed using STATA software, 

ersion 16.1, except for CIs for low counts, which were calculated 

sing Wilson’s method with RStudio software v. 1.4.1103 (package 

pi.tests). 

thics 

The ANRS 12260 EDIRAPHIS study was approved by ethical 

ommittees in Suriname and France. It was registered in clinical- 

rials.gov, under the number NCT01884779. All patients were in- 

ormed and gave written consent upon inclusion for their partici- 

ation in the original study, urine and serum samples biobanking, 

nd ancillary studies on fungal markers. 

esults 

tudy population characteristics 

We included 121 patients. Main demographic, clinical, and bi- 

logical features are summarized in Table 1 . The total popula- 

ion consisted of 34 proven HIV-associated histoplasmosis cases, 

8 probable cases, and 29 negative controls. All proven cases had 

isseminated histoplasmosis. 

Patients with histoplasmosis were significantly younger, had 

ower clusters of differentiation (CD4) counts and more advanced 

IV infection. Half of the HIV-associated histoplasmosis cases were 

efined as severe forms. Lymph node biopsy, followed by bone 

arrow sampling and gastro-intestinal tract biopsy, were the most 

requently positive samples among histoplasmosis cases. 

Overall, 26 (21%) patients had co-infections: eight of 34 in the 

roven cases group, 16 of 58 in the probable group, and two of 29 

n the negative control group. These co-infections included histo- 

lasmosis (n = 23) and either esophageal candidiasis (n = 9), my- 

obacterial infection (n = 7, with six tuberculosis and one atypical 

ycobacterial infection), toxoplasmosis (n = 1), suspected crypto- 

occosis (n = 3), or a combination of more than two co-infections 

n = 3). 

iagnostic performances of fungal biomarkers 

HIV-associated histoplasmosis cases had significantly higher 

evels of BDG and GM than negative controls in all three scenarios 

 Figure 1 & Supplemental Table ). In the strict scenario, median BDG 

evel was 368 (176-441) pg/ml among cases compared with 142 

89-211) among controls ( P < 0.001). The median GM level reached 

.5 (1.3-4.8) among cases compared with 0.19 (0.14-0.36) among 

ontrols ( P < 0.001). The median BDG or GM levels were not differ- 

nt between severe and non-severe HIV-associated histoplasmosis 

ases. 

Across the three gold-standard scenarios, BDG had an overall 

igh sensitivity but poor specificity, except for thresholds greater 

han 300 pg/ml. GM had high sensitivity and specificity in the 

trict scenario and high specificity but poorer sensitivity in the 

arge scenario. Antibody detection had low sensitivity but high 

pecificity in the three scenarios. Globally, the sequential combi- 

ation of BDG, followed by GM, improved diagnostic performances 

f BDG alone, especially in the strict scenario ( Table 2 ). 
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Figure 1. BDG and GM antigen concentrations in the serum of adult patients presenting HIV-associated histoplasmosis and negative controls, according to three gold- 

standard scenariosa for the diagnosis of HIV-associated histoplasmosis, French Guiana and Suriname 

BDG (1→ 3)- β-D-Glucan, GM, galactomannan. 

Data are expressed as median (interquartile range). 

Severe cases were defined according to OMS recommendations. 
a Gold-standard scenarios were defined as: 

EORTC scenario: cases and controls were defined according to the EORTC-MSG criteria [ 13 ] for proven endemic mycoses, relying on conventional methods results (direct 

examination, fungal culture, or pathology). 

Strict scenario: cases were restricted to those positive for both conventional methods and all three specific antigenic testing for histoplasmosis, and controls were conversely 

negative for all methods. 

Large scenario: cases were defined as either proven or probable histoplasmosis cases according to EORTC-MSG criteria [ 13 ], whereas controls were negative for all methods. 

4
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Table 1 

Baseline study population data used to estimate (1→ 3)- β-D-Glucan and galactomannan antigen detection assays performances in the serum of adult people living with 

HIV for the diagnosis of HIV-associated histoplasmosis in French Guiana and Suriname. 

Global 

(N = 121) 

Patients with histoplasmosis 

(N = 92) 

P -value a Patients without 

histoplasmosis 

(N = 29) 

P -value b 

Proven 

(n = 34) 

Probable 

(n = 58) 

Demographics 

Age 40 (33-50) 38 (32-48) 39 (33-46) 0.36 49 [ = (42-54)] 0.003 

Male 60 (50) 21 (62) 24 (41) 0.06 15 (52) 0.8 

CDC HIV stage C 82 (68) 31 (91) 36 (62) 0.002 15 (52) 0.03 

CD4 count level (/mm3 ) 47 (18-129) 29 (14-71) 40 (17-98) 0.11 116 (62-245) 0.03 

Viral load (log) 5.1 (4.5-5.7) 5.4 (5-6.2) 5.1 (4.7-5.7) 0.07 4.6 (2.3-5.4) 0.02 

Sulfamethoxazole intake upon admission 32 (26) 9 (26) 19 (33) 0.53 4 (14) 0.08 

Antimicrobial drugs intake upon admission c 6 (5) 1 (3) 4 (7) 0.65 1 (3) 1 

Clinical presentation 

Gastro-intestinal signs 63 (52) 22 (65) 26 (45) 0.09 15 (52) 0.18 

Fever 56 (46) 21 (62) 26 (45) 0.12 9 (31) 0.09 

Skin or mucosal lesions 49 (41) 16 (47) 24 (41) 0.67 9 (31) 0.45 

Weight loss 47 (39) 19 (56) 20 (34) 0.05 8 (28) 0.19 

Respiratory signs 44 (36) 15 (44) 16 (28) 0.12 13 (45) 0.16 

Neuropsychiatric signs 42 (35) 9 (26) 19 (33) 0.64 14 (48) 0.18 

Lymph node enlargement 39 (32) 13 (38) 17 (29) 0.5 9 (31) 0.68 

Severity 

Severe 44/92 (48) 16 (47) 28 (48) 0.91 - - 

Mild 39/92 (42) 16 (47) 23 (40) 0.5 - - 

Pauci-symptomatic 9/92 (10) 2 (6) 7 (12) 0.34 - - 

Microbiology (positive direct examination, culture, or pathology) 

Bone marrow 21/46 (46) 21/26 (81) 0/6 - 0/14 - 

Lymph node biopsy 5/11 (45) 5/6 (83) 0/3 - 0/2 - 

Gastro-intestinal tract biopsy 6/15 (40) 6/9 (67) 0/2 - 0/4 - 

Respiratory samples 4/12 (33) 4/7 (57) 0/1 - 0/4 - 

Muco-cutaneous biopsy 3/10 (30) 3/5 (60) 0/1 - 0/4 - 

Blood 9/49 (18) 9/18 (50) 0/14 - 0/17 - 

Cerebrospinal fluid 1/25 (4) 1/5 (20) 0/9 - 0/11 - 

Urine sample 1/51 (2) 1/16 (6) 0/16 - 0/19 - 

Liver biopsy 0/3 (0) 0/1 (0) 0/1 - 0/1 - 

Final diagnosis at hospital discharge 

Isolated histoplasmosis d 32 (26) 26 (76) 6 (10) < 0.001 0 (0) < 0.001 

Isolated cryptococcus infection e 5 (4) 0 (0) 4 (7) 0.29 1 (3) 1 

Isolated esophagal candidiasis d 1 (1) 0 (0) 0 (0) - 1 (3) 0.24 

Isolated parasitic infection f 6 (5) 0 (0) 2 (3) 0.53 4 (14) 0.03 

Isolated mycobacterial infection g 4 (3) 0 (0) 2 (3) 0.53 2 (7) 0.24 

Co-infections h 26 (21) 8 (24) 16 (28) 0.8 2 (7) 0.04 

Histoplasmosis + invasive fungal infection 15/26 (58) 7/8 (88) 8/16 (50) 0.18 0/2 (0) 0.17 

Histoplasmosis + non-fungal opportunistic infections 8/26 (31) 1/8 (12) 6/16 (38) 0.35 1/2 (50) 0.53 

Invasive fungal infection without histoplasmosis 3/26 (12) 0/8 (0) 2/16 (13) 0.54 ½ (50) 0.22 

Other infection i 13 (11) 0 (0) 6 (10) 0.08 7 (24) 0.006 

Non-infectious diagnosis 21 (17) 0 (0) 11 (19) 0.006 10 (34) < 0.001 

No final diagnosis 13 (11) 0 (0) 11 (19) 0.006 2 (7) 0.008 

Data are presented as n (%) and median [interquartile range]. 

Footnotes: 
a Comparison of certain and probable cases 
b comparison of cases and controls 
c antimicrobial treatments known to elevate BDG [ 17 ] 
d either proven or suspected 
e Cryptococcus infection, either meningitis, sepsis, or subclinical form 

f suspected or proven parasitic infection, including toxoplasmosis 
g mycobacterial infection, either proven or suspected. Includes M. tuberculosis or M. avium complex infections 
h Co-infections include all patients with at least two either proven or suspected diagnoses among histoplasmosis, Pneumocystis jiroveci pneumonia, toxoplasmosis, 

esophageal candidiasis, or mycobacterial infection 
i Other infections include bacterial, viral, or undetermined (no microbiological proof) infection. −
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The AUC of GM was greater than that of BDG in all three sce- 

arios. In the strict scenario, three different thresholds of BDG 

aximized the number of correctly classified patients (77.6%): 288, 

31, or 405 pg/ml. These thresholds resulted in sensitivity and 

pecificity of 60% and 90%, 55% and 93%, or 50% and 97%, respec- 

ively. For GM, the optimal threshold was 1.29, correctly classify- 

ng 92% of the patients with 80% sensitivity and 100% specificity 

 Figure 2 ). 

We performed a sensitivity analysis by running the same anal- 

ses on a subgroup of patients with a clinical presentation sugges- 

ive of histoplasmosis, i.e. having less than 200 CD4/mm3 and at 
5

east one of the following three signs: bicytopenia, polyadenopathy 

 2.5 cm or splenomegaly, and/or respiratory signs, yielding similar 

esults (data not shown). 

Discordant results were investigated. Patients with false- 

ositive BDG or GM results had numerous alternative diagnoses. 

or example, for a BDG threshold of 80 pg/ml, the final diagnoses 

onsisted of two mycobacterial infections, one esophageal candidi- 

sis, three toxoplasmosis, one isosporiasis, five undetermined in- 

ections, one co-infection (suspected histoplasmosis and tuberculo- 

is), eight non-infectious diagnoses, and two patients without a fi- 

al diagnosis on discharge. For a GM at a threshold of 1.0, the only 
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Table 2 

Diagnostic performance estimates, according to three gold-standard scenarios, for the diagnosis of HIV-associated histoplasmosis using BDG and GM antigen detection assays and anti-histoplasma immunodiffusion assay in the 

serum of adult people living with HIV, French Guiana and Suriname. 

C (n) NC (n) TP (n) FP (n) TN (n) FN (n) Sensitivity 

(%) 

Specificity 

(%) 

LR + LR- Accuracy Youden 

index 

Area under 

the curve 

Strict criteria 20 29 

BDG 80 20 23 6 0 100 21 (6-36) 1.3 (1.1-1.5) - 0.53 0.21 0.82 

(0.68-0.91) BDG 150 19 15 14 1 95 [85-100] 52 (34-70) 2 (1.4-3] 0.1 (0.01-0.7) 0.69 0.47 

BDG 300 11 3 26 9 55 [33-77] 90 (79-100) 5.5 (1.8-17) 0.5 (0.3-0.8) 0.76 0.45 

BDG 500 4 1 28 16 20 [2-38] 97 (91-100) 6.7 (1-56) 0.8 (0.63-1) 0.65 0.17 

GM 0.5 18 5 24 2 90 [77-100] 83 (69-97) 5.3 (2.4-12) 0.12 (0.03-0.45) 0.86 0.73 0.92 

(0.80-0.98) GM 0.7 16 1 28 4 80 [62-98] 97 (91-100) 27 (3.9-188) 0.21 (0.09-0.51) 0.90 0.77 

GM 1 16 1 28 4 80 [62-98] 97 (91-100) 27 (3.9-188) 0.21 (0.09-0.51) 0.90 0.77 

Serology ID∗ 4 0 29 16 20 [2-38] 100 - 0.8 (0.64-1] 0.67 0.20 - 

Combination GM 0.7 + BDG 150 15 1 28 5 75 [56-94] 97 (91-100) 25 (3.6-174) 0.26 (0.12-0.56) 0.88 0.72 - 

Combination GM 1.3 + BDG 288 9 0 29 11 45 [23-67] 100 - 0.55 (0.37-0.82) 0.78 0.45 - 

EORTC criteria 34 69 

BDG 80 34 63 6 0 100 9 (2-16) 1.1 (1.02-1.2) - 0.39 0.09 0.67 

(0.57-0.76) BDG 150 30 40 29 4 88 [77-99] 42 (30-54) 1.5 (1.2-1.9) 0.3 (0.11-0.78) 0.57 0.3 

BDG 300 20 21 48 14 59 [42-76] 70 (59-81) 2 (1.3-3.2) 0.6 (0.39-0.92) 0.66 0.29 

GM 0.5 25 22 47 9 74 [59-89] 68 (57-79) 2.3 (1.5-3.4) 0.38 (0.21-0.68) 0.7 0.42 0.76 

(0.66-0.84) GM 0.7 21 13 56 13 62 [46-78] 81 (72-90) 3.3 (1.9-5.8) 0.47 (0.3-0.73) 0.75 0.43 

GM 1 21 10 59 13 62 [46-78] 86 (78-94) 4.4 (2.3-8.3) 0.44 (0.28-0.68) 0.78 0.48 

Serology ID∗ 5 3 66 29 15 [3-27] 96 (91-100) 3.75 (1-15) 0.89 (0.77-1) 0.69 0.11 - 

Combination GM 0.7 + BDG 150 18 10 59 18 53 [36-70] 86 (78-94) 3.8 (2-7.3) 0.55 (0.39-0.77) 0.75 0.39 - 

Large criteria 92 29 

BDG 80 91 23 6 1 99 [97-100] 21 (6-36) 1.25 (1.04-1.5) 0.05 (0.006-0.4) 0.80 0.20 0.78 

(0.70-0.85) BDG 150 73 14 15 19 79 [71-87] 52 (34-70) 1.6 (1.1-2.4) 0.4 (0.23-0.68) 0.72 0.31 

BDG 300 50 3 26 42 54 [44-64] 90 (79-100) 5.4 (1.8-16) 0.51 (0.4-0.66) 0.63 0.44 

GM 0.5 53 5 24 39 58 [48-68] 83 (69-97) 3.4 (1.5-7.7) 0.51 (0.38-0.68) 0.64 0.41 0.78 

(0.70-0.85) GM 0.7 43 1 28 49 47 [37-57] 97 (91-100) 16 (2-113) 0.55 (0.45-0.67) 0.59 0.44 

GM 1 37 1 28 55 40 [30-50] 97 (91-100) 13.3 (1.9-93) 0.62 (0.52-0.74) 0.54 0.37 

Serology IDa 10 0 29 82 11 [5-17] 100 - 0.89 [0.83-0.96] 0.32 0.11 - 

Combination GM 0.7 + BDG 150 37 1 28 55 40 [30-50] 97 (91-100) 13.3 (1.9-93) 0.62 [0.52-0.74] 0.54 0.37 - 

Data are expressed as n with a 95% confidence interval when available. 

BDG, (1→ 3)- β-D-Glucan; C, HIV-associated histoplasmosis cases; GM, galactomannan; FN, false negative; FP, false positive; LR + , positive likelihood ratio; LR−, negative likelihood ratio; NC, negative controls; Se, sensitivity; Sp, 

specificity; TN, true negative; TP, true positive. 
a The type of histoplasmosis antibody detection used was an immunodiffusion technique. 
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Figure 2. Comparative receiver operating characteristic curves estimates of BDG and GM antigen detection assays in the serum of adult people living with HIV according to 

a strict gold-standard scenario for the diagnosis of HIV-associated histoplasmosis, French Guiana and Suriname. 

AUC, area under the curve; BDG, (1→ 3)- β-D-Glucan; GM, galactomannan. 
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alse-positive patient had a non-infectious final diagnosis. False- 

egative patients had heterogenous clinical and biological presen- 

ations of histoplasmosis. Previous use of antimicrobial drugs or 

ulfamethoxazole-trimethoprim were not different or less frequent 

n the false-positive than in the true-positive patients for both tests 

data not shown). 

At commercial thresholds, the positive agreement between 

DG (80 pg/ml) and GM (0.5) assays was 48% and the negative 

greement was 6%. At optimal thresholds of 288 pg/ml for BDG 

nd 1.29 for GM, positive agreement reached 16% and negative 

greement 38%. 

re and post-test probabilities 

Post-test probabilities of having histoplasmosis, after a positive 

r a negative test result, exhibited better performances for GM 

han BDG in the three scenarios, even at low prevalence levels 

 Figure 3 ). When fungal biomarkers were combined with a sequen- 

ial testing strategy using BDG, followed by GM, previous BDG and 

M post-test probabilities were found improved, especially at low 

revalence levels ( Supplemental Table ). 

iscussion 

In our study, GM and BDG were found to have good diagnostic 

erformances and high AUCs for the diagnosis of HIV-associated 

istoplasmosis. To the best of our knowledge, this is the first study 

o compare diagnostic performances of BDG and GM for the diag- 

osis of HIV-associated histoplasmosis. 

The study population was young, had advanced HIV infec- 

ion, and had multiple concurrent opportunistic infections, making 

he evaluation of performances challenging. Half of HIV-associated 

istoplasmosis cases had a severe disseminated form of the dis- 

ase, which may have led to an over-estimation of the sensitivity 

evel reported. 
7

BDG and GM diagnostic performances are reported across three 

old-standard scenarios. Conventional methods performed on any 

issue or fluid, mostly taken from the patients through invasive 

rocedures, are considered the gold standard for histoplasmosis 

iagnosis according to the EORTC-MSG criteria for the diagnosis 

f proven endemic mycoses [ 13 ]. Still, conventional methods re- 

ults were not available for all selected patients from the original 

tudy data set (n = 17 of 121 [14%] patients without any results us- 

ng conventional methods for the diagnosis of histoplasmosis) be- 

ause their realization were clinically guided and not mandatory 

n the original study. On the other hand, it is known that con- 

entional methods for the diagnosis of invasive fungal infections 

re not perfectly reliable, and, therefore, imperfect for the defini- 

ion of the gold standard, e.g. sensitivity of fungal culture being 

ow and varying according to sample type and laboratory exper- 

ise [ 18 ]. In the present study, conventional methods results were 

ssued from diverse sample types, with < 40% of patients tested 

n bone marrow, a sample known to yield the highest number 

f positive histoplasmosis diagnosis. Therefore, we chose to ex- 

ress a more stringent scenario, the so called strict scenario, tak- 

ng advantage of adding the results of the multiple Histoplasma 

ntigen detections that were available for the whole population. 

n this way, we intended to avoid measurement-classification bias 

o increase internal validity of the study and our confidence in 

electing “true” histoplasmosis cases and “true” histoplasmosis- 

ree controls. Finally, considering that one is considering specific 

ntigenic testing as the gold standard for histoplasmosis diagnosis 

nd to increase the number of cases and, therefore, the statistical 

ower of our study, we studied a larger scenario gathering proven 

nd probable cases within the case definition of histoplasmosis. 

he present discussion will focus on the results of the strict sce- 

ario, which seemed to be the most stringent, reliable, and robust 

cenario. 

BDG was highly sensitive for the diagnosis of HIV-associated 

istoplasmosis. This is consistent with two recent studies report- 
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Figure 3. Post-test curves according to different serum concentration thresholds of BDG and GM antigen detection assays in a strict gold-standard scenario for the diagnosis 

of HIV-associated histoplasmosis in adult people living with HIV, French Guiana and Suriname. 

CI, confidence interval; BDG, (1→ 3)- β-D-Glucan; GM. galactomannan. 
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ng a sensitivity of 91.7% among 36 patients with disseminated 

IV-associated histoplasmosis [ 14 ] and one of 88% among 40 pa- 

ients with disseminated histoplasmosis, with or without HIV [ 19 ]. 

 295 pg/ml (108-500) median level of BDG was reported and 

onsistent with our findings of 368 pg/ml (176-441). However, 

he BDG assay lacked specificity, especially at low thresholds of 

0 or 150 pg/ml (21% and 52%, respectively). These performances 

re in line with previous studies and recommendations for the 

se of BDG in the diagnosis of invasive fungal infections in pa- 

ients with hematologic malignancies [ 20 , 21 ]. Given the AUC of 

.82 (0.68-0.91), BDG testing may be considered as a discriminant 

iagnostic tool. Still, when BDG post-test probabilities were esti- 

ated in a context of high histoplasmosis endemicity (prevalence 

f 30-40%), the positive predictive value was poor (post-test prob- 

bility < 60%), making a positive BDG result inconclusive for clin- 

cians, whereas the negative predictive value remained high, re- 

ardless of prevalence levels. Hence, even at low prevalence levels 

nd considering a low BDG threshold (80 pg/ml), a negative BDG 

esult may allow clinicians to rule out HIV-associated histoplasmo- 

is, avoid invasive sampling, and preemptive antifungal therapy for 

istoplasmosis. 

Relevance of the GM assay for the diagnosis of HIV-associated 

istoplasmosis has been previously reported, within a cross- 

eactivity context of an antigen detection assay first marketed for 

he diagnosis of aspergillosis [ 22–24 ]. Consistent with our findings, 

 previous retrospective report on selected laboratory samples in a 

igh endemic area using GM detection at a 0.4 threshold showed 

 sensitivity of 82%, a specificity of 100%, and an AUC of 0.96 for 

he diagnosis of HIV-associated histoplasmosis [ 15 ]. However, in a 

ontext of multiple concurrent co-infections in advanced HIV in- 

ection, we found that a higher threshold of 1.29 maximized the 

ensitivity (80%) and specificity (100%) of GM detection, correctly 

lassifying 92% of our population. 

When considering post-test probabilities at different point 

revalence levels, if negative predictive values of GM and BDG 

ere similar, the GM positive predictive value estimates were bet- 

er than BDG, regardless of the estimated histoplasmosis point 

revalence levels. Thus, given the wide use of BDG and its low 

pecificity, clinicians may consider a two-step diagnostic strategy 

hen facing a positive BDG result. In this context, GM could be 

sed as a confirmatory test for the diagnosis of HIV-associated 

istoplasmosis and, when positive, will inform clinical decision in 

romptly starting antifungal therapy. On the other hand, when 

acing a negative BDG result, fungal infection and histoplasmosis 

eem very unlikely and other differential diagnoses should be in- 

estigated. Moreover, because GM alone had better performances 

t a cheaper price than BDG (average costs of 4.5 € vs 20 € per test 

n France, respectively), solely testing GM as the diagnostic strat- 

gy should arguably be preferred to a sequential testing strategy, 

specially in resource-limited settings. 

As many authors have pointed out, the diagnosis of histoplas- 

osis remains challenging [ 11 , 25 , 26 ]. Fungal culture and antibody

etection are not sensitive enough, Histoplasma antigen detection 

s not widely distributed or even available despite better perfor- 

ances and having been listed as a WHO essential diagnosis test, 

nd no molecular detection is commercially available. In this con- 

ext, the wide availability of alternative fungal markers, such as 

DG and GM, may significantly improve clinicians’ ability to diag- 

ose and treat a disease where rapid treatment initiation is key to 

mprove the patients’ prognosis. Moreover, they could also lead to 

ubstantial savings if they allow to avoid an expensive and poten- 

ially toxic exposure to amphotericin B or the multiple drug-drug 

nteractions of itraconazole. 

One might be concerned about the risk of differential diagno- 

is with aspergillosis. However, this disease has become anecdo- 

al in PLWH in the post-highly active antiretroviral therapy era 
9

here iatrogenic neutropenia no longer exists [ 5 ]. As an exam- 

le, no cases of HIV-associated aspergillosis were documented in 

he French Guiana HIV cohort, and Aspergillus species accounted 

or less than one-third of clinical isolates (only one A. fumigatus ) 

n a recent study on fungal diversity in French Guiana [ 27 , 28 ].

ther endemic mycoses, such as blastomycosis, paracoccidioidomy- 

osis, and talaromycosis, may cross-react and result in a positive 

M test—invasive fungal infections that were not reported to be 

ndemic within the area of patients’ recruitment in the present 

tudy [ 29 ]. This may limit the applicability of our results beyond 

he Amazon biome and call for further studies in endemic areas 

ith other dimorphic fungi represented. 

Our study presents some limitations. Performance estimates of 

ests under study may have been impacted by using frozen sam- 

les stored several years, with a potential decrease in the anti- 

ens concentrations levels in samples under study notably. Still, 

ccording to the high level of certification and storage conditions 

f the biorepository, we feel confident on our ability to test the 

cientific hypotheses under study. The sample size in the “strict 

cenario” was small, resulting in wide CIs and low precision esti- 

ates. For the same reasons, we could not study the performances 

f fungal biomarkers according to CD4 count strata. Our large sce- 

ario, by increasing the power, allowed us to obtain refined esti- 

ates. Nevertheless, because of imperfect performances of Histo- 

lasma antigen detection tests, considered as part of the gold- 

tandard definition in this scenario, it is possible that cases classi- 

ed as probable histoplasmosis did not actually have histoplasmo- 

is, which could distort the performance estimates obtained. Be- 

ause we studied only one BDG assay among the four BDG as- 

ays commercially available, our results may not reflect perfor- 

ances of other BDG assays in similar contexts. When explor- 

ng potential sources of false positivity for BDG or GM assays, in- 

ormation on recent surgery, previous use of blood-derived treat- 

ents, or hemodialysis were lacking in the original study dataset. 

owever, previous use of antimicrobial drugs or sulfamethoxazole- 

rimethoprim did not appear to influence BDG or GM detection 

evels. 

Despite these limitations, to the best of our knowledge, this is 

he first study to compare BDG and GM diagnostic performances 

ased on robust data regarding the gold-standard definitions. We 

eported information on how to interpret results and use a combi- 

ation of the two tests. If BDG alone may rule out histoplasmosis 

hen negative, GM alone, either positive or negative, showed the 

est performances for the diagnosis of HIV-associated histoplas- 

osis. This contribution may, therefore, address an unmet diag- 

ostic need and improve patient management and prognosis. Fur- 

her studies are needed to refine these results on larger sample 

izes and other geographic settings. However, it should be remem- 

ered that effective, sensitive, and specific antigenic tests are avail- 

ble, specifically designed for the diagnosis of histoplasmosis. Our 

ffort s must, theref ore, be f ocused on guaranteeing low-cost ac- 

ess to these tests in all histoplasmosis-endemic settings [ 30 , 31 ]. 

iven their poorer performances, fungal biomarkers described here 

hould only be an alternative when specific antigenic testing for 

istoplasmosis is not available. 
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