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a b s t r a c t 

Objectives: The burden of histoplasmosis is as great as that of tuberculosis in Latin America and the 

attributable mortality is even higher. A better assessment of severity could help reduce mortality. 

Methods: From the French Guiana HIV-histoplasmosis database, we attempted to identify factors associ- 

ated with 30-day death after antifungal drug initiation and constructed a prognostic score. We evaluated 

its discrimination performance using several resampling methods. 

Results: Of the 415 patients included, 56 (13.5%) died within 30 days of treatment. The fatality- 

associated factors were performance status ≥3, altered mental status, dyspnea, C-reactive protein ≥75 

mg/l, hemoglobin < 9 g/dl and/or a platelet < 10 0 0 0 0/ml, and an interstitial lung pattern on chest X-ray. 

We constructed a 12-point prognostic score. A threshold ≥5 classified patients as alive or dead at 30 days 

with a sensitivity of 84%, a specificity of 81%, a positive predicted value of 40%, and a negative predicted 

value of 97%. The area under the curve of the receiver operating characteristic curves from the different 

resamples were stable between 0.88 and 0.93. 

Conclusion: The histoplasmosis case fatality score, which is easy and inexpensive to perform, is a good 

tool for assessing severity and helping in the choice of induction therapy. An external validation remains 

necessary to generalize these results. 

© 2023 The Author(s). 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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Histoplasma capsulatum var. capsulatum is suspected to be re- 

ponsible for up to one-fifth of AIDS-related deaths in Latin Amer- 

ca [1] . Progressive HIV-associated histoplasmosis has consistently 

een the leading opportunistic infection and used to be the lead- 

ng cause of mortality among patients infected with HIV in French 

uiana [2 , 3] and probably in much of South and Central Amer- 

ca. Hence, the burden of HIV-associated histoplasmosis among pa- 
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ients infected with HIV in Latin America is at least as great as 

hat of tuberculosis [1] . In addition to diagnostic difficulties and 

ack of awareness in most endemic countries, the high mortality 

esulting from HIV-associated histoplasmosis is explained by the 

hallenge of assessing its severity and starting timely adapted an- 

ifungal therapy. American histoplasmosis can affect various organs 

nd evolve subacutely, resulting in a late diagnosis and a possible 

nderestimation of the severity. 

Liposomal amphotericin B is the first-choice molecule for the 

ost severe forms [4] but holds drawbacks: the complexity of its 

reparation and administration, frequent and severe side effects 

hypokalemia, acute renal failure), a high cost, and unavailability in 

any countries, which use the cheaper, more toxic deoxycholate 

mphotericin B [5 , 6] . Itraconazole is used as the first-line treat- 
iety for Infectious Diseases. This is an open access article under the CC BY license 
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ent in moderate forms [7] , but its pharmacokinetics can lead to 

 delayed therapeutic response [8] , and the numerous drug inter- 

ctions can lead to insufficient concentrations and therapeutic fail- 

res [9 , 10] . These characteristics, associated with its fungistatic ef- 

ect, presumably explain the longer sterilization time of cultures 

nder itraconazole than under amphotericin B [4 , 7] . 

The first World Health Organization guidelines about HIV- 

ssociated histoplasmosis among people living with HIV [11] dis- 

inguish mild, moderate, moderately-severe, and severe forms, 

ithout clear distinction between classes and potential variations 

rom one physician to another. Some authors have already at- 

empted to identify clinical and biological markers associated with 

ortality [7 , 12–19] , without any quantifiable predictive perfor- 

ance. Given the potential importance of the initial therapeutic 

hoice, it is crucial to reliably recognize which patients are at risk 

f dying from it. 

Hence, we wished to develop a clinical prognostic score of mor- 

ality of HIV-associated histoplasmosis that would be usable in 

ow-resource areas to help physicians in their clinical evaluation 

nd therapeutic decisions. 

ethods 

tudy population 

We included patients from the previously described French 

uiana histoplasmosis retrospective cohort, involving the hospitals 

f Cayenne, Saint-Laurent-du-Maroni, and Kourou. Clinical, para- 

linical, therapeutic, and outcome data were systematically col- 

ected by trained research technicians from 1982 to 2020 [20] . 

f note, paraclinical data were collected within the week be- 

ore antifungal initiation. The inclusion criteria were age ≥18 

ears, confirmed HIV infection (enzyme-linked immunosorbent as- 

ay + Western blot), first episode of HIV-associated disseminated 

istoplasmosis confirmed by direct examination (May-Grunwald- 

iemsa or Grocott-Gomori methenamine silver staining, Supple- 

entary Material, picture S1) and/or culture of Histoplasma capsu- 

atum var. capsulatum , according to the case definition of the Euro- 

ean Organization for Research and Treatment of Cancer/Invasive 

ungal Infections Cooperative Group and the National Institute of 

llergy and Infectious Diseases Mycoses Study Group Consensus 

roup [21] , updated in 2020 [22] . The exclusion criterion was his- 

ory of histoplasmosis. 

ase definition 

Early death was defined as death occurring within 30 days 

D30) of antifungal therapy initiation. Patients lost to follow-up be- 

ore D30 were considered alive. 

odelization and prognosis score development 

ariables of interest 

The explanatory variables were selected from the patients’ 

vailable clinical, biological, radiographic, and therapeutic data. We 

id not include “local” variables, such as location, length of stay in 

rench Guiana, or ethnicity, because these variables would not be 

elevant in other contexts. We considered variables already iden- 

ified as associated with mortality in the literature, and their as- 

ociation in our cohort. We performed a bivariate analysis (Stu- 

ent’s t -test or Wilcoxon test for quantitative variables and χ2 test 

r Fisher’s exact test for binary and categorical variables). We re- 

ained clinically relevant variables with a statistically significant 

ssociation ( P < 0.2). Three adjustment variables were always re- 

ained in the explanatory model, regardless of their statistical sig- 

ificance: age, T cluster of differentiation 4 (TCD4) lymphocytes 
27 
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ount, and inclusion period ( < 20 0 0, 20 0 0-2010, 2011-2020). We 

alculated the Pearson correlation coefficients between the quan- 

itative, binary, and ordinal data to ensure that they were not too 

orrelated with each other (threshold at ± 0.5). 

anagement of missing data 

Variables of interest with a missing data rate (NA for not avail- 

ble) ≥20% were excluded because it was impossible to assert that 

he character was missing at random. For the remaining variables, 

e looked for an imbalance in the distribution of NA among dead 

nd alive patients at D30, which would have been in favor of 

ot missing at random data. Second, we performed multiple im- 

utations using the multivariate imputation by chained equations 

ethod [23] . 

xplanatory regression model and discretization of quantitative 

ariables 

A first explanatory logistic regression model was carried out 

ith all the retained explanatory variables to assess their indepen- 

ent contribution to the outcome. The binary variables included in 

he model were coded as present or absent. For continuous vari- 

bles, linearity was assessed using partial residual plots of the ex- 

licative logistic regression model, with mathematical transforma- 

ion of these variables, if necessary. Discretization of quantitative 

ariables was carried out after multiple imputations to retain as 

uch information as possible. The threshold values were set using 

everal approaches: by supervised discretization according to the 

inimum description length principle [24] , then manually, based 

n clinically relevant thresholds already existing in the literature 

nd on the variables’ partial residual plots. Aggregations of vari- 

bles were performed when relevant. 

onstruction of the predictive model 

We constructed a predictive model based on the explanatory 

odel with only binary or ordered categorical variables, removing 

he adjustment variables, and using the Akaike information crite- 

ion to obtain the most parsimonious model. 

onstruction of a clinical score 

Once the predictive model was validated, the explanatory vari- 

bles were weighted by dividing their coefficients by the smallest 

f them and rounding to the nearest integer. 

core performance 

The association between the score and 30-day mortality was 

xamined. The score calibration was evaluated graphically. The dis- 

rimination of the score from the predictive model was evaluated 

sing a receiver operating characteristic curve analysis and the cal- 

ulation of the area under the curve. Because there was no pre- 

xisting equivalent score, we did not perform a reclassification. 

nternal validation of the predictive model 

To perform an internal validation of the predictive model, we 

rst recalculated it by randomly separating our population into a 

raining sample (3/4) and a testing sample (1/4). Then, we per- 

ormed the same type of analysis taking the Cayenne and Kourou 

ospitals as the training sample and patients from Saint-Laurent- 

u-Maroni as the testing sample. We also used resampling meth- 

ds: leave-one-out (or Jackknife cross-validation [25] ) and boot- 

trap.632 [26] . 

oftware and packages 

Statistics were done using R 4.0.2, with the tidyverse 1.3.0 [27] , 

ableone 0.13.0, mice 3.14.4 [23] , discretization 1.0-1.1, forestmodel 

.6.2, ROCR 1.0-1.1 [28] , pROC 1.18.0 [29] , predtools0.0.2, and caret 

.0-93 packages. 
ealth and Social Security de ClinicalKey.es por Elsevier en julio 19, 2023. 
ón. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



U. Françoise, M. Nacher, M. Bourne-watrin et al. International Journal of Infectious Diseases 132 (2023) 26–33 

R

C

a

1

t

m

D

s

c

v

p

w

t

t

t

e

c

e

n

d

t

t

t

s

(

T

p

c

t

N

T

d

9

1

t

e  

(

a

t

9

p

t

a

t

i

D

n

h

t

d

m  

f

s

0

V

F

t

d

c

a

p

b

n

S

a

t  

8

a

t

9

C

a

i

t

t

p

t

f

f

F  

f  

t

l

f

c

m

m

D

w

m

t

e

C

s

r

r

a

c

s

e

p

d

t

c

i

f

a

c

s

s

esults 

haracteristics of the population 

We included the 415 patients of the cohort. Their baseline char- 

cteristics according to survival at D30 are presented in Table 1 . All 

4 patients lost to follow-up before D30 were considered alive. A 

otal (13.5%) of patients died within the first D30 of treatment; the 

edian time to death was 7 days (interquartile range: 2-14 days). 

evelopment of the explanatory model 

Among the 21 variables significantly associated with mortality 

howing a missing data rate < 20%, we discarded nine that seemed 

linically nondiscriminant: fever was present in 84.8% of the sur- 

ivor group and 96.4% of the deceased group; the relevance of res- 

iratory symptoms was only explained by dyspnea, whereas cough 

as more frequent in the survivor group, as was lymphadenopa- 

hy; the relevance of neurologic symptoms was explained by al- 

eration of mental status, whereas headache was more frequent in 

he survivor group; the relevance of abnormal thoracic X-ray was 

xplained by interstitial lung pattern, whereas pulmonary alveolar 

ondensation was more frequent in the survivor group; the differ- 

nce in the mean neutrophil count between the two groups was 

ot clinically relevant; creatininemia was not included because we 

id not have data on the previous creatinine level or diuresis, and 

he large variance did not allow identification of a discriminating 

hreshold. The missing data were imputed before discretization for 

he following variables: World Health Organization Performance 

tatus (5 NA, 1.2%), dyspnea (2 NA, 0.5%), altered mental status 

2 NA, 0.5%), interstitial lung pattern on the X-ray (75 NA, 18,1%), 

CD4 lymphocyte count (8 NA, 2%), hemoglobinemia (15 NA, 3.6%), 

latelet count (16 NA, 3.9%), aspartate aminotransferase (ASAT) 

oncentration (18 NA, 4.3%), C-reactive protein (CRP) concentra- 

ion (43 NA, 10.4%), and lactate dehydrogenase concentration (57 

A, 13.7%). The results of the explanatory model are presented in 

able 2 . Performance status ≥3 (odds ratio [OR] = 5.33, 95% confi- 

ence interval [CI] = 2.03-15.43), altered mental status (OR = 9.67, 

5% CI = 2.97-33.79), and dyspnea (OR = 3.96, 95% CI = 1.44- 

1.20) were significantly associated with death at D30. CRP concen- 

ration ≥75 mg/l (OR = 5.42, 95% CI = 2.30-13.73) and the pres- 

nce of both anemia < 9 g/l and thrombocytopenia < 10 0,0 0 0/ml

OR = 4.92, 95% CI = 1.53-16.81) were also significantly associ- 

ted with death at D30. The presence of only one of these cy- 

openia also seemed to be associated with mortality (OR = 2.05, 

5% CI = 0.78-5.81), as did the presence of an interstitial lung 

attern on chest X-ray (OR = 2.08, 95% CI = 0.79-5.46). Because 

he inclusion period was significantly associated with survival as 

n adjustment variable, we looked for a significant interaction be- 

ween this variable and the other explanatory variables. None were 

dentified. 

evelopment of the clinical prognostic score 

After removing the adjustment variables, the most parsimo- 

ious predictive model and score were obtained ( Table 3 ). The 

istoplasmosis case fatality score (HFS), calculated with seven cri- 

eria (patient’s performance status ≥3, alteration of mental status, 

yspnea, interstitial lung pattern on the chest X-ray, CRP level > 75 

g/l, anemia < 9 g/dl, and/or platelet count < 10 0,0 0 0/ml, ranged

rom 0 [no prognostic marker] to 12 [all markers]. The median 

core of our population was 3 (interquartile range: 1-5; minimum: 

; maximum: 12). 
28 
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The graphical evaluation of the HFS calibration, presented in 

igure 1 , showed a properly calibrated score: the higher the score, 

he greater the proportion of early deaths. The evaluation of the 

iscrimination of the prognostic model by the receiver operating 

haracteristic curve obtained from the source population, as well 

s by the train/test, leave-one-out, and bootstrap.632 methods, are 

resented in Figure 2 . The area under the curve remained sta- 

le between the methods (between 0.88 and 0.94), supporting a 

onoverfitted model. 

election of the HFS threshold 

For a discrimination threshold of ≥5 (Supplementary Figures 1 

nd 2), we obtained an accuracy of 81% (95% CI = 77-85), a sensi- 

ivity of 84% (95% CI = 73-93), a specificity of 81% (95% CI = 76-

4), a positive predictive value of 40% (95% CI = 33-49), and a neg- 

tive predictive value of 97% (95% CI = 95-99). For a discrimination 

hreshold of ≥7, we obtained an accuracy of 92% (95% CI = 89- 

4), a sensitivity of 63% (95% CI = 50-75), a specificity of 96% (95% 

I = 94-98), a positive predictive value of 73% (95% CI = 58-86), 

nd a negative predictive value of 94% (95% CI = 92-96). Consider- 

ng the high mortality rate of HIV-associated histoplasmosis, iden- 

ifying all patients requiring intensive treatment is essential, thus 

he greater sensitivity displayed by the threshold of five seemed 

referable. Nine patients with an HFS < 5 died; their characteris- 

ics are summarized in Table S1 (Supplementary Material). All had 

ever, five had a performance status ≥3, the remaining had a per- 

ormance status of 2. None had dyspnea or altered mental status. 

our had anemia < 9 g/dl, two had platelet count < 10 0,0 0 0/ml, and

our had CRP < 75 mg/l. Eight had a chest X-ray, and three had in-

erstitial lung pattern. Three of them were initially treated with 

iposomal amphotericin B. 

Of the 298 patients with no missing data for all HFS criteria be- 

ore imputation, 66 had a score ≥5, of whom 21 (32%) had not re- 

eived amphotericin B (deoxycholate or liposomal) induction treat- 

ent. Their median score was 7 (interquartile range: 5-7; maxi- 

um: 10). 

iscussion 

Here, we showed, in the largest published cohort of patients 

ith HIV-associated histoplasmosis, that the 12-point HFS assess- 

ent before treatment initiation appears to reliably identify pa- 

ients at risk of death within D30 of treatment. This simple in- 

xpensive score requires only clinical examination, blood count, 

RP measurement, and chest X-ray. These characteristics are es- 

ential because this disease mostly impacts regions with limited 

esources. An HFS < 5 seemed to properly identify patients at low 

isk of mortality. It could determine which patients can be man- 

ged in a conventional care unit and treated initially with itra- 

onazole, avoiding toxic and costly amphotericin B. Patients with a 

core ≥5—the threshold with the greatest sensitivity—should ben- 

fit from close monitoring and be treated with amphotericin B, 

referably liposomal [11] , especially because the median time to 

eath was 1 week in our cohort, which approximately corresponds 

o the time needed to reach effective blood concentrations of itra- 

onazole [8] . Although the score seemed to perform well in train- 

ng and in testing samples, it still requires external validation be- 

ore it can be used in routine care. A score calculator is already 

vailable on the internet ( http://cicec- antilles- guyane.org/hfs ), fa- 

ilitating its use and helping the realization of other validation 

tudies. 

Although the retrospective nature of this hospital cohort and 

ome missing data may lead to limitations, this is the largest pub- 
ealth and Social Security de ClinicalKey.es por Elsevier en julio 19, 2023. 
ón. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
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Table 1 

Baseline characteristics according to survival at 30 days of antifungal initiation among the population of historical HIV-associated histo- 

plasmosis cases, 1982-2020, French Guiana. 

Characteristic Alive at day 30 Dead at day 30 p-value NA (%) 

n (%) 359 (86.5) 56 (13.5) 0 (0.0) 

Hospital (%) 0.495 0 (0.0) 

Cayenne 240 (66.9) 38 (67.9) 

Kourou 36 (10.0) 3 (5.4) 

Saint-Laurent-du-Maroni 83 (23.1) 15 (26.8) 

Inclusion period (%) < 0.001 0 (0.0) 

1982-1999 69 (19.2) 29 (51.8) 

20 0 0-2010 170 (47.4) 18 (32.1) 

2011-2020 120 (33.4) 9 (16.1) 

Mean age (SD) 40.7 (9.9) 39.7 (10.1) 0.491 0 (0.0) 

Male gender (%) 233 (64.9) 36 (64.3) 1.0 0 0 0 (0.0) 

History of opportunistic infection (%) 85 (23.7) 13 (23.2) 1.0 0 0 0 (0.0) 

Other concomitant opportunistic infection (%) 159 (44.3) 26 (46.4) 0.877 0 (0.0) 

Diagnosis of HIV infection concomitant with the episode (%) 285 (79.4) 42 (75.0) 0.568 0 (0.0) 

WHO Performance Status (%) < 0.001 5 (1.2) 

0 10 (2.8) 0 (0.0) 

1 40 (11.3) 0 (0.0) 

2 174 (49.2) 8 (14.3) 

3 105 (29.7) 34 (60.7) 

4 25 (7.1) 14 (25.0) 

Weight loss (%) 159 (44.3) 39 (69.6) 0.868 198 (47.7) 

Mean systolic blood pressure in mmHg (SD) 105.6 (18.5) 103.0 (19.9) 0.523 175 (42.2) 

Fever (%) 301 (84.8) 54 (96.4) 0.032 4 (1.0) 

Median duration of fever in days (IQR) 21 [10-30] 30 [15-30] 0.228 171 (41.2) 

Mean maximum temperature in °C (SD) 39.29 (0.85) 38.96 (1.37) 0.120 200 (48.2) 

Respiratory symptoms (%) 174 (48.7) 40 (71.4) 0.003 2 (0.5) 

Thoracic pain (%) 11 (3.1) 0 (0.0) 0.376 

Dyspnea (%) 39 (10.9) 33 (58.9) < 0.001 

Cough (%) 152 (42.6) 18 (32.1) 0.184 

Sputum (%) 39 (10.9) 4 (7.1) 0.531 

Hemoptisis (%) 5 (1.4) 2 (3.6) 0.540 

Cutaneous signs (%) 42 (11.8) 10 (17.9) 0.289 2 (0.5) 

Mucosal signs (%) 42 (11.8) 5 (8.9) 0.596 2 (0.5) 

Superficial lymphadenopathy (%) 191 (53.5) 21 (37.5) 0.037 2 (0.5) 

Digestive signs (%) 255 (71.4) 36 (64.3) 0.351 2 (0.5) 

Neurologic signs (%) 67 (18.8) 19 (33.9) 0.015 2 (0.5) 

Altered mental status (%) 14 (3.9) 16 (28.6) < 0.001 

Meningeal syndrome (%) 8 (2.2) 2 (3.6) 0.893 

Cerebellar syndrome (%) 2 (0.6) 0 (0.0) 1.0 0 0 

Focal deficit (%) 7 (2.0) 3 (5.4) 0.285 

Epileptic seizures (%) 1 (0.3) 0 (0.0) 1.0 0 0 

Peripheral neuropathy (%) 6 (1.7) 1 (1.8) 1.0 0 0 

Headache (%) 29 (8.1) 0 (0.0) 0.054 

Acute adrenal failure (%) 2 (0.6) 0 (0.0) 1.0 0 0 2 (0.5) 

Abnormal chest X-ray (%) 121 (42.2) 38 (71.7) < 0.001 75 (18.1) 

Interstitial lung pattern (%) 92 (32.1) 36 (67.9) < 0.001 

Alveolar condensation (%) 15 (5.2) 5 (9.4) 0.380 

Pleural effusion (%) 7 (2.4) 4 (7.5) 0.131 

Nodules (%) 13 (4.5) 4 (7.5) 0.560 

Thoracic lymphadenopathy (%) 8 (2.8) 2 (3.8) 1.0 0 0 

Abnormal thoracic computed tomography-scan (%) 114 (79.2) 13 (92.9) 0.379 257 (62.0) 

Interstitial lung pattern (%) 30 (21.0) 9 (64.3) 0.001 

Micronodules (%) 55 (38.5) 9 (64.3) 0.111 

Median T CD4 lymphocyte count/μl (IQR) 35 [13-77] 20 [7-48] 0.002 8 (2.0) 

Range of T CD4 lymphocyte count/μl 0-590 0-98 

Median T CD8 lymphocyte count/μl (IQR) 284 [152-524] 175 [99-394] 0.345 194 (46.7) 

Median HIV viral load in log10 (IQR) 5.3 [4.7-5.7] 5.4 [5.1-5.8] 0.238 279 (67.2) 

Mean hemoglobinemia in g/dl (SD) 9.28 (2.04) 8.18 (1.88) < 0.001 15 (3.6) 

Median neutrophils count/ml (IQR) 1800 [810-2935] 2118 [1344-3864] 0.057 17 (4.1) 

Median platelets count in g/l (IQR) 198 [111-274] 93 [40-178] < 0.001 16 (3.9) 

Median creatininemia in μmol/l (IQR) 76 [63-95] 88 [77-127] 0.008 10 (2.4) 

Mean albuminemia (SD) 24.83 (6.84) 18.82 (7.64) 0.001 265 (63.9) 

Median ASAT concentration in UI/l (IQR) 54 [33-90] 73 [33-145] 0.010 18 (4.3) 

Median ALAT concentration in UI/l (IQR) 29 [19-50] 29 [19-52] 0.806 19 (4.6) 

Median GGT concentration in UI/l (IQR) 92 [52-202] 94 [55-230] 0.805 47 (11.3) 

Median ALP concentration in UI/l (IQR) 146 [82-281] 185 [99-349] 0.204 48 (11.6) 

Median C-reactive protein concentration in mg/l (IQR) 46 [17-88] 119 [78-148] < 0.001 43 (10.4) 

Median lactate dehydrogenase concentration in UI/l (IQR) 393 [277-740] 834 [377-1840] < 0.001 57 (13.7) 

Median ferritinemia in μg/l (IQR) 1208 [546-3059] 3884 [1725-14097] 0.025 204 (49.2) 

Median triglyceridemia in g/l (IQR) 1.7 [1.2-2.24] 1.7 [1.5-2.6] 0.523 265 (63.9) 

Mean prothrombin ratio (SD) 78.99 (16.46) 66.17 (23.33) 0.001 171 (41.2) 

Mean fibrinogen concentration in g/l (SD) 3.15 (1.45) 2.58 (1.30) 0.203 329 (79.3) 

Induction treatment with liposomal amphotericin B (%) 123 (34.3) 17 (30.4) 0.316 11 (0.03) 

SD, standard deviation; NA, not available; IQR, interquartile range; ASAT, aspartate aminotransferase; ALAT, alanine aminotransferase; 

GGT, gamma-glutamyltransferase; ALP, alkaline phenyl phosphatase. 

According to their distribution, continuous variables are presented as mean (SD) or median (IQR). 

Among bold P -values corresponding to P < 0.2, bold NA-values corresponding to NA < 0.2. 
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Table 2 

Explanatory model of death within 30 days of initiation of antifungal therapy in patients presenting HIV-associated histoplasmosis 

Figure 1. Graphical evaluation of the histoplasmosis case fatality score calibration. 
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Table 3 

Predictive model of death within 30 days of initiation of antifungal therapy in patients presenting HIV-associated histoplasmosis and prognosis score scale 

construction (HFS) 

Figure 2. Receiver operating characteristic curves of the histoplasmosis case fatality score and cross-validations models. 

AUC, area under the curve. 
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ished cohort worldwide. Even though several studies have identi- 

ed variables associated with death or intensive care management, 

o simple and discriminating scoring system to quantify the risk 

f death is available to date. As in our series, profound impair- 

ent of general condition, dyspnea, and thrombocytopenia have 

een reported associated with mortality [7 , 14 , 16 , 30] . Some criteria

dentified in these studies have not been surveyed or were quite 

are in our cohort. Moreover, they already are criteria for intensive 

are management (hemodynamic or respiratory failure) or mark- 

rs of hemophagocytic lymphohistiocytosis (ASAT elevation, hyper- 

erritinemia, hypertriglyceridemia) [31 , 32] , which also requires ag- 

ressive management. Hypoalbuminemia was deeper in the de- 

eased group, but the difference was not clinically relevant (18.82 

/l and 24.83 g/l). Furthermore, biological inflammatory syndrome, 

epresented in our model by an elevated CRP concentration, was 

n independent marker of mortality and was probably a confound- 

ng factor because it favors hypoalbuminemia [33] . Although it was 

ignificantly associated with survival status and had minimal miss- 

ng data, creatinine concentration was not retained in our model 

ecause the baseline values for each patient and diuresis were not 

vailable. Acute renal failure could, however, be an independent 

arker of mortality because it complicates therapeutic manage- 

ent and has been identified as such in previous studies. Chest 

-ray was preferred over computed tomography (CT) scan for sev- 

ral reasons in addition to the high rate of missing data for CT 

can, mostly in cases that occurred in earlier decades. Chest X-ray 

s a simple and inexpensive examination, it is widely available, it 

oes not require an experienced radiologist for interpretation, and 

lthough a CT scan can be more sensitive by detecting abnormali- 

ies that are not visible on X-ray, an interstitial lung pattern visible 

n X-ray is probably more specific for severe forms. 

We chose the date of antifungal treatment initiation as the ref- 

rence date rather than the date of diagnosis because histoplasmo- 

is diagnosis was rarely established at the time of treatment initia- 

ion in our cohort and was sometimes only confirmed postmortem . 

ndeed, clinical examination, laboratory, and imaging findings may 

uggest the diagnosis but are not specific and can hardly rule out 

ther infections, like tuberculosis [34] . Moreover, co-infection is 

ot uncommon in these populations [35] . 

As can be seen in our series, assessment of the severity of HIV- 

ssociated histoplasmosis is difficult. Based on the HFS results, 21 

32%) of the 66 patients with no missing data and a HFS ≥5 should 

ave benefited from amphotericin B. Among the nine patients who 

ied despite an HFS < 5, eight had a score of ≥3, mostly due to a

erformance status ≥3 and biological abnormalities. Ferritinemia 

ccured in four of them and was above 20 0 0 μg/l in three of them.

hese three patients presented with hepatomegaly and ASAT > 2N. 

wo presented with splenomegaly and anemia < 9 g/l. Two had 

riglycerides titration; their levels were 1.42 g/l for one and 5.4 

/l for the other. The H-scores [31] of these three patients ranged 

rom 57% to 97%, in favor of a hemophagocytic lymphohistiocyto- 

is due to HIV-associated histoplasmosis [32] without clinical signs 

f organ failure upon treatment initiation. Because hemophago- 

ytic lymphohistiocytosis already requires aggressive treatment of 

he cause, the HFS brings nothing for patients diagnosed with this 

yndrome because they are known to be severe. The five other pa- 

ients died on an average of 6 days after the initiation of itracona- 

ole. This induction treatment must be associated with close clin- 

cal and biological monitoring during the first week. It would be 

elevant to reassess the HFS after 5-7 days of antifungal therapy. 

The 13.5% mortality rate in our cohort from French Guiana 

s probably lower than in resource-limited regions. Indeed, the 

rench Guianese population benefits from an acute care manage- 

ent system similar to that of mainland France and improvement 

n medical care, earlier antiretroviral treatment, and increased 

wareness of histoplasmosis over the past decades, independent of 
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pecific antifungal treatment, have probably reduced the mortality 

n this population, as shown in the explanatory model and sug- 

ested in an earlier study [36] . However, the inclusion period did 

ot significantly interact with the HFS variables, which allowed us 

o ignore it for the predictive model calibration. We believe that 

xcluding health care system context-related variables from the 

core makes it adequate for both well-developed and low-resource 

ountries. 

onclusion 

At present, antifungal treatment choice relies on severity, which 

s somewhat subjective. Using a simple score as a proxy of case 

everity definition at the patient’s bedside is less prone to in- 

erpretation and helps optimize antifungal treatment choice. The 

FS is a simple, inexpensive, calibrated, and discriminating score. 

n HFS < 5 is associated with a negative predictive value of 97% 

95% CI = 95-99), and therefore, a risk of death at D30 ≤5% sug- 

ests choosing itraconazole treatment. By contrast, patients with 

n HFS ≥5—associated with a risk of death D30 > 33%—should re- 

eive some amphotericin B formulation, preferably the liposomal 

orm. After external validation, the HFS may become a valuable 

ool for the therapeutic decision making of clinicians facing HIV- 

ssociated histoplasmosis, including resource-limited endemic ar- 

as. 
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