
Histoplasmosis is common in the Mississippi and 
Ohio Valleys in the United States, and the dissem-

inated form was classified as an AIDS-defining disease 
in 1987 (1,2). Although much of the early work on dis-
seminated histoplasmosis in persons with HIV (PWH) 
took place in the United States, Central and South 
America have also recognized the effects in PWH (3–
5). Disseminated histoplasmosis is the leading AIDS-
defining infection and cause of death in French Guiana 
and possibly in other South and Central America coun-
tries (6). In most endemic countries, the nonspecific 
manifestation of histoplasmosis, the low awareness of 
its epidemiologic importance among clinicians, and 
the lack of diagnostic tools leads to delays in timely di-
agnosis and treatment. The problem of histoplasmosis 

also seems to be ignored in Africa and Asia, where His-
toplasma capsulatum is endemic (7–9). In the Caribbean, 
the extent of histoplasmosis is unclear (10). Given the 
movement of people between endemic zones and Eu-
rope, the number of cases in hospitals in France and its 
overseas territories might not be negligible.

The surge of disseminated histoplasmosis was 
closely linked to the HIV epidemic and the large num-
bers of PWH with advanced HIV disease. However, 
because antiretroviral drug therapy has been recom-
mended for all PWH, the epidemiology is likely to 
have evolved with the gradual decrease in the pro-
portion of severely immunocompromised patients 
(11). We have located few reports to date assessing 
this evolution.
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Disseminated histoplasmosis is a major issue among per-
sons with advanced HIV in the Americas; it might also af-
fect persons in sub-Saharan Africa, the Caribbean, and 
Asia and can be mistaken for other infections. By using 
1992–2021 data from the French hospital database on 
HIV, we analyzed 198,798 persons with HIV follow-up 
in France and its overseas territories, identifying 553 
(2.8/1,000 person-years) first episodes of disseminated 
histoplasmosis. Incidence rates varied by site of follow-up: 

9.41 in French Guiana, 0.76 in Guadeloupe, 0.62 in Mar-
tinique, and 0.079 in mainland France. Incidence rates 
in France also varied between regions of origin or travel: 
4.73 for Central or South America, 1.36 for the Caribbean, 
and 0.19 for sub-Saharan Africa or Asia. Differences per-
sisted after adjusting for age, sex, CD4 count, and viral 
load at baseline. Overall, incidence and early death have 
declined, likely because of antiretroviral drug rollout in 
France.

https://doi.org/10.3201/eid3107.241931
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For >30 years, the Agence Nationale de Recher-
che sur le SIDA et les Hépatites (ANRS) cohort 4 
(CO4) French hospital database on HIV (FHDH), 
a large national hospital cohort, collects data from 
hospitals throughout France and, of note, from hos-
pitals from overseas territories of France in South 
America (French Guiana), the Caribbean (Martinique 
and Guadeloupe), and the Indian Ocean (Reunion 
Island and Mayotte) (12). The cohort includes many 
PWH coming from a wide range of countries that are 
known as or suspected to be endemic for histoplas-
mosis (7,8,13,14). The different exposure to Histoplas-
ma among PWH, combined with most being cared for 
by university hospitals with diagnostic tools capable 
of testing for fungal pathogens, enables assessment of 
the incidence of disseminated histoplasmosis accord-
ing to the territory of residence or origin of PWH.

We used the ANRS CO4 FHDH to study the inci-
dence of disseminated histoplasmosis in territories of 
France and the main factors associated with the dis-
ease and its prognosis in PWH during 1992–2021. We 
focused on the national or regional origins of PWH 
with disseminated histoplasmosis.

Methods

The ANRS CO4 FHDH 
Starting in 1989, the ANRS CO4 FHDH was an open 
hospital cohort of PWH. The cohort collects clinical, 
biological, and treatment data from adult PWH. The 
cohort is populated by data from 23 regional coor-
dination committees for the fight against sexually 
transmitted infections and HIV (Comité de Coordina-
tion de la lutte contre le VIH et les IST [COREVIH]), 
including those from overseas territories (12). Each 
COREVIH has trained clinical research technicians 
collecting and verifying the quality of the local data 
and then transferring the data to the FHDH, where 
additional verifications are conducted to avoid incon-
sistencies and duplicates. Approximately 180 hospi-
tals in France currently collect data for this cohort that 
includes 64% of PWH receiving care in France.

Study Design
From data collected during January 1, 1992–Decem-
ber 31, 2021, we selected PWH with a confirmed 
HIV-1 or HIV-2 infection with >2 follow-up visits 
and 1 CD4+ T-cell measurement. Because diagnostic 
tools and first-line treatment for histoplasmosis are 
not always extensively collected in the FHDH, we 
contacted hospitals reporting cases of histoplasmo-
sis over a 5-year period (2015–2020) to obtain addi-
tional information.

ANRS CO4 FHDH Variables Studied
We extracted for the patients with (as main or second-
ary diagnoses, irrespective of the number of associ-
ated diagnoses) the B39 series of codes from the In-
ternational Classification of Diseases, 10th Revision: 
B39, B390, B391, B392, B393, B394, B395, and B399, 
all defining histoplasmosis (15). We extracted date of 
birth, country of birth, and notion of residence in an-
other country as a composite variable accounting for 
the geographic origin; we also extracted date of HIV 
diagnosis, date of first inclusion in the cohort, date 
of antiretroviral treatment initiation, first CD4 count, 
first viral load, date of histoplasmosis, date of follow-
up, location of follow-up (mainland France, overseas 
territory), date of last news, and date of death. We 
classified AIDS by using the Centers for Disease Con-
trol and Prevention definition (16).

Statistical Analysis
We computed incidence rates by using the Stata 16 
(https://www.stata.com) suite of commands for sur-
vival analyses. We measured follow-up time from the 
date of inclusion in FHDH until a first diagnosis of his-
toplasmosis, death, last follow-up visit, or December 
31, 2021. We computed crude incidence rates stratified 
for mainland France and different overseas territories 
and for different countries or regions of origin. We 
also computed the incidence rate of histoplasmosis by 
year in mainland France; in the French Antilles (Gua-
deloupe and Martinique); in French Guiana, Reunion 
Island and Mayotte; and by the following calendar 
periods: 1993–1996, 1997–2001, 2002–2006, 2007–2011, 
2012–2016, and 2017–2021. For the initial viral load 
measurements, we categorized the variable as <20, 21–
400, 401–1,000, 1,001–10,000, 10,001–100,000, >100,000 
copies/mL, or missing. We introduced a missing cat-
egory because viral load measurements only became 
available in 1997. For the first CD4+ T-cell count mea-
surements, we categorized the variable as <50, 50–199, 
200–349, 350–500, or >500 cells/mm3.

We identified factors associated with the risk for 
histoplasmosis by using a multivariable Cox propor-
tional hazard model adjusted for first CD4 count at 
inclusion in the FHDH, categorized first viral load at 
inclusion in the FHDH, antiretroviral treatment sta-
tus before histoplasmosis diagnosis, age at inclusion, 
sex, origin (categorized as France, Western Europe, 
Eastern Europe, North Africa, sub-Saharan Africa, 
Middle East, Asia, Australasia, Oceania, North Amer-
ica, South and Central America, and the Caribbean), 
and residence in mainland France or in 1 of the over-
seas territories. For participants treated in mainland 
France whose origin was 1 of the overseas territories, 
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we classified their origin as French Guiana in South 
America; Martinique, Guadeloupe and Saint Martin 
in the Caribbean; or Reunion Island and Mayotte in 
the Indian Ocean. We verified the proportionality of 
hazards graphically. Age, a time-varying covariate, 
violated the assumption, and therefore we removed 
it from the Cox model and used it for stratification.

We computed overall mortality rates as the num-
ber of deaths divided by the total person-time since 
histoplasmosis diagnosis. We plotted Kaplan-Meier 
curves for the first 6 months after diagnosis of histo-
plasmosis to avoid misattributing death from another 
cause (17). For the subsample analysis, we conducted 
cross-tabulations between different hospitals and di-
agnostic methods used.

Ethical and Regulatory Aspects
All persons enrolled in the cohort provided written 
informed consent for the use of their data for research 
purposes. The French data protection authority, the 
Commission Nationale de l’Informatique et des Lib-
ertés, first approved the cohort on November 27, 1991 
(18). This authorization was later updated to comply 
with the new regulations, including the European 
Union’s general data protection regulation. On July 
20, 2018, the ANRS CO4-FHDH cohort was also ap-
proved by the Comité d’Expertise pour les Recherch-
es, les Études et les Évaluations dans le domaine de la 
Santé. On February 19, 2021, the cohort was also ap-
proved as a hospital data warehouse by the Commis-
sion Nationale Informatique et Libertés. On March 
30, 2021, the ANRS CO4 FHDH cohort received the 
authorization to conduct research projects on the data 
warehouse by the Commission Nationale Informa-
tique et Libertés (18). This study was approved by the 
scientific committee of the ANRS CO4 FHDH cohort.

Results

Description of Study Population
We analyzed 198,798 PWH (130,866 men, 66,625 
women, and 1,307 other [persons whose personal 
identity is discordant from their birth sex]) during 
January 1, 1992–December 31, 2021, contributing 
2,188,750 person-years of follow-up with a median 
follow-up of 9 (interquartile range [IQR] 2.6–7.2) 
years. The median age at inclusion in the FHDH was 
34.4 years (IQR 28.8–41.9) years, and the median age 
at first episode of histoplasmosis was 41.3 (IQR 33.2–
48.8) years. The median CD4 count in the cohort at 
last follow-up visit or on December 31, 2021, was 542 
[IQR 361–753] cells/mm3, and 8.6% had CD4 counts 
<200 cells/mm3. Of live patients in the cohort, 22.5% 

were classified with AIDS at the last follow-up visit or 
on December 31, 2021.

Among the 198,798 PWH, the living area was 
recorded in 182,352 (91.7%) of cases. Most, 168,330 
(91.9%) cases, were living in mainland France, 4,689 
(2.5%) in French Guiana, 4,426 (2.4%) in Guadeloupe, 
2,617 (1.4%) in Martinique, 1,863 (1%) in La Reunion 
Island, and 427 (0.2%) in Mayotte; information was 
missing for 16,446 (8.3%) cases. Patient origin was 
recorded in 183,650 (92.4%) cases, including 117,251 
(58.9%) cases from mainland France, 49,103 (24.7%) 
from sub-Saharan Africa, 6,163 (3.1%) from Northern 
Africa, 5,765 (2.9%) from Central and South America, 
and 5,368 (2.7%) from the Caribbean; for 15,148 (7.6%) 
PWH, the information was missing.

Overall, there were 553 first incident episodes of 
disseminated histoplasmosis (Table 1). Apart from 
those first incident cases, 232 prevalent cases were re-
ported at enrollment (171 men, 59 women, and 2 other), 
and in 92 cases (66 men, 25 women, 1 other), histoplas-
mosis occurred before enrollment in the FHDH. Those 
cases did not account for the incidence calculations.

For the 553 first episodes of disseminated his-
toplasmosis, median CD4 count was 171 (IQR 6–53) 
cells/mm3, and 89.9% of PWH were not on antiret-
roviral treatment when disseminated histoplasmosis 
occurred. Nearly two thirds (61%) of PWH were fol-
lowed in French Guiana, and 15% of PWH originated 
from sub-Saharan Africa. No cases were reported from 
Eastern Europe, North Africa, Australasia, or Oceania.

Diagnostic and Treatment Characteristics  
of 2015–2020 Samples
We identified 138 PWH to contact for additional infor-
mation and received 90 responses with the requested 
information. Of those who responded, diagnosis was 
confirmed by PCR for 11 PWH (12.2%), direct ex-
amination for 29 PWH (32.2%), culture for 60 PWH 
(66.6%), and pathology for 35 PWH (38.8%). Antigen 
detection testing was not available.

Patients received induction treatment with liposo-
mal amphotericin B in 61 (72.2%) cases (52.2% alone, 
20% in combination with itraconazole) and with itra-
conazole alone in 25 (27.8%) cases. Information about 
treatment was missing in 4 cases. There was no statisti-
cal difference between hospitals (p = 0.36).

Subgroups Associated with Incidence Variations
We organized specific incidence rates for disseminat-
ed histoplasmosis according to different subgroups 
(Figure 1). Younger patients, persons with low CD4 
counts, persons originating from Central and South 
America and the Caribbean, and persons living in 
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French Guiana or the French Antilles had higher in-
cidences than other groups. The incidence rate was 
9.41/1,000 person-years in French Guiana, 0.76/1,000 
person-years in Guadeloupe, 0.62/1,000 person-years 
in Martinique, and 0.079/1,000 person-years in main-
land France. The incidence rate was 4.73/1,000 person-
years for PWH originating from Central and South 
America, 1.36/1,000 person-years for PWH originat-
ing from the Caribbean, and 0.19/1,000 person-years 
for PWH originating from sub-Saharan Africa or Asia.

After adjustments, a lower initial CD4 count, a 
higher initial HIV viral load, and residing in French 
Guiana or in the French Antilles (Guadeloupe/Mar-
tinique) were associated with higher hazard ratios 
of histoplasmosis. Regarding country or region of 
origin, PWH from Central and South America, Asia, 
and sub-Saharan Africa had an independently greater 
hazard ratio of histoplasmosis than those from main-
land France (Table 2).

Incidence and Trends According to Places of Residence
The crude overall incidence of disseminated histoplas-
mosis was 0.25/1,000 person-years, and we observed 
an incidence decline of histoplasmosis in mainland 

France, the French Antilles, and in French Guiana 
(Figure 2). No cases were reported in the Antilles in 
2003, 2008, 2014, or 2017. Incidence rates were con-
siderably higher in French Guiana and in the French 
Antilles than in mainland France. Incidence declined 
over time in all 3 locations. In 2020, there seemed to be 
a reversal of the trend in French Guiana, the French 
Antilles, and mainland France.

Mortality Rates in PWH with  
Disseminated Histoplasmosis
Of the 553 PWH with histoplasmosis, 128 died. The in-
cidence rate of death was 2.98 (95% CI 2.20–4.04)/100 
person-years. Most deaths occurred within 6 months 
of the diagnosis of histoplasmosis; 17.7% deaths over-
all occurred by 1 month after diagnosis. Over time, 
there was a marked reduction of early death after his-
toplasmosis, from 51% during 1992–1996 to 3% dur-
ing 2017–2021 (p<0.0001 by log-rank test) (Figure 3).

Discussion
We found the incidence of disseminated histoplasmo-
sis in PWH was much higher (>100-fold) among per-
sons residing in French Guiana and among persons 
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Table 1. Summary characteristics of first disseminated histoplasmosis cases among persons living with HIV from the French Hospital 
Database on HIV, France and overseas territories, 1993–2021* 
Variable Value 
Median age, y (IQR) 41.3 (33.2–48.8) 
Sex  
 M 352 (63.7) 
 F 197 (35.6) 
 Other† 4 (0.7) 
Geographic origin  
 Mainland France 166 (30) 
 Western Europe 1 (0.2) 
 Sub-Saharan Africa 83 (15) 
 Middle East 2 (0.3) 
 Asia 6 (1.1) 
 North America 1 (0.2) 
 South and Central America 189 (34.2) 
 Caribbean 105 (19) 
Residence  
 Mainland France 150 (28.8) 
 Martinique 17 (3.3) 
 Guadeloupe 34 (6.5) 
 French Guiana 318 (61) 
 Reunion Island 2 (0.4) 
AIDS stage before histoplasmosis  
 Yes 244 (44.1) 
 No 309 (55.9) 
On antiretroviral treatment before histoplasmosis  
 Yes 56 (10.1) 
 No 497 (89.9) 
Median CD4, cells/mm3 (IQR) 20 (6–53) 
CD4/CD8 ratio >1 at time of histoplasmosis  
 Yes 29 (5.7) 
 No 479 (94.3) 
Median viral load at time of histoplasmosis, copies/mL (IQR) 16,480 (485–205,000) 
*Values are no. (%) except as indicated. IQR, interquartile range 
†Other indicates that personal identity is discordant from birth sex. 
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residing in the French Antilles (≈10-fold) than among 
persons residing in mainland France. Analysis of inci-
dence by country or region of origin revealed persons 
originating from Central and South America and from 
the Caribbean were at greatest risk for disseminated 
histoplasmosis. Of note, the incidence of disseminated 
histoplasmosis was higher among PWH who had lived 
in sub-Saharan Africa or Asia than those originating 
from mainland France who had not lived elsewhere.

We demonstrated that, over the 30-year study 
period, with the increased proportion of virologically 
controlled HIV and with high CD4 count PWH, the 
incidence of disseminated histoplasmosis has de-
creased everywhere by 2–3-fold. However, the de-
crease of the incidence was the most critical in French 
Guiana and the French Antilles. Early death after a 
first episode of histoplasmosis was very high in the 
1990s but also substantially decreased over time, as 
shown previously (19).

This study provides an overview of the risk for 
disseminated histoplasmosis in PWH having lived 
with or currently living with different levels of expo-
sure. Because of the lack of diagnostic tools, histoplas-
mosis has often been overlooked in Latin America, 
the Caribbean, and in sub-Saharan Africa, where the 
reservoir of PWH with advanced HIV is the largest 
(7–9,20). In this cohort, around one quarter of PWH 
originated from sub-Saharan Africa. We hypoth-
esized if the incidence of histoplasmosis is so much 
higher in PWH originating from Latin America and 
the Caribbean than from other regions, it is because 
histoplasmosis is endemic in the former. New stud-
ies in different parts of the world seem more frequent 
since the Manaus declaration and the greater avail-
ability of antigen detection tests (5,21–32). However, a 
systematic review found only 6 studies using antigen 
detection to determine prevalence in PWH in Latin 
America and 9 in sub-Saharan Africa, but even fewer 
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Figure 1. Incidence rate of 
disseminated histoplasmosis 
in persons living with HIV 
from France and overseas 
territories of France by different 
subgroups,1992–2021. Other 
sex refers to persons whose 
personal identity is discordant 
from their birth sex.
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from Asia, North America, Europe, and Australia (33). 
Studies using biobanked samples could enable assess-
ment of the extent of histoplasma in countries without 
any data. The study also shows the dramatic decrease 
of incidence and early death from disseminated  

histoplasmosis with virological control and high CD4 
count in PWH.

The first limitation of our study is that our cohort 
could reflect the global epidemiology of histoplasmo-
sis, but we cannot rule out biases because of varying 
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Table 2. Crude and adjusted hazard ratios for disseminated histoplasmosis in persons living with HIV from France and overseas 
territories of France,1992–2021* 

Variable Person-time, y First events 
Hazard ratio (95% CI) 

p value Crude  Adjusted† 
Sex     <0.0001 
 M 1,438,462 352 Referent Referent  
 F 741,990 197 1.1 (0.92–1.30) 0.50 (0.40–0.63)  
Initial CD4 count, cells/mm3      
 <50 51,925 79 15.40 (11.10–21.38) 8.94 (6.26–12.77) <0.0001 
 51–199 181,448 113 8.11 (6.00–10.96) 4.63 (3.38–6.35) <0.0001 
 200–349 326,745 97 4.09 (3.00–5.58) 2.60 (1.88–3.58) <0.0001 
 350–500 406,760 52 1.78 (1.24–2.56) 1.36 (0.94–1.97) 0.10 
 >500 948,770 68 Referent Referent  
Initial viral load, copies/mm3      
 <20 1,069,688 94 Referent Referent 0.24 
 21–400 240,498 51 2.40 (1.70–3.37) 1.27 (0.84–1.93) 0.001 
 401–1,000 53,468 22 4.68 (2.94–7-44) 2.42 (1.40–4.17) 0.003 
 1,001–10,000 135,410 35 2.93 (1.99–4.33) 1.89 (1.23–2.91) 0.005 
 10,001–100,000 143,257 51 4.04 (2.87–5.69) 1.78 (1.18–2.67) <0.0001 
 >100,000 64,702 79 13.79 (10.22–18.61) 4.20 (2.88–6.13) <0.0001 
 Missing 485,100 221 5.21 (4.08–6.66) 3.26 (2.43–4.36)  
Residence      
 Mainland France 1,889,675 150 Referent Referent <0.0001 
 Guadeloupe 44,325 34 9.35 (6.44–13.57) 12.15 (7.42–19.91) <0.0001 
 Martinique 27,112 17 7.69 (4.65–12.69) 11.95 (6.47–22.07) <0.0001 
 French Guiana 33,767 318 102.88 (84.64–125.06) 111.43 (79.18–156.82) 0.36 
 Reunion Island 19,482 2 1.28 (0.31–5.16) 1.90 (0.46–7.73)  
Origin      
 France 1,437,390 166 Referent Referent 0.47 
 Western Europe 58,573 1 0.16 (0.02–1.15) 0.48 (0.06–3.50) NA 
 North America 5,414 1 1.67 (0.23–11.94) NA <0.0001 
 Central and South America 39,905 189 31.88 (25–70–39.54) 2.57 (1.84–3.58) 0.36 
 Caribbean 76,849 105 13.30 (10.38–17.03) 1.17 (0.82–1.65) <0.0001 
 Sub-Saharan Africa 435,761 83 2.00 (1.52–2.62) 4.52 (3.18–6.42) NA 
 Middle East 9,368 2 2.14 (0.53–8.66) NA <0.0001 
 Asia 30,572 6 1.99 (0.88–4.51) 5.50 (2.21–13.69) NA 
*NA, not available. 
†Model stratified on age group (age categories are time-varying and violate hazard proportionality assumption); excluded by Stata 
(https://www.stata.com). 

 

Figure 2. Evolution of the 
annual incidence rate of 
disseminated histoplasmosis 
per 1,000 person-years in 
mainland France, the French 
Antilles, and French Guiana, 
1992–2021. Scales for the 
y-axes differ substantially to 
underscore patterns but do not 
permit direct comparisons.
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durations and levels of exposure. Second, the case re-
cords, the types of diagnostic tools (sometimes by us-
ing the European Organization for Research and Treat-
ment of Cancer’s Mycoses Study Group criteria [34]), 
and treatment schedules were not standardized and 
may vary from 1 clinician to another or from 1 hospi-
tal to another. Third, in our 2015–2020 sample, none of 
the diagnoses were on the basis of antigen detection 
tests (unavailable in France), despite most PWH in our 
cohort being followed in university hospitals. Fourth, 
in our 2015–2020 sample, the first-line treatment was 
liposomal amphotericin B in about three quarters of 
cases, which, according to World Health Organiza-
tion guidelines (35), implied most cases were severe or 
moderately severe. We did not observe such severity 
in French Guiana, which has the largest histoplasmosis 
cohort (17). Fifth, the cause of death was not always 
precisely defined so similar to previously published re-
ports, so we could only assume that early deaths were 
because of histoplasmosis (17). Finally, differing from 
the residence, which enables categorizing a patient in a 
potential endemic zone, the country or region of origin 
is a more inconclusive variable: we assumed that the 
patient born or having spent time in a potential endem-
ic zone (or not) influenced the probability of acquiring 
histoplasmosis. In 2019, a doctoral thesis based on the 
French National Mycology Reference Laboratory data 
identified 107 cases of histoplasmosis (61% in PWH); 
all either came from or had traveled to endemic areas, 
mostly the Americas, western sub-Saharan Africa, and 
Asia (36). Despite those potential limitations, the large 
size and longitudinal design provide precious infor-
mation about a major global pathogen.

This article underscores that the Americas have 
the highest prevalence of histoplasmosis (37) and 
suggests there are cases elsewhere, perhaps fewer 

than the number of cases found in simulations (9). 
Because of the burden of HIV in sub-Saharan Africa 
or Asia, even modest prevalence could lead to sub-
stantial illness and death in those regions. Finally, 
with the antiretroviral-for-all recommendations for 
PWH (11), the effects of histoplasmosis could decline 
worldwide. Because the prevalence of histoplasmosis 
appears related to advanced HIV disease, HIV test-
ing and proactive care are potent tools to decrease the 
prevalence of histoplasmosis.

In conclusion, this article reveals the incidence 
of disseminated histoplasmosis was highest in PWH 
whose follow-up was in French Guiana and the French 
Antilles. Among those living in mainland France, in-
cidences were highest in PWH coming from or hav-
ing stayed in Central and South America, followed by 
Caribbean. PWH originating from sub-Saharan Afri-
ca or Asia had higher incidences than those originat-
ing from mainland France. Because having spent time 
in each region can correspond to a range of durations, 
studies should directly estimate the incidence of his-
toplasmosis among PWH in each region. During the 
30-year study period, the incidence and early death 
rates of histoplasmosis have steadily decreased, likely 
because of broadening use of antiretroviral drugs.
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Figure 3. Kaplan-Meier 
survival curve representing 
deaths among disseminated 
histoplasmosis in persons living 
with HIV, by calendar time 
periods, France and overseas 
territories, 1992–2021.



RESEARCH

References
  1. Hajjeh RA. Disseminated histoplasmosis in persons infected 

with human immunodeficiency virus. Clin Infect Dis. 1995; 
21(Suppl 1):S108–10. https://doi.org/10.1093/clinids/ 
21.Supplement_1.S108

  2. Bahr NC, Antinori S, Wheat LJ, Sarosi GA. Histoplasmosis 
infections worldwide: thinking outside of the Ohio River  
valley. Curr Trop Med Rep. 2015;2:70–80. https://doi.org/ 
10.1007/s40475-015-0044-0

  3. Samayoa B, Roy M, Cleveland AA, Medina N, Lau-Bonilla D, 
Scheel CM, et al. High mortality and coinfection in a  
prospective cohort of human immunodeficiency virus/ 
acquired immune deficiency syndrome patients with  
histoplasmosis in Guatemala. Am J Trop Med Hyg. 
2017;97:42–8. https://doi.org/10.4269/ajtmh.16-0009

  4. Daher EF, Silva GB Jr, Barros FA, Takeda CF, Mota RM,  
Ferreira MT, et al. Clinical and laboratory features of  
disseminated histoplasmosis in HIV patients from Brazil.  
Trop Med Int Health. 2007;12:1108–15. https://doi.org/ 
10.1111/j.1365-3156.2007.01894.x

  5. Falci DR, Monteiro AA, Braz Caurio CF, Magalhães TCO, 
Xavier MO, Basso RP, et al. Histoplasmosis, an  
underdiagnosed disease affecting people living with HIV/
AIDS in Brazil: results of a multicenter prospective  
cohort study using both classical mycology tests and  
histoplasma urine antigen detection. Open Forum Infect Dis. 
2019;6:ofz073. https://doi.org/10.1093/ofid/ofz073

  6. Adenis AA, Valdes A, Cropet C, McCotter OZ, Derado G, 
Couppie P, et al. Burden of HIV-associated histoplasmosis 
compared with tuberculosis in Latin America: a modelling 
study. Lancet Infect Dis. 2018;18:1150–9. https://doi.org/ 
10.1016/S1473-3099(18)30354-2

  7. Oladele RO, Ayanlowo OO, Richardson MD, Denning DW.  
Histoplasmosis in Africa: an emerging or a neglected  
disease? PLoS Negl Trop Dis. 2018;12:e0006046.  
https://doi.org/10.1371/journal.pntd.0006046

  8. Baker J, Setianingrum F, Wahyuningsih R, Denning DW. 
Mapping histoplasmosis in south east Asia—implications for 
diagnosis in AIDS. Emerg Microbes Infect. 2019;8:1139–45. 
https://doi.org/10.1080/22221751.2019.1644539

  9. Nacher M, Couppié P, Epelboin L, Djossou F, Demar M, 
Adenis A. Disseminated histoplasmosis: fighting a neglected 
killer of patients with advanced HIV disease in Latin  
America. PLoS Pathog. 2020;16:e1008449. https://doi.org/ 
10.1371/journal.ppat.1008449

10. Nacher MA. Proceedings of first histoplasmosis in the 
Americas and the Caribbean meeting, Paramaribo, Suriname, 
December 4–6, 2015. Emerg Inf Dis. 2016;22:160408

11. World Health Organization. Guidelines for managing 
advanced HIV disease and rapid initiation of antiretroviral 
therapy [cited 2022 Apr 30]. https://www.who.int/ 
publications-detail-redirect/9789241550062

12. Mary-Krause M, Grabar S, Lièvre L, Abgrall S, Billaud E, 
Boué F, et al. Cohort profile: French hospital database on 
HIV (FHDH-ANRS CO4). Int J Epidemiol. 2014;43:1425–36. 
https://doi.org/10.1093/ije/dyu002

13. Mandengue CE, Ngandjio A, Atangana PJ. Histoplasmosis 
in HIV-infected persons, Yaoundé, Cameroon. Emerg Infect 
Dis. 2015;21:2094–6. https://doi.org/10.3201/eid2111.150278

14. Kuate MPN, Ekeng BE, Kwizera R, Mandengue C,  
Bongomin F. Histoplasmosis overlapping with HIV and 
tuberculosis in sub-Saharan Africa: challenges and research 
priorities. Ther Adv Infect Dis. 2021;8:20499361211008675.  
https://doi.org/10.1177/20499361211008675

15. World Health Organization. International Statistical  
Classification of Diseases and Related Health Problems, 10th 

Revision. 2019 [cited 2024 Apr 25]. https://icd.who.int/
browse10/2019/en

16. Centers for Disease Control and Prevention. 1993 revised 
classification system for HIV infection and expanded  
surveillance case definition for AIDS among adolescents and 
adults [cited 2025 Mar 5]. https://www.cdc.gov/mmwr/
preview/mmwrhtml/00018871.htm

17. Françoise U, Nacher M, Bourne-Watrin M, Epelboin L,  
Thorey C, Demar M, et al. Development of a case fatality  
prognostic score for HIV-associated histoplasmosis.  
Int J Infect Dis. 2023;132:26–33. https://doi.org/10.1016/ 
j.ijid.2023.03.048

18. French Hospital Database on HIV. Regulatory documents  
[in French]. 2022 [cited 2024 Dec 9]. https://anrs-co4.fhdh.fr/
documents-de-reference-2

19. Peigne V, Dromer F, Elie C, Lidove O, Lortholary O; French 
Mycosis Study Group. Imported acquired immunodeficiency  
syndrome-related histoplasmosis in metropolitan France: a 
comparison of pre-highly active anti-retroviral therapy and 
highly active anti-retroviral therapy eras. Am J Trop Med Hyg. 
2011;85:934–41. https://doi.org/10.4269/ajtmh.2011.11-0224

20. Mapengo RE, Maphanga TG, Grayson W, Govender NP. 
Endemic mycoses in South Africa, 2010–2020: a decade-long 
description of laboratory-diagnosed cases and prospects  
for the future. PLoS Negl Trop Dis. 2022;16:e0010737. 
https://doi.org/10.1371/journal.pntd.0010737

21. Aguilar G, Lopez G, Sued O, Medina N, Caceres DH,  
Pereira J, et al. Implementation of a rapid diagnostic assay 
package for cryptococcosis, histoplasmosis and tuberculosis  
in people living with HIV in Paraguay. BMC Infect Dis. 
2024;24:406. https://doi.org/10.1186/s12879-024-09257-5

22. Caceres DH, Scheel CM, Tobón AM, Ahlquist Cleveland A, 
Restrepo A, Brandt ME, et al. Validation of an enzyme-linked 
immunosorbent assay that detects Histoplasma capsulatum 
antigenuria in Colombian patients with AIDS for diagnosis  
and follow-up during therapy. Clin Vaccine Immunol. 
2014;21:1364–8. https://doi.org/10.1128/CVI.00101-14

23. Caceres DH, Adenis A, de Souza JVB, Gomez BL, Cruz KS, 
Pasqualotto AC, et al. The Manaus declaration: current  
situation of histoplasmosis in the Americas, report of the II 
regional meeting of the international histoplasmosis  
advocacy group. Curr Fungal Infect Rep. 2019;13:244–9. 
https://doi.org/10.1007/s12281-019-00365-3

24. Caceres DH, Arauz AB, Flores C, Santiago E, Montoya S, 
Saenz C, et al. Implementation of rapid diagnostics assays 
for detection of histoplasmosis and cryptococcosis in Central 
American people living with HIV. Mycoses. 2021;64:1396–
401. https://doi.org/10.1111/myc.13303

25. Messina FA, Marin E, Caceres DH, Romero M, Manrique M, 
Santiso GM. Evaluation of a commercial Histoplasma antigen 
detection enzyme immunoassay for the follow-up of  
histoplasmosis treatment in people living with HIV from 
Argentina. Med Mycol. 2024;63:myae121. https://doi.org/ 
10.1093/mmy/myae121

26. Sebro A, Edwards J, Sued O, Lavia LO, Elder T, Edwards RJ,  
et al. Implementation of antigen-based diagnostic assays 
for detection of histoplasmosis and cryptococcosis among 
patients with advanced HIV in Trinidad and Tobago: a  
cross-sectional study. J Fungi (Basel). 2024;10:695.  
https://doi.org/10.3390/jof10100695

27. Kuate MPN, Nyasa R, Mandengue C, Tendongfor N,  
Bongomin F, Denning DW. Screening for acute disseminated 
histoplasmosis in HIV disease using urinary antigen  
detection enzyme immunoassay: a pilot study in Cameroon.  
J Microbiol Methods. 2021;185:106226. https://doi.org/ 
10.1016/j.mimet.2021.106226

1384 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 31, No. 7, July 2025

https://doi.org/10.1093/clinids/21.Supplement_1.S108
https://doi.org/10.1093/clinids/21.Supplement_1.S108
https://doi.org/10.1007/s40475-015-0044-0
https://doi.org/10.1007/s40475-015-0044-0
https://doi.org/10.4269/ajtmh.16-0009
https://doi.org/10.1111/j.1365-3156.2007.01894.x
https://doi.org/10.1111/j.1365-3156.2007.01894.x
https://doi.org/10.1093/ofid/ofz073
https://doi.org/10.1016/S1473-3099(18)30354-2
https://doi.org/10.1016/S1473-3099(18)30354-2
https://doi.org/10.1371/journal.pntd.0006046
https://doi.org/10.1080/22221751.2019.1644539
https://doi.org/10.1371/journal.ppat.1008449
https://doi.org/10.1371/journal.ppat.1008449
https://www.who.int/publications-detail-redirect/9789241550062
https://www.who.int/publications-detail-redirect/9789241550062
https://doi.org/10.1093/ije/dyu002
https://doi.org/10.3201/eid2111.150278
https://doi.org/10.1177/20499361211008675
https://icd.who.int/browse10/2019/en
https://icd.who.int/browse10/2019/en
https://www.cdc.gov/mmwr/preview/mmwrhtml/00018871.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/00018871.htm
https://doi.org/10.1016/j.ijid.2023.03.048
https://doi.org/10.1016/j.ijid.2023.03.048
https://anrs-co4.fhdh.fr/documents-de-reference-2
https://anrs-co4.fhdh.fr/documents-de-reference-2
https://doi.org/10.4269/ajtmh.2011.11-0224
https://doi.org/10.1371/journal.pntd.0010737
https://doi.org/10.1186/s12879-024-09257-5
https://doi.org/10.1128/CVI.00101-14
https://doi.org/10.1007/s12281-019-00365-3
https://doi.org/10.1111/myc.13303
https://doi.org/10.1093/mmy/myae121
https://doi.org/10.1093/mmy/myae121
https://doi.org/10.3390/jof10100695
https://doi.org/10.1016/j.mimet.2021.106226
https://doi.org/10.1016/j.mimet.2021.106226


 Histoplasmosis in Persons with HIV, France 

28. Blan BDS, Poester VR, Basso RP, Sanchotene KO,  
Caceres DH, Ramis de Souza IB, et al. Histoplasmosis 
screening using urinary antigen detection in people living 
with HIV in southern Brazil. Med Mycol. 2025;63:myaf017. 
https://doi.org/10.1093/mmy/myaf017

29. Toscanini MA, Laboccetta CR, Videla Garrido A, Posse GB, 
Capece P, Valdez RM, et al. Role of recombinant Histoplasma 
capsulatum 100-kilodalton antigen in the diagnosis of  
histoplasmosis among HIV/AIDS patients: antigenuria  
and antibodies detection. Mycoses. 2023;66:609–20.  
https://doi.org/10.1111/myc.13587

30. Martínez-Gamboa A, Niembro-Ortega MD, Torres-González P,  
Santiago-Cruz J, Velázquez-Zavala NG, Rangel-Cordero A, 
et al. Diagnostic accuracy of antigen detection in urine and 
molecular assays testing in different clinical samples for the 
diagnosis of progressive disseminated histoplasmosis in  
patients living with HIV/AIDS: a prospective multicenter 
study in Mexico. PLoS Negl Trop Dis. 2021;15:e0009215. 
https://doi.org/10.1371/journal.pntd.0009215

31. Hoyos Pulgarin JA, Alzate Piedrahita JA, Moreno Gómez GA,  
Sierra Palacio JF, Ordoñez KM, Arias Ramos D. Closing gaps 
in histoplasmosis: clinical characteristics and factors  
associated with probable/histoplasmosis in HIV/AIDS 
hospitalized patients, a retrospective cross-sectional study 
in two tertiary centers in Pereira, Colombia. AIDS Res Ther. 
2021;18:51. https://doi.org/10.1186/s12981-021-00377-5

32. Medina N, Alastruey-Izquierdo A, Mercado D, Bonilla O, 
Pérez JC, Aguirre L, et al.; Fungired. Comparative  
performance of the laboratory assays used by a diagnostic 
laboratory hub for opportunistic infections in people living 
with HIV. AIDS. 2020;34:1625–32. https://doi.org/10.1097/
QAD.0000000000002631

33. Sekar P, Hale G, Gakuru J, Meya DB, Boulware DR, Ellis J,  
et al. Systematic review of prevalence of Histoplasma  
antigenuria in persons with HIV in Latin America and  
Africa. Emerg Infect Dis. 2024;30:1523–30. https://doi.org/ 
10.3201/eid3008.231710

34. De Pauw B, Walsh TJ, Donnelly JP, Stevens DA, Edwards JE, 
Calandra T, et al.; European Organization for Research and 
Treatment of Cancer/Invasive Fungal Infections Cooperative  
Group; National Institute of Allergy and Infectious Diseases 
Mycoses Study Group (EORTC/MSG) Consensus Group.  
Revised definitions of invasive fungal disease from the  
European Organization for Research and Treatment of 
Cancer/Invasive Fungal Infections Cooperative Group and 
the National Institute of Allergy and Infectious Diseases 
Mycoses Study Group (EORTC/MSG) consensus group. Clin 
Infect Dis. 2008;46:1813–21. https://doi.org/10.1086/588660

35. World Health Organization. Guidelines for diagnosing and 
managing disseminated histoplasmosis among people living 
with HIV [cited 2024 Dec 9]. Available from: https://www.
who.int/publications/i/item/9789240006430

36. Chiaruzzi M, Adenis A, Bonifay T, Djossou F, Brittany S, 
Lanternier F, et al. Epidemiology of Histoplasma capsulatum 
sp. infections diagnosed in metropolitan France. Multicenter 
cross-sectional study 2007–2018 [in French]. Med Mal Infect. 
2020;50:s5. https://doi.org/10.1016/j.medmal.2020.06.016

37. Teixeira MM, Patané JSL, Taylor ML, Gómez BL, Theodoro RC,  
de Hoog S, et al. Worldwide phylogenetic distributions and 
population dynamics of the genus Histoplasma. PLoS Negl Trop 
Dis. 2016;10:e0004732. https://doi.org/10.1371/ 
journal.pntd.0004732

Address for correspondence: Mathieu Nacher, Centre Hospitalier 
Universitaire de Guyane, CIC 1424, Cayenne, French Guiana; 
email: mathieu.nacher66@gmail.com

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 31, No. 7, July 2025 1385

EID Podcast
Developing  
Biological  

Reference Materials 
to Prepare  

for Epidemics

Visit our website to listen:
https://go.usa.gov/xyfJX

Having standard biological reference  
materials, such as antigens and antibod-
ies, is crucial for developing comparable 
research across international institutions. 
However, the process of developing a stan-
dard can be long and difficult. 

In this EID podcast, Dr. Tommy Rampling, 
a clinician and academic fellow at the Hos-
pital for Tropical Diseases and University 
College in London, explains the intricacies 
behind the development and distribution 
of biological reference materials. 

https://doi.org/10.1093/mmy/myaf017
https://doi.org/10.1111/myc.13587
https://doi.org/10.1371/journal.pntd.0009215
https://doi.org/10.1186/s12981-021-00377-5
https://doi.org/10.1097/QAD.0000000000002631
https://doi.org/10.1097/QAD.0000000000002631
https://doi.org/10.3201/eid3008.231710
https://doi.org/10.3201/eid3008.231710
https://doi.org/10.1086/588660
https://www.who.int/publications/i/item/9789240006430
https://www.who.int/publications/i/item/9789240006430
https://doi.org/10.1016/j.medmal.2020.06.016
https://doi.org/10.1371/journal.pntd.0004732
https://doi.org/10.1371/journal.pntd.0004732
mailto:mathieu.nacher66@gmail.com

	_Hlk199244557
	_Hlk182567685
	_Hlk198807091
	_Hlk198634346
	_Hlk198796432
	_Hlk199413148
	_Hlk198127399
	_Hlk198024058
	_Hlk198893271
	_Hlk198894006
	_Hlk198894422
	_Hlk198894435
	_Hlk199751542
	_Hlk198895770
	_Hlk198897525
	_Hlk198206991
	_Hlk199495238
	_Hlk198803429
	_Hlk199326446
	_Hlk199326602
	_Hlk200718842
	_Hlk200638265
	_Hlk200896431
	_Hlk200631103
	_Hlk200623972
	_Hlk199514056
	_Hlk199945494

