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ABSTRACT

Data published on Panamanian fungal disease are scarce, mostly case reports. To date, there is no paper that
compiles the burden of fungal disease Here we estimate for the first time the incidence and prevalence of
fungal diseases in Panama. Data on fungal disease were obtained from different search engines: PubMed,
Google Scholar, Scielo and Lilacs. For population and at risk diseases, we used statistics from worldometer,
UNAIDS, and WHO. Incidence, prevalence, and absolute numbers were calculated based on the population at
risk. Panamanian population in 2022 was 4,429,739. We estimated that 85,530 (1.93 %) people suffer from
fungal diseases. The most frequent fungal infection was recurrent Candida vaginitis (3285/100,000). There
are 31,000 HIV-infected people in Panama and based on the number of cases not receiving anti-retroviral
therapy (14,570), and previous reports of prevalence of opportunistic infections, we estimated annual inci-
dences of 4.0/100,000 for cryptococcal meningitis, 29.5/100,000 for oral candidiasis, 23.1/100,000 for esoph-
ageal candidiasis, 29.5/100,000 for Pneumocystis pneumonia, 15.1/100,000, and for histoplasmosis. For
chronic pulmonary aspergillosis (CPA) and fungal asthma we used data from Guatemala and Colombia to
estimate COPD and asthma prevalence and WHO report for tuberculosis. We estimated annual incidences of
6.1/100,000 for invasive aspergillosis and prevalence of 31.5/100,000 for CPA, 60.2/100,000 for allergic bron-
chopulmonary aspergillosis, and 79.5/100,000 for severe asthma with fungal sensitisation. Other incidence
estimates were 5.0/100,000 for candidaemia, 0.20/100,000 for mucormycosis, and 4.97/100,000 for fungal
keratitis. Even though this report on burden of fungal disease is a forward step, more epidemiological studies

to validate these estimates are needed.
© 2024 The Author(s). Published by Elsevier Masson SAS on behalf of SFMM. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

Serious fungal infections kill more than 3 million people and affect
hundreds of millions of people, globally. They often occur because of pre-

Panama is an isthmus located just north of the Equator, in the cen-
tral part of the American continent (Fig. 1). It is the narrowest and
most elongated territory of Central America. Located geographically
within the septentrional low latitudes (7° 12’ 07" and 9° 38’ 46”) and
the 77° 09’ 24” and 83° 03’ 07" of western latitude. It is characterized
by its tropical, hot, humid climate all year round. These features allow
this country to serve as a home to multiple species of plants, animals,
fungi, and microorganisms. Its population has grown by about 60 %
over the last few years. The most important economic contributors
are the Panama Canal, the airport activity and the Colon’s Zona libre
which is the main distribution center of merchandise in the hemi-
sphere.

* Corresponding author at: Professor of Infectious Diseases in Global Health, Man-
chester Fungal Infection Group, CTF building, Grafton Street, Manchester M13 9NT, UK.
E-mail address: ddenning@manchester.ac.uk (D.W. Denning).

https://doi.org/10.1016/j.mycmed.2024.101466

disposing diseases that affect the immune system or lungs such as AIDS,
cancer, chronic pulmonary diseases, organ transplantation, corticosteroid
therapy. Both predisposing diseases and fungal diseases continue to
increase over the last years [1]. Despite this alarming data, serious fungal
infections are neglected, causing pain, disability, and death.

It is well known that Panama is endemic to pathogens capable of
causing serious fungal infections (including Histoplasma spp., and
Coccidioides spp.), yet there are few epidemiologic data on punctual
fungal diseases. With this study, we aim to estimate the incidence
and prevalence of the most comm on fungal diseases, using national,
regional, and international data in specific population at risk [2].

Materials and methods

For the estimation of serious fungal infection’s burden in Panama,
we used the 2022 Worldometers total population [3] (Table 1). We
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Fig. 1. Topographical map pf Panama and its border areas.

Table 1
Population and rates used to calculate burden of serious fungal infections in Panama.
Population Number Prevalence and  References
annual rates
Total Panamanian population 4408,939 Worldometers 2022 [14]
Total adult population 3258206 739%
HIV population 2022 31,000 0.7% UNAIDS [15]
HIV population at risk of opportunistic infection ~ 2903 Assumes a 7 year fall in CD4 count to <200x 10 [6], and 5 % non-adherence/resistance
rate in those taking ART
TB total annual incidence 2100 47/100,000 WHO TB country profile, 2022 [16]
Asthma prevalence in adults 106,700 242% Guatemala rate from 2003 World Health Survey [7]
COPD prevalence 122,125 2.77 % Colombia rate from PREPOCOL study (2008) [8]
COPD admissions to hospital 15,880 13% Data from Trinidad and Tobago [9]
Acute myeloid leukaemia 132 3/100,000 Global Cancer Observatory, 2020. [10]
Lung cancer 340 Global Cancer Observatory, 2020. [10]
Solid organ transplant 2014 40 Evolucién De Los Trasplantes De Componentes. Rev Med Panama. 2014 [11,13]
Allogeneic haematopoetic stell cell transplant 59 2016. Experiencia del ION en trasplante de células madre hematopoyéticas. [12,13]

WHO = World Health Organization; HIV = human immunodeficiency virus; TB = tuberculosis; COPD = Chronic Obstructive Pulmonary Disease.

included at risk population: people living with HIV/AIDS (PLWHA),
people living with pulmonary tuberculosis, patients with asthma,
chronic obstructive pulmonary disease (COPD), patients with hema-
tologic neoplasms, lung cancer, hematopoietic stem cell transplanta-
tion recipients, solid organ transplantation recipients. Data on
PLWHA were obtained from the HIV/AIDS UNAIDS country factsheet
[4]. Tuberculosis data were obtained from the World Health Organi-
zation (WHO) 2020 profile on Panama [5]. Current asthma and COPD
data from the basic indicators of the country report of 2016 [6] were
substantially too low as based on partial voluntary reporting. There-
fore, asthma prevalence in adults was taken from the 2003 World
Health Survey in Guatemala [7] and COPD prevalence from a multi-
center study in Colombia [8]. Annual admissions to hospital were
taken from data from Trinidad and Tobago [9]. Leukemia and lung
cancer incidence, and absolute patient numbers, were obtained from
the International Agency for Research on Cancer of the WHO [10].
Solid organ transplant and HSCT were obtained from two reports
that compiled the experience of these treatments in our country
[11,12,13]. Assumptions about specific risk populations are shown in
Table 1.

A literature review was made about fungal infections in Panama.
We used PubMed, Google Scholar, Scielo and Latin American and
Caribbean Health Sciences Literature search engines with the follow-
ing keywords: “mycoses, cryptococcal meningitis, histoplasmosis, pneu-
mocystis pneumonia, invasive pulmonary aspergillosis, pulmonary
aspergillosis, allergic bronchopulmonary aspergillosis, neuroaspergillo-
sis, candidemia + Panama”. We also searched the national indicators
report provided by the Ministry of Health. Where no article was
found from Panama, we used data from countries with similar popu-
lation characteristics.

Estimations were done in Excel, using proportions of at risk
patients having a specific fungal condition. In some instances, inci-
dence was calculated, notably invasive aspergillosis, HIV-related
opportunistic infections and fungal keratitis. For other conditions,
prevalence was estimated, notably recurrent vulvovaginal candidia-
sis, fungal asthma and chronic pulmonary aspergillosis. Burden per
100,000 population was then estimated. The estimate of chronic pul-
monary aspergillosis (CPA) assumes the following: the proportion of
newly presenting pulmonary ‘TB’ patients with CPA is 19 % and 10 %
in clinically diagnosed HIV un-infected and infected patients and 3 %
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and 7 % in cases of proven pulmonary TB in HIV un-infected and
infected patients respectively [17]. In addition, 10 % of patients com-
pleting anti-tuberculous therapy are estimated to develop CPA within
the year of TB diagnosis. These groups represent annual incidence.
Following cure of TB, an estimated 1.5 % annually will develop CPA,
which we have estimated for 5 years as a period prevalence. Further-
more, we have assumed a 20 % year one and a 7.5 % annual mortality
of CPA thereafter. As smoking and lung cancer rates are low in Pan-
ama, we have assumed that the proportion of CPA cases linked to TB
is 80 % of the total [18].

This research did not involve human subjects or clinical charts,
there are is no confidentiality or personal information that needs to
be protected. Regarding the ethics aspects, we have ensured that the
information herein described is truthful and will help in the decision-
making of better healthcare programs, not only to the country stud-
ied, but the global initiative to decrease the fungal burden.

Results

The current population of Panama is 4,429,739 as of Monday,
March 14, 2022, of whom 1,150,733 (26.1 %) are children, 36.9 % are
adults above 40 years old; 1,694,267 are adult women of whom 10 %
are over 60 years (Table 1) [3]. Total expenditure on health was
5.86 % of gross domestic product and 67.5 % of that was public expen-
diture [19].

UNAIDS estimated that the current number of people with HIV/
AIDS diagnosis was 31,000. Of these, 16,430 (53 %) are on antiretrovi-
ral therapy (ARV), 14,570 are not receiving ARV, and a minimum of
1800 are at risk of opportunistic infections (Table 1). Late presenta-
tion to care of newly identified HIV patients is common — 72 % with
54.5 % having advanced HIV disease [20]. There are less than 500
AIDS-related deaths annually [4].

The total pulmonary tuberculosis annual incidence by 2020 was
1400 (32 per 100,000 population), of whom 350 (8.2 per 100,000
population) are HIV positive. The TB case fatality ratio was 21 % [5].
Pulmonary tuberculosis had an annual incidence in 2022 of 1764, of
whom 361 have concurrent HIV infection. The absolute number of
adults and children diagnosed with asthma by 2016 was 30,290. [6],
but we have used the population estimate from Guatemala generated
by the 2003 World Health Survey of 2.42 % of adults with asthma
(Table 1) [7]. The absolute number of people with COPD by 2016,
according to the country indicators of the Ministry of Health was
2794. An prevalence estimate from Colombia of 2.77 % (Table 1) is
similar to BOLD study data from Mexico of 3.1 % of the population — a
total of 122,125 patients [8]. We have assumed that 13 % of these
patients are admitted to hospital each year [9].

Table 2
Estimated burden of fungal pathogens/disease in Panama.
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The leukemia frequency per 100,000 habitants is 5.6 and the abso-
lute number of AML per year is estimated to be 132 [10]. The absolute
number of people with lung cancer was 340 in 2020 [10]. The trans-
plant activity in Panama is in constant evolution. The procedures
practiced are corneal, renal, hematopoietic cells, liver, and heart
transplant. The annual mean is between 40 and 50 but it was reduced
to zero because of the COVID-19 pandemic, restarting in 2020. The
last record obtained was from 2014, with 38 renal transplants from
dead donors and 10 from live donors, for a total of 48 renal transplant
procedures [11]. In 2016, 59 allogeneic stem cell transplant proce-
dures were done [12]. Regarding liver transplants, the number of pro-
cedures practiced each year varies from 5 to 16, with 2018 being the
most active year [13]. Currently, there are 350 intensive care unit
beds across the country.

Overall, we estimate that there are 85,580 people suffering from
serious fungal infections in Panama. This is approximately 1.93 % of
the total population. The predominant fungal infection is recurrent
Candida vaginitis.

HIV-related fungal diseases

In patients living with HIV/AIDS, there were estimated to be 145
cases of cryptococcal meningitis annually, with an incidence of 3.3
per 100,000 person-years (Table 2). This estimation was obtained
from the assumption that 5 % of patients with AIDS have a positive
cryptococcal CSF antigen, described on a multicenter study per-
formed in Latin-American countries, Panama included [21]. The mor-
tality of AIDS patients with cryptococcal meningitis is about 50 % in
30 days and 60 % at one year, according to local data [22]. A recent
global analysis indicated an additional 23 % of cryptococcal cases in
non-AIDS patients (33 patients), so a total of 178 patients with this
disease [23].

There were 1306 estimated PCP cases in PLHIV/AIDS annually,
with an incidence of 29.5 per 100,000 person-years, based on the
assumption that 46 % of new AIDS patients with respiratory symp-
toms had evidence of PCP in bronchoalveolar lavage in Panama [24].
As to oral candidiasis there were 1306 cases, which represent an inci-
dence of 29.5 per 100,000 person-years, based on the assumption
that 90 % of PLHIV nor on ARV suffers from this fungal infection [25].
There were 1022 cases of esophageal candidiasis annually, with an
incidence of 23.1 per 100,000 person-years, based on the assumption
that 20 % of PLHIV not on ARVs and 0.5 % of those on ARVs suffer
from the disease [26].

Our country and histoplasmosis have been long interlinked. Histo-
plasmosis was first reported from Panama by Samuel Darling in 1906,
while examining smears from lungs, spleen and bone marrow in a
case that was thought to be miliary TB [27]. Other investigations of

Fungal pathogen/disease Predominant risk groups

Incidence /100,000 annually ~ Prevalence /100,000  Total cases/year

Esophageal candidiasis HIV/AIDS
Pneumocystis jirovecii pneumonia HIV/AIDS
Oral candidiasis HIV/AIDS
Histoplasmosis HIV/AIDS
Cryptococcal meningitis HIV/AIDS

Chronic pulmonary aspergillosis
Chronic pulmonary aspergillosis

Severe asthma with fungal sensitization
Allergic bronchopulmonary aspergillosis
Invasive aspergillosis

Candidemia

Mucormycosis

Recurrent Candida vaginitis

Fungal keratitis

Chronic respiratory diseases
Chronic respiratory diseases
Chronic respiratory diseases
Chronic respiratory diseases
Critical care + surgery

Cancer + immunocompromised
Cancer + immunocompromised
No underlying disease.

No underlying disease

23.1 - 1022
29.5 - 1306
29.5 - 1306
15.1 - 668
4.0 - 178
13.2 - 584
- 315 1396
- 79.5 3521
- 60.2 2668
6.1 = 270
5.0 - 220
0.2 - 9

- 3285* 72,760
497 - 220

* Females only.
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the source of Histoplasma capsulatum var. capsulatum, and its linkage
with bats are done in the early 1960’s in Panama. Martha Shacklette,
Fred Diercks and Nathan Gale published the first ever report of H.
capsulatum isolated from a bat in 1962. They were working in the
Middle America Research Unit in Balboa Heights and sampled, bats,
soil with guano from a building at Madden Airfield. Nine of 14
(64.3 %) of Chilonycterus rubiginosa fusca as well as soil were positive,
using mouse inoculation to find the organism [28]. The same year,
Robert Taylor, Shacklette and Harlan Kelly found H. capsulatum in a
few (3.3 %) of 426 soil samples in animal burros and leaf-cutting ant
waste [29]. In 1965, additional investigations by PD Klite and Robert
Young of soil from a bat roost in a tree yielded H. capsulatum [30], as
well as an extensive survey of 15 species of bats from 31 sites in Pan-
ama [31]. Previous study of exposure to Histoplasma, using histoplas-
min skin tests, found a 30 % population prevalence, confirming the
endemicity and burden of this pathogen in Panama [32]. We esti-
mated that there were 668 cases linked to HIV infection annually,
with an incidence of 15.1 per 100,000 person-years (Table 2), based
on previous data stating that 23 % of PLHIV at risk of opportunistic
infection has a positive Histoplasma urine antigen in Panama [21].

Fungal infections associated with lung disease

The prevalence of both asthma and COPD in Panama is uncertain.
For asthma we have used data from the World health Survey from
2003 in Guatemala (3275/100,000 adults), which is almost certainly a
significant underestimate, based on clinical experience. COPD preva-
lence is probably relatively low because smoking is uncommon in
Panama. We have used the lowest prevalence from Latin America,
from neighboring Colombia (2.77 %, 122,125 people) as our baseline
estimate.

Allergic bronchopulmonary aspergillosis prevalence is estimated
to be 60.2 per 100,000 habitants and severe asthma with fungal sen-
sitization incidence is estimated to be 79.5 per 100,000 habitants
(Table 2) [33]. This was based on the assumption that 33 % of patients
with asthma can develop severe asthma and 10 % of the adult asth-
matic population have severe asthma.

In patients with chronic lung conditions, CPA is a most important
fungal disease, with an incidence of 584 cases and a prevalence of
approximately 1396 31.5 per 100,000 habitants) (Table 2). We also
estimate 123 deaths annually. We have not estimated chronic pulmo-
nary histoplasmosis, which is likely in some patients. People with
residual cavities after pulmonary TB are at much greater risk for CPA
[34].

Candida auris was first identified in Panama in 2016, mandating
surveillance by the Ministry of Health. Up until 2018 there were 37
cases of C. auris in a third level hospital of Panama City, highlighing
its importance [35].

The incidence of invasive aspergillosis is estimated to be 6.1 per
100,000 habitants (Table 2), considering 4 % of those who die of HIV/
AIDS [36], lung cancer patients [9], COPD [37], and those with leukae-
mia or after transplantation [38]. Those with co-morbid chronic lung
pathology are at greater risk. We have not estimated cases in general
intensive care or those with severe influenza or COVID-19, although
frequent [23].

Other important fungal infections

The estimated annual incidence of candidemia is thought to be
~5.0 per 100,000 inhabitants, without supporting local data (Table 2).
The associated risk factors are cancer, diabetic and immunocompro-
mised patients, estimated to be 154 annually and another 66 cases in
critical care annually [39]. The incidence of Candida peritonitis is esti-
mated to be 0.75 per 100,000, accounting for 33 people which risk
factor is critical care and surgery [40]. The incidence of recurrent Can-
dida vaginitis is estimated to be 3285 per 100,000 habitants, for an
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absolute number of 72,760 women affected usually without a specific
predisposing factor (Table 2) [41].

Sporotrichosis, chromoblastomycosis and eumycetoma

Sporothrix spp. complex is a pathogenic, thermally dimorphic fun-
gus, found worldwide, ubiquitous in soil, plants, and decaying vege-
tables. It is responsible for causing sporotrichosis in humans and
some domestic animals. Risk factors for getting the disease are leisure
and occupational activities such as agriculture and floriculture. Zoo-
notic transmission has been reported in urban areas. Clinical presen-
tation depends on the host’s immune system, with fixed cutaneous
and lymphocutaneous sporotrichosis being the most common,
whereas disseminated sporotrichosis is reported in the immunocom-
promised hosts [42]. To our knowledge there have been three reports
of sporotrichosis in Panama, the first two in 1962 [43] and the most
recent one in 2018, was found to be a zoonosis after exposure to a cat
[44].

Chromoblastomycosis has been reported from Panama, starting in
1946. Overall, there have been 8 reported cases up to 2021 [45].
Equally long ago (1945), one case of eumycetoma has been reported
from Panama [46].

These few cases reported throughout the years highlight the fact
that these three neglected tropical diseases exist in Panama, probably
to a greater extent than we know, but infrequently diagnosed or
reported.

Paracoccidioidomycosis

Paracoccidioidomycosis is a fungal infection caused by thermally
dimorphic fungus from the genus Paracoccidioides. P. brasiliensis and
P. lutzii are considered the most important species to cause human
infection. Paracoccidioides is endemic in Central and South America.
80 % of the cases have been reported in Brazil, followed by Colombia,
Venezuela and Ecuador. It is an occupational disease related to farm-
ers who live in rural areas and workers of coffee and tobacco crops.
In children, adolescents and immunocompromised hosts, the infec-
tion progresses rapidly after inhalation of the conidia, to systemic dis-
ease. In immunocompetent hosts and adults, the disease is often
chronic, with lymphatic dissemination after several years. Inoculation
through skin is another form of getting the disease, though it is less
frequent [47]. In our clinical experience, cases of paracoccidioidomy-
cosis had been diagnosed in Panama, however there are no recent
case reports or epidemiological studies. In 1989 a prevalence of
21.95 % exposure (measured skin testing) of P. brasiliensis infection
was reported in the whole republic [48].

Fungal keratitis

Fungal keratitis is a severe sight-threatening condition, most preva-
lent in tropical and subtropical locations and has been estimated to
account for 20—60 % of all culture-positive corneal infections in these
areas. It follows minor ocular trauma, in young, healthy individuals. It
is often an occupational disease, affecting agricultural or outdoor work-
ers. The diagnosis is made by culture and microscopy. More than 300
different fungal species are known to cause fungal Keratitis. It is esti-
mated that the incidence in our country is 4.97 per 100,000 habitants,
which corresponds to 220 people affected (Table 2). However, this data
assumes that the incidence is similar to neighbor countries such as
Colombia and southern USA [49]. There is no published research in
Panama assessing this important fungal disease.

Mucormycosis

Rhinocerebral mucormyecosis is a devastating infection with lethal
capacity. Diabetes is the most common predisposing factor for
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mucormycosis, but not usually uncontrolled diabetes and it is also
associated with immunosuppression such as leukaemia organ trans-
plant, trauma, burns and corticosteroid therapy. Few mucormycosis
cases have been reported in Panama. A recent case with a successful
treatment was published in 2019, but no surveillance research is
available [50]. We estimated that in our country, the incidence is
about 0.2 per 100,000 habitants for a total of 9 cases per year
(Table 2).

Discussion

This is the first attempt to summarize epidemiological data on the
burden of serious fungal diseases in Panama. There are few papers
about incidence, prevalence, or mortality of serious fungal diseases in
Panama, and the ones that were found during this meticulous litera-
ture search were from one of the third level medical care facilities,
omitting the rest of the country’s population at risk, which sets a clear
selection bias.

Our estimation of the total burden of fungal diseases in Panama is
1.95 %, which is similar to American countries reports such as Argen-
tina (2.01 %), Canada (1.8 %), Colombia (1.5 %), Chile (1.9 %) and
Dominican Republic (2.2 %).(35—39) We believe there is underesti-
mation of the total burden of fungal diseases because they are not
part of the epidemiological surveillance in Panama, which means
they do not require obligatory notification. Our estimates also omit
some entities, such as invasive aspergillosis in ICU, oesophageal can-
didiasis in non-HIV patients, mycetoma and others we could not esti-
mate.

As in other burden reports, our most common fungal infection is
recurrent Candida vaginitis (more than 4 episodes per year), account-
ing for 73,192 women without underlying predisposing factors. As
stated in the literature reviewed, the infection is caused mostly by
Candida albicans in 85—95 % and the rest being accounted for by non-
albicans species. The clinical picture of both etiologies is indistin-
guishable, with the difference that non-albicans species tend to be
more resistant to treatment than albicans species [41].

The lack of data on candidamia may have lead to an underestima-
tion at 5/100,000. In Ecuador the rate was 7.2/100,000 [51], in Colom-
bia was 12/8/100,000 [52], in Brazil 14.9/100,000 [53] and much
higher in Uruguay at 16.4/100,000 [54]. Our clinical impression is
that this is a relatively frequent cause of sepsis in Panama. The recent
emergence of C. auris infections, which are now relatively frequent,
demands high quality diagnostics in hospital microbiology laborato-
ries. Surveillance is required.

Other fungal infections estimations were predominantly associ-
ated with HIV/AIDS patients. In our experience, PCP, histoplasmosis
and cryptococcal meningitis are not rare in HIV/AIDS patients,
although sometimes the diagnosis is made based up on clinical judge-
ment or clinical response to specific treatment. We found few reports
of these fungal infections in HIV/AIDS patients, the most recent
reports being 23 % of positive Histoplasma antigen in AIDS patients
and 5 % of positive cryptococcal plasma antigen in Panama [22]. PCP
diagnosis in public hospitals is based mainly on sputum stains and
clinical improvement of patients after PCP treatment. PCP incidence
in Panama was much higher than in many other countries, and
indeed one of the highest in the world, as there are many patients
with advanced HIV disease and the attack rate of PCP was docu-
mented at 45 % (although clinically diagnosed). These burdens may
be underestimated based on the lack of rapid, point of care diagnostic
tests. The mortality of these diseases is thought to be as high as 50 %
in 30 days and 60 % at one year for cryptococcal meningitis [18].

We must consider that the reality of our country is that we do not
have these novel diagnostic techniques available throughout the
year, attributable to several factors. First, there is little industry inter-
est in this relatively small market. Second, a cumbersome process
must be overcome to get registration from the Minsa or the
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Ministerio de Salud so that hospitals can actually undertake the tests.
Third and finally, the hospitals’ budgets which are always over-
stretched.

Invasive aspergillosis estimates were made based on assumptions
of previous epidemiological data and the burden of lung disease such
as pulmonary TB, COPD, and asthma in Panama. Aspergillosis diagno-
sis is based on clinical and radiological suspicion, antigen or antibody
assays and in at least some of the cases, isolation of the organism in
bronchoalveolar lavage specimens. In the public practice, Panama
lack’s rapid antigen techniques such as galactomannan quantifica-
tion.

Even though there are robust databases on neoplastic diseases, we
lack information of infectious diseases affecting patients with cancer.
Moreover, little is known about opportunistic infections in the non-
HIV population such as organ transplant recipients. Thus, the data
herein presented for those populations is based on previous epidemi-
ological data published. For cancer and immunocompromised
patients, the associated fungal infections were invasive aspergillosis
and candidemia.

Other endemic mycoses such as paracoccidioidomycosis and spo-
rotrichosis are scarcely reported in our country, either by single case
reports or by reports of several decades ago. Because of the constant
turnover and characteristics of our population, the lack of reports
cannot be accepted as the actual truth. This leads us to the conclusion
that newer prevalence and incidence studies must be done to state
the actual burden of these diseases and to update the knowledge we
already have. Some of the earliest cases of histoplasmosis and coccid-
ioidomycosis were described from Panama (before HIV/AIDS), and
such endemicity is unlikely to have disappeared.

Fungal lung disease may be more common than our estimates
suggest, particularly with regard to asthma. We have used a preva-
lence of 2.42 % in adults based on data from Guatemala in 2003. A
later study in adolescents in Panama found 20.5 % had asthma and
22.9 % had current asthma [55], although prevalence of asthma falls
in adulthood. In the Global Burden of Disease report on years lived
with disability, asthma was number 6 in Panama, after back pain,
depression, diabetes, hearing loss and anxiety [56]. However fungal
asthma, and ABPA in particular, seems unrecognized in the country,
as evidenced by a recent consensus report on how to manage severe
asthma in Latin America, which only mentions the biologics [57]. As
antifungal therapy is effective for fungal asthma and much less costly
than biologics, this seems like a missed opportunity.

The limitations of this study are several. First we used external
data not necessarily representing the country. Second, the lack of
mandatory notification of any of these diseases (as is the case in most
countries) makes them difficult to track. Lastly, the lack of non-cul-
ture diagnostic tests will likely overlook these infections in at risk
populations. However, with this report we place Panama on the map
in terms of fungal diseases and create awareness of the importance of
fungal infections in our country, and should support the need for bet-
ter diagnostic tests. Hopefully we open the gate for local epidemio-
logic surveillance of fungal diseases.

Conclusions

In this work we present the burden of fungal diseases in Panama
for the first time, taken from reports of the most important fungal
diseases that affect our population and estimates from similar coun-
tries. The most frequent fungal infection is recurrent Candida vagini-
tis which affects women without predisposing factors of childbearing
age. The most affected at-risk population are HIV/AIDS patients
which represent the vast majority of histoplasmosis, cryptococcosis
and PCP infections. Other relatively common diseases assessed were
Aspergillus-associated conditions, which primarily affect people with
underlying lung disease or non-HIV immunocompromised patients.
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