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Abstract Even though the presence of Curvularia
conidia in the tropical air and the role in respiratory
allergy symptoms or plant diseases incidence has been
reported, traditional aerobiological investigations usu-
ally do not consider their profound study. An
aeromycological study of the Curvularia propagules
in Havana was conducted during the years 2017 and
2018. Monitoring was carried out by means of
volumetric viable and non-viable methodologies.
Three types of microscopically identifiable airborne
spores (Lunata, Geniculata and Maculans) were iden-
tified, according to their distinctive features (conidium
shape, pigmentation, number and position of the
septa), defined by optical microscopy with
400 x magnification. The spores of Curvularia
showed prevalence during rainy months and were
predominantly abundant through the daytime. The
annual distribution showed the prevalence of the
Lunata type, with a diurnal pattern and corroborated
through the isolated species since all belonged to this
morphological group. The average temperature and
relative humidity, as well as the precipitations,
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correlated positively with the concentrations. The
wind speed showed a negative correlation, which
indicates that the climatic conditions of the Havana
influence the aerobiological dynamics of airborne
Curvularia propagules.

Keywords Airborne fungi - Atmosphere - Spores -
Geniculata - Lunata - Maculans

1 Introduction

The atmosphere of tropical cities has a high fungal
diversity, which can be reflected in the greater number
of propagules collected in air samples (Menezes et al.
2004; Prasla et al. 2013). Out of the different methods
available for the airborne fungi identification, direct
microscopy and culture-based techniques are widely
used. Many airborne fungal spores are often impli-
cated in respiratory allergy symptoms or plant diseases
incidence (Levetin et al. 2016). This is significant, in
order to reduce outdoor contamination of the air, that
badly affects atopic and non-atopic individuals, and to
elude losses in urban crops. According to Esch and
Codina (2017), some airborne species of Curvularia
are associated with hypersensitivity diseases, such as
asthma, allergic rhinitis and allergic bronchopul-
monary mycoses. The exposure to this fungal genus
has also been associated with allergic fungal sinusitis
or allergic fungal rhinosinusitis, since it can be
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detected from sinus exudates from patients with these
conditions (Singh 2019). Nowadays, Curvularia is
responsible for a high skin prick test response in
tropics, such as (26-32%) in Singapore (Chew et al.
2000). In temperate zones, Larenas-Linnerman et al.
(2016) noted the frequency of skin prick test reaction
to Curvularia was 3.8% after important flood in the
USA (post-Katrina hurricane) and 18% in Finland
among children with perennial and seasonal asthma.

The conidia of Curvularia are frequently observed
in air samples, although they are rarely abundant in
some aerobiological studies in temperate climates
(Levetin et al. 2016). Some investigations noted that
these propagules are more frequent and dense in the
atmosphere of tropical or subtropical countries (Wu
et al. 2007; Chen et al. 2014). The prevalence of
airborne Curvularia spores in the atmosphere of
Havana (Cuba) was reported for the first time by
Quintero (1964), later by Arnold et al. (1987) and then
in almost all the subsequent aerobiological investiga-
tions (Rojas et al. 2007; Almaguer et al. 2013;
Almaguer and Rojas, 2013). However, many of these
works were based on momentary sampling with viable
methods and fundamentally providing data on the
presence of the genus. The frequency of Curvularia in
this neotropical city was only exceeded by Cladospo-
rium, Leptosphaeria, Coprinus, Aspergillus and Peni-
cillium (Almaguer and Rojas 2013; Almaguer et al.
2013, 2015). Even though the high occurrence of
Curvularia conidia in the tropical air, traditional
aerobiological investigations usually do not consider
their study, but instead focuses on other conidia genera
such as Cladosporium, among others.

The fungal genus Curvularia is represented by a
large number of species distributed worldwide, usu-
ally characterized by cosmopolitan or pantropical
distribution patterns. There are more than 130 species
registered in Mycobank (https://www.mycobank.org)
or Index Fungorum (https://www.indexfungorum.org)
recognized as saprobes or pathogens, in association
with plants, animals and humans (Sivanesan 1987;
Hyde et al. 2017; Manamgoda et al. 2015; Tan et al.
2018). In Cuba, there is a great variety of substrates
where can be found more than 20 species of this genus,
among which the Poaceae stand out as the most
numerous family of the phanerogamic flora (Mena
2004; Camino et al. 2006).

Curvularia genus produces curved or lunate shaped
conidia, which can also be oblong, claviform,
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ellipsoidal, fusiform, obovoid or piriform. Its color is
a pale brown, to dark brown, often with the cells at the
ends lighter than the rest and sometimes with dark
bands on the septa. In some species, the conidial wall
is smooth to verrucose and hilum is protuberant
(Manamgoda et al. 2012; Ariyawansa et al. 2015).
Previously, Boedijn (1933) divided Curvularia into
three groups of species (Lunata Geniculata and
Maculans) based on morphological features of coni-
dia. The Lunata group was characterized by producing
four-celled, more or less curved spores wherein one of
the middle cells is inflated and darker. Species with
conidia of five cells were placed in the Geniculata
group, while the Maculans group was proposed for
species with four cells, straight or more or less
asymmetric with the central cells larger and darker
than the final cells (Sivanesan 1987; Da Cunha 2014,
Madrid et al. 2014). This morphological classification
can be useful in the aerobiological monitoring based
on a volumetric spore trap of the Hirst design (Hirst
1952) and direct counting of Curvularia conidia. From
spores alone, it is not probable to differentiate species
with certainty, but it is possible to distinguish at least
these three types. It has been widely reported for
Cladosporium, but also for Coprinus or Leptosphaeria
(Aira et al. 2009, 2013; Hernandez Trejo et al. 2012).

Continuous monitoring of the atmosphere allows
determining the spore spectrum with a particular
interest within the air, making it possible to compare
their annual dynamics. To identify the most important
types within a wide range of airborne fungi and to
study their temporal patterns in an area of economic
and social interest, the combination of quantitative and
qualitative studies is appropriate. In this way, it
contributes to the knowledge of the ecology of the
fungi that are dispersed through the air.

This research aims to determine the presence and
distribution of Curvularia spores in the atmosphere of
the city of Havana during 2017 and 2018 by means of
the combination of viable and non-viable methodol-
ogy: a volumetric Hirst type sampler and a slit-to-agar
impactor Aeroscope. The relationship between the
concentrations of spores in the air and the main
meteorological variables was also analyzed. This
information could help us to issue alerts of higher
high Curvularia spore concentrations and thus prevent
the development of diseases in sensitized people and
losses in urban crops.


https://www.mycobank.org
https://www.indexfungorum.org
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2 Materials and methods
2.1 Sampling area

A two-year study was carried out in Havana, located
on the northwestern coast of Cuba, at an altitude of
24 m above sea level. Havana is the capital and the
biggest and most populated city in the country.

2.2 Meteorological conditions

The climate of Havana is subtropical, with a rainy
season (May to October) and a dry season (November
to April). The daily values of the meteorological
variables were recorded at the meteorological station
of Casablanca, located in Havana city and belonging
to Cuban Institute of Meteorology (INSMET). The
meteorological variables recorded were wind speed
(km/h), mean temperature (°C), maximum tempera-
ture (°C), minimum temperature (°C), mean relative
humidity (%), maximum relative humidity (%), min-
imum relative humidity (%) and rainfall (mm). The
average annual temperature was 25.5 °C during both
studied years, the total annual rainfall was 1131 and
1221.5 mm, in 2017 and 2018, respectively. The
relative mean humidity reached 76.2%, during the first
year and 76.9% in the second one.

2.3 Sampling and detection of airborne
Curvularia propagules

The airborne fungus selected for this study was that of
Curvularia because of its allergenic and phy-
opathogenic properties. The spores of Curvularia
were counted by means of direct microscopy and
collected from January 2017 to December 2018 by
using a volumetric Hirst type sampler-Lanzoni VPPS
2000 (Hirst 1952). Sampling was carried out contin-
uously (operational 24 h/day). The aerobiological
station was located on the rooftop of the Biology
Faculty of the University of Havana (23° 08’ N and 82°
23’ W) at 35 m above ground level. The Lanzoni
sampler was calibrated for a 10 air liters per minute
flow, and the spores impacted in a Melinex tape coated
with a 2% silicone solution as an adhesive. The spore
count was first performed in all the samples collected
following the methodology proposed by Galan et al.
(2007). The magnification used was 400X for count-
ing. The aerobiological data considered were spore

count (spores), spore mean daily concentrations
(spores/m3), monthly distribution (spores), presence
(spores/m’), maximum daily concentration (spores/
m3), mean concentration (spores/m3) and number of
days over the annual daily spore mean concentration.
To determine the Curvularia spores diversity in the
atmosphere of the study area were selected the
aerobiological samples recording an average daily
concentration above the annual average value in each
year. Furthermore, the following characteristics were
measured in these samples: conidial shape, color,
spore length, spore width and number of septa. Based
on its morphology, the spore types within Curvularia
were classified following the Boedijn (1933) groups:
Lunata, Geniculata and Maculans. Morphological
identification was performed by means an optical
Nikon Optiphot II microscope (Nikon Manufacturing,
Tokyo, Japan). The spore photographs, included in
this study, were obtained with an HDCE-20(CCD)
camera assembled to the microscope, using a 1000X
lens and software IMI Video Capture.exe. With the
aim of obtaining a model reflecting intradiurnal
oscillations of the spore counts during the two years,
the days on which conidia counts were higher than the
mean of the sampling period were selected, excluding
the days with precipitation (Nilsson and Persson,
1981; Aira et al. 2009). The resulting days were used
to calculate the spore concentration every two hours,
thereafter expressing the data as percentages.

Cultivable Curvularia propagules were collected
weekly at 11:00 local time hours, using a slit-to-agar
impactor aeroscope (Chirana, Czech Republic) with a
suction volume of 29 air liters per minute flow, and
malt extract agar as culture medium (Almaguer et al.
2013; Sanchez et al. 2019). The isolates selection was
performed according the distinctive features proposed
by Seifert et al. (2011): brown conidiophores, bearing
conidia apically or on new sympodial growing points;
dark conidia (porospores), typically curved with one
of the central cells enlarged, more or less fusiform, end
cells often lighter, three-celled to five-celled. The
identification of the isolates was based on the criteria
established by Ellis (1971), Ellis (1976), Mena (2004)
and Manamgoda et al. (2012).

2.4 Statistical analysis

The Mann—Whitney U test was applied to verify
differences in the percentage values of total spore of
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each examined Curvularia type (Geniculata, Lunata
and Maulans) between 2017 and 2018 years. Spear-
man’s rank correlation was used to determine the
strength of the relationship between the spore daily
concentrations in the air on a given day and meteo-
rological variables in the same day and during the
previous 2 days. The significance was calculated for *
p <0.05, ** p<0.0l, ** p<0.001, by using
Statistica software version 8.0. (Statistica, Tulsa,
Okla.)

3 Results
3.1 Presence of airborne Curvularia spores

The samples collected by means of the non-viable
methodology (Lanzoni VPPS 2000) registered 2498
spores of Curvularia genus in the atmosphere of
Havana, 75.7% during the year 2017 and 24.3% during
2018. Spores counts were higher in the samples
corresponding to the months from June to October,
with a more marked presence during the first year
Fig. 1. During these rainy seasons, Curvularia spores
counts reached a mean of 160 spores every month in
2017 and 60 throughout 2018. The Curvularia spores
presence in the atmosphere was registered in 296 days
(81%) during 2017, with a mean ranging from
19-30 days per month. Lower values were observed
in 2018 as their spores were detected in 230 days
(63%). The highest daily Curvularia spores concen-
tration was recorded in different seasons in both years,
on September 27th in 2017 (65 spores/m>) and March
Ist in 2018 (15 spores/m>). Although the mean of the
daily concentrations was also different, in both years, a
higher number of days with daily concentration over
the annual average were observed from June to
October Table 1.

With the aim to detect the Curvularia spore types
present in the study area, the aerobiological samples
corresponding to days with a daily spore concentration
above the mean annual average were selected. It
corresponded to days with daily spore concentration
above 6 spores/m> and 2 spores/m” in the first and the
second year studied, respectively. As a result, 202
samples were selected, distributed in 101 for each of
the two study years. The detailed analysis of the spores
in the aerobiological slides allowed the differentiation
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Fig. 1 Monthly distribution of airborne Curvularia spores
trapped by Lanzoni VPPS and counted by direct microscopy
during 2017 and 2018

of three types: Maculans, Lunata and Geniculata,
based on its morphological features Fig. 2.

A total amount of 1789 of Curvularia spores was
detected in the 202 selected samples of the two years
of study in the outdoor air of Havana. The quantity of
spores observed in the first year was 1298 spores, 1101
belonged to the Lunata spore type, 153 to Geniculata
and 44 to Maculans. During the 2018 year, 491 spores
were counted, belonging 409 to the Lunata spore type,
67 to Geniculata and 15 to Maculans. Quantitative
data corresponding to counted spores were different
between years based on marked differences detected
via the U-Mann—Whitney (Z) test Table 2.

The annual distribution during both years revealed
a prevalence of Lunata spores type (85% and 84% in
2017 and 2018, respectively) followed by the Genic-
ulata spore type (12% and 14%) and in a reduced
proportion the Maculans spore type (3%) Fig. 3. The
main differences were detected within monthly per-
centages, as the Lunata spores oscillated from 74-90%
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Fig. 2 Photomicrographs of airborne Curvularia spores types (a—c: Lunata, d—f: Geniculata, g—i: Maculans) trapped by Lanzoni VPPS

2000 in the atmosphere of Havana, Cuba. — Bars = 10 um

during 2017 and 62-100% during 2018, with the
greatest percentages located during the rainy seasons
(September and June, respectively). The Geniculata
type representation fluctuated from 6-90% during
2017 and 0-38% during 2018. The percentages
reached by Maculans did not exceed 10% and 19%
in the first and second year, respectively, and even its
presence was not detected in some months.

@ Springer

3.2 Daily and intradiurnal variations

Daily variations of the three spore types throughout
the two years studied are presented in Fig. 4. During
the first year, the highest concentrations were recorded
on August 26th (41 spores/m*—Lunata), April 26th (8
spores/m>—Geniculata) and August 28th (4 spores/
m°—Maculans). In the second year, the daily concen-
trations registered for each spore type were lower,
detecting the daily maximum peaks on January 11th
(13 spores/m> — Lunata and 5 spores/m°>—Geniculata)
and March 1st (5 spores/m> — Maculans). Although the
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Table 2 Results of the U-Mann-Whitney (Z) test comparing mean spore concentrations and meteorology in 2017 and 2018. (*
p <0.05. ** p < 0.01. *** p < 0.001; ns. not significant)

Spores 2017 2018 8] z p-level
Curvularia 5.2 1.9 44,235.000 7.855 0.000 HkE
Lunata 11.0 4.0 1475.500 8.669 0.000 HkE
Geniculata 1.5 0.7 3291.000 4.265 0.000 o
Maculans 0.5 0.1 3969.500 2.620 0.009 wE
Meteorology
Wind speed (km/h) 47.3 49.5 56,997.000 —-3.203 0.001 *E
T* min (°C) 223 222 64,697.500 0.672 0.501 n.s
T med (°C) 25.5 253 63,243.500 1.182 0.237 n.s
T* max (°C) 29.5 29.3 65,015.000 0.560 0.575 n.s
RH min (%) 54.3 59.9 44,875.000 —17.630 0.000 HoAk
RH med (%) 76.2 76.9 62,578.500 —1.416 0.157 n.s
RH max (%) 90.8 89.8 62,050.000 1.601 0.109 n.s
Rainfall (mm) 3.10 335 65,578.500 —0.362 0.717 n.s
2017 According to the diurnal behavior, Curvularia
100 spores were predominantly abundant through the
80 daytime. During the morning and the afternoon, the
60 concentration progressively increased to reach a
%0 double peak pattern from 13-14 and 17-19 h
2 (Fig. 5). Importantly, during the year of 2017 the
sampling had a near normal diurnal variation of the
0 I FMAMGYJ J A S ON D 1D spores, peaking at 18 hrs. The Lunata spore type
Months showed a similar intradiurnal distribution, being also

@ Lunata OGeniculata ®Maculans

2018
100
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B Lunata OGeniculata ®@Maculans

Fig. 3 Monthly percentages (%) of airborne Curvularia spore
types (Lunata. Geniculata and Maculans) during 2017 and 2018

daily concentration values were much lower in the
second year of study, in both years several days were
detected with high concentrations that showed a
dynamic fluctuation of these conidia in the atmosphere
of Havana, being more evident in the Lunata type.

abundant during the daytime mainly after the noon. An
analogous behavior was observed for the Geniculata
spore type, but moderately different between years.
While it was continuously distributed in 2017 along
the daytime, with a maximum at 9-10 and 19-20 h, it
is remarkable the restricted presence to 7-8 and
11-20 h during 2018. However, a double peak pattern
was also indicated. The Maculans pattern also differed
for the two study years, reaching higher percentages
during nighttime in 2017 and through daytime in 2018.

3.3 Relationships with meteorological factors

In general, the significant correlation coefficients
between the daily concentration and the meteorolog-
ical variables oscillated from r, = 0.235 to r, = 0.505.
Overall, higher significant Spearman coefficients were
registered for temperature, mainly maximum temper-
ature. In this sense, the maximum temperature of the
same day, as well as the registered during the previous
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days correlated positively. This association was also
found for Lunata and Geniculata but only in the cases
of the maximum temperature and the maximum
temperature of the previous day. A similar result was
observed for the relative humidity but with less
significant Spearman coefficients. The maximum
wind speed of the same day as well as the registered
during the previous days negatively correlated with

2017

Fig. 5 Intradiurnal distribution (%) of Curvularia and its spore p
types (Lunata, Geniculata and Maculans) in the atmosphere of
Havana, Cuba, during 2017 and 2018

the Curvularia presence. Finally, only rainfall corre-
lated with the Geniculata concentrations in the atmo-
sphere (Table 3).
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Fig. 4 Daily concentrations of Curvularia spore types (Lunata, Geniculata and Maculans) trapped by Lanzoni VPPS and counted by

direct microscopy during 2017 and 2018
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Table 3 Correlation between concentrations of Curvularia spore types and meteorological variables during both years (2017-2018).
Spearman test significances (rs) are marked in bold (* p < 0.05). n.s: no significative

Temperature Curvularia Lunata Geniculata Maculans
T*min 0.347* 0.110 n.s 0.100 n.s 0.022 n.s
T*min-1 0.302%* 0.060 n.s 0.010 n.s — 0.024 n.s
T*min-2 0.312% 0.110 n.s 0.006 n.s — 0.014 ns
T*med 0.426* 0.043* 0.120 n.s — 0.005 n.s
T*med-1 0.336* 0.101 n.s 0.081 n.s — 0.016 n.s
T*med-2 0.312% 0.120 n.s 0.010 n.s — 0.040 n.s
T*max 0.505% 0.188%* 0.238* — 0.086 n.s
T*max-1 0.389* 0.145% 0.165* 0.019 n.s
T*max-2 0.302%* 0.138 n.s 0.054 n.s 0.013 n.s
Relative Humidity Curvularia Lunata Geniculata Maculans
RH min — 0.051 n.s —0.228 n.s -0.235 n.s 0.029 n.s
RH min-1 0.044 n.s —0.152 n.s -0.106 n.s — 0.072 n.s
RH min-2 0.116* —0.090 n.s 0.039 n.s — 0.085 n.s
RH med 0.228%* 0.087 n.s -0.021 n.s 0.112 n.s
RH med-1 0.245% 0.112 n.s 0.048 n.s 0.060 n.s
RH med-2 0.219* 0.165* 0.178* 0.061 n.s
RH max 0.282%* 0.285* 0.115 n.s 0.007 n.s
RH max-1 0.249* 0.205% 0.213* 0.006 n.s
RH max-2 0.168* 0.209* 0.209* 0.062 n.s
Rainfall Curvularia Lunata Geniculata Maculans
R — 0.047 n.s — 0.045 n.s — 0.106 n.s 0.017 n.s
R-1 — 0.032 n.s 0.120 n.s — 0.027 n.s 0.039 n.s
R-2 0.017 n.s 0.061 n.s 0.143* 0.019 n.s
Wind Speed Curvularia Lunata Geniculata Maculans
WS — 0.166* — 0.154* — 0.082 n.s —0.118 ns
WS-1 — 0.233* — 0.136 n.s — 0.113 n.s — 0.056 n.s
WS-2 — 0.168* — 0.209* — 0.081 n.s — 0.053 n.s

3.4 Airborne Curvularia species

Parallel to the non-viable characterization, fourteen
isolates of Curvularia were obtained from the atmo-
sphere of Havana during 2017 and thirteen in 2018,
based on the cultivation of airborne propagules weekly
collected. The isolates showed smooth, mostly three-
septate conidia. The central septum was not thickened
neither situated in the medial portion of the conidia.
The morphological characteristics corresponded to
Curvularia aeria (Bat. J. A. Lima and C. T. Vasconc)
Tsuda (9 isolates in 2017 and 7 isolates in 2018),
Curvularia pallescens Boedijn (4 and 3 isolates,
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respectively) and Curvularia trifolii (Kauffman)
Boedijn (1 and 2 isolates, respectively). Moreover,
during the second year was isolated the specie
Curvularia verruculosa Tandon and Bilgrami ex
M.B. Ellis.

4 Discussion

The Curvularia genus has a worldwide distribution
with a wide host range with whom the fungus is
associated as pathogen or saprobe (Marin-Felix et al.
2017). Most of their species are mainly graminicolous
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causing diverse disease symptoms such as leaf spots,
leaf blight and root rots, among others. Sivanesan
(1987) identified some of the affected crops, such as
maize (Zea mays L.), rice (Oryza sativa L.), sorghum
(Sorghum spp.), sugar cane (Saccharum officinarum
L) and wheat (Triticum aestivum L.). Despite Curvu-
laria affect grasses and grain crops, causing diseases
of economic importance, Marin-Felix et al. (2017)
reported the occurrence on this genus on Actinidi-
aceae, Aizoaceae, Caricaceae, Convolvulaceae,
Fabaceae, Iridaceae, Lythraceae, Lamiaceae, Olea-
ceae, Polygonaceae and Rubiaceae. Therefore, the
results of our study could be valuable to the urban
agriculture located at the peripheral areas of Havana,
considering the elevated presence of some crops
belonging to the aforementioned families. According
to Vazquez & Fernandez (2007), it is important to
contribute to the agroecological management of pests
and diseases in Cuban urban agriculture. In addition,
Curvularia plant pathogen species are associated with
sugarcane seedlings, producing root rottenness and
malformations affecting fertility and seedbed effi-
ciency, which may be located in agricultural areas near
Havana. C. lunata, C. senegalensis and C. gudauskasii
represent the most common species affecting seed
bank yields by up to 30% (Orbera et al. 2012).
Martinez et al. (2009) reported Curvularia sp. as one
of the principal fungi causing diseases in Triticales and
wheat in San José de las Lajas, also proximate to
Havana province.

Moreover, the study of airborne Curvularia dynam-
ics in tropics is important for human health, mainly as
consequence of its relationship with allergy episodes.
In India, C. lunata was reported to be allergenically
significant and its allergens were included in the skin
prick tests (Agashe and Anand 1982; Larenas-Linner-
man et al. 2016; Navpreet et al. 2017). Larenas-
Linnerman et al. (2016) and Stewart and Robinson
(2017) refer to the use extracts of C. spicifera and C.
lunata for the diagnosis of fungal sensitization in
patients with allergic conditions. The allergens of C.
lunata involved in immune responses include Cur 1 1
(functional serine protease), Cur 1 2 (enolase), Cur 13
(cytochrome c), Cur 14 (vacuolar serine protease), Cur
I sod (manganese superoxide dismutase), Cur 1 Trx
(thioredoxin) and Cur | gst (gluathione S-transferase)
(Williams et al. 2016). Since the past century, Agarwal
et al. (1982) reported that Curvularia shares
immunoglobulin E (IgE) cross-reactivity to other

conidial genera such as Alternaria and Stemphylium.
Gupta et al. (2002) found allergenic cross-reactivity
among Curvularia lunata, Alternaria alternata and
Epicoccum nigrum based on a serological and molec-
ular study in India. More recently, Levetin et al. (2016)
suggested the same element for the Bipolaris complex,
attributable to these fungi being closely related
taxonomically. The pathogenicity of Curvularia is
also important. C. [unata can cause infections associ-
ated with different classes of medical devices that is
the reason for being considered an opportunistic
pathogen for human (Levetin et al. 2016). McAleer
et al. (1981) reported an allergic bronchopulmonary
fungal disease caused by this species in Western
Australia, where several Curvularia spp. were
abundant.

Airborne fungi not only affect atopic individuals,
they can also cause reactions in people not sensitized
to fungal allergens and cause respiratory symptoms
similar to those that occur in an allergic response. For
this reason, currently in Havana, some projects are
investigating sensitization to airborne fungi (Alvarez
et al. 2020). Related to this, Barrios et al. (2019)
analyzed the skin sensitivity to environmental fungi
and the nasal mycobiota of patients with respiratory
allergies, isolating Curvularia spp. from a large
number of nasal samples from patients with asthma
and/or rhinitis. Our study showed that the Curvularia
airborne spores were mostly detected in the atmo-
sphere of Havana during the rainy months. Some
authors have also reported that Curvularia is part of
the common aerobiota in other tropical regions with
the high levels recorded during the rainy season. This
seasonal incidence has been described in the
metropolitan area of Monterrey city (Rocha et al.
2013), Florida (Codina et al. 2008), India (Singh et al.
1987; Roy and Bhattacharya 2016; Dey et al. 2019),
Nigeria (Dransfield 1966) and Australia (Upsher and
Griffiths 1973). The aforementioned studies proposed
that this seasonal incidence was associated probably
with new growth of grass. Conversely, Mufioz (1974)
noted that Curvularia was mainly present in the
summer months in Spain, while Menezes et al. (2004)
reported a randomly presence of Curvularia through-
out the year in Fortaleza City, Brazil.

Despite the absence of the correlation with the
rainfall, we found an important positive correlation
with temperature and relative humidity. These results
suggest that in Havana, during the rainy periods (May—
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October), the rains can have a washing effect and
decrease the daily concentration of Curvularia spores.
However, as during this season the temperatures are
high it can also favor the release of spores or the
establishment of conditions of high relative humidity
that are related to the amount of Curvularia spores in
the atmosphere.

Airborne fungal spores detected through direct
microscopy sometimes could not be identified to
species level, and some are placed in spore types or
groups composed by various families, genera or
species with similar morphology. According to their
distinctive features (conidium shape, pigmentation,
number and position of the septa), the spores of
Curvularia recorded in Havana could be divided in the
Boedijn (1933) groups and counted as three identifi-
able spore types: Lunata, Geniculata and Maculans.
The conidia were typically curved and oblong,
although some spores were claviform, ellipsiodal,
fusiform, obovoid or piriform. The color was charac-
teristically pale brown, to dark brown, often with the
cells at the ends lighter than the rest, sometimes with
dark bands on the septa (3—4 distoseptate). These
observations are similar to conidial morphology
reported by some authors (Sivanesan 1987; Grant
1990; Seifert et al. 2011; Manamgoda et al. 2012;
Ariyawansa et al. 2015). The aforementioned features
are recognizable under microscopic examination of
aerobiological glass microscope slides at 400X mag-
nification. Although was not used in the Curvularia
spore types differentiation, hilum was protuberant in
some spores.

The Lunata type included species with the follow-
ing morphological features: more or less curved
conidia, four-celled, with one of the intermediate cells
enlarged and darker. Some members of the Lunata
type were detected by means of viable method, related
to the isolated species C. aeria, C. pallescens, C.
trifolii and C. verruculosa. These species, identified
through their cultivation, were found previously in
Cuba in rice plants and grains (Neninger et al. 2003;
Estrada and Sandoval 2004). C. trifolii has been
isolated in Cuba from several host grasses, such as
Rottboellia cochinchinensis, Saccharum officinarum
and Zea mays (Mena 2004; Camino et al. 2006). These
plants are commonly distributed nearby the sampling
area, mainly in the agrarian zones located to the south
or southwest, reason why this area could be the source
of the inoculum. On the other hand, C. pallescens is
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cosmopolitan and saprobe, while C. aeria is a
plurivorous species that has been isolated from air,
rice and other grasses in Havana and nearby agricul-
tural areas (Mena 2004; Almaguer et al. 2012;
Almaguer and Rojas 2013). Species of the other two
Curvularia types, Geniculata and Maculans, were not
detected through cultivation. However, studies con-
ducted by Madrid et al. (2014) reported the Maculans
group comprised the species C. cesatii (reassigned to
Endophragmiella cesatii by Hughes, 1979), C. inter-
media, C. maculans (currently classified synonym of
C. eragrostidis) and C. spicifera. In the Geniculata
group could be grouped C. affinis, C. falcata (syn-
onymized by Sivanesan (1987) with C. senegalensis),
C. fallax and C. geniculata.

Various species of Curvularia have morphological
similarities, and to recognize species of this genus
based absolutely on conidial features is not an easy
task (Tan et al. 2018). This fact reinforces the
importance to combine methodologies based on
microscopically spores count with culturable sampling
methodologies. This strategy of outdoor environments
monitoring allows a more complete data on airborne
fungal diversity. Fernandez-Rodriguez et al. (2014)
suggested that simultaneous combination overcomes
the own limitations of each procedure. For example,
the C. aeria isolates produced subcylindrical stromata
in culture, which is an additional morphological
characteristic for identification. According to Aira
et al. (2009) parallel to aerobiological investigation,
the corresponding biodiversity study should be taken
into account in order to incorporate the relevant local
species to a given spore type spectrum. It is indistin-
guishable if these species are native/introduced or
their host source, based exclusively on morphological
features. Kakde and Kakde (2012) reported the genus
within the most abundant, with a prevalence of C.
lunata in a market in India related to post-harvest
diseases in vegetables. Cuba is a Caribbean tropical
archipelago, and the Curvularia biological sources
could be variable from other latitudes. Therefore, it
will be important to combine aerobiologial samplings
to field studies related to fungi distribution on
substrates or analysis of fungal populations. The
singularity of our study is that for the first time, in a
neotropical urban area of the Caribbean, the temporal
variation of Curvularia spores in the air and three
types of spores identifiable morphologically within
this genus is reported, by means of non-viable and
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viable sampling methodologies. There are some
similar aerobiological investigations directed to an
infrageneric level differentiation but considering other
spore types and genus. For example, the report about
Cladosporium cladosporioides and Cladosporium
herbarum spore types based on conidia wall surface
(Aira et al. 2012), four different types of Coprinus
based on the measure and the morphological features
of the spores (Aira et al. 2009) and the recognition of
some types of Leptosphaeria by Hernandez Trejo et al.
(2012).

Our study reveals the Lunata spore type was the
predominant, followed by Geniculata and Maculans.
The viable study supports this result since all species
isolated by culturing belonged to the Lunata type.
Therefore, its high representation is observed, both by
the non-viable method that allows continuous moni-
toring 24 h a day and by the punctual method of
weekly monitoring of cultivable airborne propagules.
In addition, previous studies conducted in this same
region have reported the prevalence of species in this
type but using culture-based methodologies (Alma-
guer and Rojas 2013). The predominance of Lunata (as
spore type or isolated species) is related to the broad
representation in substrates and the diversity of
species within widely recorded in tropical and sub-
tropical climates (Ellis 1971, 1976) and in Cuba
(Mena 2004). In other tropical countries such as India,
C. lunata is described as the most frequent species
detected in culture by Arora and Jain (2003) in Bikaner
and also at Raipur by Tiwari et al. (2006) and Tiwari
(2014).

The Lunata spore type was mainly represented in
the atmosphere of Havana during the rainy months
(May, September and October), and the highest
concentrations were recorded within the same season
(August). Inversely, the Geniculata spore type pre-
dominated in the dry months (January, February and
April) with the most elevated levels recorded in April.
The seasonality of Maculans was not clear with
maximum fluctuations along the rainy and dry seasons
(March, June and November) with the highest levels
recorded in August. The spore daily concentration
values were much lower in the second year of study,
with many concentrations peaks that show a dynamic
fluctuation of these conidia in the atmosphere of
Havana (being more evident for the Lunata spore
type). Some of these peaks were located during the
rainy seasons mainly in the year 2017. Roy and

Bhattacharya (2016) reported the same seasonality in
two outdoor environments of West Bengal, India, and
detected a high prevalence during summer and mon-
soon season. Youssef et al. (1988) recovered propag-
ules of Curvularia for a 12-month period in the
atmosphere of Cairo, Egypt, with largest colonies
isolated in April due to the detection of C. lunata. Rao
et al. (2009) also noted the importance of the
Curvularia spores in the atmosphere of Karachi,
Pakistan, but with the prevalence of C. clavata.
Although this specie was not isolated in culture in
the preset study, morphologically belongs to spore
type Lunata (Boedijn 1933).

The intradiurnal distribution of the Curvularia
spores clearly follows a pattern with higher concen-
trations during the day, with a tendency to a double
peak pattern. Rocha Estrada et al. (2013) in Mexico
detected the same behavior. The intradiurnal pattern of
the Lunata spore type was similar to Curvularia, but
the double peak was more suitable. However, the
pattern of Geniculata spore type similarity was less
evident. This could be related to the proportions of the
spores and the contribution to the total spores of the
genus. The Maculans spore type did not show a
marked distinctive pattern in the both years.

The classical studies of Ingold (1965), Gregory
(1978) and Lacey (1981) in the past century informed
the spore release in fungi and airborne circadian
rhythms. Meredith (1962) observed a rapid increase in
airborne Curvularia spores after dawn culminating in
a maximum at or about noon in Jamaica. A similar
behavior was detected in the air over paddy fields in
India (Sreeramulu and Seshavataram 1962) and Aus-
tralia (Upsher and Griffiths 1973). Haines et al. (1999)
reported Curvularia as fungi with midday pattern,
which have a maximum level of spores in the daytime
of higher wind speed, atmospheric turbulence and
temperature. Meredith (1963) described that spores of
C. geniculata and C. lunata were violently discharged
into the air during a dry or drying atmosphere. This
process was associated with the rapid appearance of
gas bubbles in the conidial cells often following some
movement of the spore, pivoted at the attachment
point. Upsher (1975) referred to some spores were also
seen to become detached by twisting of the conidio-
phores. However, the aforementioned investigation
also described airborne Curvularia circadian varia-
tions as a double peak pattern. Probably this pattern is
a modified midday pattern due to the dilution of spore
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plumes, since discrete peaks occurred between the
ends of the morning and before the noon. Therefore, it
can be inferred that the environmental factors influ-
ence in a similar way on the spore release mechanisms
of the three spore types and it could be reflected in the
intradiurnal variation of Curvularia spores in Havana.

The distribution pattern was similar to the observed
for other airborne conidial genera widely researched,
such as Cladosporium, Alternaria, Helminthosporium
or Periconia, whose spores are dispersed in the
atmosphere during the late morning and the evening
(Ingold 1965; Gregory 1978; Lacey 1981; Haines et al.
1999; Aira et al. 2013). Intradiurnal fluctuations of
these dry spores are related to conidia discharge under
environmental circumstances of increasing airflow
and decreasing relative air humidity (Stgpalska and
Wotek, J. 2009). Besides, Haines et al. (1999) reported
maximum atmospheric concentration could occur at
the same time to peak release for short distances
nearby to the source of inoculum. There is evidenced
the importance to combine aerobiologial samplings to
fields studies related to fungi distribution on sub-
strates, taking into consideration the broad represen-
tation of Curvularia in substrates and the diversity of
species within widely recorded in Cuba.

In general, fungal spore release reveals circadian
rhythms correlated with meteorological conditions
acting locally (Haines et al. 1999; Stepalska and
Wotek, J. 2009). Correlations analysis indicated the
meteorological conditions of the previous days also
might have influenced the formation and release of
Curvularia spores in Havana since it correlated to
daily concentrations. High temperatures, relative
humidity, wind speed and precipitation allow the
conidia release to the atmosphere. Soo et al. (1998)
reported similar significance of these environmental
factors on increases of Curvularia  spore
concentrations.

5 Conclusion

The temporal variation in the air of three identifiable
morphologically types of Curvularia spores is
reported for the first time, in a neotropical city of the
Caribbean. The most abundant Curvularia spore type
was Lunata followed by Geniculata and Maculans.
Spores of Lunata and Geniculata presented the same
intradiurnal distribution patterns, with a tendency to a
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double peak pattern, whereas the spores of the
Maculans did not show a distinctive pattern. The
influence of the main weather variables on spore
concentration was evident, in rainy season the spore
concentrations was higher in both study years, mainly
in 2017. This fact was supported by the correlation test
results as significant and positive associations were
recorded with temperature, relative humidity and
rainfall. Our findings can be a tool to issue alerts in
case of an increase on Curvularia spore concentrations
and thus to prevent the development of diseases in
sensitized people in Havana. In addition, it contributes
to regulate the phytosanitary treatments application
during the moments with higher airborne spore
concentrations and is useful to manage the crops
located the urban agriculture zones at the peripheral
areas of Havana.
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