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The fungal flora contains diverse organisms including a large number of fungi, molds, mushrooms, 
yeasts, rusts, and smuts etc. Airborne fungi are important source of indoor allergens and studies 
confirm their role in the development of allergic diseases. In order to identify indoor fungal 
allergens, 539 house dust samples were collected from different regions in Saudi Arabia. Samples 
were analyzed by culture employing Sabouraud Dextrose and Potato Dextrose Agar. The cultivated 
plates were incubated at 25°C up to 5 days. Colony forming units (CFU) were enumerated and 
identified.  
 

Various fungal species were identified from the samples. The majority of fungi identified belonged 
to the allergenic genera. Aspergill us niger constituted 38.5%, A. fumigat us 15.5%, Rhizopus spp 
14.5%, Penicillium spp 8%, Aspergill us spp 7.1%, Alternaria spp 4.4%, Yeast 4%, Mucor 3%, 
Cladosporium spp 2%, Fusarium spp. 1%, and other minor type include A. flavus 2%. The non-
coastal cities (n=455) showed a higher percentages than coastal cities (n=84) because of difference 
in sample collection.  
 

Public places, primarily mosque, was included in the study. Out of 104 samples, Aspergill us niger 
constituted 39%, Rhizopusspp 14%, Aspergill us fumigat us 12%, Alternaria spp 10%, Fusarium sp. 
8%, Penicillium spp 6%, As pergill us spp 6%, Ulocladium, Bipolaris and Yeast 2%, Mucor, 
Cladosporium spp and Drecslera spp. 1%.  
 

Exposure to certain fungal species cause sensitization and allergic reactions and may increase 
severity of asthma symptoms. Therefore, proper avoidance strategy need to be adopted with a 
regular cleaning of storage area and humidity control measures, if possible. 
 
  

  
 
 

 
 

 
 

 
 
 

 
 

 

 
 

 
 

 
 
 

 
 

 
 
 

 
 
 
 
 
 

  
 
 
 

INTRODUCTION  
 

Allergic diseases are considered to be one of the major diseases 
of the twentieth century, estimated to affect more than 30% of 
the population with increasing incidence (Crameri, et al. 2014). 
The ambient atmosphere is dominated along with many others, 
pollen and spores, which trigger allergic reactions and diseases 
(Ezike, et al. 2016). Fungi are among the most important 
aeroallergens (Abu-Dieyeh, et al. 2010) and well known to 
cause allergic diseases (Hasnain, et al. 2012). They are present 
in some outdoor and indoor environment. Many research 
confirmed the relationships between environmental fungal 
exposures and human health effects (Baxi, et al. 2016). 
 
Exposures to several fungal spores are also associated with the 
risk of child and adolescent asthma which is a significant 
public health problem (Tham, et al. 2016; Sharpe, et al. 2015). 

Allergenic fungal components from indoor environment also 
play an important role in patients with allergic rhinitis, 
bronchial asthma, allergic conjunctivitis and allergic 
bronchopulmonary aspergillosis (ABPA) (Żukiewicz-Sobczak, 
2013; Bush, 2008). Indoor environments play important role in 
human health and most indoor pollutant comes from biological 
particles such as fungi (Haleem Khan, 2012).   
 

Aspergillus species is known to be one of the important fungal 
type causing allergic reactions among various groups of fungi 
(Patterson & Strek, 2010). Aspergillus fumigatus is one of the 
most frequent species in the genus and play an important role 
in the patients who have allergic immune response to 
Aspergillus (Pasqualotto, 2009); Inhalation of their spores can 
affect the respiratory tract and cause Allergic Broncho-
Pulmonary Aspergillosis (ABPA) (Shah & Panjabi, 2016). 
Aspergillus niger, Aspergillus fumigatus, Aspergillus flavus are 
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some of the important allergenic species (Bhetariya, et al. 
2011). In addition, Alternaria, Cladosporium, Penicillium and 
some other type of fungi are also found to be an important 
species affecting human health (Erkara, et al. 2008). 
 

Many studies have been conducted worldwide showing a high 
prevalence of outdoor and indoor fungi (Tham, et al. 2016; 
Beezhold, et al. 2008).  In the Middle East, documentation is 
poor in all countries other than Iran and KSA (Goronfolah, 
2016).  The airborne fungi identified as the most common 
allergen in Iran (Soleimani, et al. 2013) and Saudi Arabia 
(Hasnain, et al. 2004; Alwakeel & Nasser, 2011). However, 
some studies conducted in Saudi Arabia showed a high 
prevalence of sensitization to aeroallergens are outdoor studies. 
Limited data are available on indoor allergens in general, as 
very rare studies conducted on indoor fungi (Almogren, 2009). 
 

MATERIALS AND METHODS 
 

Sampling cities 
 

The samples were collected from different cities throughout 
Saudi Arabia, with different geographical conditions. Non-
coastal areas which are hot and dry in summer, cold in winter. 
Summer temperatures sometimes exceed 45°C, while in winter 
the temperature falls to 5°C or lower. The coastal area is 
renowned for its humidity, with summer temperatures rising to 
>40°C. 
 

Cities descriptions 
 

Riyadh: the capital city as well as the most populous city of the 
Kingdom of Saudi Arabia, lies in the Central Region, It has a 
very dry climate and rainfall, the weather is dry and hot in the 
summer and cold in the winter. 
 

Qassim: an agricultural area situated in central of Saudi Arabia, 
the weather in Qassim is very hot in summer and rainy and cold 
in winter. 
 

Jeddah: a coastal city laying on the red sea, located on the 
western region of the Kingdom, it has a high temperature and 
humidity during the summer. 
 

Makkah: a mountain and valleys area in the western region of 
the Kingdom, the climate is generally high temperature, in 
winter; it is between 20-25°C while in summer it could go up 
to 47°C. 
 

Abha: a mountain area located on the south-west region of the 
Kingdom, it has a generally moderate climate, moderate 
temperature and climate all year round and heavy rainfall. 
 

Jizan: a coastal area lying on the red sea and located in the 
southwestern region, the weather is hot in the summer and mild 
in the winter. 
 

Arar: situated in northern region of Saudi Arabia, is considered 
to have a desert climate. 
 

Jouf: located in the northwestern part of Saudi Arabia and 
considered to have a desert climate. 
 

Dammam: lies in the Eastern region and important seaport, it 
has a hot and humid climate in summer and mild temperature 
in winter. 
 

Al-wajh: is a small city on the northern Red Sea coast of Saudi 
Arabia, has a high temperatures and humidity during the 
summer. 
 

Collection of Samples from homes/ public places 
 

Samples were collected in sterile plastic (ziplock) bag, by 
vacuuming carpet in the bedroom, living rooms, mattresses, 
sofas and other non-synthetic furniture. In some cases, a holder 
attachment device or connector (MODEL ALK) especially 
designed were used for this purpose. Individuals using their 
own vacuum cleaners were advised to use a new vacuuming 
bag and transfer the dust in a plastic (ziplock) bag (provided to 
them). Collected samples on the filter dishes were sealed, 
labeled and transported safely to the laboratory. 
 

Processing of House Dust Samples 
 

All collected house samples were cleaned in the laminar flow 
cabinet, separating the bigger particles and sieving the samples. 
All information such as collection date, name, address, 
location, contact person, telephone, and email address are 
recorded in the database for each sample. 
 

Dust Culture for Allergenic and Toxic Fungi 
 

Dust samples collected from homes and public places were also 
used for identification of various dry-spore fungi, known to 
cause respiratory allergies. 
 

100 ml of diluted dust were poured on two petri dishes 
containing two different culture Medias: 
 

a) PDA (Potato Dextrose Agar) 
b) SDA (Sabouraud Dextrose Agar). 
 

These plates were incubated at temperatures 25°C for 5-7 days 
for identification. 
 

With a maximum incubation of 7 days, molds colonies were 
identified in almost all samples. 
 

RESULTS 
 

Colony Forming Unit (CFU) of 16 fungal taxa were isolated 
from 539 indoor dust samples. These samples came from 11 
cities around the Kingdom as indicated in Figure 1. The 
identified species were, in descending order, Aspergillus niger 
39%, Aspergillusf umigatus 15.5%, Rhizop us spp 14.5%, 
Penicilliumspp 8%, Aspergillus spp 7.1%, Alternaria spp 4.4%, 
Yeast 4%, Mucor 3%, Cladosporium spp 2%, Fusarium spp. 
1%, and other minor types 2%. The minor types included: A. 
flavus, A. rugulosus, A. tamari. Aureobasidius pullulans, 
Arthrinium sp, and Drechslera sp. 
 

 At a look 3 species of allergenic fungi constituted 62.3% 
in coastal regions compare to the same 3 species 
constituting 61% in non-coastal regions.  However, it 
must be noted the 62.3% of Aspergillus species resulted 
from a total of 84 samples compared to 455 samples 
from non-coastal regions. 

 Out of 455 samples collected from the non-coastal 
regions, 104 were collected from public places 
(mosques) in the Riyadh region. 
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Figure 1 The Kingdom of Saudi Arabia
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Figure 2A Percentages of All Fungi (CFU) in House dust samples from 
different cities 

 

Individual fungal type in non-coastal cities against the 
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Figure 2B Percentages of Fungi (CFU) in House dust samples in Non
Coastal Cities 

Individual Fungal Type Against The Total 
Coastal Cities 

 

Figure 2C Percentages of Fungi (CFU) in House dust samples in 
Coastal Cities 
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Abbr.: Alt; Alternaria sp., Asp.f; 
Asp.n; Aspergillus niger, Cld.sp; 
Penicillium sp., Rhi.sp; Rhizopus
Mucor sp., Fus. sp; Fusarium sp
Ulocladium. 
 

DISCUSSION 
 

The study was part of a larger program to enumerate various 
allergenic components of indoor origins such as Cat (
domesticus/ Fel d 1), cockroach (
etc. Fungal components were handled separately by culture as 
only limited antibodies are available to detect fungal proteins 
by monoclonal antibodies using ELISA. The results finalized 
for 539 indoor samples that included house dust samples from 
homes and public places such as mosque, indicate a heavy 
infestation of highly allergenic group of fungi
species. From the data it is clear that 4
dominated the indoor fungal flora with varying CFU. Since we 
experienced huge problem in getting even number of samples 
in order to have a clear analysis but either because of the 
ignorance of patients and collectors or because of logistics 
reasons, the collection of more sam
however, polled the data into coastal and non
analyzed accordingly. Since the samples from coastal (404) 
regions was smaller compared to non
therefore, an actual CFU level of fungi in the c
cannot be determined. However, it is well known that humidity 
and temperature favor the growth of fungi and as such, these 
two meteorological factors are available in all coastal cities of 
the Kingdom. Therefore, it is not inconceivable that 

 

The Kingdom of Saudi Arabia 

Percentages of Fungi (CFU) in House dust samples 

 
Fungi (CFU) in House dust samples from 

coastal cities against the 

 
Percentages of Fungi (CFU) in House dust samples in Non-

Individual Fungal Type Against The Total Fungi In 

 
Percentages of Fungi (CFU) in House dust samples in 

Alt sp. Asp.F

Asp.N Asp.sp

Cld.sp Fus.sp

Mucor sp Pen. Sp

Rhi.sp Yeast

Other minor
types

Alt sp. Asp.f

Asp.n Asp.sp

Cld.sp Fus.sp

Mucor sp Pen. sp

Rhi.sp Ulo.sp

Yeast Bipolaris

Other minor
types

Alt sp. Asp.f

Asp.n Asp.sp

Cld.sp Pen. sp

Rhi.sp Ulo.sp

Yeast

Figure 3 Percentages of Fungi (CFU) in House dust samples fungi in 
Coastal cities against Non

Figure 4 Percentages of Fungi in Public Places (Mosques) n=104
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level of fungal propagules will be much higher in coastal part 
compared to non-coastal regions (Figure 2 and 3). 
 

Public places, primarily mosques and because of the logistic 
reasons, where many people visits several times a day, were 
selected for collection of samples. Results finalized for 404 
samples, also displayed Aspergillus as dominant fungi (Figure 
4). 
 

As presented in the Introduction, that fungi in general and the 
spores of the fungi in particular have antigenic potency and 
have been found responsible for the sensitization and 
development of allergic diseases particularly bronchial asthma. 
Because of the smaller size of Aspergillus spores (about 5 
micron) they easily penetrate to the lower bronchioles of the 
lower respiratory tract.  This phenomenon also cause infection 
and inflammation in non-susceptible (non-allergic individual) 
termed as Aspergilloma and Allergic Bronchopulmonary 
Aspergillosis. 
 

The very important practical aspect of the study presents a 
challenge to minimize the level and prevent the onset of 
allergic symptoms in many patients spending their time in the 
indoor environment. Saudi Arabia is one of those countries 
where, for cultural reasons and weather conditions, many 
people spend their time in the indoor environment. It is 
therefore concluded, that non-allergic individuals in general 
and allergic individuals in particular, must protect themselves 
from exposure to fungal allergens. It is difficult for them to 
know what allergens maybe in their ambient environment but 
such studies, through the physician’s clinic, allergy society or 
allergy nursing staff can provide the details as to what species 
are likely to be in their region. Proper cleaning, Hepa-filter 
vacuuming and removing the sources of fungal growth such as 
storage areas, bathroom and kitchen areas etc. must be 
undertaken and if required, casual use of dust mask should be 
adopted for individual’s protection. 
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