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ABSTRACT
This study was carried out to isolate and identify the eye and nose fungal flora from healthy dromedary camels 

living in Iran during January and May 2009. The samples were taken using premoistened swabs from the right and/or 
left eye (n=63) and nose (n=69) of camels, seeded onto Sabouraud glucose agar and incubated at 30°C over a  period 
of 7-10 days. Moulds identification was achieved to the genus level and yeast colonies were identified for macro and 
micro-morphologic and physiological characteristics. A total of 162 and 646 fungal isolates were obtained from eye 
and nose samples, respectively. The most predominant fungal isolates were Cladosporium (38.2%) and Candida krusei 
(34.9%) in the eye and Cladosporium (32.1%), C. tropicalis (30.9%) and C. glabrata (29.2%) in the nose of animals (P<0.05). 
The yeasts were associated with moulds. Also, 22 certain pathogens identified as Nocardia asteroides and Actinomyces 
bovis, which was not commonly related to fungal flora of animals’ nose were also found. Our results showed that 
Cladosporium and Candida species were the most frequent fungal isolates obtained from eye and nose of camel.
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Over 300 species of fungi have been reported to 
be animal pathogens (Scott et al, 2001). The microbial 
flora of the normal eye has been found in many 
animal species such as cows (Samuelson et al, 1984), 
pigs (Davidson et al, 1994), birds (Miller et al, 1995), 
rabbits (Cooper et al, 2001), horses (Moore et al, 
1988), bison (Davidson et al, 1999), dogs and cats 
(Samuelson et al, 1984). Several factors including 
age, geography, habitat, husbandry and climate are 
described to influence its composition (Andrew et 
al, 2003). Corneal or conjunctival tissue can become 
infected by saprophytic fungi following a trauma, 
underlying ocular pathology or improper use of 
topical antibiotics and/or corticosteroids (Brooks, 
1999). Many reports showed that healthy eye often 
yield bacteria or fungi, which some of them were 
potential pathogens (Whitley and  Moore, 1984; 
Gerding et al, 1993a; Gerding et al, 1993b).

On other hand, primary mycotic infections of 
the animal nasal cavities are uncommon but nasal 
mycosis often occurs secondary to other disorders, 
such as sinusitis, nasal neoplasia or traumatic 
damage to the nasal mucosa. These infections can 
be very destructive, resulting in erosion of the nasal 
conchae (Barakzai, 2007). They may occur in immuno-
competent or immuno-compromised animals, may 

have an acute or chronic course and may spread to 
the orbit, structures of the eye and the brain (Sanabria 
et al, 1992).

Since mycologic diagnostic tests are not 
routinely performed on initial presentation for eye 
and nasal infections, a wide spectrum antibiotic 
is usually used. In order to increase the accuracy 
of treatments, knowledge of fungal flora found 
in healthy eye and nose of camels would be most 
valuable. Therefore, the study of fungal flora of 
this animal is vital to understanding eye and nasal 
diseases and critical to guide the selection of suitable 
anti-infective agents. In our knowledge, we did not 
find the data of camel eye and nose mycoflora and 
details of various fungal species in the literature. The 
purpose of the present paper is to culture, describe 
and quantify moulds and yeasts from eye and nose of 
healthy camels living in Iran, and to identify the most 
common fungal species.

Materials and Methods
Right and/or left eye (n=63) and nose (n=69) of 

camel of different sexes and aged from 1.5 to 12 years 
old were examined. The subjects were from different 
farms in Iran with different management systems. 
All the animals were considered clinically healthy on 
ophthalmic and nasal examinations.
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yeasts, respectively. Significance of age of camel and 
isolated of fungi has not been presented in table but 
is mentioned in the text.

Concerning the nose mycoflora, fungal agents 
82.6% were isolated from (57) nose samples of healthy 
camels. A total of 646 fungal isolates were recovered 

Samples were taken during January and May 
2009. Eye specimens were obtained by retropulsing 
each eye through the closed upper eyelid and 
running a sterile swab along the surface of the ventral 
conjunctival fornix. Special care was taken to ensure 
that the swab did not come into contact with the 
vibrissae, eyelids or eyelashes. Camels with active 
inflammation or a red eye were excluded. In addition, 
dry and sterile cotton swabs in sterile glass tubes were 
used to culture the nose samples of the isolated camels.

Each sample was maintained in 2 ml of sterile 
water with 50 µl/ml gentamicin added. Samples 
were seeded onto Sabouraud glucose agar (Merck 
Co, Darmstadt, Germany ) supplemented with 
antibiotic (chloramphenicol 0.005%) and kept at 30°C 
for up to 7-10 days. Moulds were identified to the 
genus and species levels; Aspergillus species were 
identified following the keys of Raper and Fennel 
(1965). Yeast colonies were identified for macro and 
micro-morphological characteristics and on the basis 
of physiological characteristics such as, presence 
of capsule by India ink testing, urease production 
at 25°C, germ tube and sugar fermentation and 
assimilation tests by RAPID yeast plus system (Remel 
Inc, USA). Tests were performed on all isolates. Each 
test was carried out in duplicate to confirm the results.

Statistics
The chi-square (χ2) test was used to assess 

statistical  differences  between  the  groups. 
Probabilities of 5% were taken to be statistically 
significant. Results were analysed and described 
by way of frequency and percentual distribution 
expressed in tables and graph.

Results
Thirty-eight of the 63 camels (39.7%) had a 

positive culture for fungi from one eye. Seventy-
six moulds and 86 yeasts isolates (totally 162) were 
screened and identified from the samples as indicated 
in tables 1 and 2. The yeasts were always associated 
with moulds. Three different fungal species were 
found in 7 camels, 2 in 18 and 1 in 13 camels. The 
most frequent fungal genera and species were as 
follows: Cladosporium (38.2%), Penicillium (17.1%), 
A. fumigatus (11.8%) and A. alternata (10.5%) among 
moulds and C. krusei (34.9%), C. tropicalis (14%) and 
G. candidum (11.6%) among yeasts. As shown in 
Figure 1, there was no significant difference between 
moulds (46.9%) and yeasts (53.1%) isolated. The 
values found on Cladosporium species and C. krusei 
were significantly higher (P<0.05) in comparison 
with the results obtained on the other moulds and 

Table 1.	 Frequency of the isolation and percentage of moulds 
from 38 healthy eyes and 57 healthy noses of 
dromedary camels.

Eye No. (%) Nose No. (%)
A. niger 6 (7.9) 30 (6.7)                      
A. fumigatus 9 (11.8) 16 (3.6)                           
A. flavus 1(1.3) 27 (6)
A. clavatus 0 4 (0.9)
Mucor spp 4 (5.3) 57 (12.7)
Rhizopus oryzae 0 15 (3.3)
Penicillium spp 13 (17.1) 61(13.6)
Chrysosporium spp 0 6 (1.3)
A. alternata 8 (10.5) 17 (3.8)
F. solani 0 37 (8.2)
F. oxysporum 0 7 (1.6)
Acremonium spp 0 8 (1.8)
Absidia corymbifera 2 (2.6) 2 (0.4)
Paecilomyces variotii 4 (5.3) 2 (0.4)
Cladosporium spp 29 (38.2) 144 (32.1)
Ulocladium spp 0 6 (1.3)
Syncephalastrum spp 0 2 (0.4)
Cunninghamella spp 0 8 (1.8)
Total 76 (100) 449 (100)

Table 2.	 Frequency of the isolation and percentage of yeasts 
and actinomycetal agents from 38 healthy eyes and 
57 healthy noses of dromedary camels.

Eye No. (%) Nose No. (%)
Yeast
C. albicans 5 (5.8) 19 (10.9)
C. tropicalis 12 (14) 54 (30.9)                        
C. glabrata 5 (5.8) 51(29.1)
C. krusei 30 (34.9) 3 (1.7)                             
C. guillermondii 5 (5.8) 0                        
G. candidum 10 (11.6) 5 (2.9)
R. rubra 9 (10.5) 10 (5.7)
Cr. Albidus 3 (3.5) 8 (4.6)
T. Beigelii 7 (8.1) 25 (14.3)
Total 86 (100) 175 (100)
Actinomycetes
N. asteroides 0 10 (45.5)
A. bovis 0 12 (54.5)
Total 0 22 (100)
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and identified from the samples. After investigation, 
mixed yeasts and moulds were determined, in which 
6 different fungal isolates were found in 1 camel, 5 in 
5, 4 in 3, 3 in 25, 2 in 16 and 1 in 7 camels. It was found 
that all these fungal isolates belonged to 21 genera; 
Cladosporium (32.1%), Penicillium (13.6%), Mucor 
(12.7%) and C. tropicalis (30.9%), C. glabrata (29.2%) 
and T. Beigelii (14.3%) predominantly among moulds 
and yeasts, respectively. The isolates were identified 
as moulds in 69.5% of cases (P<0.05), yeasts in 27.1% 
and actinomycetes in 3.4% (Fig 1). As shown in Tables 
1 and 2, Cladosporium was the highest frequent species 
among moulds and C. tropicalis and C. glabrata were 
the highest frequent species among yeasts, indicating 
significant differences in comparison with other fungal 
isolates (P<0.05). Two actinomycetal isolates were also 
identified as N. asteroides and A. bovis in camels’ nose 
whereas, they did not found in healthy eye.

Discussion
The resident eye and nose fungal flora are still 

unknown in dromedary camels and this knowledge 
would be very useful in assessing the accuracy of 
treatments. The micro-organisms isolated in this 
study and their relative frequencies were quite similar 
to the previous investigations from eye of mammals 
and exotic birds (Samuelson et al, 1984; Dupont et 
al, 1994). A large range of fungal flora were isolated 
from eyes of our sample population, indicating 
the presence of fungi in healthy camels living in 
Iran. Most frequently recovered fungal genera were 
Cladosporium, followed by Penicillium and Aspergillus 
spp. Dematiaceous fungi like Cladosporium species 
are frequently encountered as fungal contaminants 
and they are considered one of the most common 
causes of keratomycosis in animals (Andrew et al, 
2003). Alternaria alternata was isolated occasionally 

from both eyes of the same animals. This fungus is a 
major cause of fungal keratitis and is considered as 
the most capable of producing disease owing to their 
ability to invade and destroy the cornea (Tu, 2009). 
Fungi are usually isolated more frequently in large 
animals such as equine and bovine species, since 
their environment contains more organic material. 
Our results agree with those of Barsotti et al (2006) 
and Nardoni et al (2007), who found a large number 
of Cladosporium, Aspergillus and Penicillium species 
from horse and donkey eyes. In an another study 
conducted by Samuelson et al (1984), conjunctival 
swab specimens were obtained from both eyes of 43 
horses, 25 cows, 50 dogs and 25 cats without keratitis 
or other ophthalmological problems. Fungi were 
isolated from 95% of the horses, 100% of the cows, 
22% of the dogs and 40% of the cats. Aspergillus 
species were isolated from 56% of the horses, 12% 
of the cows, 8% of the cats, and none of the dogs. 
Penicillium and Cladosporium species were isolated 
ubiquitously. In birds, Dupont et al (1994) showed 
only 2 fungal species, Aspergillus and Cladosporium in 
healthy eyes of birds of prey. The overall results of 
this study are similar to previous studies carried out 
in humans and other animals.

Predominant isolation of yeasts such as Candida 
species also occurred. Among them, Candida krusei 
was the predominant fungal isolate in healthy 
eyes. Candida krusei, which was found as the most 
general isolated yeast, is considered nonpathogenic; 
however, it can become pathogenic as a result of 
underlying ocular pathology. To our knowledge, 
there are no reports in the literature concerning camel 
keratomycosis in Iran.

In present study, no difference was observed 
based on animals’ age and this finding was in 
agreement with Barsotti et al (2006) report on horse’s 
eyes. In contrast, Andrew et al (2003), reported that 
the likelihood of detecting fungi depended upon 
horses’ age, younger animals being more frequently 
colonised. Stabled animals were more frequently 
positive than those living outside, as observed in 
previous reports (Whitley et al, 1983; Moore et al, 
1988; Rosa et al, 2003), confirming that stabling or 
blocked places may be considered a risk factor. The 
age variation among the different studies may be 
due to varying methods of handling, hygiene and the 
geographical regions where the research was made.

Studies that have attempted to quantitate and 
identify as to species, the fungi in the nasal flora of 
animals are few in number. In this study, 57 out of 
69 (82.6%) were positive for fungi. Most frequently 

Fig 1.	 Comparison of percentage of moulds and yeasts isolated 
from eyes and nasal cavity of dromedary camels.
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recovered  fungal  genera  were  Cladosporium, 
Penicillium, Mucor among moulds and C. tropicalis, C. 
glabrata and T. Beigelii among yeasts. Previous studies 
on the nasal mycoflora of different animals revealed a 
diverse grouping of moulds and yeasts. It was reported 
Rhodotorula, C. krusei, Geotrichum and T. beigelii in the 
nares of dog (Balish et al, 1977), Aspergillus species and 
Conidiobolus coronatus in horse (Korenek et al, 2008), 
dematiaceous fungi including Bipolaris and Drechslera 
species in cow (Penrith et al, 1994), Cryptococcus species 
in cat (Malik et al, 2008) and Aspergillus species in 
ostrich (Fitzgerald and Moisan, 1995). This report and 
other data on nasal mycoflora of animals demonstrated 
that their mycoflora is diverse and made up of a 
variety of fungi. Our finding was in close consistent 
with some studies. The reasons for these differences 
are attributed to geographical conditions, such as plant 
flora, humidity and temperature as important factors 
to spread the fungi.

During this study, some filamentous bacteria, N. 
asteroides and A. bovis, were observed in camels’ nose. 
The isolation of these organisms from nose appears 
not to have been recorded earlier in animals, although, 
their involvements in the paranasal sinuses and lungs 
mycoses are well documented (Roberts et al, 1995; 
Menendez et al, 1997; Ozcan et al, 2004; Ono et al, 2006). 
Actinomyces existing in the nose, paranasal sinuses, 
oral cavity, pharynx, salivary gland and intestine 
as indigenous bacteria can induce actinomycosis 
following dental manipulation, trauma or aspiration 
(Ono et al, 2006). In contrast, the presence of N. 
asteroides in nasal cavities must be interpreted with 
caution and the fact, that the manner in which these 
saprophytes become established in the normal flora 
of mammals requires further study. Interestingly, in 
2 previous studies performed by Khosravi et al (2008), 
N. asteroids was isolated from vagina, uterine body 
and external ear canals of several dromedary camels 
examined as well. Although this micro-organism is 
one of saprophytic and thermophilic agents found in 
soil and infection usually takes place through wound 
contamination (Harvey and Lloyd, 1995), it seems 
that the presence of this organism into the camels’ 
nasal cavity occur through close contact with soil and 
desert plants (Astragallus spp); and are treated not 
as the component of physiological flora, but as the 
contamination.

This study demonstrated the similarity between 
the mycoflora of healthy eye and nose of camels and 
those of other animal species. Also, a survey of the 
most common organisms recovered from diseased 
eye and nose of camels would be most valuable. As 

our knowledge of the camels’ eye and nose grows, so 
will our capacity to give them the best possible care.
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