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Fungi are normal inhabitants of the equine ocular surfaces. However, 

they can cause keratomycosis under certain conditions. This work was 

aimed at identifying the fungal flora of the normal conjunctiva of 

donkeys in Iran and to determine the effect of gender and age variations 

on the flora. Samples were collected from both eyes of 120 healthy 

donkeys, aged 1-12 years, and subsequently cultured on Sabouraud’s 

dextrose agar. Totally, 92.08% of specimens were culture-positive for 

one to six different species of fungi (overall 10 genera and 13 species 

were isolated). The most common fungal genera were Candida 

(33.01%), Alternaria (25.91%), Penicillium (16.89%) and Aspergillus 

(11.70%). Yeasts (Candida, Rhodotorula and Geotrichum spp) 

represented 38% of the isolates. Age and sex of donkeys appeared to 

influence the isolation rate of some fungal species. A positive 

correlation was found between the age and number of fungal species 

isolated per eye (r=0.187; P=0.008). Isolated fungi were similar to those 

reported previously for equine species, although the prevalence of yeasts 

was higher which may be due to geographical differences. 
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 رانیسالم درا  یچشم الاغ ها یفلور قارچ

 2*  سوره یعراق آرش، 1 یظفر نادر  دیسع

 ران یا  ه، ي دانش آموخته دانشكده دامپزشكي، واحد اروميه، دانشگاه آزاد اسلامي،اروم  1
 ران یا  ه، ي ،ارومي دانشگاه آزاد اسلام ه، يواحد اروم ، يدامپزشك  يگروه علوم درمانگاه  2

 ه چکید
 ي فلور قارچ  یيمطالعه شناسا ن یگردند. هدف از ا  يم كوزیکراتوما جادیخاص باعث ا  طیدر شرا  كن يباشند، ل  ي سطح چشم در اسب سانان م يعيطب  ن يقارچ ها ساکن

سال 12تا  1  يبا گستره سن  سالمراس الاغ    120باشد. نمونه ها از هر دو چشم    يفلور م  نیا  یبر رو   زبانياثر جنس و سن م  نييوتع  رانیملتحمه سالم الاغ ها در ا
گونه    13جنس و    10مختلف مثبت بودند . در مجموع    يگونه قارچ  6تا    ک ی  یاز نمونه ها برا  % 08/92. در کلدیسابرودکستروز آگار کشت گرد  طي اخذ و در مح

آلترنار%01/33) دایکاند  یجدا شده شامل جنس ها  ی قارچ ها  نی. فراوانتردیجدا گرد  يقارچ ( بودند. %70/11)لوسی( و آسپرژ%89/16) وميليس  يپن  ،(%91/25) ای(، 
از قارچ ها را تحت    یتعداد  یجداساز  زانيم  زبانيها را بخود اختصاص دادند. جنس و سن م  ه یاز جدا  %38(كومیرودوتورلا و جئوتر  دا،یکاند  یمخمرها )جنس ها

جدا شده مشابه    ی(. قارچ هاP   ،187/0=r= 008/0شد)   دهیهر چشم د  یجدا شده به ازا  ي قارچ  ی سن و تعداد گونه ها  ني مثبت ما ب  يهمبستگ  کی قرار داد.    ريتاث
 باشد. یيايجغراف  یاز تفاوت ها  يتواند ناش يبود که م شتريمخمرها ب ی جدا ساز ياسب سانان بود، اگر چه  فراوان گرید  یگزارش شده برا ي موارد قبل

ن رایا ،يالاغ، چشم، فلور قارچ دا،یکاند واژه های کلیدی:
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INTRODUCTION 

Keratomycosis is a painful and sight-

threatening disease, most commonly 

diagnosed in horses than in other domestic 

species [1] comprise it 4.8 to 39% of total 

ulcerative keratitis [2, 3], and accounts for 

13% of total corneal problems reported in 

horses [4]. Reportedly, 2 to 56% of these eyes 

were to be enucleated due to lack of response 

to treatment [5, 6].  

Keratomycosis usually follows corneal trauma. 

Abrasion or ulceration of the protective layers 

and particularly corneal epithelium, as the 

most effective defensive mechanisms of ocular 

surface, can lead to the invasion of corneal 

stroma by fungi and consequently typical 

melting corneal lesions [7].  

Factors believed to predispose horses to 

keratomycosis include innate species-specific 

susceptibility and debility of the defensive 

mechanisms of outer eye, large eyes that 

protrude from the orbital fossa and eyes with 

large exposed corneas that are prone to trauma. 

A relatively slow rate of corneal fibrovascular 

infiltration and healing can provide a niche for 

opportunistic infective agents following a 

mechanical, chemical or enzymatic insult [5]. 

In equine species, fungi involved in corneal 

infection are generally considered to be those 

of the fungal flora of normal conjunctiva [8]. 

Therefore, knowledge of fungal species most 

likely to be encountered on ocular surface is 

important to select an antifungal drug as 

empirical treatment of corneal mycoses. 

Aspergillus, Cladosporium, Alternaria, 

Penicillium and Mucor are the predominant 

species in most mycological studies of the 

equine normal conjunctiva [9, 10, 11]. The 

ocular fungal flora is thought to be transitory 

and related to seeding from surrounding 

environment, therefore, may vary with the 

season, geography and habitat [8]. The aim of 

this work was to describe the conjunctival 

fungal flora in healthy donkeys living in the 

northwest of Iran. Differences between 

prevalence of isolated fungi in relation to age 

and sex of donkeys were also investigated. 

MATERIALS AND METHODS 

Study Area 

 This study was carried out from October 2011 

to April 2012 in rural areas around the lake 

Urmia, northwest of Iran (37.7000°N, 

45.3167°E), with altitude of 2,120m above sea 

level, 342 mm annual precipitation and an 

average minimum and maximum temperatures 

of 5 °C and 19.6 °C, respectively.  

Animals and Sampling Procedures 

A total of 120 donkeys (52 females, 43.33%; 

68 males, 56.67%) with an age range of 1 to 

12 years old (median 5.0 years) were selected 

and divided into two age groups (group A: 

below 5 years of age, 57 heads; group B: 

above 5 years of age, 63 heads). The eyes were 

carefully examined and proved to be clinically 

healthy. The specimens were obtained from 

the inferior conjunctival sac of both eyes by 

sterile dry swab without touching the eyelids, 

eyelashes and vibrissae. The swabs were 

placed in tubes containing sterile normal saline 

and submitted immediately to microbiology 

laboratory in a cool box.  

Mycology 

In the laboratory swabs were cultured on 

Sabouraud dextrose agar with chloramphenicol 

(HiMedia, India) and incubated at 30°C. The 

plates were evaluated daily at least for 3 

weeks. Growing colonies were investigated 

under microscope using lactophenol cotton 

blue stain. In some cases colonies were 

transferred on potato dextrose agar to induce 

fungal sporulation for identification purposes 

[12]. Except Aspergillus that was identified to 
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species level, other fungi identified to genus 

level. 

Statistical analysis 

Statistical analysis was performed with the use 

of SPSS (ver. 21). Mann-Whitney test was 

used to compare the rate of fungal isolation 

between sex and age groups. Kendall’s tau 

correlation test was used to assess the relation 

between age of donkey and number of fungal 

species isolated per eye. Significance was set 

at P < 0.05. 

RESULTS 

Examination of the conjunctival swabs from 

120 donkeys without any ophthalmic disease 

showed the presence of fungi in 100% of cases 

and 92.08% of eyes. A total number of 

521fungal isolates belonging to 10 genera and 

13 different species were recovered (Table 1). 

Single species were isolated in 47 eyes 

(19.58%). Two up to 6 different species were 

isolated in 174 eyes (72.5%). Candida spp, 

Alternaria spp, Penicillium spp and 

Aspergillus spp were the most prevalent 

isolates. The filamentous fungi composed the 

majority (62% of all isolates) vs. yeasts 

(Candida, Rhodotorula and Geotrichum spp). 

Aspergillus species included A. flavus 

(34.43%), A. niger (29.51%), A. terreus 

(24.59%) and A. fumigatus (11.47%).  

According to statistical analysis (Table 1), 

isolation rate of Mucor spp (P<0.01) and A. 

flavus (P<0.05) in males and isolation rate of 

A. flavus (P<0.05) in B age-group was 

significantly higher. The prevalence of the 

fungal species isolated per eye was 

significantly correlated to age of donkey (r = 

0.187; P = 0.008). 

 

Table 1. Fungal genera, number of species isolated and frequency analysis of isolates in relation to sex and age of donkeys 

Fungi 

No. of isolates (%)  

Total 
Sex 

P value 
Age group 

P value Male Female A B 

Candida spp 172 

(33.01) 

97 

(56.40) 

75 

(43.60) 

0.904 83 

(48.26) 

89 

(51.74) 

0.939 

Alternaria spp 135 

(25.91) 

76 

(14.31) 

59 

(11.45) 

0.901 66 

(48.89) 

69 

(51.11) 

0.749 

Penicillium spp 88 

(16.89) 

48 

(54.55) 

40 

(45.45) 

0.450 37 

(42.05) 

51 

(57.95) 

0.254 

Mucor spp 29 

(5.57) 

22 

(75.86) 

7 

(24.14) 

0.017** 11 

(37.93) 

18 

(62.07) 

0.238 

Aspergillus flavus 21 

(4.03) 

16 

(2.86) 

5 

(1.14) 

0.048* 6 

(28.57) 

15 

(71.43) 

0.049* 

Rhodotorula spp 19 

(3.65) 

11 

(57.89) 

8 

(42.11) 

0.793 7 

(36.84) 

12 

(63.16) 

0.534 

Aspergillus niger 18 

(3.45) 

9 

(50.00) 

9 

(50.00) 

0.302 6 

(33.33) 

12 

(66.67) 

0.363 

Aspergillus terreus 15 

(2.88) 

11 

(73.33) 

4 

(26.67) 

0.166 7 

(1.33) 

8 

(1.52) 

0.630 

Aspergillus fumigatus 7 

(1.34) 

5 

(71.43) 

2 

(28.57) 

0.419 3 

(42.86) 

4 

(57.14) 

0.801 

Geotrichum spp 7 

(1.34) 

5 

(71.43) 

2 

(28.57) 

0.419 1 

(14.29) 

6 

(85.71) 

0.071 

Gliocladium spp 5 

(0.97) 

3 

(60.00) 

2 

(40.00) 

0.878 3 

(60.00) 

2 

(40.00) 

0.569 

Trichoderma spp 3 

(0.58) 

2 

(66.67) 

1 

(33.33) 

0.724 1 

(33.33) 

2 

(66.67) 

0.620 

Cladosporium spp 2 

(0.38) 

2 

(100) 

- 0.382 2 

(100) 

- 0.293 

Total 521 

(100) 

307 

(58.93) 

214 

(41.07) 

0.131 231 

(44.33) 

290 

(55.67) 

0.084 

*: P < 0.05; **: P < 0.01; A: below 5 years of age B: above 5 years of age 
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DISCUSSION 

To our knowledge, this is the first published 

report of the ocular fungal flora from healthy 

donkeys in Iran and second in world. In the 

current study, positive fungal cultures were 

obtained from 100% of donkeys. The rate of 

fungal growth of samples from normal equine 

eyes differs between studies, from 13% [13] to 

almost 100% [14] in horses and 79.4% in 

Italian donkeys [10]. It has been suggested that 

fungal organisms are typically transitory 

inhabitants of the ocular microbiota, and their 

presence or absence can thus be affected by 

geographic, environmental and husbandry 

conditions [8, 15, 16]. Further, it is likely that 

sampling technique also be involved in these 

differences [13]. 

In various studies on the normal equine eyes 

molds predominated over the yeast organisms 

[9, 10, 11, 13] consistent with our data in 

which 62% of the isolates were filamentous 

fungi. In most of these studies, the major 

isolated fungi were Aspergillus spp, which 

were reported up to 71% of isolates [3, 10, 11, 

17]. However, in contrast to these reports, 

Candida spp was found to be the most 

prevalent fungal species in our study. Similar 

result has been echoed in one study in Brazil 

on the horses [18]. It has been suggested that 

the ocular surface could be contaminated with 

Candida spp by direct contact, as the organism 

can be frequently isolated from the hands of 

people. In Amiata donkeys the yeasts with 

11% prevalence [10] (vs. 38% in the current 

study) were sparse on the ocular surface. In 

our unpublished data, Candida spp were also 

the most prevalent isolates of normal eyes 

from horses of the same geographical 

distribution. It seems that geography plays an 

important role in composition and frequency 

of the outer eye flora. Genera Aspergillus, 

Fusarium and Candida have been reported to 

be most often fungi isolated in equine 

keratomycosis [5, 19] however, unlike 

Aspergillus spp and Fusarium spp that are 

reported frequently in most works, Candida 

spp are isolated more often in temperate 

regions than in tropical regions [5, 19, 20, 21]. 

In this study, Alternaria spp, Peni [19] cillium 

spp and Aspergillus spp were other prevalent 

isolated fungi. In study conducted in Italy on 

donkeys, Aspergillus spp, Penicillium spp, 

Cladosporium spp and Acremonium spp were 

the most common fungi found in normal eyes 

[10]. However, Alternaria spp have been 

reported frequently in horses [8]. In a recent 

study in Switzerland, this genus was reported 

to be most prevalent isolate of normal eyes in 

sixty-four horses [22]. Alternaria spp are 

dematiaceous fungi usually present on the 

ground or plants in decomposition and have 

been described as a cause of equine 

keratomycosis [8, 23]. Aternaria spp, 

Cladosporum spp, Penicillium spp and 

Aspergillus spp spores are the most frequently 

recovered fungal spores from the air [24]. 

Culturing common aerial fungal spores from 

the ocular surface of donkeys is no surprise, 

consistent with great exposure of their eyes 

due to the anatomical characteristics.  

In our study, different Aspergillus species 

were identified; of which A. flavus, A. 

fumigatus and A. niger are known toxigenic 

and pathogenic fungi, frequently isolated from 

mycotic keratitis [2, 6, 9, 20]. Since these 

fungi can readily contaminate the feed and 

their spores are easily airborne, the defects in 

the eye defense mechanisms, corneal trauma 

or use of immunosuppressive drugs can lead to 

colonization/penetration and then 

keratomycosis. 

All of the fungal genera isolated in this report 

are considered to be saprophytic; however, 

most of them have been reported from the 

equine keratomycosis [25]. Unlike horses, 
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there is no report in the literature on the ocular 

mycosis in donkeys. More closely observation 

of eyes in horses and extensive topical use of 

antibiotic and corticosteroid medications, that 

may enhance indigenous fungal replication, 

could be considered as reasons for high rate of 

keratomycosis in horses vs. other equine 

species 

It was proven that age and sex have various 

effects on the normal conjunctival flora in 

humans and animals. Liu et al [26] gave 

evidence that age has a significant positive 

correlation with the number of microbial 

species isolated per eye in human [26]. Similar 

conclusion can be derived from our study, 

where number of fungal species isolated per 

eye was significantly higher in the older 

donkeys. This may be due to decreasing 

immune functions, reduction of lacrimal 

secretions, and partially compromised or 

weakened local immune system in the older 

donkeys. Additionally, we found that age and 

sex affect the isolation rate of some fungi. 

Similar findings have been observed in various 

studies performed on the conjunctival 

microflora of different animals, as in one 

report from camelids, Bacillus spp was 

isolated more frequently in females [27]. Sex 

differences have also been seen in male horses 

[8], male goats [28] and female pigs [29], 

which had higher prevalence of the 

conjunctival bacterial and fungal isolates. A 

potential age difference was noted in study of 

the equine conjunctival flora where the authors 

found that the highest number of Gram-

negative and fungal isolates in younger horses 

[16]. To understand how sex and age of host 

affect the conjunctival microflora, and its 

clinical relevance more studies are required. 

CONCLUSION 

In this work multiple saprophytic fungi with 

potential opportunistic pathogenicity were 

isolated from the majority of the eyes. The 

isolated fungal species are comparable to the 

isolates of previous studies on equine species. 

However, the frequency of yeast isolation was 

higher which may reflect a geographic 

difference.  
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