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Abstract

Diabetes Mellitus (DM) is a risk factor for fungal infections, including
onychomycosis. The study aims to determine the prevalence of toenail
onychomycosis in diabetic patients and its correlation with associated factors, identify
the causative agents and compare the fungal culture findings with the real-time
polymerase chain reaction (RT-PCR) findings of diagnosing 6 fungal isolates. A total
of 126 diabetic patients were included between November 2020 to June 2021. Nail
samples were subjected to potassium hydroxide 20%. Culture was done on Sabouraud
dextrose agar medium (SDA), both with and without cycloheximide. Identification of
non-dermatophytic molds was based on colony characteristics, colony reverse, cello-
tape flag method and slide culture technique. Molecular analysis was done to make
sure of the identification of 6 fungal isolates. Out of 126 cases, 106 (84.1%) had
toenails onychomycosis. Non-dermatophytic molds (NDM) were the most common
isolates 75 (70.8%), followed by yeasts 8 (7.5%) and mixed infections 23 (21.7%).
Distal lateral subungual onychomycosis (DLSO) was the most frequent clinical type
90 (85%). Onychomycosis was found to correlate significantly with advancing age,
type 2 diabetes, its duration and clinically abnormal nails. However, there was no
significant correlation with gender and glycosylated hemoglobin (HbA1C). When the
results obtained by RT-PCR were compared with the results obtained by fungal
culture, a 100% match of the isolates was found.
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Introduction

Diabetes mellitus (DM) is a metabolic disorder characterized as complete or relative insulin
deficiency. The prevalence of diabetes was estimated to be over 246 million people in 2007 and
has been predicted to rise to 380 million by 2025 [1]. Diabetes patients are more prone to
develop fungal infections [2]. The greater frequency of infections in diabetics is caused by
immunity deficiency associated with a hyperglycemic environment, peripheral vascular disease
and peripheral neuropathy [3].

Diabetes mellitus is an important predisposing condition for onychomycosis [4], and is
characterized as a chronic fungal disorder that can infect toe and finger nails [5].
Onychomycosis presence can be determined with discoloration of the nail, onycholysis and nail
plate thickening, and it accounts for 90% of toenail infections globally [6].

The incidence of onychomycosis is up to 50% of all nail infections and 30% of fungal
cutaneous infections [7]. There are five different morphological manifestations of this disease:
distal lateral subungual onychomycosis (DLSO), proximal subungual onychomycosis (PSO),
white superficial onychomycosis (WSO), endonyx onychomycosis (EO) and total dystrophic
onychomycosis (TDO) [8]. Onychomycosis can be caused by dermatophytes, yeasts and non-
dermatophyic molds (NDM) [9]. Treatment options include debridement, antifungal
medications, laser therapy and surgical modalities [10].

At present, the laboratory diagnosis of onychomycosis depends on direct microscopy,
culture and molecular techniques [11], like polymerase chain reaction (PCR) which can save
time and provide high specificity [12]. However, PCR techniques are expensive and not easily
available which reduces their use in general practice [13].

Onychomycosis is not life threatening but because of its high incidence, weak response to
medications and its effect on the social and economic life of patients, it constitutes a significant
health problem [14]. Onychomycosis can be a cause of diabetic foot ulcers due to inability of
diabetics to clip their nails, hence causing them to hurt themselves [15], producing a portal of
entry for bacteria, fungi and other organisms [16].
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The Aim of the Study

The study aims to determine the prevalence of toenail onychomyecosis in diabetic patients
and its correlation with associated factors, identify the causative agents and compare the fungal
culture findings with the real-time polymerase chain reaction (RT-PCR) findings of diagnosing
6 fungal isolates.

Materials and Methods
Patients

A total of 126 diabetic patients, with age ranging from 27 to 80 years, admitted in Al-Basel
Hospital and the Military Hospital in Homs, Syria during November 2020 to June 2021, were
enrolled for this study. General information such as age, gender, type and duration of diabetes,
glycosylated hemoglobin (HbAL1C) levels were recorded. However, participants with
gestational diabetes, two feet amputation and those who had been on antifungal treatment
during the preceding four weeks were excluded. Control group included 20 non-diabetic, non-
immunocompromised, age and gender-matched persons present to outpatient clinics.

Sample Collection

Nail specimens from all patients were collected from both big toenails if all toenails looked
clinically normal, otherwise samples were taken from the two toenails that were clinically most
likely having onychomycosis if one or more of the toenails looked clinically abnormal [17].
The affected area was first cleaned with 70% ethanol and then the nail clippings were collected
with a sterile nail clipper into sterile petri dishes [18] and were afterwards sent to the
microbiology laboratory to be examined within 24 hours of specimen collection [19] at
Pharmacy College, Al-Baath University. The samples were labelled with patient code, gender,
age and the date of collection. In order to know whether there was contamination in the hood
or not, the petri dish containing the culture medium without culturing samples in it was placed
in the hood. Molecular analysis was done in the Department of Biology in the Atomic Energy
Commission of Syria. All participants signed a written informed consent and the protocol was
approved by the institute’s ethics committee.

Processing Samples
Microscopy and Culture

Direct microscopy was done, where nail materials were incubated in 20% potassium
hydroxide solution and then examined with x10 and x40 objectives for the presence of any
fungal elements [20]. Specimens were inoculated onto Sabouraud dextrose agar (SDA)
(Himedia, India), with and without cycloheximide, and were later incubated at 25°C for 6 weeks
[21]. The plates were sealed with proprietary tape to prevent airborne contamination in the
laboratory. The media were checked daily for growth. Sub-culturing on new SDA plates was
carried out to get pure isolates. Identification of non-dermatophytic molds grown on culture
plates was based on the colony morphology, reverse pigmentation on SDA, cello-tape flag
method and slide culture technique [19].

Molecular Analysis

Molecular characterization was done to confirm the identification of six fungal isolates
which were cultured in potato dextrose broth medium (PDB) and potato dextrose agar medium
(PDA). Then incubated at 28°C for 5 days. Genomic DNA was extracted from fungal isolates
using an in-house protocol [22]. The extracted DNA concentration was measured by a NanoVue
Plus spectrophotometer (Biochrom, Britain). Real time-polymerase chain reaction (RT-PCR)
test was performed using Mastercycler Pro Vapo.protect (Eppendorf, Germany) and carried out
by genes coding amplification of ribosomal RNA using specific primers (ITSF and ITSR)
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(Table 1). All loci were amplified with 200 ng of genomic DNA (1 pL) in a 25 pL reaction
volume that contained 1xPCR buffer (20 mM Tris HCI [pH 8.4], 50 mM KCI), 100 mM of each
of the four deoxy-nucleoside triphosphates (dNTPs), 1.5 mM MgSO4, 2.5U of Tag DNA
Polymerase and 10 uM of each primer. RT-PCR program consisted of a pre-incubation for 4
min at 94°C for, followed by 34 cycles of denaturation 1 min at 94°C, annealing for 30 s at 58°C
and extension for 30 s at 72°C, with a final extension of 10 min at 72°C. The results of the RT-
PCR tests were visualized in a 1% agarose electrophoresis gel at 100V and then visualized
under ultraviolet light. The bands corresponding to fungal DNA were cut and purified using
QIAquick PCR purification kit (QIAGEN, Germany) and were later sent for nucleotide
sequencing in the Department of Molecular Biology using Applied Biosystems (California,
USA). The identification was obtained by comparing the sequences in the NCBI database using
a Blast search.

Table 1: List of primers used in this study

INET[] Length m Primer sequence (5°-3°)
1 ITSF 18 60 TCCGTAGGTGAACCTGCG
2 ITSR 20 60 GCATCGATGAAGAACGCAGC

Statistical Analysis

Statistical analysis was performed using the Statistical Package for Social Science (SPSS)
version 22. Chi-square test was used for categorical data. P<0.05 was accepted as being
statistically significant.

Results

A total of 126 diabetic patients were enrolled, 80 (63.5%) males and 46 (36.5%) females of
which 28 (22.2%) had diabetes type 1 and 98 (77.8%) had diabetes type 2, aged between 27-
80. 98 (77.8%) had type 2 diabetes mellitus. 110 (87.3%) had at least one clinically abnormal
toenail. In diabetic group with clinical onychomycosis, DLSO was the most common clinical
presentation recorded in 90 (85%), followed by WSO in 5 (4.7%) and TDO in 1 (0.9%) of
patients, while the rest 10 (9.4%) had normal nails. The prevalence of clinical onychomycosis
in diabetic and control groups was 84.1% (106 cases) and 15% (3 cases) respectively. Out of
the 126 diabetics, only 14 (11.1%) cases had positive direct microscopy. The 57-71 years old
age group most commonly affected. In our study non-dermatophytic molds were the most
common group 75 (70.8%) followed by yeasts 8 (7.5%) and mixture of fungal organisms 23
(21.7%). Penicillium spp. was the most common isolate among NDM 46 (25.27%), followed
by Chaetomium spp. 28 (15.38%). In control group, Aspergillus Niger was the only isolated
fungus in 3 cases. The distribution of non-dermatophytic molds causing onychomycosis in
diabetic group is shown in Table 2.

A positive correlation was noted between the presence of onychomycosis and advancing age,
type 2 diabetes, its duration and clinically abnormal nails. However, there was
no significant correlation with gender and glycosylated hemoglobin. The frequency of
onychomycosis in diabetics was significantly higher as compared with control group.
Characteristics associated with onychomyecosis in diabetics have been summarized in Table 3.
There was 100% match between the results of identification of the 6 fungal isolates by both
methods (RT-PCR and classical culture) which indicates that the conventional culture
techniques used for fungal diagnosis can be reliable to detect fungal infections. The result of
molecular analysis is shown in Figure 1 and the fungal species identified using RT-PCR are
shown in Table 4.
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Table 2 - The distribution of non-dermatophytic molds causing onychomycosis in diabetic

group.

Non-dermatophytic Molds Isolated

Acremonium strictum
Alternaria spp.
A. alternate
A. brassicae
Aphanoascus spp.
Aspergillus candidus
A. flavs
A. fumigatus
A. niger
A. versicolor
Chrysosporium spp.
Chaetomium spp.
Cladosporium cladosporoides
C. sphaerospermum
Fonsecaea spp.

F. pedrosoi
Monascus spp.
Mucor spp.
Penicillium spp.
Rhizopus arrhizus
Scopulariopsis brevicaulis
Scedosporium apiospermum
Total

(%)Number

Table 3: Characteristics associated with onychomycosis in diabetics.

Characteristics

Onychomycosis (%)

Positive Negative
Age (years)
27-41 9 (60) 6 (40)
42-56 45 (91.8) 4(8.2)
57-71 50 (83.3) 10 (16.7)
>72 2 (100) 0 (0)
Gender
Male 66 (82.5) 14 (17.5)
Female 40 (87) 6 (13)
Clinically abnormal nails
Yes 96 (87.3) 14 (12.7)
No 10 (62.5) 6 (37.5)
Type of diabetes
Type 1 20 (71.4) 8 (28.6)
Type 2 86 (87.8) 12 (12.2)
glycosylated hemoglobin (HbA1C)
<6.5 20 (90.9) 2(9.1)
>6.5 86 (82.7) 18 (17.3)
Duration of diabetes (years)
>5 7 (63.6) 4 (36.4)
5-10 9 (64.3) 5 (35.7)
10-15 13 (76.5) 4 (23.5)
15-20 28 (100) 0 (0)
>20 49 (87.5) 7 (12.5)

2 (1.10)
19 (10.43)
3 (1.64)
2 (1.10)
)0.55 (1
2 (1.10)
6 (3.30)
4 (2.20)
8 (4.40)
8 (4.40)
2 (1.10)
28 (15.38)
16 (8.79)
10 (5.49)
7 (3.85)
1 (0.55)
1 (0.55)
2 (1.10)
46 (25.27)
6 (3.30)
6 (3.30)
2 (1.10)
182 (100)
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Figure 1: Analysis of the result of RT-PCR using agarose electrophoresis gel.

RT-PCR.

Isolate N Isolate Reference o] EVCRNETN Identity (%) NCBI Accession N

Table 4: The fungal species identified using

Fonsecaea sp. Fonsecaea pedrosoi NR_130652

6 Alternaria sp. A. alternata 100 KX118413

7 Alternaria sp. A. brassicae 100 KX139152

8 Alternaria sp. A. alternata 100 KX118413

9 Alternaria sp. A. alternata 100 KX118417

10 Alternaria sp. A. brassicae 100 KX139155
Discussion

The prevalence of onychomycosis among diabetics confirmed by culture was 106 (84.1%),
which is similar to the 81.5% obtained by a study in Malaysia [23]. Whereas it is higher than
earlier studies [24, 25].

As per the other studies [18, 23], the most frequently isolated fungal element in this study
was non-dermatophytic molds 75 (70.8%). However, another study [19] had shown
dermatophytes as the most common pathogen isolated from diabetics with onychomycosis
which is probably due to the result differences in humidity level, and in climatic and socio-
economic factors in the different geographical areas.

In the present study, distal subungual onychomycosis (DLSQO) was observed to be the most
common clinical presentation which is in line with studies performed elsewhere [26, 27].
Similar to our study, a previous study [28] found a significant correlation with the duration of
diabetes, but other ones did not detect any such association [29].

The prevalence of onychomycosis in both genders was also compared. Apparently, more
males had onychomycosis than females. However, the difference was not significant which is
in accordance with another study [21]. This result may be due to the similarity between the two
genders in the lifestyle, occupational activities, exposure to nail trauma and use of close-toe
shoes.
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In our study, like two others [31, 32], advancing age was significantly associated with the
presence of onychomyecosis. In contrast, no such relation was observed in other studies [32].
This can be attributed to many reasons, including suboptimal immune status, inability of
grooming the nails, increased exposure to causative fungi and nail trauma, poor circulation,
slower nail growth and larger and distorted nail surfaces.

In this study, the glycemic control seems to have no statistically significant role in
determining the incidence of fungal infection in toenails which is consistent with another study
[23]. In contrast, another study has observed such relationship [27]. This could be due to the
different cut-off values for HbA1C or different laboratory measures used in these studies.

The results of this study agreed with another study [23, which showed a positive correlation
between the presence of onychomycosis and clinically abnormal nails.

Unlike previous investigation [32,] a significant relationship was found between type 2 DM and
onychomycosis.

Comparing the results obtained by RT-PCR with those obtained by fungal cultures, there
was a match in 100% of the isolates which is higher than what was reported in a previous work
[33] (76.5%), where the fungal DNA was extracted using a small fragment of the same toenail
sample. Although A. brassicae is pathogenic to plants, there was no relationship between the
work of patients whose nails samples were taken from and their infection with onychomycosis
by this species.

Conclusions

This study shows that the prevalence of onychomycosis was high among diabetes patients.
Fungal nail infections are much more than a cosmetic problem and cause an important medical
disorder in diabetics who have a greater risk of serious complications from this disease,
including limb amputations. In order to minimize the possible problems associated with
onychomycosis, regular examination and appropriate treatment are.

Funding
This research was funded by Al-Baath University.

Acknowledgement

The authors would like to thank Al-Baath University for funding this research. We also
thank University of Kalamoon for helping in carrying out this work and Dr. Abdulsamie
Hanano for his valuable assistance with the molecular analysis.

Conflict of interest
The authors declare that they have no conflicts of interest.

References

[1] K. Dinesh, C. Saikumar, "A study on the dermatophytic pattern in diabetic and non-diabetic
patient,” J Res Med Dent Sci, vol. 9, no. 6, pp. 101-106, 2021.

[2] V. Kalshetti, R. Wadile, S. T. Bothikar, V. Ambade, V. M. Bhate, "Study of fungal infections in
diabetic foot ulcer,” Indian J Microbial Res, vol. 4, no. 1, pp. 87-89, 2017.

[3] Leelavathi, M. Noorlaily, "Onychomycosis nailed,” Malays Fam Physician, vol. 9, PP. 2-7, 2014.

[4] L.F.S. Gold, "Understanding onychomycosis: resolving diagnostic dilemmas,” Semin cutan med
surg, 35, 3S, 2016. doi:10.12788/j.sder.2016.008

3248



Azar et al. Iragi Journal of Science, 2023, Vol. 64, No. 7, pp: 3242-3250

[5] M. Y. Bedaiwy, M. A. Metwally, N. A. El Zawawy, H. A. Saba, "Epidemiology, causative agents
and clinical features of onychomycosis in EI-Gharbia governorate," Egypt J Bot, vol. 57, pp. 187-
96, 2017.

[6] TC Vlahovic. "Onychomycosis: evaluation, treatment options, managing recurrence, and patient
outcomes," Clin. Podiatr. Med. Surg, vol. 33, no. 3, pp. 305-18, 2016.

[71 A. Bitew, S. Wolde, "Prevalence, risk factors, and spectrum of fungi in patients with
onychomycosis in Addis Ababa, Ethiopia: a prospective study," J. Trop. Med, no. 2019, PP.
3652634-6, 2019.

[8] M. A. Bodman, K. Krishnamurthy, "Onychomycosis," In: Stat Pearls[Internet]. Treasure Island
(FL): 2021.

[9] S. Gregoriou, N Mpali, G. Vrioni, E Hatzidimitriou, S. E. Chryssou, D. Rigopoulos, "Epidemiology
of Onychomycosis in an Academic Nail Unit in South Greece during a Three-Year Period," Skin
Appendage Disord, 2020, 6, 102-107.

[10] V. Silva-Neve, V. Hugo, P. Alves, J. C. Amado, C. Pais-Vieira, F. Sousa, F. Cerqueira, E. Pinto,
M. Pais-Vieira, "Quality of life and therapeutic regimen management in onychomycosis patients
and in vitro study of antiseptic solutions," Sci. Rep, vol. 11, no. 12789, 2021.

[11] M. P. Hayette, L.Seide, C. Adjetey, R. Darfouf, M. Wery, R. Boreux, R. Sacheli, P. Melin, J.
Arrese, "Clinical evaluation of the DermaGenius nail real-time PCR assay for the detection of
dermatophytes and Candida albicans in nails," Medical Mycology, vol. 0, pp. 1-7, 2018.

[12] A. O. Goldstein, N. Bhatia, "Onychomycosis: epidemiology, clinical features, and diagnosis," In:
Post TW, ed. Up to Date. Waltham, MA. 2019.

[13] M. Ghannoum, P. Mukherjee, N. Isham, B. Markinson, J. D. Rosso, L. Leal, "Examining the
importance of laboratory and diagnostic testing when treating and diagnosing onychomycosis," Int
J Dermatol, vol. 57, no. 2, pp. 131-8, 2018.

[14] J. K. Christenson, G. M. Peterson, M. Naunton, M. Bushell, S. Kosari, K. E. Baby, H. Thomas,
"Challenges and opportunities in the management of onychomyecosis," J. Fungi, vol. 4, no. 87, 2108.
doi:10.3390/j0f4030087

[15] A. L. Molina-Hernandez, H. A. Ramirez-Marin, A. Bonifaz, J. G. Dominguez-Cherit,
"Onychomycosis in patients with diabetes mellitus: etiology, clinical features, and treatment
response,” Our Dermatol Online, vol. 12, no. 4, pp. 359-366, 2021.

[16] Y. Oz, I. Qoraan, A. Oz, |. Balta, "Prevalence and epidemiology of tinea pedis and toenail
onychomyecosis and antifungal susceptibility of the causative agents in patients with type 2 diabetes
in Turkey," Int J Dermatol, vol. 56, no. 1, pp. 68-74, 2016. doi: 10.1111/ijd.13402.

[17] A. K. Gupta, N. Konnikov, P. MacDonald, P. Rich, N. W. Rodger, M. W. Edmonds, R. Mcmanus,
R. C. Summerbell, "Prevalence and epidemiology of toenail onychomycosis in diabetic subjects: a
multicentre survey," Br J Dermatol, vol. 139, pp. 665-71, 1998.

[18] W. Bridan, S.Baiu, H. Kalfa, "Non-dermatophyte as pathogens of onychomycosis among elderly
diabetic patients," J Microbiol Exp, vol. 5, no. 4, 2017. 00157. DOI: 10.15406/jmen.2017.0500157

[19] M. Eba, A. L. Njunda, R. N. Mouliom, E. T. Kwenti, A. N. Fuh, G. T. Nchanji, J. Atashili,
"Onychomycosis in diabetic patients in Fako Division of Cameroon: prevalence, causative agents,
associated factors and antifungal sensitivity patterns," BMC Res Notes, vol. 9, no. 494, pp. 1-8,
2016.

[20] M. Ramudamu, W. V. Lyngdoh, A. Prasad, J. Rajbongshi, E. Durairaj, "A study on the mycological
profile of onychomycosis in a tertiary care hospital in northeast India," Indian J. Appl. Res., vol. 8,
no. 1, pp. 306-309, 2018.

[21] D. M. Saunte, J. B. Holgersen, M. Haedersdal, G. Strauss, M. Bitsch, O. L. Svendsen, M. C.
Arendrup, E. L. Svejgaard, "Prevalence of toe nail onychomyecosis in diabetic patients," Acta Derm
Venereol, vol. 86, pp. 425-8, 2006.

[22] A. Hanano, I. Almousally, M. Shaban, E. Blee, "A caleosin-like protein with a peroxygenase
activity mediates fungal development, aflatoxin accumulation and seed infection in Aspergillus
flavus,” Appl Environ Microbio, vol. 8, pp. 6129-44, 2015. DOI:10.1128/AEM.00867-15.

[23] M. Leelavathi, M. N. Azimah, N. F. Kharuddin, M. N. Tzar, "Prevalence of toenail onychomycosis
among diabetics at a primary care facility in Malaysia southeast Asian J Trop Med Public Health,"
vol. 44, pp. 479-483, 2013.

3249



Azar et al. Iragi Journal of Science, 2023, Vol. 64, No. 7, pp: 3242-3250

[24] G. Akkus, M. Evran, D. Gungor, M. Karakas, M. Sert and T. Tetiker, "Tinea pedis and
onychomyecosis frequency in diabetes mellitus patients and diabetic foot ulcers: A cross sectional
— observational study," Pak J Med Sci, vol. 32, no 4, pp. 891-5, 2016.

[25] S.J. Chang, S. C. Hsu, K. J. Tien, J. Y. Hsiao, "Metabolic syndrome associated with toenail
onychomyecosis in Taiwanese with diabetes mellitus," Int J Dermato, vol. 47, pp. 467-72, 2008.

[26] P. Manzano-Gayosso, F. Herna ndez-Herna ndez, L. J. Me'ndez-Tovar, Y. Palacios-Morales, E.
Co’rdova-Marti nez, E. Baz 'n-Mora, R. Lo pez-Martinez, "Onychomycosis Incidence in Type 2
Diabetes Mellitus Patients," Mycopathologia, vol. 166, pp. 41-45, 2008. DOI 10.1007/s11046-008-
9112-5.

[27] M. Papini, M. Cicoletti, V. Fabrizi, P. Landucci, "Skin and nail mycoses in patients with diabetic
foot," G Ital Derma Tol Venereol, vol. 148, no. 6, pp. 603-8, 2013.

[28] N. Al-Mutairi, B. | Eassa and D. A. Al-Rgobah, "Clinical and mycologic characteristics of
onychomyecosis in diabetic patients,". Acta Dermatovenerol Croat, vol. 18, pp. 84-91, 2010.

[29] P. Kafaie, M. T. Noorbala, "Evaluation of onychomycosis among diabetic patients of Yazd diabetic
center. J Pakistan Assoc. Dermatologists, vol. 20, pp. 217-221, 2010.

[30] R. Prathap, J. S. Kabbin, C. Bhavana, R. Ambica, "Mycological study of onychomycosis in diabetic
patients," Int. J. Curr. Res, vol. 10, no. 10, pp. 74272-74274, 2018.

[31] W. Bridan, S. Baiu, H. Kalfa, "Candida as pathogens of onychomycosis among elderly diabetic
patients," Significances Bioeng Biosci, vol. 2, no. 5, 2018. SBB.000547. DOI:
10.31031/SBB.2018.02.000547.

[32] J. Aragdn-Séanche, M. E. Lopez-Valverde, G. Viguez-Molina, A. Milagro-Beamonte, L. Torres-
Sopena, "Onychomyecosis and tinea pedis in the feet of patients with diabetes,” Int J Low Extrem
wounds, vol. 0, no. 0, pp. 1-7, 2021.

[33] F. Marcos-Tejedor, M. Mota, M. J. Iglesias-Sanchez, R. Mayordomo, T. Gongalves, "Identification
of fungi involved in onychomycosis in patients of a Spanish rural area," J. Fungi, vol. 7, no. 623,
2021.

3250



