Egyptian Journal of Medical Microbiology, October 2014

Vol. 23, No. 4

Evaluation of Pan-Dermatophyte Nested PCR in Diagnosis of
Onychomycosis in Comparison with Direct Microscopy and Culture
Amany K. Shahat, Ahmed O. Shafik, M. A. Sabour and Sherin M. Emam
Medical Microbiology and Immunology Department
Benha Faculty of Medicine, Benha University
ABSTRACT
This work aimed to compare nested PCR using novel primers targeting the pan-dermatophyte-specific
sequence of the chitin synthase 1 gene (CHS1) with KOH microscopy and culture isolation for diagnosis
of clinically suspected onychomycosis. This study was conducted during the period from December, 2012
to October 2013. Forty patients attending Outpatient Dermatology and Andrology Clinic in Benha
University Hospital. This study was done on forty patients 15 cases were female and the other 25 cases
were males with abnormal nails .Their ages ranged from 22 to 77 years. As many as 19 patients were
living in rural areas, while 21 patients came from urban areas. Nail scrapings were collected and
examined using direct KOH microscopic examination, culture and PCR using double sets of primers. As
regard direct microscopy by KOH examination; 33 (82.50%) cases were positive, while 7 (17.5%) were
negative. Culture was positive only in 19(47.5%) of nail samples revealing different fungi. Dermatophytes
were isolated from 15(37.5%) cases; most of them were T. mentagrophytes. And in 4 cases the only
isolated non dermatophytic organism was Aspergillus Niger spp. (10.00%). Nested PCR was positive in
26 (65.00%) nail samples. Conclusion: It is concluded that nested PCR targeting the CHS1 gene may be
considered the gold standard for detection of dermatophytes in patients with onychomycosis and can aid
the clinician in initiating prompt and appropriate antifungal therapy.PCR is a very powerful tool for
microbiology and clinical mycology. It can detect very small amounts of nucleic acids. This technique
may also play an important role in large-scale studies and in the management of problematic cases of
onychopathies.
gives false-negative results in 5 to 15% of the
cases (5).
Conventionally, a definitive diagnosis
depends on culture isolation. The culture is,
however, negative in up to 40% of the
microscopy-positive cases and is timeconsuming due to the slow growth and
sporulation of the causative organisms and the
need for additional physiological tests (6).
Culture requires up to 3 to 4 weeks to obtain
typical macroscopic and microscopic features for
specific dermatophyte identification(7). This
method is often associated with poor sensitivity
and delayed results (8) .
Application of extraction of DNA directly
from nail specimens and a nested PCR-based
diagnosis of any dermatophyte and/or T. rubrum
with increased sensitivity compared to
conventional diagnostic procedures allow for the
first time integration of a molecular biologybased method into the routine examination of
nail dermatophytosis also for diagnostic
laboratories receiving specimens on a larger
scale(9) .
Aim of the work:
This work aimed to compare nested PCR
using novel primers targeting the pandermatophyte-specific sequence of the chitin

INTRODUCTION
Onychomycosis refers to a fungal infection
that affects the toenails or the fingernails (1). It is
the most common nail disorder and is present in
2% to 13% of general population increasing up
to 48% by 70 years of age (2) .
The incidence of onychomycosis has been
rising sharply over the last few years. This is due
to an increase in the number of
immunocompromised patients, the extensive use
of immunosuppressive chemotherapy and broadspectrum antibiotics, the population aging, avid
sport participation is increasing the use of health
clubs, commercial swimming pools and
occlusive foots wears for exercise (3) .
Treatment of onychomycosis is expensive. It
requires long-term therapy with an oral
antifungal medication with potential side effects.
Therefore, a proper diagnosis of infection is
needed (4).
Direct microscopic examination of nail
material is often sufficient for the diagnosis of a
fungal infection but does not provide genus or
species identification and hence does not
differentiate
unquestionably
between
dermatophytes and other molds. Furthermore,
although rapid and economical, this technique
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JR2 (5′-GGA GAC CAT CTG TGA GAG TTG3′; nt 378 to 398).
PCR amplification:
Procedure:
For a total 50 µl reaction volume, the
following materials were added in a thin walled
PCR tube:
-25 µl of Taq PCR Master Mix( Taq DNA
polymerase, PCR buffer, dNTPs, and
magnesium chloride (MgCl2) (Fermentas).
After being briefly vortexed to avoid localized
differences in salt concentration.
-The primer solutions (Bioneer) were thawed and
mixed well before use. 2.5 µl of each primer
(sense and antisense) was added to the PCR
tube.
-10 µl of template DNA was added to each tube.
-10 µl of nuclease-free water were
added.(Fermentas)
-The samples were gently vortexed and briefly
centrifuged to collect all drops to the bottom of
the tube.
-The samples were placed in the thermal
cycler.(Biometra, Goettingen, Germany).
-Parameters for amplification cycles were:
One cycle at 95°C for 5 min (initial denaturation)
Followed by 40 PCR cycles, each consisting of
three steps: Denaturing step (30 seconds at
95˚C), Annealing step (30 seconds at 56˚C),
Primer extension step (1 min at 72˚C).
Followed by one cycle at 72°C for 15 min as
final extension step.
- A reagent blank, which contained all
components of the reaction mixture with the
exception of template DNA (which was
substituted with sterile distilled water), was
included in every PCR procedure.
- The samples were then stored at -20˚C.
The running conditions of nested PCR were
similar to the first-round PCR except that an
annealing temperature of 52°C was used.
3- Agarose gel electrophoresis: DNA fragments
were loaded into 2% agarose gel and visualized
by ethidium bromide staining.

synthase 1 gene (CHS1) with KOH microscopy
and culture isolation for diagnosis of clinically
suspected onychomycosis

SUBJECTS AND METHODS
Subjects:
This study was conducted during the period
from December, 2012 to October 2013. Forty
patients attending Outpatient Dermatology and
Andrology Clinic in Benha University Hospital
were enrolled in this study with clinically
suggestive
symptoms
and
signs
of
onychomycosis (discoloration, thickening, foulsmelling
debris,
subungual
keratosis,
onycholysis, longitudinal and transverse grooves,
sulcated nail, pitting, brittle nail, cracks, crumble
or friable nail).
Methods:
A-Samples:
The suspected nails were cleaned with 70%
alcohol to remove contaminants, Scrapings were
taken with a sterile scalpel blade and collected in
a sterile clean paper, the collected specimens
were sent to the Mycology Unit, Medical
Microbiology and Immunology Department at
Faculty of Medicine, Benha University.
B-Mycological investigation:
The collected specimens were divided into
three portions.[1] The first portion of the
specimens was examined microscopically using
20% KOH. [2] The second portion was cultured
on into two sets of media: SDA containing
chloramphenicol(0.5%)
with/without
cycloheximide (0.5%).[3] DNA extraction was
performed on the third portion of specimen.
C- Molecular detection of fungal
DNA by
PCR:
1- Genomic DNA extraction from nail samples
by using animal and fungi DNA preparation
kit (Thermo Scientific, Germany).
2- For each of the samples, two sets of single
PCR were performed.
First-round PCR was performed using
dermatophyte-specific chitin synthase 1 gene
(CHS1). The sequences of the primer CHS1 1S
primer were (5′-CAT CGA GTA CAT GTG
CTC GC-3′; nucleotides [nt] 70 to 89).
The sequences of the CHS1 1R (5′-CTC
GAG GTC AAA AGC ACG CC-3′; nt 485 to
504).
Nested PCR was done by designing a novel
set of primers, JF2 and JR2. This was done using
the following primers:
JF2 (5′-GCA AAG AAG CCT GGA AGA AG3′; nt 111 to 130)

RESULTS
This study was conducted during the period
from December, 2012 to October 2013. Forty
patients attending Outpatient Dermatology and
Andrology Clinic in Benha University Hospital.
A total number of 40 patients who were
clinically suspected of having onychomycosis
were included in the study. The age of the study
population ranged between 22 and 77 year. The
study population comprised 25 males and 15
females. Urban participants represented 21 cases
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of the study population while rural participants
represented 19 cases. (table 1)
Patients with anaemia represented 35% of
study population while those with DM, PVD and
trauma accounted for 27.5%, 20% and 12.5%
respectively. Patient with associated nail disease
accounted for 47.5% of study population.
Patients who reported that they received
treatment represented 37.5% of the study
population. (table 2)
Of the 40 patients with clinically suspected
cases of onychomycosis, 82.5% (33/40) were
positive for fungal elements by KOH
microscopy. Dermatophytes were detected in
65% (26/40) of the cases by nested PCR and
isolated in 37.5% (15/40) of the cases by culture.
Nondermatophytic molds were isolated in 10%
(4/40). (table 3)
The proportion of patient with positive
fungual culure was lower than the proportion of
patient with positive fungal element on direct
KOH
microscopy
(47.5%
vs.
82.5%
respectively). This difference was of significance
(P = 0.001). (table 4)
The proportion of patient with positive
nested PCR for dermatophyte was higher than
the proportion of patient with positive fungal
culture for dermatophyte (65% vs. 37.5%
respectively). This difference was statistically
significante (P=0.01) .(table 5)

Table (3): Status of direct KOH microscopy,
fungal culture and nested PCR results for the
study group
Variable
Definition
N=40
Direct KOH
Yes/no; (% yes)
33/7;(82.50)
microscopy
Negative; (%)
Non21; (52.50)
Fungal
dermatophyte;(%)
4; (10.00)
culture
Dermatophyte
15; (37.50)
(%)
26/14;
Yes/no; (% yes)
Nested PCR
(65.00)
Table (4): Comparing the fungal culture results
and direct KOH microscopy results
Direct
Fungal culture
KOH
Dermatophytes &
microscopy
Z
P
non Dermatophytes
Yes/no; (%
Yes/no (% no)
yes)
33/7;
19/21;
3.28 0.001
(82 .50%)
(47.50%)
Table (5): Comparing the fungal culture results
with the nested PCR results
Fungal culture
Nested
Dermatophyte/nonPCR
Z
P
dermatophyte; (%
Yes/no;
yes)
(% yes)
0.01
26/14;
2.46
15/25; (37.50%)
(65.00%)

Table (1): Socio-demographic characteristics of
the study population
Variable
Definition
N=40
Mean ± SD;
43.53 ± 15.14;
Age
(range)
(22-77)
Male/female;
25/15;
Sex
(% male)
(62.50)
Urban/rural;
21/19;
Residence
(% urban)
(52.50)
Table (2): The distribution of the study
population by their disease.
Disease
Trauma
DM
Anaemia
PVD
Associated
nail disease

Definition
Yes/no; (% yes)
Yes/no; (% yes)
Yes/no; (% yes)
Yes/no; (% yes)
No disease; (%)
Psoriasis; (%)
Contact
dermatitis; (%)
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N=40
5/35; (12.50)
11/29; (27.50)
14/26; (35.00)
8/32; (20.00)
21; (52.50)
12; (30.00)
7; (17.50)

Fig. (1): Comparison between the likelihood of
disease using the direct KOH microscopy and the
nested PCR vs. the reference test (fungal culture)
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Dermatophytes were detected in 15
(37.50%) samples of positive cultures and they
were of T.Mentagrophytes and T.rubrum species.
NDMs represent the second common
isolated organisms constitute 10.00% (4
samples). Aspergillus species detected in all
these 4 samples of positive culures representing
the only isolated NDMs.
Nested PCR was done for the 40 nail
samples using douple sets of primers. Nested
PCR was positive in 26 (65.00%) nail samples.
In agreement with results of our study, Arca
et al.(19) found that 40(77%) out of 52 specimens
were positive by KOH microscopic examination,
12(23%) by culture and 20 (38%) by PCR.
In our study, mycological culture was
chosen as the reference method to assess the
performance of each test. The sensitivity,
specificity, accuracy, PPV and NPV of the used
tests were assessed. PCR, and KOH have 73.33%
and 80% sensitivity respectively. The specificity
was 40 % and 16 % for PCR and KOH
respectively.
This is in harmony with Winter et al.(20)
who calculated the diagnostic sensitivity of the
PCR assay as 79.0%.
In the past few years several molecular
methods for the detection and identification of
dermatophytes from clinical samples have been
developed. Major difficulties of PCR methods
are that it requires training, sophisticated
equipments and standardization and it is also
expensive (19).
On the other hand, it is not only sensitive
and specific, but also has the potential to
decrease the time taken for the laboratory
identification of pathogens that grow slowly or
are difficult to culture .By the use of PCR,
reliable rapid results within 24 hours in contrast
to the 21 days of incubation required for the
isolation of dermatophytes by culture.
The application of PCR technology directly
to the clinical specimens would allow early and
accurate
identification
of
agents
of
onychomycosis. This would permit prompt and
targeted initiation of antifungal therapy(21) .

Fig. (2): Culure of Trichophyton rubrum on
Sabouraud’s dextrose agar

DISCUSSION
Because onychomycosis can be caused by
several pathogens giving appearance that may be
indistinguishable clinically, it is essential that the
causative organism is positively identified so that
the appropriate course of treatment will be
initiated(10) .
KOH test is easy-performed and economic,
but the sensitivities are inconsistent. Factors that
influence the sensitivity of KOH test include
inadequate sampling, different sampling
methods, and experience of the doctors (11).
KOH procedure is only a screening test for
the presence or absence of fungi and can't
identify the type or the species (11).
Fungal culture can identify specific
pathogen but it takes a long incubation period.
The false negative rate of fungal culture is
approximately 30% and the sensitivity was about
60% (12).
In the present study , the number of positive
samples for fungi were 33 (82.50%) samples by
15% KOH microscopic examination which is in
accordance with Pontes et al.(13) (68.4%) . On
the other hand, Kam et al.(14) (14.3%), Ellis(15)
(40%), Brilhante et al.(16) (48%) and El- Batawi
et al.(17) (21.8%) found low percentage that may
be due to preparation of the specimen and
selection of cases in their studies.
The number of positive samples for fungi by
culture on SDA were 19 (47.50%) samples
which is near to that detected by Ellis(15) (30%)
and Brilhante et al.(16) (36%). However, the
percentage of positive samples for fungi by
culture found by Lopes et al.(18) (56.6%), Pontes
et al.(13) (66.5%), and El- Batawi et al.(17)
(68.7%) were higher; this may be due to
selection and large number of cases.
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ﺗﻘﻴﻴﻢ اﺳﺘﺨﺪام ﺗﻔﺎﻋﻞ ﺳﻠﺴﻠﺔ اﻟﺒﻮﻟﻴﻤﻴﺮات اﻟﻤﺘﺪاﺧﻠﺔ ﻓﻰ ﺗﺸﺨﻴﺺ اﻟﻌﺪوى اﻟﻔﻄﺮﻳﺔ ﻟﻸﻇﺎﻓﺮ
ﺑﺎﻟﻤﻘﺎرﻧﺔ ﻣﻊ اﻟﻤﻴﻜﺮوﺳﻜﻮب اﻟﻤﺒﺎﺷﺮ و اﻟﻤﺰرﻋﺔ اﻟﻔﻄﺮﻳﺔ ﺑﻤﺴﺘﺸﻔﻰ ﺑﻨﻬﺎ اﻟﺠﺎﻣﻌﻰ
أﻣﺎﻧﻰ ﻗﺎﺳﻢ ﺷﺤﺎت ،اﺣﻤﺪ ﻋﻤﺮ ﺷﻔﻴﻖ  ،ﻣﺤﻤﻮد ﻋﺒﺪ اﻟﺼﺒﻮر ﻣﺤﻤﻮد  ،ﺷﻴﺮﻳﻦ ﻣﺤﻤﺪ اﻣﺎم
ﻗﺴﻢ اﻟﻤﻴﻜﺮوﺑﻴﻮﻟﻮﺟﻰ واﻟﻤﻨﺎﻋﺔ  ،آﻠﻴﺔ ﻃﺐ ﺑﻨﻬﺎ  ،ﺟﺎﻣﻌﺔ ﺑﻨﻬﺎ
ﻧﻘ ﻮم ﺑﻬ ﺬﻩ اﻟﺪراﺳ ﺔ ﻓ ﻰ ﻣﺴﺘ ﺸﻔﻰ ﺑﻨﻬ ﺎ اﻟﺠ ﺎﻣﻌﻰ ﺑﻘ ﺴﻢ اﻻﻣ ﺮاض اﻟﺠﻠﺪﻳ ﺔ واﻟﺘﻨﺎﺳ ﻠﻴﺔ وآﻠﻴ ﺔ اﻟﻄ ﺐ ﺑﻘ ﺴﻢ اﻟﻤﻴﻜﺮوﺑﻴﻮﻟ ﻮﺟﻰ
واﻟﻤﻨﺎﻋﺔ ﻋﻠﻰ  ٤٠ﻣﻦ اﻟﻤﺮﺿﻰ اﻟﻤﺸﺘﺒﻪ ﺑﺎﺻﺎﺑﺘﻬﻢ ﺑﺎﻟﻌﺪوى اﻟﻔﻄﺮﻳﺔ ﻟﻼﻇﺎﻓﺮ وذﻟﻚ ﻋﻦ ﻃﺮﻳﻖ:
 .١أﺧﺬ اﻟﺘﺎرﻳﺦ اﻟﻤﺮﺿﻰ ﻟﻠﻤﺮﻳﺾ.
 .٢اﻟﻔﺤﺺ اﻻآﻠﻴﻨﻴﻜﻰ .
 .٣اﻟﺘﺤﺎﻟﻴﻞ اﻟﻼزﻣﺔ وﻣﻨﻬﺎ :
 ﺗﺤﺎﻟﻴﻞ ﻋﺎﻣﺔ ﻣﺜﻞ ﻧﺴﺒﺔ اﻟﻬﻴﻤﻮﺟﻠﻮﺑﻴﻦ وﻧﺴﺒﺔ اﻟﺴﻜﺮ ﺑﺎﻟﺪم .
 ﺗﺤﺎﻟﻴﻞ ﻓﻄﺮﻳﺔ وذﻟﻚ ﻋﻦ ﻃﺮﻳﻖ اﺧﺬ ﻋﻴﻨﺔ ﻣﻦ اﻟﻈﻔﺮ اﻟﻤﺼﺎب وﺗﺤﻠﻴﻠﻬﺎ ﺑﺜﻼث ﻃﺮق :
اﻟﻄﺮﻳﻘﺔ اﻻوﻟﻰ :اﻟﻔﺤﺺ اﻟﻤﺒﺎﺷﺮ ﺑﺎﻟﻤﻴﻜﺮﺳﻜﻮب ﺑﺎﺳﺘﺨﺪام هﻴﺪروآﺴﻴﺪ اﻟﺒﻮﺗﺎﺳﻴﻮم.
اﻟﻄﺮﻳﻘﺔ اﻟﺜﺎﻧﻴﺔ  :ﻓﺤﺺ ﻧﺘﻴﺠﺔ اﻟﻤﺰرﻋﺔ اﻟﻔﻄﺮﻳﺔ ﺑﺎﻟﻤﻴﻜﺮﺳﻜﻮب وﺑﺎﻟﻌﻴﻦ اﻟﻤﺠﺮدة .
اﻟﻄﺮﻳﻘﺔ اﻟﺜﺎﻟﺜﺔ:اﺳﺘﺨﺪام ﺳﻠﺴﻠﺔ ﺗﻔﺎﻋﻞ اﻟﺒﻮﻟﻴﻤﺮات اﻟﻤﺘﺪاﺧﻠﺔ وذﻟﻚ ﻋﻦ ﻃﺮﻳﻖ اﺳﺘﺨﻼص اﻟﺤﻤ ﺾ اﻟﻨ ﻮوى ﻣ ﻦ اﻟﻌﻴﻨ ﺔ وﺗﻜﺒﻴﺮه ﺎ
وﻓﺤﺼﻬﺎ .
و آﺎﻧﺖ اﻟﻨﺘﺎﺋﺞ آﺎﻟﺘﺎﻟﻰ :
 هﻨﺎك  40ﺣﺎﻟﺔ اﺟﺮﻳﺖ ﻋﻠﻴﻬﻢ اﻟﺪراﺳﺔ آﺎن ﻣﻨﻬﻢ  (34.50% ) 15ﺣﺎﻟﺔ ﻣﻦ اﻻﻧﺎث و (65.50%) ٢٥ﺣﺎﻟ ﺔ ﻣ ﻦ اﻟ ﺬآﻮر و
ﻗﺪ ﺗﻢ اﺧﺬ ﻋﻴﻨﺔ ﻣﻦ اﻻﻇﺎﻓﺮاﻟﻤﺼﺎﺑﺔ ﻟﻜﻞ ﺣﺎﻟﺔ.
 آﺎﻧﺖ اﻻﻋﻤﺎر ﺗﺘﺮاوح ﺑﻴﻦ  ٢٢ﺳﻨﻪ و  ٧٧ﺳﻨﺔ و آﺎن ﻣﺘﻮﺳﻂ اﻻﻋﻤﺎر  ٤٣.٥ﻋﺎﻣﺎ .
 هﻨﺎك  (47.5 %.) ١٩ﺣﺎﻟﺔ آﺎﻧﺖ ﺗﻘﻄﻦ اﻟﻤﻨﺎﻃﻖ اﻟﺮﻳﻔﻴﺔ ﺑﻴﻨﻤﺎ (52.5%) ٢١ﺣﺎﻟﺔ آﺎﻧﺖ ﺗﻘﻄﻦ اﻟﺤﻀﺮ.
 اﻟﺤﺎﻻت اﻻﻳﺠﺎﺑﻴﺔ ﻟﻠﻔﻄﺮﻳﺎت  ٣٣ :ﻋﻴﻨﺔ ﺑﺎﺳ ﺘﺨﺪام % ١٥ﺑﻮﺗﺎﺳ ﻴﻮم هﻴﺪروآ ﺴﻴﺪ  ١٩ ٫ﻋﻴﻨ ﺔ ﺑ ﺎﻟﺰرع  ٢٦ ٫ﻋﻴﻨ ﺔ ﺑﺎﺳ ﺘﺨﺪام
ﺗﻔﺎﻋﻞ اﻟﺒﻠﻤﺮة اﻟﻤﺘﺴﻠﺴﻞ.
 آ ﺎن اآﺜ ﺮ اﻟﻔﻄﺮﻳ ﺎت وﺟ ﻮدا ه ﻮ اﻟ ﺪرﻣﺎﺗﻮﻓﻴﺖ ﻓ ﻰ  ١٥ﻋﻴﻨ ﻪ ﻳﻠﻴ ﻪ ﻓﻄ ﺮ اﻻﺳ ﺒﺮﻳﺠﻠﺲ وه ﻮ اﻟﻔﻄ ﺮ اﻟﻮﺣﻴ ﺪ اﻟﻤﻮﺟ ﻮد ﺑ ﺎرﺑﻊ
ﻋﻴﻨﺎت ﻓﻘﻂ.
 اﻇﻬ ﺮ ﺳﻠ ﺴﻠﺔ ﺗﻔﺎﻋ ﻞ اﻟﺒ ﻮﻟﻴﻤﺮات اﻟﻤﺘﺪاﺧﻠ ﺔ ﺣ ﺴﺎﺳﻴﺔ ﻋﺎﻟﻴ ﺔ ﻓ ﻰ ﺗ ﺸﺨﻴﺺ اﻻﺻ ﺎﺑﺔ اآﺜ ﺮ ﻣ ﻦ اﻟﻔﺤ ﺺ اﻟﻤﺠﻬ ﺮى ﺑﺎﺳ ﺘﺨﺪام
 %١٥ﺑﻮﺗﺎﺳﻴﻮم هﻴﺪروآﺴﻴﺪ واآﺜﺮ ﻣﻦ اﻟﻤﺰرﻋﺔ اﻟﻔﻄﺮﻳﺔ .
ﺑﻌﺪ دراﺳﺔ  ٤٠ﺣﺎﻟﺔ وﺟﺪ ان:
 اﻟﺪﻳﺮﻣﺎﺗﻮﻓﺎﻳﺖ هﻮ اﻟﻤﺴﺌﻮل اﻟﺮﺋﻴﺴﻰ ﻋﻦ ﻣﻌﻈﻢ ﺣﺎﻻت ﻓﻄﺎر اﻻﻇﺎﻓﺮ ﻟﺬا ﻻ ﻳﻤﻜﻦ ﺗﺠﺎهﻞ دورﻩ آﻤﺴﺒﺐ ﻟﻔﻄﺎر اﻻﻇﺎﻓﺮ.
 ان ﺳﻠﺴﻠﺔ ﺗﻔﺎﻋﻞ اﻟﺒﻮﻟﻴﻤﺮات اﻟﻤﺘﺪاﺧﻠﺔ ذو ﺣﺴﺎﺳﻴﺔ ﻋﺎﻟﻴﺔ ﻓﻰ ﺗﺸﺨﻴﺺ ﻓﻄﺎر اﻻﻇﺎﻓﺮ ﻟﺬا ﻧﻮﺻﻰ ﺑﺎﺳﺘﺨﺪام هﺬا اﻻﺧﺘﺒ ﺎر ﻓ ﻰ
اﻟﺘﺸﺨﻴﺺ ﻟﺴﺮﻋﺔ اﺧﺘﻴﺎر ﻣﻀﺎد اﻟﻔﻄﺮﻳﺎت اﻟﻤﻨﺎﺳﺐ ﻟﻠﻌﻼج .
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