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INTRODUCTION

Abstract

A linear accelerator (Linac) must be commissioned for use in treating
cancer patients. This research work aims to analyze part of the elec-
tron beam data produced by the Elekta Synergy Platform Linac at the
radiotherapy department at Tripoli University Hospital, Tripoli, Lib-
ya. In thispaper, percentage depth dose (PDD), beam profile and ap-
plicators factor were studied at five different electron beam energies
(4, 6, 8, 10 and 12 MeV). The relative measurement part of this study
was carried out using a PTW MP3-M 3D water scanning system, and
the absolute measurement was taken using a plane parallel ionization
chamber and a unidose E electrometer. The analysis for these meas-
urements has yielded the following results: a) The Penetrative quali-
ties of all the electron beam energies were within the manufacturer's
tolerance limits of £1%; b) the maximum values of beam flatness of
2.94 and beam symmetry of 1.93 are within the accepted limits of
International Electrotechnical Commission criteria; ¢) A penumbra
maximum value of 1.30 was measured at the 4-MeV electron beam
energy and using a 14x14 cm? applicator size. All the obtained pa-
rameters were within the permissible limits. Therefore, the electron
beams can be safely used forclinical purposes.

Keywords: Elekta Synergy Platform; Electron Beam Commissioning;
PDD; Beam Profile; Applicator Factor.

One common treatment method for cancer disease is radiotherapy. It uses high-energy radiation of
different ionization types to destroy tumor cells. The type of treatment radiation depends on tumor
size and location, tumor type, and tumor stage. For superficial tumors, electron beams are widely
used due to their sharp dose fall-off and relatively short range of particles in tissue (Arunkumar et
al., 2010). A linear accelerator is the most common and most sophisticated machine used for exter-
nal beam radiotherapy made by different manufacturers. Linacs of different manufacturers have dif-
ferent structure order and design especially in Linacs treatment head. The differences in the treat-
ment head affect the characteristics of electron and photon beams. Moreover, Linacs of the same
manufacturer are slightly different in their beam characteristics (Brahme et al., 1976; Khan, 1991,
IEC, 1984; Varatharaj et al., 2016).

*The Author(s) 2023.* This article is distributed under the terms of the *Creative Commons Attribution-NonCommercial 4.0 Interna-
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Accurate data measurements of photon and electron beam characteristics produced by Linac, which
need to be transferred into the Treatment Planning System (TPS) to predicate the radiation dose dis-
tribution inside the patient, are important factors that affect the success of radiation therapy (Acgah
et al., 2014). According to the recommendations of the American Association of Physicists in Med-
icine (AAPM) in the Task Group 40, and International Commission on Radiation Units and Meas-
urements in report 50 (Kutcher et al., 1994; ICRU, 1993), the dose delivery to tumor should be
within £5% of a prescribed dose. Therefore, commissioning and acceptance tests of the linear ac-
celerator are required before setting the machine in clinical-use (Khan, 2010; Sahool et al., 2012).

Due to the lack of local standards of measurement, this paper aims to present and analyze part of
electron beams commissioning to allow physicists of other institutes to compare their results with
those of this study. The measurements include the percentage depth dose curves, beam profiles pa-
rameters and applicators factor of an Elekta Synergy platform linear accelerator released by Elekta
Oncology Systems, Crawley, UK.

MATERIALS AND METHODS

This work was carried out at Radiotherapy Department, Tripoli University Hospital in Tripoli, Lib-
ya. Measurements of percentage depth dose (PDD), beam profile and applicators factor were car-
ried out for electron beam of nominal energies 4, 6, 8, 10 and 12 MeV generated by Elekta Synergy
platform linear accelerator. The dosimetry system for measurements of PDD and beam profile was
a PTW MP3-M 3D water scanning system (PTW, Freiburg, Germany). The system consists of a
water tank of inner size 59.6x59.4x50.25 cm®, a TANDEM electrometer, a TBA control unit and
two 0.125 cm>semiflex ionization chambers for both reference and ionization field. The measured
PDD and beam profile were collected using PTW MEPHYSTO mc? navigation software (PTW,
Freiburg) version 1.6. Applicators factors were measured in polystyrene slab phantom at depth of
the maximum dose using a plane parallel ionization chamber connected to PTW Unidose E elec-
trometer at a source to surface distance (SSD) of 100 cm.

PDD and beam profiles were measured at (SSD) of 100 cm setup and at gantry and collimator an-
gles of 0°. The applicators used for these measurements were of size 6x6 cm?, 10x10 cm?, 14x14
cm? and 20x20 cm? in different depths according to the electron beam applied and taking into ac-
count the bremsstrahlung contamination in the beam. All measurements were made according to
TRS-277 and TRS-398 (IAEA, 1987; IAEA, 2000).

Parameters calculated from the central axis PDD according to AAPM Task Group 25 (Gerbi et al.,
2009) are the mean energy Ejand the most probable energy E, ; at the water phantom surface using
equations (1) and (2) respectively:

E,=233R, 1)
E,,= 022+ 1.98R, + 0.0025 R 2
Where Ry is the depth at which the dose is 50% of the maximum, and R,, is the practical range.

Another important parameter is dose gradient (), which measures how quickly the dose decreases
beyond the therapeutic range and is given by equation (3) (Gerbi et al., 2006; Podgorsak ,2003)

Ry
G = rry (3)
Where R, is the depth at which the tangent through the dose inflection point intersects the maxi-
mum dose level. For electron beams with mean energy of 5 MeV - 30 MeV, the lower limit of & is

2.3 (Kirby et al., 1985; Jamshidi et al., 1987).
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Beam flatness, beam symmetry and penumbra width were calculated based on measurements of

beam profiles. The IEC 60976 (IEC, 2007) criteria were followed for flatness, symmetry and pe-
numbra width calculation.

RESULTS

Penetrative quality: The penetrative quality of the electron beam is defined as the depth of the
80% point to the maximum absorbed dose on the central beam axis. Table 1 shows the results of

declared and measured electron beam penetrative quality which measured at SSD = 100 cm for the
applicator of size 14x14 cm.

Table (1). Declared and measured values of penetrative quality of electron beams.

Penetrative quality

Nominal energy (MeV) Declared measured lel:g:ﬁnce
Mm mm
4 13.30 13.55 -0.25
6 20.00 19.82 +0.18
8 26.70 26.32 +0.38
10 33.30 33.64 -0.34
12 40.00 40.20 -0.20

Percentage depth dose: Figure 1 illustrates the percentage depth dose curves of 4, 6, 8, 10 and 12
MeV electron beam energies for the applicator of size 10x10 cm?at SSD = 100 cm,

S$SD=100 cm, App. size 10x10 cm’
100 ~ OO0, ——4 MeV : 6 MeV
B ' —o— 8 MeV 10 MeV
\ L+
7o 3, : ——12 MeV
& 80+ 3
[0} \'.
wuv \
o \
© \
£ 604 '. A
[=% : %
; \
o \ \
o L\ \ \'\
=2} \ \
8 40 — Voo \
= 4 !
[ \ \
o \ A
2 i
20 | \ \

\ )

3 \

j‘ . Sy

0 : I erregren | AR : 000000000001
0 20 40 60 80

Depth in water (mm)

Figure (1). PDD curves of 4, 6, 8, 10 and 12 MeV electron energies for the applicator of size 10x10 cm2 at SSD 100
cm

Electron beams parameters Rso, Rso, Rioo, Rp, Rg, percentage surface dose D, and bremsstrahlung
contamination D, obtained from the measured PDD at SSD of 100 cm are presented in Table 2.

Table 3 presents the calculated parameters from the measured (PDD) data for the electron beam of

energies 4, 6, 8, 10 and 12 MeV and applicators of size 6 X 6 cm®, 10 X 10 cm?*, 14 X 14 cm® and
20 X 20 em®,
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ﬁrﬁﬁ’ - Size Rsg  mm Rgo Rgo Rigg mm R, mm Ry mm oL % 0. %
Electron nominal energy : 4 MeV
6x6 16.00 12.98 11.56 8.00 20.53 11.91 79.32 0.21
10x10 15.69 12.70 11.31 8.00 19.87 11.22 81.25 0.19
14x14 16.61 13.55 12.16 9.00 20.67 12.00 80.78 0.17
20x20 16.87 13.81 12.39 9.00 21.16 12.57 81.43 0.11
Electron nominal energy : 6 MeV
6x6 23.43 19.27 17.32 12.00 29.35 17.47 81.50 0.27
10x10 23.93 19.75 17.80 12.00 30.29 17.62 82.32 0.35
14x14 24.02 19.82 17.87 12.00 30.29 17.56 82.95 0.34
20x20 24.22 20.00 17.92 12.00 30.53 17.83 84.30 0.52
Electron nominal energy : 8 MeV
6x6 30.69 25.82 23.24 17.00 37.63 24.09 84. 62 0.61
10x10 31.91 26.54 24.03 17.00 38.57 23.77 85.27 0.38
14x14 31.73 26.32 23.74 17.00 39.86 24.35 85.49 0.71
20x20 31.72 26.33 23.76 17.00 39.48 24.48 87.04 0.52
Electron nominal energy : 10 MeV
6x6 39.09 32.64 29.63 21.00 47.55 30.57 86.55 0.63
10x10 38.95 32.61 29.47 21.00 46.29 30.58 87.03 0.84
14x14 40.03 33.64 30.50 21.00 47.71 31.38 87.17 0.66
20x20 39.94 33.54 30.40 21.00 47.32 31.07 88.22 0.47
Electron nominal energy : 12 MeV
6x6 46.28 38.62 34.75 25.00 56.69 35.43 89.55 1.11
10x10 46.43 38.93 35.15 25.00 56.42 35.20 89.61 1.44
14x14 47.77 40.20 36.40 25.00 56.57 36.25 89.13 1.28
20x20 47.50 39.98 36.26 25.00 55.90 36.59 90.38 1.03
Table (3). Electron beam parameters calculated by PDD at $8D = 100 cm.
App. Size (cm?) E, 5 (MeV) £y (MeV) G %errorE, ;& Nominal Energy
Electron nominal energy : 4 MeV
6x6 4.19 3.73 2.38 -4.81
10x10 4.05 3.66 2.30 -1.37
14x14 4.22 3.87 2.38 -5.54
20x20 4.32 3.93 2.46 -8.09
Electron nominal energy : 6 MeV
6x6 6.05 5.46 2.47 -0.81
10x10 6.25 5.57 2.39 -4.15
14x14 6.25 5.60 2.38 -4.15
20x20 6.30 5.64 2.40 -4.99
Electron nominal energy : 8 MeV
6x6 7.83 7.15 2.78 2.17
10x10 8.03 7.44 2.61 -0.38
14x14 8.31 7.39 2.57 -3.89
20x20 8.23 7.39 2.63 -2.85
Electron nominal energy : 10 MeV
6x6 10.00 9.11 2.80 -0.02
10x10 9.72 9.08 2.95 2.77
14x14 10.04 9.33 2.92 -0.38
20x20 9.95 9.31 291 0.49
Electron nominal energy : 12 MeV
6x6 12.05 10.78 2.67 -0.42
10x10 11.99 10.82 2.66 0.09
14x14 12.02 11.13 2.78 -0.19
20x20 11.87 11.07 2.89 1.07

The relation between the mean energy E, and Rz, is illustrated in Figure 2.
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Figure (2). The relation between E, and Ry

Beam profiles:

Figures 3, 4, 5 and 6 illustrate selected beam profiles for energies 4 MeV and applicator size 6x6

cm?, 6 MeV and applicator size 10x10 cm?, 10 MeV and applicator size 20x20 cm?, and 12 MeV
and applicator size 14x14 cm?, respectively.

105
Electron beam energy 4 MeV ——17.86mm; —— 14.9 mm
1 Applicator size : 6x6 cm’ I"'ﬂ\""\ ——11.4 mm; —— 8.0 mm
90 - /‘\‘
75 \\
I \
6‘3 7 ./ '5\',
% 60 - / A
_8 j .‘.n"-/‘-‘-"\“.. %.'
g | ’i'- A \
= 4 \t
m 45 - f ¢ 2
2 / |
30 4 f gi
15 -
0 T I T 'I T l L] l T T 'I T 'I T [ T l L]
9 -75 60 -45 -30 15 0 15 30 45 60 75 90

off axis distance (mm)

Figure (3). Beam profile for 4 MeV electron beam and applicator of size 6x6 cm?
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Electron beam energy 6 MeV ——264mm ; —— 22.4 mm
100 - Applicator size : 10x10em’ | ——17.4mm ; ——12.0 mm
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Figure (4). Beam profile for 6 MeV electron beam and applicator of size 10x10 cm?.
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Figure (5): Beam profile for 10 MeV electron beam and applicator of size 20x20 cm?.
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Figure (6). Beam profile for 12 MeV electron beam and applicator size 14x14 cm?.
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The characteristics of beam profiles (beam flatness, beam symmetry and penumbra) for electron
beam energies 4, 6, 8, 10 and 12 MeV using two applicators of size 14x14 cm? and 20x20 cm? are
tabulated in Table 4.

Table (4). Beam profiles characteristics of the electron beam

Penumbra width (cm)

App. size (cm?) Flatness % Symmetry % 3 3
Electron beam energy: 4 MeV
14x14 2.94 1.93 1.28 1.30
20%20 2.23 0.12 1.23 1.27
Electron beam energy: 6 MeV
14x14 2.14 0.22 1.19 1.20
20%20 1.14 1.33 1.14 1.14
Electron beam energy: 8 MeV
14x14 2.59 0.05 1.12 1.14
20%20 1.81 0.74 1.09 1.11
Electron beam energy: 10 MeV
14x14 2.23 1.82 1.17 1.19
20%20 1.10 0.03 1.13 1.14
Electron beam energy: 12 MeV
14x14 2.39 0.47 1.01 1.03
20x%20 1.67 1.14 0.96 0.97

Applicators factors:

Applicator factor defines the ratio of output of the utilized applicator to the output of the reference
applicator (10x10 cm?). Table 5 represents the applicator factors measured at the depth of dose
maximum and SSD=100 cm.

Table (5). Applicators factor of energies 4, 6, 8, 10 and 12 MeV electron beams.

Electron energy (MeV)

Applicator size (cm?)

4 6 8 10 12
6x6 0.847 0.934 0.956 0.976 0.984
10x10 1.000 1.000 1.000 1.000 1.000
14x14 1.041 1.013 0.987 0.977 0.982
20x20 1.036 1.018 0.994 0.965 0.976

DISCUSSION

The maximum deviation of the measured value from the declared value of penetrative quality
should be £1 mm as recommended by manufacturer customer acceptance tests (Elekta, 2007). The
results showed that the maximum deviation was 0.37 mm, which occurred for 8 MeV nominal en-
ergy. This is within the acceptable limit of £1 mm. As shown in Figure 1, the measured PDD is in-
creased with electron beam energy and is decreased with depth. The rapidness of the radiation dose
is a decreasing function of electron beam energy while the magnitude of bremsstrahlung contamina-
tion is an increasing function of electron beam energy.

The bremsstrahlung contamination to the central axis percentage depth dose,D. %, was less than
0.55% of the maximum dose for electron beam of energies 4 MeV - 8 MeV, 0.84% for 10 MeV and
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1.44% for electron beam of energy 12 MeV. These percentages are within the tolerance limits of
1% for electron beam energy 4 MeV, and 4% for electron beam energy 20 MeV (Podgorsak, 2003).
Table 3 shows that the most probable energy E, ; is higher than the mean energy E, due to the
spread of the electron beam spectrum. The tolerance limit between calculated most probable energy
and nominal energy is £5% (Chosdu, et al., 1995). Thus, the calculated most probable energies are
in agreement with the tolerance limit except electron beam of energy 4 MeV and applicator of sizes
14x14 cm®,and 20x20 cm? which exceeded the tolerance limit. Furthermore, the values of dose
gradient & for all electron beam energies agree with the lower limit of 2.3.

The relation between mean energy E, and Rz, is linear and is in agreement with the theoretical re-
sults of Monte Carlo calculations (HPA, 1975).

The values of beam flatness and symmetry were calculated according to International Electrotech-
nical Commission (IEC) (IEC, 1997). The tolerance limits of flatness and symmetry are +3% and
+2%, respectively. It is noticeable that the values of flatness decrease as applicator size increases
which means that the values of flatness are field size dependent. The highest value of flatness was
2.94% for electron beam energy 4 MeV and applicator size 14x14 cm? whereas the lowest value
was 1.10% for electron beam energy 10 MeV and applicator size 20x20 cm?. The values of flatness
meet the tolerance limit of +3%. The values of symmetry range from 0.03% to 1.93%. This means
that the values of symmetry for all energies and two applicators of size 14x14 cm? and 20x20 cm?
are well in agreement with the manufacturer's specifications and IEC.

Table 4 also shows that the penumbra width is an electron energy and field size dependent. The pe-
numbra width is a decreasing function of electron beam energy and field size. The maximum rec-
orded value of the penumbra was 1.30 cm for electron beam energy 4 MeV and applicator size
14x14 cm?, while the minimum recorded value of the penumbra was 0.96 cm for electron beam en-
ergy 12 MeV and applicator size 20x20 cm?.

The results of applicator factor show that the applicator factor is increased as the applicator size in-
creased for energies 4 and 6 MeV, whereas for energies 8, 10 and 12 MeV is decreased as the ap-
plicator size increased. The results are in agreement with Varian TrueBeam and Elekta Versa HD
studies (Glide et al., 2013; Narayanasamy et al., 2016).

CONCLUSION

In this work, the electron beams commissioning of an Elekta Synergy platform linear accelerator
were presented and analyzed. The results show that the penetrative quality for all electron beam en-
ergies were within the tolerance limit of £1 mm. Bremsstrahlung contamination obtained from
measured (PDD) was less than 1.5% for electron beam of nominal energy of 12 MeV which is with-
in the tolerance limits. Values of dose gradient & meet the lower limit of 2.3. The relation between
the mean energy E;, and Rz, is linear, and the percentage error between the most probable energy
E, o and nominal energy fall within the +5%limit. Beam flatness and beam symmetry, which char-
acterized the beam profiles, meet the IEC 60731 tolerance. The penumbra width is a decreasing
function of electron beam energy. The maximum value of the penumbra recorded was 1.30 cm for 4
MeV, whereas the minimum value was 0.96 cm. for 12 MeV. Finally, it is concluded that the meas-
ured data of all electron beam energies were found to be within permissible limits. Therefore, all
energies of the electron beam can safely be used for clinical purposes.
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manuscript.
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INTRODUCTION

The proto-oncogene PI3K (Phosphoinositid-3-Kinase) controls various essential cell signaling
pathways that stimulate cellular replication and proliferation while repressing growth and apop-
tosis (Cantley 2002; Moens et al., 2013). The PI3K protein family comprises eight members
categorized based on their sequence, domain structure, and mode of regulation into three
groups: Class I PI3K, Class II PI3K, and Class III PI3K. Class I PI3K is composed of p110 a,
p110 B, and p110y subunit classes and plays a significant role in cancer biology. PI3K muta-
tions are prevalent only in Class I PI3K, with the p110a subunit being the most commonly mu-
tated protein in breast, endometrial, urinary tract, colorectal, and ovarian cancers. Mutations at
codon 542, 545, and 1047 of PI3K (P110a) subunit protein are the most frequent mutational
events in human carcinogenesis, resulting in the constitutive activation of downstream path-
ways and altered cellular proliferation and malignant transformation regulation. All this makes
it an attractive drug target for treating cancer. Validation and identification of disease-
associated targets are crucial for drug design and discovery. Mutations in the PIK3CA gene(s)
that code PI3K (P110a) subunit promote uncontrolled cell growth and proliferation while inhib-
iting apoptosis. Chemotherapy, operative intervention, radiation treatment, and hormone thera-
py are conventional methods for managing cancer. However, they lack specificity and often
damage healthy cells, resulting in side effects. Target-based drug design offers a promising ap-
proach to utilizing the PI3K (P110a) subunit as an anticancer protein (Jorgensen, 2004; Pearce
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unrestricted use, distribution, and reproduction in any medium, *for non-commercial purposes only*, provided you give appropriate
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et al., 2008; Sliwoski et al., 2013; Bassani and Moro 2023). Recent studies have demonstrated the
efficacy of targeting the PI3K (P110a) subunit in cancer therapy (Apel et al., 2019; Uniyal et
al., 2022; Sen et al., 2022).

MATERIALS AND METHODS

A Boolean query was used to trace the protein structure of PI3K (P110 a) subunit in Homo sa-
piens and was analyzed against the UniProt database (http://www.uniprot.org). The protein se-
quence query (P42336) was obtained in fasta format from the UniProt database
(http://www.uniprot.org/uniprot/). Modeller 9.17 software was utilized to predict the 3D struc-
tures of both wild-type and mutated proteins (Sali et al., 1995). Relevant mutations at codons
542, 545, and 1047 of the PI3K (P110 a) subunit were collected from literature sources
(Engelman et al., 2006; Yuan and Cantley 2008; Janku et al., 2011). The quality of the structur-
al models was assessed using the SAVESvV6.0 tool, which employs the Ramachandran plot to
evaluate the stereochemical characteristics of the protein structure (Laskowski et al., 1993). The
predicted active site of the mutated conformations of the PI3K (P110 o) subunit was determined
using PASS software and utilized for virtual screening. In silico virtual screening was per-
formed using PyRx software to rank the library molecules based on their affinity towards the
active site of the mutated protein conformations of the PI3K (P110 a) subunit. The top ten po-
tential library molecules were further analyzed using Lipinski filter software to assess their
suitability as drugs (Lipinski et al., 1997). Recent studies have demonstrated the effectiveness
of in silico virtual screening in the field of drug discovery (Patra et al., 2014; Garner et al.,
2017; An et al., 2020; Kim et al., 2022; Saad and Almabruk 2022).

RESULTS AND DISCUSSION

In this study, we utilized the homology modeling procedure to establish the arrangement of the
PI3K (P110 o) subunit protein along with its three modified models. This allowed us to gain a
better understanding of the structural organization of these proteins and their potential implica-
tions. The BLASTP search was performed against the PDB database using the Modeller 9.17
software to find suitable templates for homology modeling. The template with maximum identi-
ty, high score, and lower e-value was selected for homology modeling. The final stable struc-
ture of the PI3K (P110 a) subunit protein was visualized in Figure 1.

Figure (1). Protein models constructed for wild type with normal codon 545 (Glu) in red color.
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The modifications were selected based on the findings of several prior studies, including those
conducted by Samuels et al. in 2004, Lee et al. in 2005, Ikenoue et al. in 2005, Isakoff et al. in
2005, Kang et al. in 2005, Samuels and Ericson in 2006, and Zhao and Vogt in 2008. These
findings provide valuable insights into the structural aspects of PI3K (P110 a) subunit protein
and its mutations, which can be beneficial in drug discovery and design. Recent studies have
demonstrated the potential of homology modeling in drug discovery (Saad 2017; Saad and Atti-
alla 2017; Kim et al., 2022; Samad et al., 2023; Osweiher and Saad 2022). Additionally, homol-
ogy modeling has been used to determine the structure of various proteins involved in diseases
such as cancer and infection by SARS-COV-2 (Apel et al., 2019; Sen et al., 2022). The use of
mutated models in homology modeling has also been shown to be an effective approach to drug
discovery (Uniyal et al., 2022; Samad et al., 2023).

In this study, the homology modeling procedure was used to determine the arrangement of the
PI3K (P110 a) subunit protein and its three modified forms. For each protein, three distinct
models was created. Figures 1 and 2 showcase the selected models for the normal and mutated
545 codons of the PI3K (P110 o) subunit. These figures clearly demonstrate the significant al-
terations in amino acids caused by the mutations in codon 545.

Figure: (2). Protein models constructed for mutated PI3K (P110 a) subunit of Codon 545 which mutated by Lys
in Red color.

In this investigation, comparative modeling techniques were used to create protein structures of
both the natural and mutated forms of the PI3K (P110 a) subunit. The resulting models were
then evaluated using the SAVES server from the NIH MBI Laboratory for Structural Genomics
and Proteomics. Two tools, PROCHECK and Verify_3D, were employed to assess the validity
of the models. Interestingly, one of the models generated by Modeller was found to be more
acceptable than the others, making it the most reliable choice for each protein. This selection
was made based on Table 1.

When analyzing the protein models, it was found that the majority (85.1%) of the phi/psi angles
of the residues fell within the most favored regions. This indicates that the models possess a
high level of quality. To identify potential binding sites within the protein models, the research-
ers utilized PASS software. As a result, three potential binding sites were identified. To pin-
point the active site, the researchers considered the probe with the largest number of residues.
These findings provide valuable insights into the structure of the PI3K (P110 a) subunit protein,
as well as its mutation. Such information can prove to be highly advantageous in the field of
drug discovery and design.
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Table: (1). Validation of PI3K (P110 o) subunit structure

Ramachandran map analysis

Selected PI3K (P110a) dditional al dditional disal v al
protein model phi/psi angles % Additional al- Additional disal- Generously al-
lowed regions lowed regions lowed regions

Model of PI3K (P110a) 85.1 11.7 0.8 2.4

In various studies, the quality of protein models has been assessed using validation tools like
PROCHECK and Verify 3D (Colovos and Yeates, 1993; Berman et al., 2000; Lovell et al.,
2003). These evaluations have shown that software such as PASS is effective in identifying
binding sites in protein models for drug discovery (Saad and Attialla 2017; Apel et al., 2019;
Sen et al., 2022; Osweiher and Saad 2022; Samad et al., 2023). The main aim of this investiga-
tion was to compare the binding sites detected by PASS software with the active site of the
template protein in order to identify the active site of PI3K (P110 o) subunit protein models.
The results revealed that the active site was located at residues 570, 596, 616, 631, 636, 676,
686, and 885, as shown in Figure 3.

%

sonBin B .|
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Figure: (1). Shows a Ramachandran plot of PI3K (P110 o) subunit wild-type protein models to validate the struc-
ture.

These identified active site residues align with those previously reported in other studies as part
of the active site (Shah et al., 2002; von Bubnoff et al., 2005; Zunder et al., 2008). Furthermore,
ten potential inhibitor molecules were screened and found to target the active site in the mutant
codon 545 of the PI3K (P110 a) subunit protein. This approach provides valuable insights into
the structure of the PI3K (P110 o) subunit protein and its potential inhibitors, which can con-
siderably aid the drug discovery and design process. Recent studies have demonstrated the use-
fulness of computational approaches in drug discovery, such as virtual screening and molecular
dynamics simulations (Cheol-Min et al., 2006; Apel et al., 2019; Ton et al., 2020). The use of
software such as PASS to identify active sites in proteins has also been shown to be effective in
drug discovery.

This analysis utilized molecular docking to identify potential inhibitor molecules for the PI3K
(P110 o) subunit protein which is presented in Table (2). The identified inhibitors were found to
be in agreement with previous docking studies conducted by Garcia-Echeverria and Sellers
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(2008); Saad (2017); Saad and Attialla (2017) and Jin et al., (2021). Additionally, the potential
inhibitors met the criteria of Lipinski's 'rule of five', which evaluates drug-likeness based on
properties such as solubility, partition coefficient, and molecular weight. These findings suggest
that the identified inhibitors have the potential to be effective drugs for PI3K (P110 a) subunit
protein and can be considered for further research. Recent studies have demonstrated the im-
portance of drug-likeness evaluation in drug discovery, such as Lipinski's ‘rule of five' (Bicker-
ton et al., 2012; Pires et al., 2015; Saad 2017; Saad and Attialla 2017). Moreover, the use of
computational methods such as molecular docking has been shown to be effective in the identi-
fication of potential inhibitors for various proteins (Muryshev et al., 2003; Cheol-Min et al.,
2006; Pinzi and Rastelli 2019; Khan et al., 2022).

Figure: (3). The active site was identified by PASS green colors show Point mutations at codon 545 red color show
active site point of PI3K (P110 o) subunit

Table (2). Docked Energy and Lipinski’s Values of Ligand Molecules

Ligand Molecular Docking energy Xlog H-Bond H-Bond Molecular

molecules formula (kcal/mol) P<5 donor Acceptor weight (g/mol)
<5 <10 <500
Sorafenib C21H16CIF3N403 -12.90 4.200 3 7 464.50
Pilaralisib C21H16N602S2 -11.30 0.4303 0 2 443.00
vemurafenib C23H18CIF2N303S -10.01 2.6878 1 3 466.00
BEZ235 C30H23N50 -9.10 -0.6025 1 1 463.00
CONCLUSION

By conducting computational analysis and examining available experimental data, we have
identified the most effective ligand molecules for inhibiting the function of the mutant PI3K
(P110 a) subunit protein. We specifically focused on ligands that adhere to Lipinski's 'rule of
five'. These molecules have demonstrated the ability to halt the growth and proliferation of can-
cer cells, making them highly promising candidates for future drug development and research
endeavors.

Duality of interest: The author has confirmed there is no conflict of interest in this manuscript.
Contribution: The author has carried out all the work related to this manuscript.

Funding: There was specific funding for this work.
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INTRODUCTION

Mycotic infections are the most common in all types of birds. However, they are less dominat-
ing when compared to bacterial and viral illnesses. Aspergillosis, Candidiasis, Dactylariosis,
Cryptococcosis, Favus, Rhodotorulosis, Torulopsis, Mucormycosis, Histoplasmosis, and Cryp-
tococcosis are among the fungal pathogens. (Dhama et.al. 2013). As environmental indicators,
pigeons and free-flying wild birds (Doves) (Streptopelia) play a critical role in public health.
Several fungal species are commonly detected in bird feces, especially yeasts of the genera
Cryptococcus Vuill, Candida Berkh, Trichosporon Behrend, and Rhodotorula, in addition to
filamentous fungi belonging to the genera Aspergillus Michelli, and Penicillium spp (Elhariri,
Hamza et al. 2015 ; Mendes et al., 2014; Santos et al., 2009; Fraga et al., 2011).

Approximately 50% of all birds are regarded to be reservoirs and carriers of fungi that could be
dangerous to both birds and humans (Dynowska et al. 2015). Grisin et al. (2017) concluded that
birds and their droppings can carry over 60 diseases, many of which are airborne and can be
transmitted to humans merely by being close to them.
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This is because dried bird droppings are generally very fertile ground for fungal species growth,
due to high concentrations of nitrogenous bases and because as the droppings age, they contain
higher concentrations of fungi than when recently eliminated (Silva & Paula,1963; Mendes et
al. 2014; Elhariri et al. 2015).

Fungal species connected with bird nests have been studied in both terrestrial and wetland bird
nests; nevertheless, data on this topic is still limited. The body temperature of birds (about 39-
43°C) and the unique conditions that exist in nests make them an ideal setting for fungus devel-
opment. Many suitable substrates encourage microbial growth such as plant materials used to
build nests, bird feces, animal remains, and keratin-rich substrates (feathers or hair). The nest
position also affects the diversity of fungal species inside the pigeon nest, which affects the
source of the nutrients (Hubalek et.al. 1976; Kornittowicz-Kowalska et.al. 2011). Recent re-
search has focused on teratophiliac fungi (fungi that obstruct wetland bird nests due to high
amounts of keratin and favorable climatic conditions, such as greater humidity). (Kornittowicz-
Kowalska et.al.2011& 2013).

Our research aims to find out what types of molds inhabit pigeon droppings in Erbil city and its
suburbs.

MATERIALS AND METHODS

Sample Collection

Two hundred samples of pigeon droppings were collected from 54 different regions in Erbil
city and its suburbs from November 2021 to October 2022. Samples have been collected and
transferred in sterilized and sealed containers into the advanced mycology laboratory at Science
College/ Salahaddin University.

Isolation of Fungi

A biosafety cabinet was used for homogenizing and processing all samples. 20 grams of Pigeon
(Columbia Livia) dropping samples were suspended in sterilized phosphate-buffered saline
(PBS) at a 1:5 ratio by vortexing for 5 minutes and centrifuged at 500° g for 5 min. 100 uL
from the supernatant from each tube was inoculated onto Niger Bird Seed Agar (NBSA) in a
Petri dish and onto Sabouraud dextrose agar (SDA) plates containing 1.0 g creatinine and 40
mL chloramphenicol (50 pg/mL). The Petri dishes were incubated in the dark at 25 °C in humid
conditions for 3-10 days (Chae et. al. 2012)

Identification methods

In general, the identification of filamentous fungi was based on classic taxonomy (macro and
microscopic characteristics). The surface and the reverse of the colonies were observed, as well
as diameter, conidial color, texture, and presence of soluble pigments (Tell, 2005; Dugan, 2006;
Balajee, et.al. 2007).

RESULTS

In Erbil city and its surroundings, 200 samples of regional pigeon excretion were gathered from
54 different areas, and 23 of the isolates were fungi obtained by using the Niger bird seed me-
dium. The fungal genera were identified through macroscopic and microscopic properties on
agar plates and slides, which belongs to 8 genera (Aspergillus, Alternaria, Chrysosporium,
Helminthosporium, Mucor, Penicillium, Rhizomucor and Rhizopus). Among the isolates, four
species belong to the genus Aspergillus, while for Alternaria, Chryspsprium, Helminthospori-
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um, and Rhizomucor only the genus has been identified with one isolate for each, as shown in
table-1. Aspergillus niger and Mucor had the highest prevalence of the isolates (8.7%) in Bna-
slawa. Other species (Alternaria, Chrysosporium, frequency (4.3 %) in most of the areas, as

shown in the Table 1.

Table (1). Mold isolated from pigeon droppings on Niger bird seed agar medium.

No. Sample source Mold No. of colonies %Frequency
1. Bahare nwey 0 0 0
2. Bahare kon 0 0 0
-+3. Barzan 0 0 0
4, Berkote nwey 0 0 0
5. Bnaslawa Aspergillus niger 2 8.7
A.ochraceous 1 4.3
Mucor sp. 2 8.7
6. Chnar A.fumigatus 1 4.3
A.ochraceous 1 4.3
Rhizopus sp. 1 4.3
7. Chwarchra A.candidus 1 4.3
Penicillium sp. 1 4.3
8. Daratu 0 0 0
9. Darwazae shar 0 0 0
10. Framanbaran 0 0 0
11. Galawezh 0 0 0
12. Havalan A.niger 1 4.3
Mucor sp. 1 4.3
13. Kany gany 0 0 0
14, Kasnazan A.niger 1 4.3
Rhizomucor sp. 1 4.3
15. Mabhala arab Helminthosporium sp. 1 4.3
16. Makhmur Penicillium sp. 1 4.3
17. Mala omer 0 0 0
18. Mamostayan A.ochraceous 1 4.3
Penicillium sp. 1 4.3
Rhizopus sp. 1 4.3
19. Masif salahaddin 0 0 0
20. Mufti 0 0 0
21. Nawroz 0 0 0
22. Science college 0 0 0
23. Setagan 0 0 0
24. Shawes 0 0 0
25. Shurtawa A.niger 1 4.3
26. Tayrawa A.niger 1 4.3
217. Xanaga Alternaria sp. 1 4.3
28. Zanko Chrysosporium sp. 1 4.3
29. Zanko village 0 0 0
Total 23

The findings in Table-1 and Table-2 reveal that 17 sites' samples of bird droppings produced
negative results when tested on Niger bird seed agar. While only 2 locations produced no re-
sults when tested on Sabouraud dextrose agar. Thus, Sabouraud dextrose agar is thought to be
better than NBSA for isolating fungi.

It is worth mentioning that no results were obtained in 17 regions from NBSA media. In con-
trast a total of 76 isolates were gained from Sabouraud dextrose agar, as mentioned in Table-2.
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They belong to the genera (Aspergillus, Cunninghamella sp., Fusarium, Mucor, Penicillium,
Rhizomucor, and Trichoderma) among them, the highest frequency was for unidentified Peni-
cillium sp. (9.2%) in Nawroz and (5.2%) in Bahare kon respectively. While (3.9%) was the fre-
quency obtained for the genera (Aspergillus niger, Aspergillus fumigatus, A.ochraeous,
A.terrus, A.flavus, Cunninghamella sp., Mucor sp., Rhizomucor sp., and Penicillium sp.) in
most of the regions. It merits mentioning that only two areas gave negative results, and no fungi
have been identified, which were Chwarchra and Mamostayan.

In the isolating fungi on NBSA and SDA, eleven genera have been detected. Aspergillus had a
superior number of (6 species) and the highest frequency (44.4%), followed by Penicillium
(2.6%) and Mucor sp. (1.6%). While the Fusarium, Rhizomucor Rhizopus, and Trichoderma
were recorded on (0.2 %) of the isolates. However, among isolates, Cunninghamella, Chryso-
sporium, Alternaria, and Helminthosporium had the lowest prevalence (0.1%), as shown in Ta-
ble-3 and Fig. 1.

Figure (1). Shows the most composition of fungi isolated from droppings of domestic birds. a- Aspergillus b-
Cunninghamella, c- Fusarium, d- Rhizopus.
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Table (2): Molds isolated from pigeon droppings on Sabouraud Dextrose agar medium.
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No. Sample source Mold No. of colonies % Frequency
1. Bahare nwey Aniger 1 1.3
A.fumigatus 1 1.3
Penicillium sp. 2 2.6
2. Bahare kon A.niger 1 1.3
Penicillium sp. 4 5.2
3. Barzan A.niger 1 1.3
Mucor sp. 1 1.3
Penicillium sp. 1 1.3
4. Berkote nwey A.niger 3 3.9
5. Bnaslawa A.niger 2 2.6
A.ochraceous 1 1.3
Mucor sp. 3 3.9
Penicillium sp. 1 1.3
6. Chnar A.flavus 1 1.3
7. Chwar chra 0 0 0
8. Daratu A.niger 1 1.3
9. Darwazae shar Penicillium sp. 1 1.3
10. Framanbaran Mucor sp. 3 3.9
Trichoderma sp. 2 2.6
11. Galawezh A.niger 2 2.6
A.terrus 1 1.3
Cannicamella sp. 1 1.3
Fusarium sp. 2 2.6
Rhizopus sp. 1 1.3
12. Havalan A flavus 1 1.3
Mucor sp. 1 1.3
13. Kany gany A.niger 1 1.3
14. Kashazan Rhizomucor sp. 1 1.3
15. Mahala arab Mucor sp. 1 1.3
Penicillium sp. 1 1.3
16. Makhmur Penicillium sp. 1 1.3
17. Mala omer A.niger 1 1.3
Mucor sp. 1 1.3
Penicillium sp. 3 3.9
18. Mamostayan 0 0 0
19. Masif salahaddin Aniger 1 1.3
Penicillium sp. 1 1.3
20. Mufti A.niger 1 1.3
Mucor sp. 1 1.3
21. Nawroz A.niger 2 2.6
Penicillium sp. 7 9.2
22. Science college A.niger 1 1.3
23. Setagan A.niger 1 1.3
24. Shawes A.niger 3 3.9
Mucor sp. 2 2.6
Penicillium sp. 1 1.3
25. Shurtawa Aniger 1 1.3
A flavus 1 1.3
26. Tayrawa A.niger 1 1.3
27. Xanaga A.niger 1 1.3
28. Zanko A.niger 1 1.3
29. Zanko village A.ochraceous 1 1.3
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Table:(3). Total mold colonies isolated from the pigeon droppings in Erbil and its suburbs.

Media
Fungi NBSA SDA Total % Frequency  Total % Frequency
Total colony number

Aspergillus candidus 1 0 1 1.0

A flavus 0 3 3 3.0
A.fumigatus 1 1 2 2.0 44 44.4
A.niger 6 26 32 32.3
A.ochraceous 3 2 5 5.0
A.terrus 0 1 1 1.0
Alternaria sp. 1 0 1 1.0 1 0.1
Cunninghamella, sp. 0 1 1 1.0 1 0.1
Chyrysosporium sp. 1 0 1 1.0 1 0.1
Fusarium sp. 0 2 2 2.0 2 0.2
Helminthosporium sp. 1 0 1 1.0 1 0.1
Mucor sp. 3 13 16 16.0 16 1.6
Pencillium sp. 3 23 26 26.0 26 2.6
Rhizomucor sp. 1 1 2 2.0 2 0.2
Rhizopus sp. 2 0 2 2.0 2 0.2
Trichderma sp. 0 2 2 2.0 2 0.2
Total 23 76 99 - - -
DISCUSSION

Table:(3). Total mold colonies isolated from the pigeons’ dropping in Erbil and its suburbs.

This study isolated and characterized several fungi groups known to pose significant opportun-
istic risks in their presence within pigeon feces and contamination of the human environment
and should, therefore, raise public health concerns, especially for older adults and the immuno-
suppressed. The growth of bacteria and fungi is highly grown in a nitrogen-rich environment
that has been contaminated with birds’ droppings (John et.al. 2001). The chemical characteris-
tics and composition of pigeon feces (pH, uric acid, and nitrogen) provide a good substrate for
fungal spore propagation. Pathogenic fungus abundance has been connected to weather (humid-
ity, temperature, and radiation), vegetation, and bacteria associated with guano (Lee et.al.2017).

Humans have been known to suffer considerable morbidity and mortality from Aspergillus spe-
cies. They are linked to several clinical manifestations, including disseminated infections, res-
piratory infections, subcutaneous infections, rhino-cerebral infections, skin and nail infections,
ear infections, and keratitis (Rodrigues et.al. 2014).

In the current study, the genus Aspergillus was the most prevalent among the isolates, with a

frequency of (44%) followed by Penicillium sp. with a frequency of (26%) These findings are
in accordance with (Maryam, et.al.2013), who proved that pigeon droppings are associated with
different pathogenic fungal species, including Penicillium spp. (n=30), Apergillus spp. (n=25),
Mucor spp. (n=18), Rhizopus spp. (n=14), Paecilomyces spp. (n=11), Fusarium spp. (n=4), and
Cladosporium spp. (n=2). Similarly, (Hashemi et. al. 2014) reported the presence of these op-
portunistic fungi such as Aspergillus, Alternaria, Rhizopus, Mucor, and yeast-like fungi in vari-
ous domestic birds presented to veterinary clinics in Tehran. However, our findings partially
agree with Abbas et al. (2017), who indicated that Penicillium (19%) achieved the highest fre-
quency in the droppings of pigeons. It was followed by Mucor (9%), Rhizopus (7%), A. niger
(6%), A. fumigatus (5%), A. flavus (4%), Cladosporium (3 %), and Alternaria (2%).
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Abulreesh et al. 2015, reported that Mucorales were represented by 8 species related to 6 gene-
ra, from which R. stolonifer, S. racemosum, and Mucor hiemalis were the most common and
appeared in 16.1%, 11.6%, and 10.7% of the examined samples, respectively. According to the
diversity of genera, the genus Aspergillus ranked second to Mucorales isolated from pigeon fe-
cal samples and was represented by five species, namely, A. flavus, Aspergillus niger (A. niger),
Aspergillus parasiticus, Aspergillus tamarii, and Aspergillus terreus. So our findings are disa-
greeing with it. Some of the unfavorable outcomes in our study could be attributed to hatchlings
defecating in the nest, which raises the salt and alkalinity of the nest lining, promoting alkali-
tolerant fungus species. (Kornittowicz-Kowalska et. al. 2018) The adoption of culture-based
methods for isolating fungi may have also resulted in a restricted spectrum of fungal species.
Traditional methods are also more widespread and less expensive than high-throughput se-
quencing procedures. However, this approach has several disadvantages, including the impossi-
bility of detecting unculturable elements (Pasanen,2001; Rastogi 2011). Also, the effectiveness
of culture-based analysis of fungal species is affected by factors such as incubation temperature
and culture medium type. (Meletiadis et. al. 2001; Marshall & Poulson-Cook, 1998).

On the other hand, the isolation of both yeasts and molds (i.e., fungi) from clinical and envi-
ronmental samples can be complicated by various factors. Fungal growth in clinical or envi-
ronmental samples may often be inhibited due to increased growth rates of bacteria as well as
bacterial production of deleterious metabolites. These factors can fail to detect fungi in mixed
cultures (Hockey et al., 1982). Additionally, fungi frequently have various and particular die-
tary requirements, which might limit the range and intensity of an organism's growth in the ab-
sence of a certain nutrient (Gao & Liu, 2010).

It should be noted that the addition of antibiotics such as chloramphenicol to growth media may
also have a negative impact on the growth of certain fungal species (Touimi-Benjelloun et al.,
1976). Thus, it can be concluded that there is a potential role of pigeons, as well as other birds,
in the propagation of zoonotic yeasts in the environment affecting humans and other animals,
which needs to be further investigated.

CONCLUSION

We concluded that pigeon droppings may be a source of many health problems since they con-
tain different types of molds, which may cause clinical manifestations in humans and other an-
imals.
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INTRODUCTION

Current knowledge about the pathogenesis of periodontal disease suggests that its central cause
is the loss of a healthy balance between microbial virulence agents and host inflammatory re-
sponse(Amano, 2010; Genco, 1992; Lee et al., 2000). The immune system, while protecting the
host against microbial dental plaque, also participates in attacking the host. Inflammation and
tissue destruction are early and mediated processes in response to bacterial infection (Hauschka
et al., 1989; Kornman et al., 1997 ; Madianos et al., 2005). Periodontal diseases may differ in
their etiological factors and pattern of progression. This variability can be attributed to differ-
ences in the presence of factors that might modify the host response to microbial pathogens.
Chronic periodontitis (CP) and aggressive periodontitis, forms of inflammatory periodontal dis-
ease, differ from each other in terms of the magnitude, sequel, and control of the response
(Armitage, 2004) 5. The destruction of soft and hard tissues seen in periodontitis is caused by a
large number of cytokines as well as due to the presence of other effects or molecules released
by resident and migrating cells (Genco, 1992; Koide et al., 2010) .
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Calcium-binding protein of bone accounts for 10-20% of the non-collagenous protein in bone
matrix. It has three residues of a calcium-binding amino acid, gamma-carboxyglutamic acid
(Gla), that allow specific conformational changes enabling its binding to hydroxyapatite and
later accumulation in bone matrix (Hauschka, 1986; Lee et al., 2000).

Vitamin D plays a critical role in mediating calcium absorption and regulating musculoskeletal
health (Giovannucci et al., 2008). It has also been demonstrated to function in the regulation of
cardiovascular health, immune responses, wound healing, and cancer prevention (Kilkkinen et
al., 2009). Vitamin D is a fat-soluble vitamin obtained from three sources. Endogenous synthe-
sis of vitamin D occurs in the skin and is induced via ultraviolet radiation. It may also be ob-
tained exogenously through dietary sources that include oily salt-water fish (mackerel, salmon,
sardines, and tuna), cod liver oil, and egg yolk. Many countries, including the United States of
America, fortify dairy products with vitamin D due to its scarcity in natural foods(Gorham et
al., 2007; Kilkkinen et al., 2009). The aim of this study was to evaluate the level of 25-Hydroxy
vitamin D3 in gingival crevicular fluid, serum pre-post scaling and root planning in chronic per-
iodontitis patients.

MATERIALS AND METHODS

The present study was an analytical case control study, carried out on 40 patients whose ages
ranged from 35-60 years (both males and females) and were selected from Surman Hospital
dental department, dental clinic, Western Libya from Feb 2022 to May 2022. Only 20 patients
were diagnosed as having chronic periodontitis after obtaining a proper case history and thor-
ough clinical examination. 20 have been suffering from chronic gingivitis.

Participants:

The selected patients were (40), free from any systemic disease, and no medication had been
received for three months prior to the study. Furthermore, none of them had previous periodon-
tal treatment including scaling, root planning, and periodontal surgery in the last six months. On
the other hand, smokers and pregnant females were excluded from the study. Verbal informed
consent was taken from each participant in the study.

The clinical parameters were measured before and after treatment (at baseline, after 6 weeks),
bleeding on probing index, plaque index, gingival index, clinical attachment level, and probing
pocket depth.

Statistical analysis:

Data were presented as mean and standard deviation (SD) values. Data were presented as fre-
quencies (n) and percentages (%). The chi-square (x2) test was used to compare between the
two groups. The significance level was set at P < 0.05 by using the Statistical Package of Social
Science SPSS, Version 20.

Ethical consideration:
The study was conducted at the University of Sabratha according to standards of ethics for sci-
entific research. All participants provided verbal consent prior to participation.

RESULTS

Table 1 shows the demographic characteristics and baseline data of the patients enrolled in the
study. The mean value and standard deviation of the age of individuals was 40.8 + 7.7 years in
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the study group. Their age ranged from 35-56 years, and 35.3 + 3.4 were in the control group,
their age ranged from 30-43 years.

Table (1). Shows Mean demographic characteristic data (age).

Parameters Control Group (M£SD) Study Group (M+SD)
Age (years) 30-43 35-56

Mean 35.3+3.4 40.8+7.7

Numbers 20 20

Table 2 shows the variation of mean values and standard deviation of Gl, PI, BOP, PD, and
CAL of individuals who participated in the study. For the study group, the mean value and
standard deviation of the gingival index (GI) at baseline was 1.88 + 0.29, and after SRP, it was
0.72 £ 0.22. Thus, there was a statistically significant decrease in Gl values post-operatively (P
< 0.001). Moreover, the mean value and standard deviation of plaque index (PI) before treat-
ment was 2.02 + 0.44. After treatment, the mean value was 0.72 £ 0.28. So, there was a highly
statistically significant decrease between values of Pl before and after treatment in the study
group (P < 0.001).

It was observed that there was a statistically significant reduction in bleeding on probing
(BOP) scores at baseline in the study group with mean values of 0.91 = 0.08 compared to scores
after treatment which was 0.18 + 0.09 (P < 0.001). The mean value and standard deviation of
probing pocket depth (PD) at baseline in the study group was 5.27 + 0.77 mm and after therapy,
it was 4.35 + 0.73 mm. As a result, there was a statistically significant decrease in mean PD
post-operatively (P < 0.022). Moreover, the mean value and standard deviation of clinical at-
tachment level (CAL) at baseline in the study group was 5.84 = 0.79 mm. After treatment, the
mean value and standard deviation of CAL in the same group was 5.02 + 0.71 mm. Therefore,
in periodontitis patients; there was a statistically significant decrease in mean CAL post-
operatively (P < 0.033).

Table (2). The mean values (SD) of GI, PI, BOP, PD, and CAL of the study and control group before and after
(SRP).

Parameter Before (Baseline) After (SRP) P-Value
Gl 1.88+0.29 0.72+0.22 0.001
Pl 2.02+0.44** 0.72+0.28 0.001
BOP 0.91+0.08* 0.18+0.09 0.00

PD 5.27+0.77 4.3520.73 0.022
CAL 5.84+0.79 5.02+0.07 0.033

* Highly Significant (P < 0.001).
Gl = Gingival Index, Pl = Plaque Index, BOP = Bleeding on Probing
PD = Pocket depth in millimeter, CAL = Clinical attachment level in millimeter.

Table 3 shows the comparison of GCF and serum levels in 25-Hydroxy vitamin D3. The mean
value and standard deviation of 25(OH) vitamin D3 in the study group, GCF at baseline was
3.41 + 2.25 ng/ml, and after therapy (SRP) was 4.57 = 2.33 ng/ml. As a result, there was a sta-
tistically significant increase in the mean post-operatively at a p-value of 0.022. Moreover, in
the control group, it showed statistically significantly higher. The mean value and standard de-
viation of SRP in serum at baseline were 39.88 + 13.64 and after therapy (SRP), was 41.48 +
13.58 with P-value 0.001.
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Table 3: shows the comparison of GCF and serum levels in 25-Hydroxy vitamin D3.

25(0OH) VitD3 Study group Control group P —value
GCF 3.41£2.25 4.57+2.33 0.022
Serum 39.88+13.64 41.48+13.58 0.001

GCF=Gingival Crevicular Fluid.

DISCUSSION

Chronic periodontitis is a chronic condition where bacterial biofilms lead to host responses
within periodontal tissues. Previous reports revealed evidence that periodontal disease is linked
to low serum 25-hydroxy vitamin D3 concentrations in addition to recognized risk factors like
diabetes and smoking. Thus, the present clinical study was designed to assess the levels of 25-
Hydroxy vitamin D3 in GCF and serum before and after scaling and root planning (SRP) in
chronic periodontitis patients.

The results of our study showed improvement of all clinical periodontal parameters (Gl, PI,
BOP, PD, and CAL) after SRP in chronic periodontitis patients (study group) and exhibited
significant improvements of all values after therapy compared to baseline records. These find-
ings are in agreement with several studies and many consensus reports as SRP is considered the
basic therapeutic modality of chronic periodontitis. In the present study, there was a statistically
significant increase in the mean GCF 25-Hydroxy vitamin D3 after performing SRP in the study

group.

However, there was no statistically significant variation in mean values of serum 25-OH vita-
min D3 level after SRP of the same group. These findings come in agreement with other inves-
tigators. However, they evaluated 25-OH vitamin D3 in aggressive periodontitis individu-
als.Previous studies found that low vitamin D levels in GCF have been associated with in-
creased tooth loss, clinical attachment loss, and maternal periodontal disease during pregnancy.
These findings are consistent with our results.

Investigators found evidence for the association of periodontal disease with low serum 25(OH)
D concentrations. This result comes in disagreement with our findings that showed no differ-
ence in serum 25(0OH) D3 concentrations between periodontitis patients at baseline and after
therapy and also compared to the chronic gingivitis group. The patients selected for participa-
tion in the previous study were suffering from aggressive periodontitis. We can only speculate
why the association between serum 25(OH) D3 concentrations and clinical attachment loss
(CAL) was limited to the older subjects of both sexes. One reason may be the higher prevalence
and extent of AL in older subjects than in younger subjects. In this way, older subjects may be
more susceptible to the potential benefit of vitamin D3.

In another study, it was found that there was a significant inverse association between serum
25(0OH) D3 concentrations and periodontal disease in both men and women aged >50 years.
This association was independent of race or ethnicity, socioeconomic status, estrogen use
among the women, smoking, and gingival bleeding.

It was concluded from the current study that 25-hydroxy vitamin D3 might have an important
role in the pathogenesis of periodontal disease and could be used as an adjunctive therapeutic
modality for the prevention and treatment of different types of periodontitis. Future intervention
therapeutic studies with vitamin D supplementation are also recommended in both chronic peri-
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odontitis and aggressive periodontitis patients to completely evaluate the role that vitamin D
might play in the treatment of periodontal disease.

CONCLUSION

Scaling and root planning (SRP) is the mainstay of treatment for periodontal diseases and was
effective in improving clinical parameters in patients with chronic periodontitis. 25-hydroxy
vitamin D3 might have an important role in the pathogenesis of periodontal disease and could
be used as an adjunctive therapeutic modality for the prevention and treatment of different types
of periodontitis.

Duality of interest: The author has confirmed there is no conflict of interest in this manuscript.
Contribution: The author has carried out all the work related to this manuscript.

Funding: No specific funding was received for this work
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INTRODUCTION

Hand Hygiene or handwashing is the act of cleansing both hands with the use of clean running
water and anti-septic soap (Helba, 2014; Goldman, 2008). Proper hand hygiene reduces the
spread of potentially deadly micro-organisms to patients and the risk of healthcare provider
colonization of infection caused by germs acquired from the patient ( Kredie & Kalkman, 2011;
Helba, 2014; Control & Prevention, 2021; Organization, 2009, 2017).

Surgical Hand scrubbing is being observed inside our operating department by scrubbing to-
gether all surfaces and crevices of the hands using a surgical scrub soaked with an anti-septic
solution and water. It is the most basic and effective measure that prevents and controls the
transmission of infectious agents (Control & Prevention, 2021). In the event of the absence of
soap and water, the 15-seconds vigorous scrubbing should be observed using alcohol-based
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hand sanitizers to prevent the transfer of micro-organisms for both patients and fellow
healthcare providers (Control & Prevention, 2021; Organization, 2017).

This study provides additional information for healthcare professionals and allied healthcare
workers working inside the operating theater. The additional information regarding our study
about proper hand hygiene falls under the infection control program that is part of the cleanli-
ness cited by Florence Nightingale that a person’s health was the direct result of environmental
influences (DeLaune & Ladner, 2011; Smeltzer, 2010).

This study was conducted to examine compliance with hand hygiene in the operating theatre
set-up to deter pathogenic microorganisms and prevent transmitting them. Poor hand hygiene
practices are unacceptable and break the law of our infection control practices thus, transmitting
microorganisms to our clientele and fellow healthcare providers(DelLaune & Ladner, 2011;
Helba, 2014).

MATERIALS AND METHODS

Design:

This is a questionnaire-based research study. Approvals were obtained from the hospital admin-
istrator and operating theater supervisor. A self-administered questionnaire was utilized, which
consisted of four (4) parts, including respondents' demographic data, behavior, feedback, and
fulfillment on health care supplies and facilities.

Research questionnaires were translated from English to Arabic to cater to operating theater
staff who do not have an English background. The respondents’ behavior will be measured us-
ing 10 questions with a rate of 1 to 3, wherein 1 is the lowest and 3 is the highest, in addition to
feedback on proper hand hygiene, which consists of six (6) statements, and fulfillment on health
care supplies and facilities, which also consists of six (6) statements.

To have more understanding of the data of this study, SPSS (Statistical Package for the Social
Sciences) was utilized by the researchers for data analysis.

Study Participants and Locale:

The study investigates compliance with hand hygiene practices among healthcare professionals
and allied health workers in the prevention of bacterial contamination. The researchers gathered
55 participants, which included surgeons, staff nurses, anesthesiologists, anesthesia technicians,
help nurses, and porters for elective and trauma/emergency surgeries. Operating theaters in all
government healthcare facilities of Benghazi City were part of the questionnaire’s distribution.

RESULTS AND DISCUSSION

Table 1 showed that the majority of the respondents belong to the female group. This means,
there are more female than male healthcare workers employed in the operating department. The
table shows that according to age, the majority of the respondents belong to the 30-39 years of
age bracket with 58.2 percent. These were followed by 18-29, 40-49- and 50-59-year old age
bracket with 18 (32.7 percent), 4 (7.3 percent) and 1 (1.8 percent) respondents, respectively.

This finding indicates that healthcare workers employed in operating theaters in Benghazi City,
Libya, belong to the early adulthood group. According to Havighurst (DeLaune & Ladner,
2011), this age group is establishing a career or occupation. This could be attributed to the fact
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that the younger generation of healthcare workers are very eager to find stable employment for
the betterment of their future and chosen career.

Table (1). Respondents’ Profile in Terms of Gender, Age, Occupation, and Years of Employment

Demographics Parameters (f) %
Gender Male 27 49.1
Female 28 50.9
Age 18-29 18 32.7
30-39 32 58.2
40-49 4 7.3
50-59 1 1.8
60 and above 0 0
Occupation Porter 4 7.3
Help Nurse 9 16.4
Nurse 17 30.9
Anesthesia 7 12.7
Technician
Anesthesiologist 7 12.7
Surgeon 11 20.0
Years of Employment 1-3 11 20.0
4-6 20 36.4
7-9 9 16.4
10-12 7 12.7
13-15 3 5.5
16-18 2 3.6
19-21 2 3.6
25 and above 1 1.8

In terms of employment, the table indicates that 17 or 30.9 percent of the respondents were
nurses. Next in line were help nurses with 9 or 16.4 percent, followed by surgeons with 11(20.0
percent), and the last, who landed on the same spot were the anesthesia technicians and anes-
thesiologists both with 7, or 12.7 percent score. This means that the vast majority of the re-
spondents are nurses. Florence Nightingale ((DeLaune & Ladner, 2011) stated that nurses are
the core or heart of healthcare.

After scrutinizing the information sheet of the operating theater personnel working in operating
as to their length of service, it disclosed that 20 or 36.4 percent of the majority have less than 7
years of clinical experience in operating theaters, while the longest who served were 2 or 19-21
percent respondents with 6-10 years of experience in the healthcare industry which are longer
as compared to the rest of the respondents.

Further, it could be reflected from the previous table that most (11 or 20 percent) of them have
rendered less than 4 years of service followed by those who rendered 7-9 years (9 or 16.4 per-
cent), 10-12 years (7 or 12.7 percent), and those 16 to 18 and 19 to 21 years of experience who
garnered 3.6 percent. No one among the respondents renders more than 21 years of service.

Table 2 shows the respondents’ behavior in performing hand hygiene. Ranked the highest is
number 4 “Emergency cases including trauma are a higher priority than hand hygiene” having a
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mean of 2.5818. This means that operating theater personnel have difficulties in performing
hand hygiene prior to handling cases like this. Being an operating nurse who handled both elec-
tive and emergency operations always believed that performing hand hygiene is necessary in
order to prevent additional infection to the patient. Next is number 2 “I have concrete
knowledge about hand hygiene practices”, having a mean of 2.5455. Hand hygiene is one of the
basic nursing skills that a student should learn before going further on to the invasive skills.
Number 1 came as number 3 “I'm following proper hand hygiene practices all the time”, scoring
a mean of 2.5091. The last was number 8 with a mean score of 2.0364 " Junior/New staff have
not been properly instructed in hand hygiene protocols™. For senior staff nurses, it is our duty to
provide orientation to the newly hired staff, from protocols down to the small details of every
surgery.

Table (2). Respondents Behavior in Performing Hand Hygiene

Statement Mean Interpretation
1. I'm following proper hand hygiene practices all the 25091 Highly significant
times '
2. | have concrete knowledge about hand hygiene prac- 2 5455 Highly significant
tices '
3. Sometimes there are more important things to be Significant
: 2.3273
done than hand hygiene
4.Emergency cases including trauma are a higher pri- Highly significant
- . 2.5818
ority than hand hygiene
5.Donning gloves to decrease the need for hand hygiene » 3001 Significant
6. Frustrated when others are unable to perform hand 21273 Significant
hygiene '
7. I'm reluctant to request others to be part of hand hy- 19818 Not significant
giene practices '
8. Junior/New staff have not been properly instructed in Significant
. 2.0364
hand hygiene protocols
9. | feel guilty if I skip hand hygiene 2.3273 Significant
10. Following hand hygiene protocols is easy 2.4182 Significant
Average Mean 2.3163 Significant
Table (3). Respondents’ Feedback on Proper Hand Hygiene
Statement Mean Interpretation
1. Sometimes I forget about hand hygiene
2.0364 Significant
2. Hand hygiene is an important part of my job )
5455 Highly significant
3. The frequency of hand hygiene makes it difficult to follow 21273

as necessary Significant
4. Infection Control Committee have a positive influence on

the staff hand hygiene 2.1818 Significant
5. Bulletin boards of Infection Control Committee reminds

all the staff about hand hygiene 2.2000 Significant
6. Lectures related to hand hygiene is difficult to attend due 9 1455

to work pressure ' Significant

Average Mean 2.2060 Significant
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The table above shows that 37 out of the 55 respondents, comprising 2.5455 of the total mean
score, belong to the second statement that “Hand hygiene is an important part of my job™ which
supports the study that hand hygiene is the single most effective preventive measure against ac-
quiring hospital infections (Kredie & Kalkman, 2011; Control & Prevention, 2021). The rest
have significant feedback on proper hand hygiene.

Table 4 above shows respondents are fulfilled with the availability of enough soap, antiseptic
for hand washing, alcohol rub, and paper/clothes for drying hands (mean score, 2.0000). How-
ever, the availability of these products on a regular basis is still low in this study (mean score,
1.9273) due to limited supplies from the main store. " Updated infection control bulletin
boards" (mean score, 1.8000) landed at the bottom part due to the absence of posting education-
al materials for proper hand hygiene, which will provide a great reminder to operating theater
personnel that hand hygiene is important. Findings on the “continuing education program relat-
ed to hand hygiene in the hospital” received a significant(fulfilled) result from the respondents
(mean score, 1.9273), which means that it is important to carry out training programs related to
hand hygiene regularly for healthcare workers as it has been associated with increased compli-
ance with hand hygiene practices and reduction of infection.

Table (4). Respondents Fulfillment on health care supplies and facilities

Statement Mean Interpretation

1.Availability of enough supplies/equipment’s in per-

forming hand hygiene 1.9273 Unfulfilled

2. Updated infection control bulletin boards 1.8000 Unfulfilled

3. Availability of enough soap, antiseptic for hand

washing, alcohol rub, and paper/clothes for drying 5 g09 Fulfilled

hands

4. Availability of clean and sterile gloves in OT 2. 4545 Highly fulfilled

5. Number of functional sinks with running water Highly fulfilled
2.5455

6.Continuing Education program related to hand hy- Fulfilled

giene in the hospital 1.9273

Average Mean Fulfilled

2.1091

CONCLUSION

Outcomes and conclusions were drawn from this research study. The null hypothesis was rejected
on respondents’ behavior on proper hand hygiene, with an average mean of 2.31, and feedback on
proper hand hygiene practices, with an average mean of 2.20, that there is a significant relationship
between the respondents’ behavior and feedback on proper hand hygiene. Lastly, respondents are
fulfilled on health care supplies and facilities despite limitations.

In light of the findings and conclusions of the study, the researchers provide suggestions and rec-
ommend additional studies, in addition to increasing the number of respondents for future research
studies. The hospital administration should provide additional posters inside the scrub sinks that
further elaborate and illustrates the relevance of proper hand hygiene. The administration should
also include proper hand hygiene as part of the regular training and seminars for healthcare staff.
Infection control bulletin boards must be up-to-date by posting relevant educational information
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about proper hand hygiene. And, despite the imported products for surgical hand scrubbing, the
supplies are not enough. The hospital administration should provide more hand hygiene supplies
like soap, alcohol, and paper clothes, equally divided to all operating theaters.
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INTRODUCTION

Abstract

Medical errors primarily negatively affect patients, medical service
providers, as well as health organizations in terms of quality. The prime
purpose of this study was to develop an understanding of medical errors in
terms of causes, departments with the highest incidence of them, the most
to blame for their occurring, and strategies to prevent medical errors from
occurrence from the perspective of doctors in Benghazi Medical Centre. A
cross-sectional design was chosen to conduct this study, and data was
collected from doctors working at Benghazi Medical Center. 281 samples
were selected at random. The Epi Info tool calculated the sample size with
a 95% confidence interval, and the response rate was 100%. The instrument
of data collection was a self-administration questionnaire. (SPSS version
22) was used to analyze the collected data. The results show that the most
common errors occurred in the emergency room (66.9%). In addition, it has
been found that one of the most critical factors that contribute to the
occurrence of medical errors was the lack of necessary resources for some
tasks (566%). 45.6% of doctors blamed the administration and (57.7%)
suggested that seminars and workshops were the best solution to solve the
medical errors issue. Results show that a lack of required resources was
generally the main reason for medical errors. In addition, the emergency
room is a typical location for medical errors to take place. Through
workshops and seminars, doctors determined the best way to stop medical
errors. Additionally, the study participants attributed the occurrence of
medical errors to the administration in their respective departments.

Keywords: Medical Errors, Doctors, Benghazi Medical Center,
Cross Section Study.

Patient safety can generally be improved by recognizing the unfavorable events that transpired,
drawing lessons from them, and implementing preventative actions(Rodziewicz et al., 2022).
Improving patient safety requires the healthcare system to be able to provide timely, efficient,
patient-centered, safe, effective, and equitable care (MacGillivray, 2020). Globally, medical er-
rors are the primary cause of death and a significant public health issue. The patient is the first
casualty of medical errors. Prior research indicates that medical errors exacerbate patients' ini-
tial problems, which they require medical attention for (Liederbach et al., 2001). Notable con-
sequences of incidences of medical errors, such as post-traumatic stress disorder, prolonged

*The Author(s) 2023.* This article is distributed under the terms of the *Creative Commons Attribution-NonCommercial 4.0 Interna-
tional License* ([http://creativecommons.org/licenses/by-nc/4.0/ ]( http://creativecommons.org/licenses/by-nc/4.0/ )), which permits
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hospital stays, and extreme circumstances, can result in persistent quality of life changes or
even death (Ottosen et al., 2018; Tevlin et al., 2013). The second victim is the doctors. Surveys
such as that conducted by Waterman et al. with a large sample size of 3,171 physicians have
shown that doctors reported feeling more anxious (61%), losing confidence (44%), having trou-
ble sleeping (42%), being less satisfied with their jobs (42%), and having their reputations
harmed (13%) as a result of medical errors(Waterman et al., 2007).

The most common types of medical errors were those related to hospital infection rates, diag-
nostic errors, injuries from needles or cutting devices, and problems from the use of drugs that
cause side effects (Alduais et al., 2014). Significant variations were found in the etiology of
medical errors in earlier research. Age extremes, novel procedures, inexperienced physicians
and nurses, and complex or emergency care are the most likely causes of medical errors
(Weingart et al., 2000). Several things are known to make the problem worse, including poor
communication, insufficient documentation, poor handwriting, spelling errors, low nurse-to-
patient ratios, and medications with similar names (Hannawa, 2018). However, other studies
showed that the acts or inactions of the patient may also have a substantial impact on medical
mistakes(Hannawa et al., 2017; Seisser, 2003). The classification and identification of errors
must be made obvious in order to reduce medical errors. However, it is a challenging task that
may be made simpler by creating a strong classification system. Every year, dangerous medical
practices affect millions of patients globally, resulting in 2.6 million fatalities just in low- and
middle-income nations (Rodziewicz et al., 2022). The study aimed to shine new light on medi-
cal errors in Benghazi Medical Center BMC, Benghazi City.

MATERIALS AND METHODS

Study type:
The study design was a cross-sectional study.

The subjects of this study:

doctors who were working at Benghazi Medical Center during the study period. There were 281
random samples chosen. The number of samples was computed by the Epi Info program, with a
95 percent confidence interval, and the response rate was 100%. Doctors were chosen as
subjects for the study because they are presumed to be the second victims of medical errors
(Plews-Ogan et al., 2016).

Study setting:

The Benghazi Medical Center, a public hospital in Benghazi, was chosen at random from
among the city's other public hospitals as the site of the study. Data used in this study were ob-
tained from a self-administered questionnaire. The questionnaire was adopted from a previous
study and utilized to investigate the issue of medical errors (Ahmed et al., 2019). The question-
naire was composed of three sections: Section one: gathering demographic information about
the participants (age, gender, qualifications, profession, departments they worked in (emergen-
cy, general, cardiology, radiology, (ear, nose, and throat (ENT)), blood, oncology, the central
care unit and operations), and years of experience. Section two: was about the participants'
knowledge about medical errors and the questions of whether they had seen or been part of the
medical errors. The third section, the last of which were suggestions to avoid and reduce these
problems.

Ethical considerations:
Names or other personal identifiers were not recorded anywhere in the researcher's data. The
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data collection timeframe was approximately two weeks. Data management and analysis were
performed using (SPSS22)

Statistical tests:
Frequencies and percentages were the statistical tests used in this study.

RESULTS

According to demographic data, the majority of respondents were female, with a percentage of
60.34%, while the percentage of males was 39.9%, as shown in Table 1. In addition, more than
half of the respondents ranged in age between 30 and 39 years (52.7%), followed by those who
were in the age groups of 25-29 years (23.1%), 40-49 years old (13.9%), 59-50 years old
(5.3%), and less than 25 years old (5.0%), respectively. As shown in Table (1), the results show
that for the years of experience variable, the percentage of the highest years of experience was
more than 10, and its percentage was 33.5%, followed by experience from 5 to 10 was (19.6%),
then two years the percentage was (17.8%), from 3 to 5 years was (15.3%), and a year or less
was (13.9%). As shown in Table 1, the results show that for the years of experience variable,
the percentage of the highest years of experience was from 5 to 10 years, and its percentage was
33.5%, followed by experience of more than 10 years at 19.6%, then two years at 17.8%, from
3 to 5 years at 15.3%, and a year or less at 13.9%. In terms of educational qualification, 39.5%
held a bachelor's degree, followed by doctorates (27.5%), masters (16.4%), diplomas (13.2%),
and other qualifications (3.9%).

Table (1): Demographics and characteristics of participants included in the study (n = 281)

Characteristic Variables Number. (%)
Gender Male 112 (39.9)
Female 169 (60.1)
25< (5.0) 14
25-29 (23.1) 65
(Age group) 30-39 (52.7) 148
40-49 (13.9) 39
50-59 (5.3) 15
Bachelor's degree (39.5) 111
Masters (16.4) 46
Level of education Doctorate (27.0) 76
Diploma (13.2) 37
Other (3.9) 11
One year or less (13.9) 39
Two years (17.8) 50
(Years of experience) Years 3-5 (15.3) 43
Years 5-10 55 (19.6)

More than 10 years (33.5) 94
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Approximately more than half of the participants indicated that the most common place for
medical errors to occur was in the emergency room. There were responses to this question
(30.6) where it was the operating room. The intensive care unit (29.2%) came in third place.
Just a small number of participants answered (the wards), who totaled 16 doctors (Table 2).

Table (2): The most common places where medical errors occur.

Valid Frequency (yes) answered Percentage %
Emergency room 188 66.9
Operation room 86 30.6
Intensive care unit 29.2 29.2
The wards 45 16.0

Table 3 presents the most common causes behind the medical errors in BMC. Just over half of
the participants answered the lack of necessary resources for some tasks (56.6%), followed by
the failure of the communication system. Few participants (6.0) indicated that (Failure to com-
ply with set policies) was the most common cause of medical error. The experience and satis-
faction of participants are shown in Table 4. Table 5 shows that participants blamed more ad-
ministrators in their departments, and 128 of those who participated indicated that.

Table 6 demonstrates that the best solutions, from the point of view of doctors, were seminars
and workshops. A little over half indicated that this is the best solution (57.7). Only a small
number of respondents indicated that the best solutions were the reporting and analysis of prob-
lems (76, 73), respectively.

Table (3). The most common cause of medical errors

Valid Frequency (yes) answers Percentage %
The lack of necessary resources for some tasks 159 56.6

Failure of the communication system 68 24.2

Human error 64 22.8

Patients with poor collaboration 24 8.5

Table (4). The experience and satisfaction of participates.

Valid Frequency (yes) answers Percentage %
Does a doctor's inexperience lead to more medi- 247 87.9

cal mistakes?

Are you satisfied with your position at the hospi- 167 59.4

tal?

Table (5). The one who is most to blame for mistakes in your department.

Valid Frequency (yes) answers Percentage %
Administration 128 45.6
Fellow staff 44 15.7
Patients 34 12.1
The System running the facility 101 35.9

Other departments 33 11.7
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Table (6). The best solution to the problem of medical errors.

Valid Frequency (yes) answers Percentage %

Educating healthcare professionals about medical responsi-

bility through seminars and workshops 162 S7.7
Encourage health sector workers and auditors to report med-

- . 76 27.0
ical mistakes

Addressing medical errors by conducting an investigation to

determine the root of the issue and creating a mechanism to 73 26.0

prevent this error from happening again.

Creating a climate at work where employees in the health

industry can work fewer hours, rethink the shift structure, 5 17.8
and consider fewer patients being admitted to the hospital.

DISCUSSION

The majority of the sample had more than ten years of experience. This detail suggested that the
experiences of the individuals were diverse. The opinions expressed in this survey were repre-
sentative of the entire sample, as evidenced by the 100% sample response rate. The majority of
sample respondents—more than half—agreed that emergency rooms were the primary setting
where medical errors were frequently observed. Previous research conducted in Kuwait and
Saudi Arabia (Ahmed et al., 2019; AlJarallah & AlRowaiss, 2013) placed the operating room
higher than the emergency room, which contradicted the results of our study. Usually, there are
reasons for the occurrence of errors in the emergency department, the most important of which
was the high workload in Benghazi Medical Center, as the health system has been suffering
from poor application of the referral system for years and an unstable system of triage. All
emergency cases are received in just two hospitals in Benghazi, including the Benghazi Medical
Center. Also, working in the emergency room requires high degrees of cooperation and effec-
tive communication. The participants in the study indicated that the second reason for the oc-
currence of errors is poor communication. Studies indicate that one of the causes of errors in the
emergency room was ineffective communication (Eisenberg et al., 2005; Zimmer et al., 2021).

The study's participants also indicated that the causes of medical errors were due to a lack of
necessary supplies, which is an obvious explanation for why this would have occurred in the
emergency department. The results of several other authors are consistent with this intriguing
link between medical errors and a scarcity of resources in the emergency room. High decision
density and resource constraints are associated with a high occurrence of preventable medical
errors in the emergency department (Asadi et al., 2018; Rowland & Adefuye, 2022).

The majority of participants revealed the most common cause of medical errors to be a lack of
resources for some tasks and a shortage of equipment. The World Health Organization under-
lines that in order to prevent, diagnose, treat, and cure diseases safely and effectively, medical
devices are a crucial part of health systems (W.H.O, 2022) Libya’s health system has a 50%
availability rate for basic equipment, according to the Service Availability and Readiness As-
sessment (SARA) (Cakmak et al., 2017). Without the best medical equipment, it is impossible
for doctors to practice their profession. Medical practitioners require the best equipment availa-
ble today in order to perform effectively and efficiently while carrying out their jobs. The cur-
rent study supports previous research on the point that the lack of essential equipment causes
medical errors (Maphumulo & Bhengu, 2019; Moyimane et al., 2017). In addition, according to
the findings of this study, the second major cause of medical errors was poor communication. In
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many studies, miscommunication was the first reason for medical errors (Alsaleh et al., 2021).

The result of this study indicates that inexperience increases medical errors among doctors. The
result is in line with earlier literature (Abd Elwahab & Doherty, 2014) that found junior physi-
cians were particularly at risk for mistakes and their detrimental effects. Results from this study
showed that slightly less than half of the doctors participating in the study felt job dissatisfac-
tion. It seems possible that lack of satisfaction is one of the reasons behind medical errors. Ac-
cording to a study done in Taiwan, patient safety practices are directly and substantially corre-
lated with healthcare workers' job satisfaction (Al-Surimi et al., 2022).

Doctors put the primary blame on management in their departments for medical errors. This re-
sult is compatible with a study conducted in Egypt and another in Australia. This result is com-
pletely different from the study of Kuwait (Ahmed et al., 2019), and this may be due to the size
of the hospital and the high workload for the Benghazi Medical Hospital, as the hospital is
among the hospitals with 1200 beds. On the contrary, Kuwait Hospital, considered a tertiary
hospital, is somewhat smaller. There may be a connection between hospital size and manage-
ment inaccuracies but there is no clear link. Larger hospitals usually have more complicated
organizational structures, greater number of patients, and more healthcare workers, which raises
the risk of management errors. These errors can be caused by issues like poor communication,
coordination problems, and challenges with applying standardized protocols and processes
throughout a big organization.

Based on the results, the opinions of the doctors participating in the study regarding the role of
the institutions in reducing medical errors were that they should conduct workshops. When an
adverse event happens, all members of the healthcare team must ensure efficient interprofes-
sional communication, identify and report a medical error as soon as it is discovered, and offer
prompt assistance to their colleagues. All these activities require effective training, especially
for new graduates, to avoid making mistakes, as indicated by the results of this study.

CONCLUSION

Therefore, in general, it seems that the most common cause of medical errors at Benghazi Med-
ical Center was a lack of necessary resources. In addition, the department where the most medi-
cal errors occurred was the emergency room. The doctors find that the best solution to prevent
medical errors is by conducting workshops and seminars. Furthermore, the participants in the
study blamed the administration in their departments for the occurrence of medical errors.

Duality of interest: The authors declare that they have no duality of interest associated with this
manuscript.
Author contributions: Contribution is equal between authors.

Funding: This work is not funded.
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Abstract

Assisted reproduction technology (ART) is up-trending. Therefore, the
number of babies born by ART is increasing. ART may influence the
secondary sex ratio (SSR) compared to natural conception. to evaluate
the effect of ART on SSR. a pilot retrospective medical records review
study was conducted on 201 live-birth babies born to couples who at-
tended Albayda Fertility Centre. 97 babies were born by ART proce-
dures [intrauterine insemination (IUI) and intracytoplasmic sperm in-
jection (ICSI)], and the remaining were born by non-ART (medical

treatment or post-hysteroscopy). The overall SSR was 46%, and the

Recetved. SSR for non-ART babies was (54.8%) higher than that for the ART
ovember 2023 . . L

offspring (47.4%). However, the difference was non-significant. More
Accepted: girls were born as a result of ICSI (SSR = 43.7%). In contrast, more

26 December 2023 males were born following IUI (SSR = 47.7%). But the difference was
insignificant. Regarding the stage of embryo transfer (ET) in babies
born by ICSI, a higher, but non-significant difference (Fisher’s Exact
test = 0.9) was found in the blastocyst stage than in the cleavage stage.
ART might cause a bias in sex ratio at birth, and this change in SSR
was found to be affected by the ART procedure applied. The mecha-
nism of these effects is still controversial, and larger multi-centric stud-

ies are still warranted.

Publish online:
31 December 2023

Keywords: ART, Natural Conception, SSR, IUI, ICSI, Cleavage
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INTRODUCTION

Assisted reproductive technology (ART) to treat infertility has developed rapidly since the first
in-vitro-fertilization (IVF) baby was born in 1978 (Dean et al., 2010). The number of babies
born from ART is increasing rapidly. Worldwide, approximately five million babies have been
born as a result of ART (Sandin et al., 2013).

Primary sex ratio (PSR) is the ratio after conception, defined according to the number of ova
fertilized by X or Y-bearing spermatozoa (Wang et al., 2010). The ratio at birth is known as the
secondary sex ratio (SSR); it is the ratio of male births to total births (Chen et al., 2017; Dean et
al., 2010). Others defined SRR as the ratio of male live births to 100 female live births (Bu et
al., 2014). The primary sex ratio was found to range between 107 and 170 males / 100 female
live births (Bonduelle et al., 2002), whereas the crude secondary sex ratio was estimated as
51.3% (Dean et al., 2010; Wang et al., 2010). This drop in the natural conception SSR is at-

*The Author(s) 2023.* This article is distributed under the terms of the *Creative Commons Attribution-NonCommercial 4.0 Interna-
tional License* ([http://creativecommons.org/licenses/by-nc/4.0/ ]( http://creativecommons.org/licenses/by-nc/4.0/ )), which permits
unrestricted use, distribution, and reproduction in any medium, *for non-commercial purposes only*, provided you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
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tributed to several environmental and biological factors, such as maternal age, metabolic dis-
eases in women, stressors (war, earthquake), toxins (smoking, pollutants, and pesticides), and
race (Rueness et al., 2012). There are three assisted reproductive techniques (ART): intrauterine
insemination (IUI), intracytoplasmic sperm injection (ICSI), and in vitro fertilization (IVF).
These ART methods not only differ technically but also may have different effects on SSR
(Dean et al., 2010).

These ART methods may affect SSR compared to natural conception as the gametes were ex-
posed to external influences during ART, which might vary from the effect of internal factors
during natural pregnancy (Chen et al., 2017). Whether the difference in SSR among ART babies
results from natural causes (biological or environmental reasons) or as a result of ART per se is
still controversial (Dean et al., 2010).

Thatcher et al. found that the SSR of live-born offspring following in-vitro fertilization/embryo
transfer (IVF /ET) was significantly higher than normal (64.1%) (Thatcher et al., 1989), where-
as in 2000 Ghazzawi and his colleagues reported that a higher percentage of female babies
(61.7%) were born following the transfer of embryos fertilized by intracytoplasmic sperm injec-
tion (ICSI) (Ghazzawi et al., 2000). A higher SSR in babies born after 1Ul and a lower SSR af-
ter ICSI was reported. This reduction in SSR following ICSI could be explained by the use of
ICSI, which is dominantly indicated in the management of male factor infertility (Luke et al.,
2009). IUI is the first line of infertility treatment before proceeding to more invasive and ex-
pensive procedures such as IVF and ICSI (Dean et al., 2010). Different trials have been under-
taken for separating Y- and X-bearing spermatozoa based on the motility of the sperms, but
controversial results have been reported (Supramaniam et al., 2019). No direct evidence was
found that the sperm preparation procedures for separating motile spermatozoa to be used for
either 1UI or IVF would lead to an imbalance of male and female babies from the norm (Javed
et al., 2019; Yan et al., 2006).

(Fernando et al., 2012) reported that SSR in assisted reproduction technology (ART) babies
born from ICSI procedures is lower than those conceived with IVF (Fernando et al., 2012).
Dean et al. (2010) demonstrated that the day of embryo transfer (the stage of embryonic devel-
opment during an ART cycle) also had an effect on the SSR, with a higher proportion of male
births reported following a blastocyst stage transfer when compared with dividing stage embryo
transfer, and this was found to be independent of the fertilization method (IVF or ICSI) (Dean
et al., 2010).

The stability of the secondary sex ratio is of great importance in preserving social stability and
improving economic development as happening worldwide. In Libya, more babies were born as
a result of ART. To our knowledge, no research has assessed SSR in Libya, and therefore, we
sought to evaluate the influence of assisted reproductive techniques on SSR to babies delivered
within Albayda Fertility Center to confirm or rule out the effect of assisted reproductive tech-
niques on the secondary sex ratio.

MATERIALS AND METHODS

A pilot retrospective medical records review study was conducted on 201 live-birth offspring
born after different modalities of treatment to infertile couples who attended Albayda Fertility
Centre/Libya from 2020 to 2022. The subjects included singletons and twins (none was mono-
zygotic), and only one mother gave birth to triplets.
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This study was conducted to evaluate the potential influences of ART on the secondary sex ra-
tio (live-birth male to total live-birth). The data variables included in the study were: the moth-
er’s and father’s age at conception, cause of infertility, type and duration of infertility, how the
mother got pregnant, and the baby’s gender at birth. The gender of the included babies in the
current study was not subject to the sex selection process. The semen samples used in IUI were
fresh, and the samples were prepared by swim-up technology for both IUI and ICSI. The em-
bryos transferred in ICSI either in cleavage or blastocyst stage were fresh (no frozen embryos).

The included live-birth babies were divided into two groups: the ART group (babies resulting
from 1UI and ICSI) and the non-ART group (babies of women who got pregnant by lifestyle
management, medical treatment, or pregnancy after hysteroscopy). ART group was divided into
IUI and ICSI subgroups, and the ICSI subgroup was further divided according to the embryonic
stage at embryo transfer (cleavage stage and blastocyst stage).

Statistical analyses

Statistical analyses were performed using SPSS-26. The continuous data were presented as
mean and standard deviation, and Student t-test was used to compare the data. Categorical data
were represented as numbers and proportions, and the Chi-square statistic test was used to com-
pare the categorical data. The level of significance was considered at a P value < 0.05.

RESULTS

Two hundred and one live-birth babies delivered to Libyan infertile couples were included in
the study. 55.8% of the included couples were presented with primary subfertility and 44.3%
presented with secondary subfertility (Figure 1). The duration of infertility ranged between one
and fourteen years. The mean age of the wives and husbands was 30.4 (5.2) and 37 (6.3) years
respectively. Most of the women (98%) had no antenatal or postnatal complications, and only
three mothers had their pregnancy complicated with pre-eclampsia.

Most of the newborns (91.5%) were term, and only 17 (8.5%) were preterm (less than complet-
ed 37 gestational weeks) The birth weight ranged between one and four kilograms, and the
mean birth weight was 2.8 (0.4) Kg. Neonatal complications occur only in 16 cases (7.9 %), ne-
onatal death in twelve newborns, and most of them are preterm, and four have congenital
anomalies.

Table: (1). Demographic data of ART& non-ART group

Test of signifi-

Variable ART Non-ART P
cance
Maternal age 29.8 (4.5) 31(5.7) t=1.6 0.09
Paternal age 36.4 (5.9) 37.8 (6.6) t=15 0.1
- Primary 63 49 2 FE
Infertility type Secondary 34 55 X°=64 0.01*
Infertility duration 4 (2.4) 3.7 (2.5) t=11 0.3
Female 68 68
. . Male 9 10 2 _ FE
Infertilit aetiology Combined 3 11 X“=45 0.2
Unexplained 17 15
. Term 87 97 2 _ EE
Gestational age Preterm 10 7 X°=0.8 0.45
Birth weight 2.8 (0.5) 2.9 (0.4) t=1.7 0.2
Neonatal complications 12 4 X2=49 FED.03*
Maternal complications 2 1 X2=13 FE0.4
X2: Chi square test FE: Fisher’s exact test

*: Statistically significant at p< 0.05
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type of infertility

MW primary
W secondary

Figure: (1). type of infertility of the included couples

Out of two hundred and one live births during the period of study, 97 newborns were delivered
as a result of Ul and ICSI (ART group), and 104 newborns as a result of medication or follow-
ing hysteroscopy (non-ART group).

Comparing the ART with the non-ART group:

Regarding maternal and paternal age, infertility duration, gestational age, and birth weight, the
difference did not reach the significant level between the two studied groups. Primary infertility
was significantly more frequent in the ART group than in the non-ART group (p=0.01). Neona-
tal complications were found to be more significant in the ART newborns (p=0.03) (Table 1).
The causes of infertility were due to female problems in most of the cases, followed by unex-
plained infertility, then male-related causes, and the least was due to combined male and female
causes. However, the difference was non-significant between the ART and non-ART groups
regarding the causes of infertility (Figure 2).

group

W ART
W non-ART

Number of cases

female male combined unexplained
infertility aetiology

Figure: (2). causes of infertility in ART and non-ART group

The secondary sex ratio (SSR) for all the included newborns was (93/201= 46%). The SSR for
ART newborns (46/97=47.4%) was lower than that for the non-ART newborns (57/104=
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54.8%), but the difference was not significant (p = 0.325) (Figure 3& Table 2).

120 group

[ ART
M non-ART

100

80

Count

80

40

20

male female

gender

Figure: (3). SSR in the Art and non-ART group

Table: (2). SSR for ART and non-ART newborns

Male Female SSR Test of significance P
ART 46 51 47.4% 2_ e
Non-ART 57 47 54.8% X=11 0.3

In the ART group, SSR for 1UI 47.7% was higher than SSR for ICSI (43.7%), but the difference
was not significant P = 0.83 (Table 3). With regard to the embryonic stage of development of
the embryo within the ICSI sub-group, SSR for the blastocyst stage (54%) was higher than that
for the cleavage stage of the embryo transfer (45%). However, the difference was non-
significant (Fisher’s Exact test = 0.9) (Figure 4).

Table: (3). Comparison of SSR between Ul and ICSI

Male Female SSR Test of significance p
Ul 31 34 47.7% X*=1.3 F50.83
ICSI 14 18 43.7 %
20 embryo
transfer
stage
M dividing stage
M blastocyst

Count

male female

gender

Figure: (4). SSR within ICSI subgroup according to the stage of embryo transfer
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DISCUSSION

A pilot retrospective medical records review study was conducted during the period from Janu-
ary 2020 to December 2022 at Albayda Fertility Center on 201 offspring delivered after differ-
ent modalities of treatment of infertile couples and analyzed the effect of assisted reproductive
technique (ART) on the gender of newborns (SSR).

In the current study, SSR for the whole study population (ART and non-ART babies) was 46%,
and this result was lower than what was reported (51.22%) in a previous study (James, 2012).
This could be explained by the small sample size, geographical differences, or demographic
structure of the participants. In this study, there was no conventional IVF, and it was reported
that the SSR after standard IVF was actually higher than that for the population sex ratio, and
also following ICSI (Bonduelle et al., 2002; Kéallén et al., 2005; Wang et al., 2020).

A study from the United Kingdom reported the SSR of babies born through ART to be 50.98%
(Supramaniam et al., 2019). Chinese multi-centric research from 18 reproductive centers found
that the SSR was 51.8% and concluded that ART may affect the SSR (Bu et al., 2014). In the
present study, the SSR for the ART group (Ul & ICSI) was 47.4% lower than that for the non-
ART group (SSR= 54.8%). In contrast, a previous study (Hann et al., 2018) compared the ART
offspring with the babies born after natural pregnancy. They reported a similar SSR between the
two sets of babies, suggesting that ART did not affect SSR.

In this study, SSR is higher in pregnancies achieved by Ul (47.4%) compared to that by ICSI
(43.7%), but the difference was not significant. This result was in accordance with a previous
study (Maalouf et al., 2014).

Increased SSR in Ul and IVF (closer to natural conception) more than that for ICSI, as in these
methods (IUl and IVF), the sperms compete for fertilization, while in ICSI, the fertilizing
sperms selected by embryologists (Maalouf et al., 2014) and so the natural selection of sperm is
bypassed. Also, the gametes in ICSI are exposed to more manipulation than in IUIl and IVF
(Chen et al., 2017). The reduced SSR after ICSI compared to 1UIl and natural pregnancy could
be explained by the reduced number of Y-bearing spermatozoa in a male partner, as ICSI is
greatly indicated in the treatment of male factor infertility that is frequently associated with
poor spermatogenic function (Ménézo, 2006; Tarin et al., 2014). All these could explain the
higher SSR in Ul than in ICSI group in the current study.

Regarding the stage of embryo transfer; this study revealed that embryo transfer at a blastocyst
stage results in SSR (54%) higher than after early stage (dividing) embryo transfer. A similar
study (Dean et al., 2010; Majeed et al., 2019; Supramaniam et al., 2019) revealed that a pre-
dominance male gender is seen with blastocyst stage embryo transfers with IVF or ICSI
(Majeed et al., 2019). In contrast, other studies concluded that blastocyst transfer was not asso-
ciated with an increased SSR (Al Dibouni et al., 2016; Milki et al., 2003; Zadzinska et al.,
2011). Blastocyst stage embryo transfers were thought to lead to a higher proportion of males,
secondary to the quick growth potential of male embryos due to their higher ability of pyruvate
and glucose uptake compared to female counterparts (Bonduelle et al., 2002; Ray et al., 1995).

ART has been a newly employed technology in Libya in recent years, and therefore, the sample
size was relatively small. A larger multi-centric study will be more informative.
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CONCLUSION

ART might alter the secondary sex ratio. This change in the sex ratio at birth was found to be
affected by the ART procedure used. The mechanism of these effects is still controversial, so
larger and multi-centric studies are still warranted.
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INTRODUCTION

Autism spectrum disorder (ASD) is defined by the American Psychiatric Association’s Diagnostic
Statistical Manual of Mental Disorders, Fifth Edition, Text Revision (DSM-5-TR) as a neurodevel-
opmental disorder characterized by lifelong challenges in social communication and interaction, in
addition to the presence of restricted interests and repetitive behaviors (American Psychiatric Asso-
ciation, 2022).

Globally, the prevalence of autism has noticeably increased over time. It is estimated that about one
in 100 children has autism spectrum disorder, with a significant male predominance (Zeidan et al.,
2022; WHO, 2022; Maenner et al., 2023). In the United States, according to the 2020 Centers for

*The Author(s) 2023.* This article is distributed under the terms of the *Creative Commons Attribution-NonCommercial 4.0 Interna-
tional License* ([http://creativecommons.org/licenses/by-nc/4.0/ ]( http://creativecommons.org/licenses/by-nc/4.0/ )), which permits
unrestricted use, distribution, and reproduction in any medium, *for non-commercial purposes only*, provided you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
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Disease Control and Prevention (CDC) Surveillance Report, ASD prevalence was one in 36 per
1000 children aged 8-years (CDC, 2023; Maenner et al., 2023). Based on a systemic review con-
ducted in the Arab Gulf region, the prevalence of autism in the six Gulf Cooperation Council coun-
tries ranged from 1.4 to 29 per 10,000 persons (Salhia et al., 2014). In Libya, the prevalence varied
between one in 190 and one in 178 per 1000 children in 2011 and 2015, respectively (Zeglam et al.,
2012a; Zeglam et al., 2012b; Zeglam et al., 2016).

Hearing conditions in children with autism spectrum disorder are variable. Some children with ASD
don’t exhibit any hearing difficulties. While other autistic children have some degree of auditory
abnormalities, such as hypersensitivity to sounds, difficulty hearing in background noise, unrespon-
siveness to certain verbal stimuli, hearing loss, and tinnitus (Danesh et al., 2015; Dayem et al.,
2018). The co-existence of hearing loss and ASD was reported in the literature (Rosenhall et al.,
1999; Roper et al., 2003). Gallaudet Research Institute survey (2009-2010) revealed that up to 40%
of hearing-impaired additional have children comorbidity, including visual impairment, learning
disabilities, cerebral palsy, and autism (Szymanski et al., 2012). Some research claimed a higher
prevalence of ASD among hearing-impaired children than in normal-hearing children, while other
studies indicated no difference between the ASD population and the general pediatric population
(Beers et al., 2014). It is estimated that one in 59 children with hearing loss is also diagnosed with
ASD (Szymanski et al., 2012). Results of the Zeglam et al. (2016) study conducted at Al-Khadra
Teaching Hospital in Tripoli revealed a prevalence of 11 per 1000 (1.1%) of sensorineural hearing
loss among Libyan children with ASD.

Evaluation of hearing is essential in the diagnostic process of children suspected of having ASD
who presented with early communication difficulties and or delayed language development (Tas et
al., 2007; Li et al., 2021). Co-occurrence of hearing loss and ASD can significantly delay the
diagnosis of either condition (Mandell et al., 2005; Fitzpatrick et al., 2014; Danesh et al., 2015).
Moreover, it is probable that children with hearing loss are being misdiagnosed with ASD (Fitzpat-
rick et al., 2014). Furthermore, previous research identified several common risk factors between
hearing loss and ASD, for example, prematurity, low birth weight, hypoxia, and viral infections
(Limperopoulos et al., 2008; Danesh et al., 2015; Allen et al., 2020).

Reliability of hearing thresholds obtained by behavioral audiometry for children with ASD can be
poor due to the atypical behavior some ASD children may display during conventional audiological
testing, such as limited ability to communicate, uncooperativeness, inability to follow test instruc-
tions, dislike wearing headphones, or anxiety to test booth or examiner (Schafer, 2021). Therefore,
objective hearing measurement tools, such as otoacoustic emissions (OAES) and auditory brainstem
response (ABR), may be considered valuable in the assessment of the auditory system function of
children with autism (Tas et al., 2007; Beers et al., 2014; Bennetto et al., 2017).

Otoacoustic emissions are commonly used in the hearing assessment of difficult-to-test patients
who cannot provide reliable behavioral responses (Demopoulos 2016). OAEs are also used to
screen hearing in neonates and test for functional hearing loss. Measurement of OAEs in children
with developmental disabilities has numerous advantages, namely easy to record, non-invasive,
doesn’t require behavioral cooperation or response, and provides information about cochlear status
in a short time.

The presence of OAEs indicates normally functioning outer hair cells which correspond with essen-
tially normal hearing sensitivity. It also denotes the proper function of the external and middle ear
conductive mechanism of hearing. However, OAE testing has some disadvantages; it is very sensi-
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tive to noise, greatly affects the middle ear status, can’t be used to estimate the degree of hearing
loss, and doesn’t evaluate neural auditory pathways (Tas et al., 2007; Cunningham, 2011; Kaf et al.,
2013; Al-Meqbel, 2016).

Unlike OAEs, estimating hearing thresholds by Auditory Brainstem Response (ABR) may not be
possible without sedation for autistic children at an average age of diagnosis, over 3 years old
(CDC, 2019; van’t Hof et al., 2021). Additionally, running ABR is time-consuming in comparison
to recording OAEs. Although ABR is considered the accepted method for predicting hearing
thresholds in suspected ASD children (EImawgoud et al., 2017; Kamita et al., 2020), the previously
mentioned drawbacks render ABR unnecessary for assessing the hearing of ASD children without
any parental concern of hearing problems especially in developing countries like Libya where
shortage of hearing healthcare professionals and cost and availability of medical equipments and
supplies are major barriers and constraints (Zeglam et al., 2016).

The present study had two main aims. First, to examine the efficiency and feasibility of utilizing
Distortion Product Otoacoustic Emissions (DPOAES) as an objective initial test to evaluate hearing
in children diagnosed with ASD and to help identify those who need comprehensive audiological
assessment. It was expected that unsedated OAE tests couldn’t be successfully completed in the au-
tism pediatric population. Second, to compare the emission responses of children with autism spec-
trum disorder and normally developing peers. It was hypothesized that levels of OAEs of children
with ASD would be significantly higher than of normally developing children.

MATERIALS AND METHODS

This study was conducted at the Audiology Department at The Center for Specialty Surgeries, Ben-
ghazi, Libya, which is one of the two main hearing referral centers in eastern and southern Libya.
Verbal informed consent was taken from the parents of all participants.

PARTICIPANTS

Autism Group: Initially, a total of 61 children diagnosed with autism aged between 2 and 15 years
enrolled in this study, 46 boys and 15 girls (Ratio 3:1). Among them, 10 children with autism were
excluded.

Control Group: 23 age-matched normally developing children, 8 males and 15 females (Ratio
8:15) randomly recruited from patient companions/hospital visitors with non-ear, nose, and throat-
related problems.

SAMPLING PROCEDURES

Audiological evaluations consisted of asking parents about any concerns about hearing problems,
doing otoscopic examinations, and measuring DPOAEs. Clinical data for all participants who met
the study inclusion criteria was examined retrospectively:

Inclusion Criteria

* Referral by a psychologist or a special needs and autism center.

» No parental concern of hearing impairment.

» Normal otoscopic examination (no external auditory canal or middle ear pathology)

» DPOAE test results recorded for frequencies: 1500, 2000, 3000, 4000, & 6000 Hz for both ears
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Exclusion Criteria

* Uncertain diagnosis of autism or not documented by a specialist.

» Abnormal otoscopic examination (occluded external auditory canal, congested tympanic mem-
brane, or presence of pressure equalizing tubes).

* DPOAE test results were recorded only for one ear.

Diagnostic DPOAE measurements were performed in a quiet room using Interacoustics Eclipse
(A/S DK-5610 Assens, Denmark) DPOAE probe for each ear while participants were awake and
still. The DPOAEs are elicited by two pure tone stimuli [L1=65 and L2=55 dB sound pressure level
(SPL)] at primary frequencies of f1 & f2 at a fixed ratio of f2/f1 = 1.2. The DPOAE response was
measured at the distortion product generated at (2f1-f2) for targeted five frequency regions: 1500,
2000, 3000, 4000, & 6000 Hz. The testing time was 60 seconds. The detection of the DPOAESs was
based on the amplitude of -5.0 dB or more and being at least 6 dB above the average level of the
noise floor (Signal-to-Noise Ratio (SNR) =>6 dB).

Statistical Analysis

The recorded distortion product otoacoustic emission responses (Distortion Product (DP) level and
SNR) of children with autism were investigated and analyzed using Apple Mac Numbers® basic
descriptive statistics and compared with those of non-autistic control subjects. The variables from
the two groups were compared for the right and left ears separately and both ears together using a
two-sample t-test. The level of significance was set at p<.05.

Table: (1). Demographic Characteristics of Study Subjects

. Autism Grou Control Grou
Variable (n=51) P (n=23) P

Age range, years 2-15 2-12
Age mean, years=SD 6.3+£3.39 6.5+£2.52
Age median, years 6 6
Gender, n (%)

Male 40(78%) 8(35%)

Female 11(22%) 15(65%)
Address, n (%)

Benghazi 44(86%) 18(78%)

Outside Benghazi 7(14%) 5(22%)

SD: Standard Deviation
RESULTS

Table 1 summarizes the participants’ demographic characteristics. DPOAE testing was successfully
completed for 44 ASD participants (86%), 40 cases (91%) from the first attempt, while the other 4
cases (9%) had to be retested. DPOAE testing couldn’t be completed for 7 (14%) ASD children due
to uncooperativeness and high noise levels. DPOAEs were present in both ears in 40 (91%) ASD
participants, whereas it was present in just one ear in the remaining 4 (9%). Since all children in the
control group cooperated, DPOAEs were measured from the first trial and were absent in only one
out of 46 ears. Figure 1 displays the average time in seconds taken for DPOAE measurements
(probe insertion not included) in each ear for both the autism and the control group. Running the -
test revealed no significant difference in time spent to complete the DPOAE test between the two
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groups (p=>.05).

There was no statistically significant difference in the DP levels in the right ear and left ear between
the autism and control groups (Table 2). For both ears together, the highest DPOAE amplitude was
recorded at 1500 Hz, with similar results in both groups.

38.5

W Right Ear
B Left Far

Seconds

ASD group Control group
Figure: (1). Average DPOAE test duration in seconds for each ear for both groups

Table: (2). Mean values and standard deviations of DPOAE levels in dB SPL in each ear for both study groups

DP(SQ EPLLG)V el Right Ear Left Ear

Autism Group  Control Group Autism Group Control Group
Frequency (Hz)

M SD M SD p-value M SD M SD p-value
1500 151 7.91 13.64 7.28 453 13.58 8.16 14.90 5.49 436
2000 1142 7.01 1236 7.34 613 9.92 9.43 12.15 6.53 .262
3000 7.79 705 825 628  .787 6.38 6.81 8.32 6.69 .269
4000 9.77 6.48 1053 598  .636 8.38 7.82 10.77 5.50 151
6000 4.19 8.74 4.28 10.60 .974 4.17 8.55 1.65 10.11 313

DPOAE: Distortion Product Otoacoustic Emission; dB SPL.: decibel sound pressure level; Hz: Hertz; M: Mean; SD: Standard Devia-
tion

In regard to signal-to-noise ratio (SNR), the analysis showed significantly higher SNR at 1.5 kHz, 2
kHz, 3 kHz & 4 kHz of the left ears (Figure 2) in the control group than that of the autism group,
with the greatest difference observed at 3 kHz (p=<.001). Although there was no significant differ-
ence in the right ear SNRs between the two groups, as illustrated in Figure 3, the biggest between-
group SNR difference for the right ear was also recorded at 3 kHz. When data from both ears were
analyzed together, both groups had the largest combined SNR average at 4 kHz, 19.3 dB in the au-
tism group and 22.3 dB in the control group (table 3). Studying the sex effect on DPOAE responses
between 37 males and 7 females in the autism group revealed no significant difference p=>.05.
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Figure: (2). Comparison of DPOAE SNR at each frequency in left ear between the two groups
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Figure: (3). Comparison of DPOAE SNR at each frequency in right ear between the two group

Table: (3). Mean values of both ears DPOAE SNR at each tested frequency in children with and without autism

Both ears DPOAE SNR (dB SPL)

Frequency (Hz) Autism Group Control Group

p-value

M SD M SD

1500 16.43 5.60 18.17 457 177
2000 15.30 4.88 18.76 4.35 .004**
3000 17.15 4.07 20.48 4.19 .003**
4000 19.33 4.86 22.33 4.23 .011*
6000 17.41 4.92 4.92 5.62 430

DPOAE: Distortion Product Otoacoustic Emission; SNR: Signal-to-Noise Ratio; dB SPL: decibel sound pressure level; Hz: Hertz; M: Mean; SD:
Standard Deviation; *P<.05; **P<.01
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DISCUSSION

The lack of cooperation of ASD children reported during audiological testing could be attributed to
the sensory sensitivity issues that children with autism are characterized by (Mansour et al., 2021).
The abnormal tactile hypersensitivity response to the otoscopic ear examination or the insertion of
ear tips of tympanometry or OAE probes into the external ear canal could be the reason behind the
high rate of incomplete testing (Andersson et al., 2013; Danesh et al., 2015). In the present study,
some strategies for testing hearing in children with autism, as suggested by Brueggeman (2012),
were followed, letting the child touch the ear speculum and ear tip, pretending to test a sibling or
parent by demonstrating insertion of the ear tips on, or asking parents to practice wearing earphones
at home for the few participants who didn’t cooperate at the initial appointment. Interestingly, otos-
copy was carried out in all autism cases enrolled in the present study. Unlike Kaf, a 2012 study re-
ported a higher percentage of uncompleted otoscopies, whereas DPOAE measurements were ob-
tained without sedation in the majority (86%) of the included autism study sample. Obtaining OAEs
under sedation was recommended, especially in severe ASD children, to control motor issues that
may interfere with OAE testing (Tas et al., 2017). However, Gungor et al., 2016 observed a signifi-
cant reduction in DPOAE levels with sedative agents.

As seen in the result section, almost all (92%) study participants had present otoacoustic emissions
in both ears, which is suggestive of normal outer hair cell function. A few children (<10% of the
autism group and <5% of the non-autism group) had absent emissions in one ear, which is indica-
tive that further evaluation is required to establish diagnosis. Conductive hearing loss due to middle
ear disorders is a frequent problem in children with autism, as concluded by Rafal (2016) and Al-
Meqgbel (2013). Middle ear diseases can impair the transmission of otoacoustic emissions and cause
reduced emissions amplitude or absent response (Balatsouras et al., 2012). Tympanometry should
be included as an objective tool in the screening of hearing in uncooperative children, particularly
autistic children (Rafal et al., 2013; Al-Meqgbel, 2016).

Another finding is the higher overall DPOAE SNRs in the control group compared with those in
the autism group. A similar finding was confirmed by Danesh & Kaf (2013). While other studies
found no difference between the DPOAE SNRs of children with autism and typically developing
children (Gravel et al., 2006; Tas et al., 2017). As discussed in the Bennetto et al. (2017) study, the
significantly reduced combined DPOAE SNR levels at mid-frequencies without any differences in
noise floor may correlate with the speech perception and discrimination challenges persons with
autism suffer from. Studying the ear effect on DPOAE SNR responses revealed left ear advantage
in the control group. But no significant auditory asymmetry was noted in the autism group, which
doesn’t agree with what has been mentioned in the literature (Khalfa et al., 2001; Kaf et al., 2013).
The inconsistent results could be due to the lack of contralateral suppression of OAEs, as argued in
Danesh et al. (2012) study.

This study has several limitations. First, no detailed medical history in the participants’ records.
Like identifying risk factors for hearing loss, handedness, and severity of autism to compare results
accordingly. Second, the inability to get tympanograms for all participants was a restriction, as
middle ear status can influence otoacoustic emission response. Third, not measuring DPOAES be-
low 1500 Hz and above 6000 Hz. Finally, the relatively small sample size for the control group may
make it difficult to generalize the outcomes and make them inconclusive.

CONCLUSION
Although no clear evidence exists of a higher risk of hearing loss in children with autism spectrum
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disorder, assessment of hearing using objective measurements such as OAE is recommended in
children with confirmed and suspected autism. Because the national hearing screening program is
not yet routinely implemented on all children in Libya, hence autism spectrum disorder may be
identified before hearing loss in those affected by both conditions. Therefore, early identification
and timely intervention of hearing impairment in ASD is very important and can reduce the burden
of dual disability and improve communication and overall quality of life.
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