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Abstract

Background: Glucagon-like peptide-1 (GLP-1) receptor agonists
effectively achieve and sustain body weight reduction in individuals
with obesity. However, there are few studies on the safety and
tolerability of GLP-1 agonists in the Saudi Arabian population with
obesity.

Objectives: To assess the prevalence of GLP-1 agonists used for obesity
treatment and the associated adverse effects among adult populations
at King Abdulaziz University Medical Services Center, Saudi Arabia.
Methods: A cross-sectional study was conducted at King Abdulaziz
University Medical Services Center with 188 participants, all above 18
years of age with Body Mass Index (BMI) = 27, using GLP-1 agonists.
A validated questionnaire was used to collect data on participants’
demographics, chronic diseases, smoking habits, weight, height,
family support for weight loss, cause of obesity, weight loss attempts,
GLP-1 agonist usage patterns, negative side effects of GLP-1 agonist
use, and patient satisfaction.

Results: The mean age of participants was 46.24 + 12.78 years, with
56.9% being male and 85.6% of Saudi nationality. The mean BMI was
34.78 + 5.3 kg/m?, and 80.9% were classified as obese. Semaglutide
was the most commonly used GLP-1 agonist (66%). For 86.2% of
participants, the medication was prescribed by a physician, with a
mean medication use duration of 12.43 + 14.73 months. The mean
weight loss during treatment was 10.11 + 6.53 kg, and 70.2% had
negative side effects with nausea (51.1%) being the most common.
Of the participants, 65.5% were satisfiled with the GLP-1 therapy
outcome and 78.7% would recommend its use to others. The incidence
of adverse effects was significantly higher among those using GLP-1
agonists for diabetes and weight reduction.

Conclusion: GLP-1 receptor agonists are promising agents for obesity
treatment, with a mean weight loss of approximately 10 kg among
participants. Despite the side effects, most patients were satisfied with
the drug and would recommend its use to others.
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INTRODUCTION

Saudi Arabia has experienced increasing
westernization over the past few decades, leading
to a surge in obesity and overweight cases. According
to estimations by the World Health Organization
(WHO), the Kingdom of Saudi Arabia (KSA) has an
overall obesity prevalence of 33.7% and an overweight
prevalence of 68.2%. The high prevalence of obesity
in Saudi society suggests that preventive efforts are
either lacking or ineffective!™,

Being overweight or obese is a biological risk
factor for several significant health disorders including
diabetes, hypertension, and cardiovascular diseases.
In addition, being overweight has a negative impact
on a person’s physical and mental health, lifestyle,
and finances due to reduced productivity, increased
disability, higher healthcare costs, and shorter life
spanst.

This challenge needs to be resolved as Saudi Arabia
is undergoing a significant economic transition as part
of Vision 2030 to boost the nation’s human capital,
guarantee quicker economic growth, and build a
workforce that is healthy and prepared for a productive
future®.

A class of medications known as glucagon-
like peptide-1 (GLP-1) agonists are used to treat
persons with type 2 diabetes®. The medications in
this class include exenatide, lixisenatide, liraglutide,
albiglutide, dulaglutide, and semaglutide. According
to the American Diabetes Association, while metformin
remains the primary treatment for type 2 diabetes, GLP-
1 agonists are recommended for patients with chronic
renal disease, atherosclerosis, heart failure, or elevated
hemoglobin A1C (HbA1C) levels, 1.5% or higher®.

The FDA has approved semaglutide and high-dose
liraglutide as pharmacological therapies for obesity;
patients who are overweight and have concurrent
health issues may be urged to use these drugs®.
These drugs are currently under assessment for their
potential to reduce the incidence of obesity. Moreover,
semaglutide does not require dose adjustments and is
safe for use in adults and older individuals with hepatic
or renal impairmentst.

GLP-1 receptor agonists reduce hunger and
appetite, increase feelings of fullness after meals, and
delay stomach emptying. The most common adverse

effects of the medication are nausea, vomiting, and
diarrhea, which often start within the first few weeks of
treatment and subsequently subside®.

According to a study by Ard et al. (2021), GLP-
1 receptor agonists are a highly effective and well-
tolerated form of treatment that can help individuals
with obesity achieve and sustain 5-10% body weight
reductions®.

Barritt AS 4th, et al. (2022) showed that liraglutide
and semaglutide, two GLP-1 receptor agonists, were
associated with a clinically substantial and long-
lasting reduction in body weight in individuals who
were overweight or obese®. The same effectiveness of
semaglutide was observed in a previous double-blind,
randomized controlled trial, where the mean change in
body weight from baseline to week 68 was -14.9%".

Liraglutide users often lose 4-7 kg after taking the
medication. Semaglutide has a more pronounced effect
on weight loss, resulting in a mean weight reduction
of 9-16 kg. These outcomes have contributed to the
regulatory approval of these medications for treating
obesity, even in non-diabetic individuals®.

According to the Saudi Arabian Society for
Metabolic and Bariatric Surgery (SASMBS) guidelines,
GLP-1 agonists, including liraglutide, can be used
to treat obesity and reduce the number of morbidly
obese individuals in Saudi Arabia®. In addition, GLP-1
agonists are a great substitute for invasive procedures
such as liposuction and bariatric surgery®,

However, there are few studies on the safety and
tolerability of GLP-1 agonists in the Saudi Arabian
population with obesity. Thus, this study aimed to
assess the prevalence of GLP-1 agonists used for
obesity treatment and their associated adverse effects
among the adult population in Jeddah, Saudi Arabia.

SUBJECTS AND METHODS

Study design, setting, and timeline: This cross-sectional
study was conducted at King Abdulaziz University
Medical Services Center, Jeddah, Saudi Arabia, from
January 2023 to April 2024.

Study participants: The study included adults in
Jeddah who were above 18 years old, with a BMI of
27 kg/m? or above, who were using GLP-1 agonists
for weight loss, and who were willing to participate.
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Participants under 18 years, pregnant women, and
adults unwilling to provide informed consent were
excluded.

Sample size: A total coverage sample of
approximately 188 individuals was obtained during
the study period, and all adults who met the inclusion
criteria were included. A total of 873 patients who had
received the medication were contacted; however, we
excluded 685 patients, of whom 550 did not respond
to either WhatsApp or phone calls, 31 refused to
participate in the study, and 60 had an incorrect phone
number as a result of incorrect documentation or had
a BMI below 27 kg/m?. Patients under 18 years were
excluded from the study.

Data collection: Data were collected through
phone calls and face-to-face surveys (Google Forms). To
our knowledge there was no validated questionnaire
relevant to our study; therefore, we administered our
own questionnaire, which contained a number of
multiple-choice questions in both English and Arabic.
All questions were designed to assess the prevalence
of GLP-1 agonists used for obesity treatment among
adults in Jeddah. The questionnaire was designed
to collect personal data by asking about sex, age,
nationality, marital status, occupation, monthly income,
weight, height, obesity causes, chronic diseases, and
smoking status.

The questionnaire included questions to assess
family support regarding the participants’efforts to lose
weight, unsuccessful previous weight loss attempts, the
name of the drug that they took for weight loss and the
reason for its use, who recommended the medication
when they started using this medication, duration of
drug use, administration methods, frequency, and
number of kilograms lost during the treatment period.
Moreover, it included questions assessing the negative
effects of taking these medications for weight loss,
medication type, and patient satisfaction with the
results.

The research instrument was validated by a
medical expert through a pilot study involving
20 participants (patients who take GLP-1 in King
Abdulaziz University Medical Services Center, Jeddah,
Saudi Arabia). Data were transferred to an Excel sheet
to share with the expert; then, data was coded using
SPSS. The evaluation considered the clarity of the
questions, the time required to answer the questions,
and alignment with study objectives; the questionnaire

was then modified accordingly. Cronbach’s alpha value
for assessing reliability was 8.3%.

Ethical considerations: Ethical approval for the
study was obtained from the Research Ethics Committee
of King Abdulaziz University Medical Services Center,
Jeddah, Saudi Arabia. Informed consent was obtained
from all participants before their participation in the
study. The participants were provided with detailed
information regarding the purpose of the study.

To ensure confidentiality, we did not use the
participants’ names; instead, we assigned unique
codes to each participant. This coding system allowed
us to collect and analyze data without revealing any
identifying information. Data were securely stored in
password-protected files accessible only to authorized
research personnel.

Data analysis: Statistical analysis was performed
using the SPSS application version 26.To investigate the
association between the variables, the Chi-square test
(x2) was used to analyze qualitative data expressed as
numbers and percentages. Quantitative variables were
expressed as mean + standard deviation (Mean + SD).
Multivariate logistic regression analysis was performed
to assess factors associated with the development of
negative effects from weight loss medications. Odds
ratio (OR) with a 95% confidence interval (Cl) was
calculated, and a p-value of < 0.05 was considered
statistically significant.

RESULTS

The mean BMI of the study participants was 34.78 +
5.3; of these, 36 (19.1%) were classified as overweight,
and 152 (80.9%) as obese. The mean age was 46.24
+ 12.78 years, 56.9% were males, 85.6% held Saudi
nationality, and 79.3% were married. In addition,
67.6% were employed, and 28.1% had a monthly
income of 10,000 - 19,999 SAR. Forty-two percent of
the participants had chronic diseases, with diabetes
and hypertension being the most common (58% and
41.5%, respectively). Approximately 26% (26.1%) were
current smokers (Table 1).

The majority (84.6%) received support from
family members for their weight-loss efforts. The most
common causes of obesity were lack of exercise (71.8%)
and overeating (52.7%). Approximately 72% (72.9%)
had previous unsuccessful weight loss attempts, with
diet (65.4%) and exercise (42%) being the most common
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Table 1. Distribution of study participants according to
their demographic characteristics, chronic diseases, and
smoking status (No.: 188).

Variable No. (%)
Age (Mean = SD) (years) 46.24+£12.78
Gender
Female 81 (43.1)
Male 107 (56.9)
Nationality
Non-Saudi 27 (14.4)
Saudi 161 (85.6)
Marital status
Divorced 10(5.3)
Married 149 (79.3)
Single 24(12.8)
Widow 5(2.7)
Occupation
Employed 127 (67.6)
Retired 29(15.4)
Student 13(6.9)
Unemployed 19(10.1)

Monthly income

Table 1. Distribution of study participants according to
their demographic characteristics, chronic diseases, and
smoking status (No.: 188).-Continuation

Anxiety, depression, or any 15 (8)
psychological diseases

Others 19(10.1)
Do you smoke?

No 121 (64.4)
Ex-smoker 18(9.6)
Yes 49 (26.1)

SD: standard deviation

methods used to lose weight. The most commonly
used GLP-1 agonists were semaglutide (Ozempic or
Rybelsus) (66%) and liraglutide (Victoza or Saxenda)
(39.4%). More than half (54.8%) of the participants
used the medications for both diabetes and weight
reduction, and 86.2% reported that a physician made
the recommendation. The mean duration of medication
use was 12.43 + 14.73 months. Most participants used
injectable forms of the medication, with 60.1% taking
it once a week. The mean number of kilograms the
participants lost during the treatment period was 10.11
+ 6.53 kg (Table 2).

Table 2. Distribution of study participants based on

less than 4000 18 (9.6) obesity-related circumstances (No.: 188)

4000-9,999 SAR 17 (9) Variable No. (%)
10,000-14,999 SAR 36(19.1) Do your family members encourage your efforts to
15,000-19,999 SAR 17 (9) lose weight?

More than 20,000 SAR 16 (8.5) No 29(15.4)

| don’t have monthly income 17 (9) Yes 159 (84.6)

| prefer not to answer 67 (35.6) Cause of obesity

Do you have any chronic diseases? Lack of exercise 135(71.8)
No 109 (58) Overeating 99 (52.7)
Yes 79 (42) Pregnancy 27 (14.4)
If having a chronic disease, specify: Medications (e.g., cortisone) 19(10.1)
Diabetes mellitus (DM) 109 (58) Psychological factors 43 (22.9)
Hypertension (HT) 78 (41.5) Others 59 (31.4)
Thyroid disease 28 (14.9) Are there previous weight loss attempts that were
Respiratory disease 17 (9) unsuccessful?

Migraine or tension headaches 10 (5.3) No 51(27.1)
Gastrointestinal diseases 22(11.7) Yes 137(72.9)
Cardiac disease 20 (10.6) If you have previous weight loss attempts, specify:
Kidney diseases 2(1.1) Diet 123 (654)
Neurological diseases 9 (4.6) Exercise 79 (42)
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Table 2. Distribution of study participants based on obesity-related circumstances (No.: 188).-Continuation

Figures 1 and 2, and Table 3 illustrate that most
participants (70.2%) experienced negative side effects
from using the medication, with nausea (51.1%),
anorexia (47.9%), and constipation (31.9%) being the
most common. For most participants (55.3%), the
doctor decided to continue at the same dose regarding
the side effects. While most of them (75%) had regular
follow-ups with their doctor, only 22.9% followed up
with a dietitian regularly. Approximately 78% (78.7%)
would recommend GLP-1 agonists to others.

Medication 46 (24.5) Your friends 11 (5.9)
Surgery 9(4.8) Your physician 162 (86.2)
What is the name of the drug that you take for weight When did you start using 1243 £ 14.73
loss? this medication? (Mean + SD)
Semaglutide (Ozempic or 124 (66) (Months)
Rybelsus Select the administration methods
Liraglutide (Victoza or Saxenda)] 74 (39.4) Injection 182 (96.8)
Dulaglutide (Trulicity)] 4(2.1) Oral 6(3.2)
Exenatide (Bydureon)] 1(0.5) How frequently do you use this medication?
Lixisenatide (Adlyxin)] 1(0.5) Once daily 70 (37.2)
Tirzepatide(Mounjaro) 3(1.6) Twice daily 2(1.1)
Why are you using this medication? Once weekly 113 (60.1)
Diabetes and weight reduction 103 (54.8) Other 3(1.6)
Weight reduction 80 (42.6) How many kilograms did you 10.11 £ 6.53
Other 5(2.7) Iose. during the treatment
period? (Mean * SD) (kg)

Who made the medication recommendation? —

SD: standard deviation
Someone on social media 7 (3.7)
Your family 8(4.3)

80
ch: 60
o 40
[}
o 20
0
Encountered any negative Did you encounter any
effect from taking negative effects (No.: 56)
medication for weight loss
(No.: 132)
M Series1 70.2 29.8

Figure 1. Percentage distribution of the participants
according to their encounter of negative effects from
weight loss medications (No.: 188).

Erythema B 2.7
Rash N 3.7
Itching at the injection site D 4.3
Others D 6.4
Palpitation D 3

Headache
Diarrhea
Vomiting
Dyspepsia
Abdominal pain
Constipation
Anorexia

Nausea

A 13.8

A 14.9

A 17

A 3.7
A 2?9
A 31.9
A mmmm— 7.9
I mmmmmm— 5.1

Figure 2. Percentage distribution of the negative effects of weight loss medications (No.: 132)
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Table 3. Distribution of participants according to the negative effects of using weight loss medications, regular follow-up with

the doctor or dietician regularly, and recommendation of GLP-1 use to others (No.: 188)

Variable No. (%) What is a doctor's decision regarding the side effects?
Did you encounter any negative effects from taking NA 30(16)
medication for weight loss? Change the dose 15 (8)
No 56(29.8) Complete at the same dose 104 (55.3)
Yes 132(70.2) Stop using this medication 14(7.4)
Mention what was the symptom? for some weeks
Anorexia 90 (47.9) Other 25(13.3)
Nausea 96 (51.1) Do you follow up with the doctor regularly?
Dyspepsia 54 (28.7)
Vomiting 32(17) No 47 (25)
Diarrhea 28 (14.9) Yes 141(75)
Constipation 60 (31.9) Do you follow up with a dietitian regularly?
Abdominal pain 43 (22.9) No 145 (77.1)
Palpitation 15(8) ves 43 (22.9)
Rash 7(3.7) Do you recommend others to use GLP-1?
Erythema 5(2.7) No 40(21.3)
Itching at the injection site 8(4.3) Yes 148 (78.7)
Headache 26 (13.8)
Others 12 (6.4)

Regarding participants’ satisfaction with the GLP-1
medication outcome, almost one-third (65.5%) of the
participants were satisfied (Figure 3).

Table 4 and Figure 4 show that negative side effects
were significantly more common among participants
using the medication for both diabetes and weight
reduction (p = < 0.05). On the other hand, a non-
significant relationship was found between developing
negative effects and using the drugs, medication

duration, who made the medication recommendation,
or administration route/frequency (p > 0.05).

Multivariate logistic regression analysis assessed
therisk factors (independent predictors) for developing
negative side effects among the study participants.
The analysis observed that none of the studied
variables were risk factors (independent predictors) for
developing negative effects from the medication (p >
0.05) (Table 5).

5 (Very satisfied)

1 (Very dissatisfied) -

2 10.1
4.8

Figure 3. Percentage distribution of the participants’rating (from 1-5) of their satisfaction with the GLP-1 medication outcome

(No.: 188)
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Table 4. Relationship between developing negative effects from weight loss medications and factors such as medication use,

reason for use, duration, source of recommendation, administration route, and frequency (No.: 188)

Encountered any negative effects from taking
medication for weight loss

Variable No Yes %2 p-value
No. (%) No. (%)

What is the name of the drug that you take for weight loss?
Semaglutide (Ozempic or Rybelsus 40 (71.4) 84 (63.6) 1.06 0.302
Liraglutide (Victoza or Saxenda)] 19(33.9) 55 (41.7) 0.98 0.321
Dulaglutide (Trulicity)] 2(3.6) 2(1.5) 0.79 0372
Exenatide (Bydureon)] 0(0.0) 1(0.8) 0.42 0.514
Lixisenatide (Adlyxin)] 0(0.0) 1(0.8) 0.42 0514
Tirzepatide(Mounjaro) 1(1.8) 2(1.5) 0.01 0.892
Why are you using this medication?
Diabetes and Weight reduction 38 (67.9) 65 (49.2) 9.32 0.009
Weight reduction 15 (26.8) 65 (49.2)
Other 3(5.4) 2(1.5)
Who made the medication recommendation?
Someone on social media 3(54) 4(3) 1.94 0.584
Your family 1(1.8) 7 (5.3)
Your friends 4(7.1) 7(5.3)
Your physician 48 (85.7) 114 (85.4)
\r/nvzs?c :t'ic:) zg‘(‘wslt:ar; L:;"Dg) g\’/:zn the) 15.18 +18.2 11241+ 2.86 1.56 145
Select the administration methods? 53 (94.6) 129 (97.7) 1.21 0.271
Injection 3(5.4) 3(2.3)
Oral
How frequently do you use this medication?
Once daily 18 (32.1) 52(39.4) 2.97 0.396
Twice daily 1(1.8) 1(0.8)
Once weekly 35(62.5) 78 (59.1)
Other 2(3.6) 1(0.8)
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Table 5. Multivariate logistic regression analysis of risk factors associated with developing negative effects from weight loss

medications
Variable B Wald | p-value | Odds Ratio (Cl:95%)

What is the name of the drug that you take for weight loss?

Semaglutide (Ozempic or Rybelsus 0.14 0.04 0.834 0.86 (0.21-3.46)
Liraglutide (Victoza or Saxenda)] 0.23 0.17 0.675 0.27 (0.41-1.34)
Dulaglutide (Trulicity)] 0.35 0.08 0.778 0.42(0.12-1.98)
Exenatide (Bydureon)] 0.15 1.08 0.265 0.16 (0.34-1.65)
Lixisenatide (Adlyxin)] 0.17 0.13 0.176 0.54 (0.13-1.99)
Tirzepatide(Mounjaro) 0.67 1.09 0.451 0.61(0.91-2.67)
Why are you using this medication? 0.83 3.04 0.081 2.29(0.9-5.84)
Who made the medication recommendation? 0.18 0.57 0.448 1.2(0.74-1.97)
ml:)enr:d::lsi;j you start using this medication? (Mean + SD) 0.01 114 0.285 0.98 (0.96-1.01)
Administration methods 0.67 0.18 0.63 0.96 (0.18-1.39)
How frequently do you use this medication? 0.16 0.23 0.63 1.17 (0.6-2.28)

70
60
50
40
30
20
10

Percent

B Negative effects from taking
medication for weight loss

B No negative effects

Diabetes and
Weight reduction

49.2

67.9

Weight reduction

49.2
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Other

1.5

5.4

N.B.: (x2 = 32, p-value = 0.009)

Figure 4. Relationship between developing negative effects from medication use and the reason for medication use (No.: 188)

DISCUSSION

This study aimed to determine the prevalence of GLP-
1 agonist use for obesity treatment among patients at
King Abdulaziz University Medical Services Center in
Saudi Arabia and its associated adverse effects.

8 Journal of King Abdulaziz University - Medical Sciences e Volume 31, No. 2, December 2024 |

A multimodal approach to obesity treatment was
essential for patients because obesity is considered
a chronic and relapsing disease. Anti-obesity drugs
are valuable therapeutic agents for managing
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obesity??. Our findings shed light on the importance
of participants’ health and demographic traits.
Among the study population, 19.1% were classified as
overweight and 80.9% as obese. These results indicated
a considerable burden of excess weight in the group
under investigation.

The mechanism of action of GLP-1 agonists and
their receptor activity, particularly their non-glycemic
effects, and advantages in treating comorbidities
associated with insulin resistance, were the rationale
behind their use for obesity'>*. They play a major role
in weight reduction through their effects on gastric
emptying time, suppression of inappropriate post-
meal glucagon increase, and reduction of food intake,
which are part of their non-glycemic effects*,

The sex distribution of the sample revealed a
slight male predominance (56.9%). Furthermore, most
participants (85.6%) were Saudi nationals, representing
a typical sample of the local population in the country,
and 79.3% reported being married. This study revealed
that women are more likely than men to be overweight
or obese, consistent with a recent review that reported
that women in Saudi Arabia are more likely to develop
obesity in their middle and older years, which conforms
to the study participants’average age'™®. Our results are
consistent with earlier studies showing that married
people may be more prone to weight gain for various
reasons, including lifestyle changes and increased
responsibilities!'” 8,

Of the participants, 67.6% were employed. This
indicates that a significant portion of the research
population worked regularly, which may have
influenced their overall well-being. Moreover, 28.1%
of the participants had monthly incomes ranging from
10,000 to 19,999 SAR. As it falls between the middle
and upper-middle classes, this income range suggests
that a wide range of socioeconomic backgrounds
were included in the study. Additionally, 42% reported
having at least one chronic illness; 58% and 41.5% had
diabetes and hypertension, respectively. These findings
emphasize the importance of treating obesity as a risk
factor for the onset of other chronic diseases as well
as an isolated health issue, as numerous studies have
shown a clear correlation between obesity and other
chronic diseases!”'%,

Approximately, 26.1% of the participants were
smokers; given that smoking is linked to many

harmful health outcomes, such as an increased
risk of cardiovascular disease and several types of
cancer, its prevalence is a cause for concern. The
correlation between smoking, obesity, and the risk
of becoming overweight highlights the need for
multifaceted therapies that address several risk factors
simultaneously!2°2",

GLP-1 receptor agonists are thought to have an
impact on weight loss by modulating hunger and
satiety. In our study, semaglutide (Ozempic) (66%)
and liraglutide (Saxenda) (39.4%) were the two most
utilized GLP-1 agonists. Among these individuals, over
half (54.8%) were taking the medications for both
weight loss and diabetes. The average duration of the
drug use was 12.43 + 14.73 months, with 61% receiving
the medication once a week via injection. Over the
course of the treatment, the patients lost 10.11 + 6.53
kg on average. In accordance with a prior study, the
greatest mean changes in body weight with liraglutide
3.0 mg were -6.5 kg (95% Cl: -7.4 to -5.5; p < .001) at 6
months of treatment®. Additionally, our findings align
with previous studies that reported 4.4 kg of weight
loss on average at 4 months, 7.0 kg at 4 months, and
6.4 kg at 3 months for participants in trials conducted
in Switzerland, Canada, and Spain, respectively*?*
%1 These findings suggest that the effects of GLP-1
receptor agonists on weight loss may differ, possibly
due to the different homologies and administration
frequencies of medications®!, These findings are
consistent with those of previous studies.

According to our results, most patients who used
GLP-1 receptor agonists experienced gastrointestinal
side effects, the most frequent being nausea
(51.1%), anorexia (47.9%), and constipation (31.9%).
Despite these adverse effects, patient adherence
to the medication was unaffected, and for 55.3% of
participants, the doctor decided to keep the patients
on the same dosage despite the negative effects.
The medications with the highest rates of adverse
side effects were semaglutide (63.6%) and liraglutide
(41.7%). Additionally, individuals without diabetes who
were obese were more likely to experience adverse
outcomes. According to an Indian study, stomach issues
were the most frequently reported adverse effects.
Exenatide and liraglutide were the two medications
with the highest adverse effects®). According
to another Saudi Arabian study, gastrointestinal
antagonistic episodes rank among the most frequently
reported side effects of semaglutide use'?®.,
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Regarding managing side effects, a
multidisciplinary consensus states that to prevent or at
least lessen gastrointestinal side effects, patients must
be educated about possible side effects and taught
how to adhere to a set of rules. Healthcare professionals
must understand that the best way to reduce the
gastrointestinal side effects of GLP-1 receptor agonists
is to provide thorough dietary education, flexibility
during the dose escalation phase, and appropriate
symptomatic treatment of persistent gastrointestinal
adverse events?’, Therefore, we encourage doctors
to counsel patients about potential gastrointestinal
side effects that may arise during treatment, refer
them to gastroenterologists when necessary, and
advise patients to follow up with dietitians regularly
to develop a diet that is appropriate for them in the
process of optimizing their health to maintain their
quality of life and manage common adverse events.

The study findings provide insights into how
patients perceive injectable treatment options. Several
factors, such as dose frequency, convenience of use
of the injection, and ease of administration, influence
patient satisfaction.

Our findings align with previous research
indicating that patients prefer medication profiles
that involve single-use injections, once-weekly rather
than once-daily dosing, which were linked to better
glycemic control, less weight gain, and fewer adverse
events in discrete choice experimentst?,

According to the current study, over one-third
(30.9%) of participants reported being satisfied with
their GLP-1 treatment, primarily due to diabetes
control, weight loss, and minimal side effects from
the medication. Furthermore, 78.7% of participants
indicated how much they benefited from GLP-1, saying
that they would recommend it to others. Other trials
have reported a high patient satisfaction rate with
GLP-1 medication, likely due to its association with
decreased HbA1C levels and weight reduction®"32,

Using the Treatment Satisfaction Questionnaire
for Medication (TSQM-9), which scores by domain and
each domain scores range from 0 to 100, a previous
cohort study discovered a high treatment satisfaction
rate, with global satisfaction growing from 47.95 to
69.38 and efficacy climbing from baseline to 71.34.
However, there was no difference in drug convenience
between 69.06 and 71.34. As a result, they proposed

that although liraglutide therapy increases treatment
satisfaction and achieves a high adherence rate, once-
daily subcutaneous injection of liraglutide did not
improve convenience®2.

Hence, perceptions and preferences are important
factors in adherence that affect the practical efficacy of
GLP-1 receptor agonists.

LIMITATIONS

The limitations of our study include the fact that it was
conducted at a single center in Jeddah, Saudi Arabia;
therefore, it is difficult to generalize our findings to
the entire Saudi Arabian population. As 685 patients
of those who received the medication were excluded
due to various reasons (non-response, refusing to share
in the study, having a wrong phone number due to
incorrect documentation; having a BMI < 27 kg/m? or
aged < 18 years), future national multi-center studies
in larger samples are encouraged to confirm the
concluded results.

In addition, we could not access certain important
laboratory results, such as HbA1C levels in patients
with diabetes and lipid profiles, which may have added
valuable information to our findings. Furthermore, the
recurrent unavailability of the medications throughout
the study period may have affected the efficacy of
the treatment and the overall outcome of the study.
Moreover, the use of a self-administered questionnaire
may have introduced recall bias. Another limitation
is that the study included participants with varying
durations of GLP-1 agonist use, ranging from less than
a month to over a year. This broad variability could
significantly impact the interpretation of weight loss
outcomes and adverse effects. Future studies should
consider subgroup analyses based on the duration
of medication use to offer more precise insights into
the relationship between treatment duration and its
effects. While this study recognizes that research on
GLP-1 agonist use has been conducted worldwide,
it is essential to note that this topic is still relatively
new in Saudi Arabia. Although our findings may align
with existing literature, examining GLP-1 agonist use
in the Saudi population offers valuable insights that
are currently absent from regional studies. This study
serves as a foundational step toward understanding
the implications and effectiveness of GLP-1 therapy
within a local context. Future studies could build on
these findings by investigating cultural and healthcare
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factors specific to Saudi Arabia that may influence GLP-
1 agonist use, enhancing the novelty and relevance of
research in this emerging field.

CONCLUSION

According to this study, the two GLP-1 agonists most
frequently prescribed are semaglutide and liraglutide,
both of which have been shown to significantly reduce
body weight during treatment. The most frequently
reported side effects were nausea, anorexia, and
gastrointestinal issues, particularly in non-diabetic
individuals with obesity. Despite these issues, a
sizable percentage of the participants reported being
extremely happy with the results of their treatment and
were willing to recommend GLP-1 therapy to others.
Furthermore, future longitudinal studies with larger
sample sizes and multi-center randomized controlled
trials are required to generalize the effectiveness of
GLP-1 agonists in the Saudi population. GLP-1 agonists
should be used as adjuncts to lifestyle modifications.
Given the limited long-term safety and efficacy data,
cautious monitoring and further research in this area
are required.
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INTRODUCTION

Gaming has become an addiction in many young
adults. The World Health Organization (WHO)

and the American Psychiatric Association (APA) have
categorized gaming as a behavioral and mental health
condition’?3., Video games are defined as games played
using an electronic system, including a digital phone,
console, or computer. In Arab countries, video games
are a popular leisure activity among adolescents and
children®. Approximately 59%-73% of the youth have
been shown to play video games on any given day® °.
A study conducted in Abha among secondary school
students reported a high prevalence of playing video
games, with 80% and 75% of the students reporting
that they played video games and owned a video game
machine, respectively.

Gaming is associated with several diseases and
complications. An Indian study on medical students
reported an increase in gaming disorders, which led
to anxiety, psychological disturbance, sleep, and mood
disorders, and physical complaints such as headaches.”
Another Saudi Arabian study reported an association
of gaming addiction with stress among adolescents™.

De Quervain’s disease is characterized by stenosing
tenosynovitis of the first dorsal wrist compartment. It is
characterized by pain with gradual onset, which may be
exacerbated by thumb abduction, grasping, and ulnar
deviation of the wrist®.* The etiology of De Quervain’s
disease is thought to be sustained or repetitive tension
on the tendons of the first dorsal compartment. This
tension causes a fibroblastic response, which in turn
leads to swelling and thickening of the compartment.
Moreover, an individual experiences discomfort while
using the wrist and hand®.

De Quervain's disease is the most common
inflammatory wrist tendon lesion. Inflammatory wrist
and hand tendon lesions have become increasingly
common with the evolution of electronic systems®.
A study conducted in Jeddah, Saudi Arabia, which
included 338 university students reported a positive
correlation of smartphone use with De Quervain’s
disease among medical and non-medical students.
This study aimed to assess the association of thumb
and wrist pain with playing video games among
medical students.

METHODS

PARTICIPANTS AND STUDY DESIGN

This cross-sectional survey study was conducted
among medical students at King Abdulaziz University
between July 2020 and October 2020.

We randomly included 140 medical students. This
study was approved by the ethical committee of King
Abdulaziz University (reference number 164-21).

THE STUDY TOOL AND SCORING

The survey was sent to the students. The survey
involved a two-step process. First, the students received
alink to a video explaining how to perform Finkelstein’s
test. Moreover, information regarding its purpose was
attached to the questionnaire to allow participants to
perform the test on their own before answering the
follow-up questions. The presence of pain during the
test was considered a positive result.

Regardless of Finkelstein’s test results, the
participants answered a series of closed-ended
questions to assess the frequency and duration
of playing video games across different consoles
(PlayStation, Xbox, Nintendo, PC, and smartphones),
as well as whether there were pain episodes during or
after playing.

The severity of pain was assessed on a scale of
0-10, where 10 reflected the most severe pain, with
accompanying interference of daily activities, pain with
moving objects, and episodes of nighttime awakening
due to pain. The pain duration was categorized as
< 10 minutes, 10-60 minutes, > 1 hour, or constant
pain throughout the day. Pain-related experiences,
including weakness, numbness, and improvement or
worsening with finger movement, were also assessed.

Moreover, precautionary measures, including
taking breaks while playing video games and
stretching frequency, were assessed. Additionally, a
well-established risk factor, which is the duration of
playing, is also evaluated.
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STATISTICAL ANALYSIS

Data were collected and analyzed using SPSS version
23 (IBM SPSS, IBM Corp., Armonk, NY, USA). Data
are expressed as numbers (%). Between-group
comparisons were performed using the chi-square
test. Statistical significance was set at P < 0.05.

RESULTS

Most participants (82.0%) played video games.
Regarding the daily duration of playing video games,
most participants reported 1-3 hours (31.7%), followed
by > 5 hours (18.7%), > 3-5 hours (15.8%), < 1 hours
(12.9%), and depending on the free time (2.9%). Most
participants played video games daily (36.7%), followed
by 1-2 times a week (28.1%), 2-4 times a week (13.7%),
and monthly (3.6%). Moreover, 12.9% and 15.1%
stretched their fingers before playing and had problems
with carrying things, respectively. Regarding taking
breaks when playing, most participants answered
sometimes (46.8%), followed by no (29.5%) and yes
(23.7%), with significant differences among them (P
= 0.003). Most participants did not experience pain
episodes (70.5%), while 18.0%, 7.9%, 2.2%, and 1.4%
had pain episodes for < 10 minutes, 10-60 minutes, >

60 minutes, and throughout the day, respectively, with
significant differences among them (P < 0.0001). Pain
affected daily activities in 89.9% of the participants,
with 7.9% seeing doctors for this problem. Regarding
nighttime awakenings induced by wrist/thumb pain,
11.5%, 3.6%, 2.2%, and 82.7% of the participants
reported that they rarely, usually, always, and never
woke up, respectively. Wrist pain was associated with
finger numbness and hand weakness in 15.8% of the
participants; moreover, it worsened and improved with
finger movement in 12.2% of the participants. Further,
62.6%, 16.5%, 11.5%, and 9.4% of the participants
reported no pain, pain during activities, constant pain,
and episodic pain, respectively. The mean pain score
was 1.63. Regarding the console used for video games,
most participants used mobile (59.0%), followed by
PlayStation (36.0%), PC (33.1%), Nintendo (18.7%), and
Xbox (10.1%), with significant differences among them
(P <0.0001) (Table 1).

Mild, mild-to-moderate, moderate, moderate-
to-severe, and severe pain were mostly reported by
participants who played > 3-5 hours/day (40.0%), > 5
hours/day (37.5%), > 5 hours/day (66.7%), 1-3 hours/
day (50.0%), and no playing (50.0%) (Table 2).

Table 1. The association between playing video games and thumb/wrist pain: A cross-sectional study

Questions Value P- value Questions Value P- value

Do you play video games? 0.0001 Do you stretch your fingers before you play? | 0.0001
Yes 114 (82.0%) Yes 18 (12.9%)
No 25 (18.0%) No 121 (87.1%)
For how long do you play video games per 0.0001 Do you have problems carrying things? 0.0001
day Yes 21(15.1%)
None 25 (18.0%) No 118 (84.9%)
Less than an hour 18 (12.9%) Do you take rest breaks 0,003
1-3 hours 44 (31.7%) when playing? ’
3-5 hours 22 (15.8%) Yes 33 (23.7%)
> 5 hours 26 (18.7%) No 41 (29.5%)
2;2i::n(:)epending on the 4(2.9%) Sometimes 6'5 (46..8%)

How long, on average, does a pain episode 0.0001
How often do you play video games? 0.0001 last during the daytime (minutes)?
Daily 51 (36.7%) <10 min 25 (18.0%)
1-2 times a week 39 (28.1%) 10-60 min 11 (7.9%)
2-4 times a week 19 (13.7%) > 60 min 3(2.2%)
Monthly 5(3.6%) Constant 2 (1.4%)
Never 25 (18.0%)
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Table 1. The association between playing video games and thumb/wrist pain: A cross-sectional study.-Continued

Questions Value P- value Questions Value P- value
Has this problem affected your daily 0.0001 What is the pain score out of 10?
activities? Mean-+/-SD 163 +2.65
Yes 14 (10.1%) (0.0-10.0)
No 125 (89.9%) 0 87 (62.9%)
Have you ever seen a doctor for this 1 9 (6.5%)
problem? 5 6 (4.3%)
Yes 11 (7.9%) 3 7 (5.0%)
No 128 (92.1%) 4 9 (6.5%)
How often does your wrist/thumb pain 0.0001 5 2 (1.4%)
wake you up?
6 7 (5.0%)
Always 3(2.2%)
7 5 (3.6%)
Usually 5 (3.6%)
8 3(2.2%)
Rarely 16 (11.5%)
9 2 (1.4%)
Never 115 (82.7%)
- - N - - What console do you use for video games?
What is associated with your wrist pain? 0.0001
- PlayStation 89 (36.0%) 0.001
Finger numbness 22 (15.8%)
W th f Xbox 14 (10.1%) 0.0001
orse with finger
movement 17.(12.2%) PC 46 (33.1%) 0.0001
Better with finger Nintendo 26 (18.7%) 0.0001
17 (12.2%) :
movement Mobile phone 82 (59.0%) 0.034
Hand weakness 22 (15.8%)
Describe the timing of your pain? 0.0001
Episodically 13 (9.4%)
Constant 16 (11.5%)
During activity 23 (16.5%)
No pain 87 (62.6%)
Table 2. Cross table between pain severity and length of playing video games per day
. . . How long do you play video games per day?
Pain Severity (pain score)
None <1 hour 1-3 hours 3-5 hours > 5 hours Others
No pain (0) (n = 87) 19(21.8%) | 12(13.8%) | 26(29.9%) | 11(12.6%)| 17 (19.5%) 2(2.3%)
Mild pain (1-2) (n=15) 1(6.7%) 2 (13.3%) 4 (26.7%) 6 (40.0%) 2 (13.3%) -
Mild to Moderate pain (3-4) (n = 16) - 3(18.8%) 4 (25.0%) 3(18.8%) 6 (37.5%) -
Moderate (5-6) (n=9) 2 (22.2%) - 6 (66.7%) - 1(11.1%) -
Moderate to severe (7-8) (n = 8) 1(12.5.0%) 1(12.5%) 4 (50.0%) 1(12.5%) - 1(12.5%)
Severe (9-10) (n=4) 2 (50.0%) - - 1(25.0%) - 1(25.0%)

Data are expressed as numbers (%).
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Mild, mild-to-moderate, and moderate pain were
mostly reported by participants who played daily
(46.7%, 43.8%, and 55.6%, respectively). Moderate-
to-severe and severe pain was mostly reported by
participants who played > 2-4 times per week (50.0%)
and never played (50.0%), respectively (Table 3).

Pain episodes lasting < 10 min, 10-60 min, and > 60
min were mostly observed in participants who played
1-3 h/day (28.0%, 36.4%, and 66.7%, respectively).
Constant pain was mostly reported in participants who
played < 1 h and 1-3 h/day (50.0% for both), while

no pain episodes were reported by participants who
played 1-3 hours (30.6%) (Table 4).

Mild pain was mostly reported in participants
with constant pain (53.3%). Mild-to-moderate and
moderate pain were mostly reported during activity
(62.5% and 55.6%, respectively). Moderate-to-severe
pain was mostly reported in participants with episodic
and constant pain (37.5% for both), while severe pain
was mostly reported in participants with constant pain
(50.0%) (Table 5).

Table 3. Cross table between pain severity and how many days they play video games per week

How often do you play video games per week?
Pain Severity (pain score) Daily 1-2 \t/zlr::If per 2-4 \t:lr:eelf per Monthly Never
No pain (0) (n =87) 31 (35.6%) 27 (31.0%) 8(9.2%) 3(3.4%) 18 (20.7%)
Mild pain (1-2) (n = 15) 7 (46.7%) 3(20.0%) 4 (26.7%) - 1(6.7%)
Mild to Moderate pain (3-4) (n = 16) 7 (43.8%) 6 (37.5%) 2(2.5%) 2 1(6.2%) -
Moderate (5-6) (n =9) 5 (55.6%) 1(11.1%) 1(11.1%) - 2 (22.2%)
Moderate to severe (7-8) (n = 8) - 2(25.0%) 4 (50.0%) 1(25.0%) 1(25.0%)
Severe (9-10) (n=4) 1 (25.0%) 1(25.0%) - - 2 (50.0%)
Data are expressed as numbers (%).
Table 4. Cross table between the duration of the pain episode and the duration of playing video games per day
How long do the pain How long do you play video games per day?
episodes last? None <1 hour 1-3 hours | 3-5hours | >5hours Others
<10 min (n=25) 2 (8.0%) 4 (16.0%) 7 (28.0%) 5(20.0%) 6 (24.0%) 1 (4.0%)
10-60 min (n=11) 2 (18.2%) - 4 (36.4%) 3(27.3%) 2 (18.2%) -
> 60 min (n=3) 1(33.3%) - 2 (66.7%) - - -
Constant (n=2) - 1 (50.0%) 1 (50.0%) - - -
Never had episode (n=98) | 21(21.4%) | 13(13.3%) | 30(30.6%) | 14(14.3%) | 18(18.4%) 2 (2.0%)
Data are expressed as numbers (%).
Table 5. Cross table between pain severity and timing of pain
Timing of Pain
Pain Severity (pain score)
Episodically Constant During activity No pain
No pain (0) (n =87 - - (100.0%) 87
Mild pain (1-2) (n=15 2 (13.3%) 8(53.3%) 5(33.3%) -
Mild-to-moderate pain (3-4) (n = 16) 3(18.8%) 3(18.8%) 0 (62.5%) -
Moderate (5-6) (n =9) 4 (44.4%) - 5(55.6%) -
Moderate to severe (7-8) (n = 8) 3(37.5%) 3(37.5%) 2 (25.0%) -
Severe (9-10) (n =4) 1(25.0%) 2 (50.0%) 1(25.0%) -

Data are expressed as numbers (%).

Journal of King Abdulaziz University - Medical Sciences e Volume 31, No. 2, December 2024

| www.jkaumedsci.org.sa

17



The Association Between Playing Video Games and Thumb/Wrist Pain Among Medical Students at the King Abdulaziz University

A. Altuwairqi

Table 6. Cross table between pain severity and console used

Console Used for Video Games
Pain Severity (pain score)
PIayStation Xbox PC Nintendo Mobile phone

No pain (0) (n=87) 1 (58.6%) 8 (6.9%) 30 (34.5%) 16 (18.4%) 44 (50.6%)
Mild pain (1-2) (n=15) 13 (86.7%) 2 (13.3%) 6 (40.0%) 2 (13.3%) 3 (86.7%)
Mild-to-moderate pain (3-4) (n = 16) 3(81.2%) 3(18.8%) 9 (62.5%) 4 (25.0%) 5(93.8%)
Moderate (5-6) (n=9) 6 (66.7%) - - 3(33.3%) 6 (66.7%)
Moderate-to-severe (7-8) (n = 8) 4 (50.0%) 2 (25.0%) 1(12.5%) 1(12.5%) 3(37.5%)
Severe (9-10) (n =4) 2 (50.0%) 1(25.0%) - - 1(25.0%)

Data are expressed as numbers (%).

No pain was mostly reported by participants with
a PlayStation (58.6%). Mild pain was mostly reported
in participants using a PlayStation and mobile phone
(86.7% for both). Mild-to-moderate pain was mostly
reported in participants using a mobile phone (93.8%).
Moderate was mostly reported in participants using
a PlayStation and mobile phone (66.7% for both).
Moderate-to-severe and severe pain was mostly
reported in participants using a PlayStation (50.0% for
both) (Table 6).

DISCUSSION

Our findings revealed a high prevalence of playing
video games among medical students, with 82% of
our participants reporting playing video games. Most
students reported playing video games for 1-3 hours/
daily. The most frequently used device for playing
games was the mobile phone (59%), followed by the
PlayStation (36%) and personal computer (33.1%).

A study conducted in Jeddah that enrolled 387
medical students showed that 66.4% of students had
smartphone addiction, which was higher than thatin
our study. However, the previous study did not report
whether the students used smartphones for gaming or
other purposes.

We investigated the pain and its effect on students,
with 2.2% and 82.7% of the students reporting that
they always and never woke up, respectively, due to
wrist and thumb pain. The mean score of pain severity
was only 1.63; moreover, 62.9% and 1.4% reported no
pain and the most severe pain, respectively. Regarding
the pain impact, most patients denied any pain impact
on their daily activities and did not visit a doctor
for pain. The most common consequences of pain
were finger numbness and weakness. Additionally,

18 Journal of King Abdulaziz University - Medical Sciences e Volume 31, No. 2, December 2024 |

only a few students reported stretching their fingers
before playing and having problems carrying things.
Furthermore, we investigated factors that may affect
pain severity.

In addition, we analyzed the association between
the pattern of playing video games and pain severity.
Playing for 1-3 and > 5 hours per day was associated
with moderate-to-severe and mild-to-moderate pain,
respectively. Notably, two students who reported
no playing showed severe pain. Daily playing was
associated with mild-to-moderate pain. Additionally,
daily playing for 1-3 hours was significantly associated
with pain episodes lasting from < 10 minutes to > 60
minutes. Further, the severity of pain was associated
with no finger stretching before playing. Mobile
phones and PlayStations were associated with the
severity of pain.

A study reported that overusing the thumb
for mobile texting is a risk factor for de Quervain's
disease!'?, Itimplies that using mobile phones foralong
duration could be associated with the development
of de Quervain’s disease. This is consistent with our
findings that using mobile phones and PlayStations
to play games for long durations was associated
with pain development, duration, and severity. In
our study, a small proportion of students reported
experiencing pain, which could be attributed to a short
duration spent playing video games or playing only
during vacation. Further research is required to better
understand the low pain prevalence among students
playing video games.

A cross-sectional study of 833 adolescents reported
similar findings. Specifically, high usage of computers
(99%) and video games (58%) was found; however, the
reported pain prevalence was only 39.4%. Additionally,
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it should be noted that this previous study investigated
musculoskeletal, rather than thumb or wrist pain(™.,

A previous study that included 500 students
reported that the incidence of de Quervain’s disease
was 49% among students who used mobile phones
to play video games. Moreover, the risk of disease
increased with a longer duration of playing, frequent
playing, and changes in wrist position.

A study conducted in Jeddah reported that de
Quervain’s disease had a prevalence rate of 68.9%
among 338 students. Moreover, it reported a positive
correlation between the use of phones for gaming and
de Quervain’s diseasel. Another study conducted
on medical students in Jeddah reported a significant
association between heavy smartphone use and
thumb/wrist paint.

CONCLUSION

Our findings revealed a high prevalence of playing
video games among medical students, with mobile
phones and PlayStations as the most common devices.
There was a very low mean score of pain severity since
most of the patients reported no pain. Pain severity
was associated with playing daily for a long duration
using mobile phones and PlayStations; moreover, the
duration of pain episodes was associated with the
playing duration.
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Abstract

A Recent research on adenoviruses has mainly concentrated on their
potential as vectors for gene therapy and vaccines, with less attention
given to their evolutionary patterns and genome stability. Traditional
typing methods, which rely on serological assays, have proven
inadequate for classifying adenoviruses due to their genetic diversity.
To address this, sequencing is often limited to key regions such as the
hexon and fiber genes. However, recent studies suggest that relying
solely on these regions may not fully capture the genetic landscape
of adenoviruses. Notably, multiple recombination events have been
identified within the adenovirus genome, raising concerns about the
reliability of partial sequencing approaches for precise typing. In this
study, we sequenced the penton gene in nine adenovirus isolates with
previously characterized hexon and fiber types. Our analysis revealed
that six of these isolates had penton sequences distinct from their
assigned hexon and fiber types, suggesting recombination between
adenovirus types. Additionally, four of these isolates displayed penton
gene sequences that diverged significantly from known adenovirus
types. Further examination uncovered potential recombination
within the penton gene itself, particularly between the hypervariable
region and the RGD (Arg-Gly-Asp) loop. These findings underscore
the high prevalence of recombination in species D adenoviruses,
not only between the hexon, fiber, and penton genes but also within
the penton gene itself. This points to the limitations of hexon/fiber
typing alone and emphasizes the need for full-genome sequencing to
ensure accurate adenovirus classification. These insights are critical for
advancing adenovirus-based vector development, as they contribute
to a better understanding of adenovirus genetic stability and evolution.

Keywords
Adenovirus genome recombination, Adenovirus vector development,
Full-genome sequencing, Evolutionary diversity
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INTRODUCTION

Adenoviruses (AdVs) are double-stranded DNA
viruses belonging to the family Adenoviridae,
which encompass a wide range of subtypes infecting
various species, including humans, animals, and birds!".
Human adenoviruses (HAdVs) are significant pathogens
responsible for a variety of clinical manifestations,
including respiratory infections, gastroenteritis,
conjunctivitis, and in some cases, severe disease in
immunocompromised individuals®?. The substantial
genomic diversity among HAdVs necessitates precise
and robust methods for classification and typing,
which are crucial for epidemiological surveillance,
clinical diagnostics, and the development of targeted
therapeutic interventions®.

Historically, adenovirus classification has relied
on serological typing based on neutralization assays™.
However, these methods are time-consuming, labor-
intensive, and sometimes need more sensitivity and
specificity®. The advent of molecular techniques,
particularly polymerase chain reaction (PCR) and
sequencing, has revolutionized adenovirus typing,
providing more precise and rapid identification of
HAdV genotypes®. Among the various genomic
regions analyzed, the hypervariable region (HVR)
of the penton gene has emerged as a particularly
promising target for molecular typing due to its high
sequence variability”. The penton base protein, a
crucial structural component of the adenovirus capsid,
plays a pivotal role in virus-host interactions, including
cell entry and immune evasion®. The HVR within the
penton gene exhibits significant sequence diversity,
reflecting the evolutionary pressures exerted by host
immune responses and contributing to the genetic
heterogeneity observed among adenovirus subtypest®.

Consequently, the HVR region serves as a valuable
marker for distinguishing between closely related
adenovirusstrainsandforidentifyingnovelgenotypes®.
The significance of this research extends beyond mere
classification. Accurate typing of adenoviruses is
essential for understanding the epidemiology of HAdV
infections, particularly in outbreak settings where rapid
identification of the causative agent can inform public
health responses®. Furthermore, the identification of
novel variants and recombination events can provide
insights into adenovirus evolution and pathogenesis,
with implications for vaccine design and antiviral
strategies!'".

The penton base protein is a crucial component
of the adenovirus capsid, forming the penton complex
along with the fiber protein. It plays a pivotal role in
virus attachment and entry into host cells, interacting
with integrins to mediate internalization!?. The penton
base gene exhibits significant genetic variability,
particularly in its hypervariable regions (HVRs), which
are subject to immune selection pressures. The HVRs
within the penton base gene are characterized by
high sequence diversity, making them ideal targets
for molecular typing. This variability reflects the
evolutionary pressures exerted by host immune
responses and contributes to the antigenic diversity
of HAdVs!", Studies have shown that the penton HVRs
can distinguish between closely related adenovirus
types and identify novel variants!'*',

Adenovirus classification has been based on
serological methods, particularly neutralization assays,
which identify virus types based on their reactivity
with specific antisera™. While serological typing has
been instrumental in the initial classification of AdVs,
it has several limitations, including the requirement for
virus culture, cross-reactivity between closely related
types, and limited sensitivity. The advent of molecular
techniques has revolutionized adenovirus typing.
Polymerase chain reaction (PCR) and sequencing have
emerged as the gold standards for accurate and rapid
identification of HAdV genotypes!'”.. Molecular typing
targets various genomic regions such as the hexon,
fiber, and penton genes, which encode key structural
proteins of the virus capsid.

The objective of this study is to investigate the
utility of limited typing of the hypervariable region
(HVR) of the penton gene in adenovirus for identifying
virus genotypes. Specifically, the study aims to assess
whether sequencing and phylogenetic analysis of the
penton HVR region are sufficient to classify subtypes of
human adenovirus (HAdV). This involves examining the
nucleotide and amino acid sequences of the penton
HVR region from clinical isolates and comparing them
with known reference sequences to determine their
relatedness and potential novelty. The study also
aims to evaluate the divergence between isolates and
known types, assess potential recombination events
within the penton gene, and discuss the implications
of these findings for adenovirus typing and vaccine
development.
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METHODOLOGY
DNA EXTRACTION

The extraction of DNA was conducted using the
QlAamp (QIAGEN, a biotechnology company based
in Germany) DNA Mini Kit, in accordance with the
manufacturer’s instructions. Initially, Q-Pro and AL
buffers were added to the sample contained within
a microcentrifuge tube. The mixture was vortexed
thoroughly and subsequently incubated at 56°C for
15 minutes to facilitate cell lysis. After incubation, the
tube was centrifuged and ethanol was added to the
mixture to precipitate the DNA. The resulting solution
was then transferred to a QlAamp spin column and
centrifuged for 1 minute to allow the DNA to bind to
the silica membrane within the column. The filtrate
was discarded, and the column was placed into a new
collection tube. To wash the DNA, AW1 buffer was
added to the column, which was then centrifuged for
1 minute. This step was followed by another wash with
AW?2 buffer, after which the column was centrifuged
for 3 minutes to ensure the thorough removal of
contaminants. The final elution of the purified DNA
was performed by adding AE buffer to the column and
centrifuging for 1 minute. The eluted DNA was then
stored at -20°C for subsequent use.

POLYMERASE CHAIN REACTION (PCR)

Conventional PCR was employed to amplify the partial
penton region, encompassing the hypervariable region
(HVR). The specific primers used for amplification were
designed as follows: the forward primer sequence was
TTCGCAAGAAGCAACCTTT, and the reverse primer
sequence was TCTTGCATGAGGTCCGG. The PCR
master mix (Thermo Fisher Scientific, United States)
was prepared with the following components: 5 pl of
10X PCR buffer, 1 pl of 0.2 mM dNTPs, 0.5 ul of 0.2 uM
forward primer, 0.5 pl of 0.2 uM reverse primer, 0.25 ul
of 1.25 units/ul Taq DNA polymerase, and 37.75 ul of
sterile distilled water. To this mixture, 5 pl of the DNA
template or a control sample was added, making the
final reaction volume 50 pl.

The PCR cycling program began with an initial
denaturation step at 95°C for 15 minutes to activate
the Taqg DNA polymerase. This was followed by 40
cycles of amplification, each consisting of 20 seconds
at 94°C for denaturation, 20 seconds at 57°C for primer
annealing, and 40 seconds at 72°C for elongation. The
final extension step involved a 5-minute incubation at
72°C to ensure complete extension of the amplified

products. After PCR amplification, the amplicons were
analyzed by electrophoresis on a 2% agarose E-gel.
The molecular weights of the PCR products were
determined by comparison with a DNA ladder, which
contained fragments ranging from 100 bp to 2500 bp.

forward primer TTCGCAAGAAGCAACCTTT,
reverse primer TCTTGCATGAGGTCCGG
PHYLOGENETIC ANALYSIS

The nucleotide sequences of the penton region,
specifically the 918 bases corresponding to the HVR
of HAdV-D9, along with the deduced amino acid
sequences, were used to construct phylogenetic trees
to elucidate the evolutionary relationships among
species D human adenoviruses. Sequence editing
was performed using BioEdit version 7.0.5. Multiple
sequence alignments were calculated using ClustalX
version 1.83 to ensure precise alignment of the
sequences.

Phylogenetic trees were constructed utilizing the
Phylo-Win software version 2. To assess the robustness
of the phylogenetic groupings, bootstrap analysis
was performed with 1,000 pseudoreplicates. The
phylogenetic trees were subsequently visualized and
drawn using TreeView version 1.6.6.This comprehensive
analysis allowed for the detailed examination of the
genetic relationships and evolutionary patterns among
the adenovirus isolates under study, particularly within
the hypervariable regions of the penton gene.

RESULTS

PCR AMPLIFICATION OF CLINICAL ISOLATE

The DNA from the nine adenovirus isolates was
extracted, and a specific region of the penton gene
was amplified using PCR. Two primers were designed
to generate around 600-base pair fragments of the
penton gene. The amplified products, along with
positive control fragments of 400 base pairs, were
visualized on a gel electrophoresis image (Figure 1).

TYPING AND PHYLOGENETIC ANALYSIS OF
ADENOVIRUS ISOLATES

Nine clinical samples from individuals with AIDS were
analyzed using DNA sequencing and the phylogenetic
analysis of the hexon and fiber genes. These isolates
were identified as belonging to the HAdV-D species,
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Figure 1. Two percent E-agarose gel of RGD region. The size of the region is 551 base pairs. Lane 1: Positive Control. Lane 2:
Quantitative DNA easy ladder. Lane 3: Negative Control. Lane 4: Sample 1. Lane 5: Sample 2. Lane 6: Sample 3. Lane 7: Sample
4. Lane 8: Sample 5. Lane 9: sample 6. Lane 10: Sample 7. Lane 11: Sample 8. Lane 12: Sample 9.

Table 1. The HAdV-D types of samples for Hexon and Fibre
genes

Sample No HAdV-D Type
1 51
49
9
9
23
47
47
83
26

O 0 N o N W N

with consistent typing results for both the hexon
and fiber regions. The previous typing results are
summarized in Table 1.

PHYLOGENETIC ANALYSIS REVEALS GENETIC
RELATIONSHIPS OF NEW ADENOVIRUS
TYPES WITH CLINICAL ISOLATES

The phylogenetic analysis of the penton gene revealed
the presence of multiple distinct clades within the
HAdV-D species. Notably, several clinical isolates
from AIDS patients clustered closely with specific
reference strains, indicating their classification within
established adenovirus types. However, the tree also
highlighted the presence of several isolates that did
not cluster with any known HAdV type, suggesting
potential novel or recombinant strains. These findings

underscore the genetic diversity within the HAdV-D
species and emphasize the need for comprehensive
genomic analysis to accurately characterize and classify
adenoviruses, particularly in immunocompromised
individuals, as shown in Figures 2 and 3.

The phylogenetic analysis of the penton gene
revealed a complex pattern of divergence within
the HAdV-D species. While some clinical isolates
clustered closely with established reference strains,
indicating a high degree of sequence similarity, others
exhibited substantial divergence. This divergence
may be attributed to several factors, including
genetic recombination, rapid evolution, and potential
adaptation to specific host environments. Further
genomic analysis is necessary to elucidate the
precise mechanisms underlying this divergence and
its implications for adenovirus epidemiology and
pathogenesis.

The table presents the nucleotide sequence and
amino acids identity of the RGD region in nine clinical
adenovirus samples compared to various reference
adenovirus types. The highest similarity scores for each
sample are highlighted, as shown in Tables 2 and 3.

The nucleotide and amino acid alignment of the
RGDregion ofthe pentongenerevealed ahigh degree of
sequence conservation among HAdV-D23, HAdV-D63,
and two clinical samples. While nucleotide differences
were observed, particularly in the hypervariable
regions, the amino acid sequence remained largely
conserved, suggesting strong functional constraints.
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The presence of a few amino acid variations in the implications of these sequence variations and their
RGD loop region of the clinical samples may indicate impact on viral pathogenesis and host interactions, as
potential recombination events or unique adaptations. illustrated in Figures 4, 5, 6, and 7.

Further analysis is required to elucidate the functional
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Figure 2. Nucleotide phylogenetic tree of all clinical isolates. The tree was built from the penton RGD region from prototype
reference sequences and isolates sequences.

Journal of King Abdulaziz University - Medical Sciences e Volume 31, No. 2, December 2024 |  wwwjkaumedsciorgsa 25



Recombination Dynamics Divergent of the RGD Region of Penton, Hexon, and Fibre Genes for Adenovirus
B.A. Jawa et al.

HAdV-D8
HAdV-D30
HAdV-D44
HAdV-D13
HAdV-D32
HAdV-D49
- Sample2

FHAGV-D65
_[E-_samw_
HAV-D58

HAdV-D27

HAdV-D48
|— HAdV-D62
| Sample5

| H D571 |
Sample1
HAdV-D19
HAdV-D33
HAdV-D23
HAdV-D63

HAdV-D43
— HAdV-D25
Sample8 |

- THAGV-D36

~ HAdV-D29
—— HAJV-D46

HAdV-D10
HAdV-D26
HAdJV-D56
HAdV-D9
— HAdV-D39
| HAdV-D38

L— HAdV-D70
HAdV-D47
HAdV-D22
HAdV-D42

HAAV-D17
HAAV-D67
I HAAV-D54

HAdV-D53
HAdV-D37
HAdV-D15
HAdV-D20
HAdV-D69
HAdV-D45
HAdV-D28

HAdV-D60

0.1

Figure 3. Amino acid phylogenetic tree of all clinical isolates. The tree was built from the penton RGD region from prototype
reference sequences and isolates sequences.
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Table 2. Nucleotide sequences identity of samples 1-9 RGD region comparing to adenovirus references. Types with highest
similarity are highlighted.

Samplef | Samplel | SampleS | Sampled | Sampled | Sample7 | Samplef | sample® | Sample2 Seq-=
0805 0818 0801 0813 0813 0808 008 0.795 0.793 HAdAV-D22
0807 082 0,803 0816 LEIT 0811 LES D] 0.7%7 0795 HAdV-D42
0.793 0808 0.791 0804 [T 5} 0.7%94 0.794 0.783 0,781 HAdV-D1%C
0.793 [IR.1i 0.791 (L804 0804 0794 0.794 0763 0,781 HAdV-D64
0814 0827 081 0818 OE1R 0816 0ElG 0802 08 HAdV-DS%
0. 78S 0B 0.784 0797 0.797 0787 0787 0781 0781 HAdV-D17
0.7TE9 0813 0.791 0.79%2 0.792 0801 0.E01 0.7EE 0.783 HAAV-D6T
0.779 0764 0.756 07646 0.766 0778 0778 0.741 0744 HAdV-DN54
0803 0778 0.761 0.773 0773 0.757 0757 0.755 0.753 HAdV-D10
0803 0778 0.761 0.773 0773 0.757 0757 0.755 0.753 HAdV-D26
0803 0778 0.761 0.773 0773 0.754 0754 0758 0.755 HAdV-D5S6
0.808 0.783 0.766 0778 0.778 0.759 0.75% 0.762 076 HAAY-D9
0822 0.787 0.766 0.778 0.778 0.766 0.766 0.769 0.765 HAdAV-D39
0.803 0,794 0777 0.785 0.785 0.7%92 0792 0.783 0,781 HAdV-D38

81 0754 0.782 0,794 0794 0799 0794 074 (.THE HAdV-D7TD
0329 0811 0,803 0_B0E OB 0778 0778 0.753 0.76 HAdV-D47
0802 079 0.767 0781 0.781 07495 0.795 0937 0951 HAAV-DE

(1R ] 0.79 0.767 0.77% 0.779 0793 0.793 0.934 (0.948 HAdV-D30
0.797 0772 0.755 0781 0781 0783 0783 0944 0958 HAdY-D44

0.8 0.774 0.758 0783 0.783 0.7TEE 0786 0946 0.96 HAdV-IDd13
0302 0781 0.765 0.7 0.79 0788 O.7EE 05945 0962 HAdV-D32
0816 0786 0. 769 0786 0.786 0.7TER 0.TEE 0958
0811 07497 0779 0786 0786 0.8 .8
082 0795 0779 0.7 0.79 0.8 096 HAdV-D5SR
0.801 0L.E856 0.542 0.83% 0.E39 0.786 HAdV-D24
0801 0854 0839 (L8446 0646 0.964 0964 0.7% (0.7HE HAdAV-D27
0803 0858 0544 (.842 0542 0968 0968 0.8 0.793 HAdV-D48
0827 0873 0.846 0856 0856 0952 0552 08l6 0804 HAdV-D62T
0848 0968 0.549 0.E49 0.7 0776 HAdV-D33
08343 0871 0842 0842 074 0776 HAdV-D1%

0956 0844 0844 0.781 0772 HAdY-D23

0844 0844 0.795 0781 HAdV-DS1

0.840 0846 0802 0793 HAdV-D63

0.799 0.79% 0209 0811 HAdV-I3

0985 0831 0815 0817 0817 07494 0794 0802 0804 HAdY-D36
0.983 0829 0813 0815 0815 0.7%92 0792 0.8 0802 HAdAV-D25
0981 0829 0813 0815 0.E1S 07492 0792 08 B0 HAdV-D29

095 0.BOE 0.792 (806 [E.10 3 0.785 0.785 0.781 0.T86 HAAV-D46
0768 0761 0.747 0.752 0752 0.721 0721 0.737 0737 HAdV-DS3
0768 0761 0.747 0.752 0.752 0.721 0721 0.737 0737 HAdY-D37
0672 0.6%1 0.711 0684 0684 0.65 0.65 648 (648 HAdV -0
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Table 3. Amino acid sequences identity of samples 1-9 RGD compared to adenovirus reference types. Types with the highest

similarity are highlighted.

28

Sampleft | SampleS | Samplel | Sampled | Sampled | Sample7 | Samples | sample? | Samplel Seq>
0783 0807 0821 0.828 0828 0828 0828 0.77 077 | HAdV-D22
0783 0.807 0.821 0.828 0828 0,828 0.828 0.77 0.77 | HAdV-D42
0783 0807 0821 0.828 0828 0828 0.828 0.77 077 | HAAV-DS®
0776 0.3 0814 0821 0821 0821 0.821 0763 0763 | HAAV-D&4
0762 0.785 0.8 0807 e 0,807 0.807 0.75 0756 | HAAV-DIT
0755 0.8 0.807 0.807 0807 0,792 0,702 0.75 075 | HAAV-DST
0,763 0.756 0777 0777 0.777 0.777 0777 0,93 0858 | HAAV-DS
0.763 0.756 0777 0777 0777 0.777 0777 0,93 0958 | HAAV-D30
el 0.743 0.756 0,763 0763 0.777 0777 0951 0872 | HAAV-Dd4
0,784 075 0763 0.77 077 0,784 0,754 0958 0479 | HAAV-DI3
0784 0.75 0.763 0.77 0.77 0,784 0,784 0958 0479 | HAAV-D32
0784 0.75 0.763 0.77 077 0.777 0777
0.77 0.756 077 0.77 0.77 HAAV-D&S
0.77 0.756 0Ty T 0777 0958 | HAAV-DSE
0.776 0828 0.842 0.85 085 077 | HAAV-D24
0783 0835 085 0.857 D857 0,992 0.002 0.784 0777 | HAAV-D2T
0783 0835 085 0857 0857 0992 0992 0.784 0777 | HAAV-D4&
0783 0828 0.842 0.85 0.85 0.971 0571 0791 0.784 | HAAV-D&2
0832 0.95 0871 0,062 0,992 0242 0.842 0.77 0763 | HAAV-D&3

0842 0842 0756 075 | HAAV-D33

085 085 0763 0756 | HAAV-D23

0,842 0.842 0.763 0756 | HAAV-DSI

0835 0.835 0756 075 | HAAV-DI9

0.776 0776 0763 0777 | HAAV-D43

0.993 D818 0.EIE 0.818 D818 0,768 0.769 0.756 077 | HAAV-D2S
I 0825 0.825 0825 0825 0.776 0.776 0763 0777 | HAAV-D36
0,993 0825 0.825 0825 D825 0.776 0776 0.763 0777 | HAAV-D29
0979 0811 0811 0811 0811 0.762 0.762 0756 077 | HAAV-Ddé
0,804 0.767 0.762 0768 0,769 0.748 0,748 0756 0756 | HAAV-DID
0,804 0.767 0762 0768 0,768 0,748 0,748 0756 0756 | HAAV-D26
0,804 0.767 0.762 0.760 0,769 0.748 0.748 0.756 0756 | HAAV-DS&
0,804 0.767 0.762 0769 0,769 0.748 0.748 0.756 0756 | HAAV-D9
0,804 0.76 0.755 0762 0,762 0.741 0.741 0.75 075 | HAAV-D39
0.79 0.785 0.774 0.774 0.774 0.788 0,788 0756 077 | HAAV-D3&
0783 0.778 0.767 0767 0.767 0.781 0.781 0.75 0763 | HAAV-DTD
0.83% 0821 0814 0835 D835 0.785 0.785 0722 0729 | HAAV-D4T
0.79 0771 0778 0778 0778 0.778 0778 0701 0708 | HAAV-DS4
0734 0.704 069 0607 0,697 060 0.69 0604 0701 | HAAV-D&?
0734 0.704 068 0667 0.697 060 0.69 0694 0701 | HAAV-D4S
0657 0.705 0671 0671 0671 0.657 0657 0655 0666 | HAAV-D&D
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Figure 4. Nucleotide and amino acid alignment of the RGD region of the penton of HAdV-D 19, 48, and 49 with samples 3 and 4.
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Figure 5. Nucleotide and amino acid alignment of the RGD region of the penton of HAdV-D 13, 32, 44, 51, and 59 with
samples 5.
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Figure

Figure 7. Nucleotide and amino acid alignment of the RGD region of the penton of HAdV-D 9, 10, 47, and 56 with samples 9.
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6. Nucleotide and amino acid alignment of the RGD region of the penton of HAdV-D 24 with sample 7.
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DISCUSSION

The novelty of this study lies in its comprehensive
analysis of the penton gene across multiple adenovirus
isolates, revealing new insights into adenovirus
genetic diversity, especially within species HAdV-D,
in immunocompromised patients. Unlike traditional
typing that focuses only on the hexon and fiber genes,
this study includes an investigation into the penton
gene’s genetic diversity, identifying recombination
events and distinct clades. Such findings suggest
that limited-region typing approaches may overlook
critical genomic diversity and misclassify adenovirus
strains. This study not only detects isolates that do
not align with known HAdV types, suggesting novel
or recombinant strains, but also underscores the
divergence within the penton gene’s RGD loop, a
functionally significant region that interacts with host
cells. The discovery of conserved and variable regions
within the RGD loop highlights both evolutionary
pressures and possible host-specific adaptations
among clinical isolates, insights particularly relevant
in immunocompromised individuals. Furthermore, the
alignment of nucleotide and amino acid sequences
identifies potential new adaptationsand recombination
events in clinical samples, underscoring the study’s
importance for understanding adenovirus evolution,
pathogenicity, and epidemiology. These findings
collectively emphasize the need for whole-genome
sequencing and advanced molecular techniques to
better characterize adenovirus diversity and evolution,
contributing valuable knowledge to the field of
adenovirus research and its application in developing
adenovirus-based vectors. This study’s approach and
novel insights represent a meaningful advancement in
comprehending adenovirus pathogenesis, especially
in vulnerable populations.

The antigenic properties of human adenoviruses
are primarily determined by the hexon, fiber,
and penton proteins. These capsid proteins are
hypervariable regions, which are prone to amino acid
substitutions, driving antigenic diversity®. However,
species D adenoviruses exhibit a unique evolutionary
dynamic, characterized by a high rate of homologous
recombination™. This genetic exchange can lead to
the emergence of novel adenovirus types with altered
biological properties, including virulence, tropism, and
transmissibility. For example, HAdV-D53 and HAdV-D70
are notable examples of recombinant viruses that
have arisen through complex recombination events
involving multiple parental strains, some of which were

previously unknown'?® 21, These findings highlight the
significant impact of recombination on the evolution
and diversity of human adenoviruses.

In this study, we conducted a comprehensive
analysis of the penton gene in nine species of D
adenovirus isolates obtained from individuals with
AIDS. These isolates had previously been characterized
based on their hexon and fiber gene sequences,
displaying identical typing results. To delve deeper
into the potential for recombination events, we
sequenced and analyzed the penton gene. By
comparing these sequences to a reference dataset of
70 human adenovirus types obtained from GenBank,
we constructed phylogenetic trees to elucidate
evolutionary relationships.

Our analysis of the partial penton region, which
encompasses the critical RGD loop, revealed a striking
pattern of genetic diversity. Only three of the nine
isolates (22, 23, and 24 exhibited consistent typing
results across all three structural genes: hexon, fiber,
and penton. The remaining six isolates displayed
discordant penton types, suggesting the occurrence
of recombination events involving different parental
strains. Furthermore, we observed identical sequences
within the analyzed region for samples 3 and 4, as
well as samples 6 and 7, indicating potential clonal
relationships or recent transmission events.

These findings highlight the complex evolutionary
dynamics of species D adenoviruses and emphasize
the importance of considering multiple genetic
markers for accurate typing and characterization.
Further investigation is warranted to elucidate the
mechanisms underlying the observed genetic diversity
and its potential impact on viral pathogenesis and
disease severity.

The study revealed frequent recombination events
within species D adenoviruses, including exchanges
between penton and hexon/fiber genes. This genomic
instability, particularly in immunocompromised
individuals, likely arises from prolonged viral shedding
inthe gastrointestinal tract®!. As species Dadenoviruses
are considered for gene therapy™?®, understanding their
evolutionary dynamics is crucial to prevent unintended
consequences from recombination with viral vectors.

Our findings underscore the significant limitations
inherent in traditional adenovirus typing methods,
which often rely solely on analyzing specific regions
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like the hexon and fiber genes. These conventional
techniques, while useful to a degree, fail to capture
the full genomic complexity and potential for
recombination within the adenovirus genome. As
our study has shown, adenoviruses can undergo
recombination events not only within hexon and fiber
genes but also involving other critical genes like the
penton. These recombinations can lead to substantial
genetic variability, making traditional, limited-
region typing methods unreliable for comprehensive
adenovirus classification. The insights from this
research highlight the importance of adopting
full genome sequencing in adenovirus studies. By
sequencing the entire genome, researchers can gain
a more complete understanding of the viral genetic
structure, identify novel recombinant strains, and reveal
hidden diversity that would otherwise be overlooked.
This approach is particularly essential for accurately
characterizing and monitoring adenoviruses, especially
in immunocompromised populations where diverse
adenovirus strains can lead to serious health outcomes.
In addition, full genome sequencing enables a deeper
understanding of the virus's evolutionary patterns,
pathogenic potential, and ability to adapt to different
host environments. Our findings advocate for a shift
toward full genome sequencing as a standard practice
in adenovirus research, emphasizing that a broader,
more detailed genomic perspective is necessary for
accurate characterization, epidemiological tracking,
and the development of targeted therapies or vaccines.

Based on the findings of this study, future research
couldfurtherenhance our understanding of adenovirus
genetic diversity and recombination patterns by
expanding sequencing efforts beyond specific regions
and focusing on full-genome sequencing across a
larger sample of adenovirus strains. This would allow
for a more comprehensive analysis of recombination
hotspots across the genome and may reveal novel
regions involved in recombination events.

Additionally, exploring the functional implications
of geneticvariability, especially within the hypervariable
regions and RGD loop of the penton gene, could
offer insights into adenovirus-host interactions and
pathogenesis. In-depth studies investigating how
these genetic changes affect virus fitness, infectivity,
and immune evasion could provide critical data for the
design of more effective adenovirus-based vectors.

Another promising area for future work would be
a comparative analysis of adenovirus recombination
patterns across different species, including non-
human adenoviruses, to understand how host-specific
adaptations influence viral evolution. Finally, research
on developing more sophisticated bioinformatic tools
to predict recombination events and genetic stability
within adenoviruses would be invaluable. These
advancements in both methodology and analytical
tools would contribute to more accurate adenovirus
classification, ultimately informing the development
of safer, more effective adenovirus-based therapeutics
and vaccines.

In conclusion, this study highlights the limitations
of traditional adenovirus typing methods, which focus
on partial sequencing of hexon and fiber genes, and
underscores the prevalence of recombination events
throughout the adenovirus genome. Our findings
demonstrate that recombination within the penton
gene, particularly in the hypervariable and RGD loop
regions, contributes to significant genetic diversity
among species D adenoviruses. These insights
emphasize the importance of full-genome sequencing
for precise adenovirus classification and understanding
evolutionary dynamics. This comprehensive approach
is essential for advancing adenovirus-based therapies
and ensuring the stability and efficacy of adenovirus
vectors in clinical applications.
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healthcare systems; however, manually developing these
simulation models often requires extensive effort and specialized
expertise. This study explored how natural language processing
(NLP) techniques can automate DES model generation from text
descriptions and optimize resource allocation in the healthcare
domain. We used the GPT-40 large language model to
demonstrate that DES models can be automatically generated
from natural language prompts with accuracy comparable to
traditional simulation software. The GPT-40 model successfully
simulated a skin care clinic and a complex medical care facility,
producing results aligned with Arena software for metrics such
as average queue times and patient throughput. Additionally,
GPT-40 determined the optimal resource allocation to minimize
costs while satisfying the patient waiting time constraints.
The automated generation of simulations shows the potential
to combine NLP with DES to accelerate healthcare system
modeling and optimization.

Keywords

Discrete-event simulation, Natural language processing,
Healthcare simulation automation, Resource allocation
optimization, Decision support systems
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INTRODUCTION

Healthcare systems are complex and dynamic,
requiring sophisticated modeling approaches to

analyze and optimize their performance. Discrete-event
simulation (DES) has emerged as a powerful tool for
simulating healthcare processes, allowing researchers
and practitioners to evaluate various scenarios and
resource allocation strategies without disrupting real-
world operations. However, the development of DES
models traditionally requires specialized knowledge
and can be time-consuming, limiting accessibility and
widespread adoption in healthcare decision-making.
Recent advances in artificial intelligence (Al) and
natural language processing (NLP) offer promising
opportunities for streamlining and automating the
DES model generation process. By leveraging language
models trained on large volumes of data, there is the
potential to create validated simulation models directly
from the natural language descriptions of healthcare
systems. This approach could significantly reduce the
technical barriers to entry into DES modeling and
enable the rapid exploration of multiple scenarios.

This study investigates the potential of using
NLP to automate the generation of DES models for
healthcare applications. We explore two research
questions: (i) How can simulation engineers
automatically generate DES models for healthcare
systems from natural language descriptions? (ii) How
can NLP techniques be used to interpret the results
of these simulations to optimize resource allocation
in complex healthcare systems? This study aims to
streamline the development of simulation models and
enhance decision-making capabilities through the
automated analysis of simulation outputs. By exploring
these questions, this study contributes to the growing
field of Al applications in healthcare simulations.
The findings may have significant implications for
improving the accessibility and efficiency of healthcare
system modeling, which could lead to better-informed
decisions and improved system outcomes.

Thearticleis structured asfollows: Section 2 reviews
related work and examines previous applications of
DES and NLP in healthcare. Section 3 describes the
background and methodology, detailing the language
models and frameworks used to generate and evaluate
simulation models. Section 4 presents the experimental
setup and results and compares the performance of
GPT-40 with traditional simulation software. Section
5 discusses the findings, focusing on the potential

of large language models to automate simulation
development and resource allocation. Finally, Section
6 concludes the study by summarizing the key findings
and outlining future research directions.

RELATED WORK

DISCRETE-EVENT SIMULATION IN
HEALTHCARE

Discrete-event simulation, also known as event-driven
or time-to-event simulation, is a powerful technique
used to evaluate complex systems and inform decision-
making processes. DESis usedin several industries, such
as manufacturing, logistics, aviation, and healthcare.
In healthcare organizations, medical facilities have
extensively used DES to enhance operational
efficiency, achieve cost savings, and optimize resource
allocation®. For example, DES has been employed to
evaluate the impact of operational policies, such as
wait time thresholds, discharge windows, and patient
mix combinations, on the behavior and performance of
intensive care units (ICUs)"., Pradelli et al. used DES to
compare the efficacy of parenteral nutrition regimens
with and without omega-3 fatty acids, showing that
omega-3 supplementation led to cost savings in ICU
and non-ICU patients across four countries. Lenin et
al® focused on optimizing clinic appointments and
staff numbers to reduce patient waiting times using
DES. Moreover, Sala et al® utilized DES to analyze
the impact of COVID-19 on outpatient healthcare
facilities, finding that pandemic-related policies
resulted in a significant reduction in the utilization
of MRI equipment. Forbus et al.” developed a DES
model to optimize physician resource allocation in
pediatric hospitals, leading to improved operational
efficiency and patient care. The simulation effectively
modeled patient journeys, enabling the identification
of bottlenecks and inefficiencies. The body of research
on DES has been expanding due to the ability of this
modeling approach to represent complex systems
using detailed stochastic factors, which allow for the
simulation of variability and uncertainty inherent in
real-world processes?.

NATURAL LANGUAGE PROCESSING-BASED
SYSTEMS

NLP involves enabling machines to read, comprehend,
and extract meaning from human language. It can
be categorized into natural language understanding
(NLU), which focuses on comprehending and extracting

36  Journal of King Abdulaziz University - Medical Sciences ® Volume 31, No. 2, December 2024 |  www.jkaumedsci.orgsa



Modeling Discrete-Event Simulations Using Natural Language Processing: A Healthcare Application
Adnan Miski et al.

meaning from text, and natural language generation
(NLG), which focuses on text production®. Recent
advancements in digitalization and the abundance of
textual data have enabled significant breakthroughs
in NLP, such as summarization, information extraction,
question answering, text generation, and sentiment
analysis. Furthermore, specialized tasks such as
optimizing optical character recognition (OCR)
performance for videos have benefited from NLP
advancements, leveraging large language models and
image super-resolution for code and text extractions®.
These technological advancements have enhanced
people’s lives and substantially transformed decision
support and expert systems!.,

NLU is used to comprehend meaning that extends
beyond the literal interpretation of individual words,
encompassing the comprehension of contextual
information, sentiment, and communicative intent""
2, Significant results have been obtained using NLU.
For instance, Brito et al."® leveraged NLU techniques
to forecast election results based on social media data,
whereas Kastrati et al'™ employed NLU to analyze
student responses and offer tailored feedback. Lin
et all"™ developed a chatbot using natural language
understanding to assist construction site managers
with efficient information retrieval by accurately
predicting the intents and entities from their inquiries.
By analyzing the semantic and pragmatic dimensions
of language, NLU can enable machines to engage in
more naturalistic and meaningful interactions with
humans.

In contrast, NLG develops models that produce
coherent, readable, and contextually relevant texts.
The objective is to enable machines to automatically
generate human-like languages based on data or
inputs. Extensive scholarly work has been devoted
to exploring NLG applications. For example, Garcia-
Méndez et all'® developed NLG systems capable
of generating human-like text with completeness,
grammatical correctness, and semantic coherence.
Mulla et al.'” used NLG to automatically generate
factual, multiple-sentence, and yes/no-type questions.
Lin et al."® applied NLG to generate natural language
descriptions from structured data sources such as
tables and graphs.

Engaging in both NLU and NLG is a fundamental
capability of advanced large language models (LLMs).
These models are highly adept at comprehending
complex language inputs and generating relevant,

coherent textual outputs, making them valuable tools
for a wide range of applications.

Al SYSTEMS FOR DISCRETE-EVENT SIMU-
LATION AND RESOURCE ALLOCATION IN
HEALTHCARE

Developing a DES model can be time-consuming,
relying heavily on high-quality data to accurately
represent a system’s behavior?. The healthcare field has
recently witnessed a growing trend of incorporating Al
techniques into DES models to accelerate the modeling
process and mitigate associated expenses. For instance,
Gartner et al." linked machine learning results with
a DES model to demonstrate that changing staffing
patterns can reduce the overestimation of waiting
times, potentially enhancing patient satisfaction.
Hosseini-Shokouh et al.?? focused on optimizing
service processes in emergency departments using
a combination of DES, artificial neural network
algorithms, and genetic algorithms to minimize patient
waiting times and improve efficiency. Olave-Rojas et
al2" presented a hybrid emergency medical services
simulation model with a machine learning approach
for travel speed forecasting. In a recent study, Atalan
et al.’? integrated DES models with machine learning
algorithms to estimate the number of patients treated
and predict patient waiting times in healthcare
institutions based on healthcare resource costs. In
another recent study, Ortiz-Barrios et al.”! integrated Al
and DES to support decision-making for ICU capacity
management, offering insights for timely interventions
and reducing bed waiting times. These studies
demonstrate the potential of leveraging Al techniques
to enhance the development and accuracy of discrete-
event simulation models, particularly in complex and
data-intensive domains such as healthcare.

BACKGROUND AND METHODOLOGY
LANGUAGE MODELS

Language models serve as fundamental building blocks
in modern NLP systems. The primary function of these
models is to predict the sequence of words or codes
in relation to the prior context!'l. For a set of training
examples (s, s,, ... 5, ), where each example expresses
a sequence of words with varying lengths (w,, w,, ..,
w, ), the predictive output of the language models
can be represented as the product of the conditional
probabilities, as shown in Equation (1)

p(s) = [1iz; p(Wnlwi, wa, ..., Wn-1) 1
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LLMs are trained on large datasets to capture
intricate relations between words. State-of-the-art
LLMs, including generative pre-trained transformer
(GPT), bidirectional encoder representations from
transformers (BERT), and Claude, have significantly
improved the statistical model in Equation (1)
and advanced the field of NLP by demonstrating
exceptional performance across a range of diverse
applications. Researchers have used these LLMs by
prompting models to perform tasks, fine-tuning the
models according to interest, or using the models to
generate code'". This study utilizes a transformer-based
language model, specifically the GPT architecture,
which demonstrates remarkable efficacy in text, code
generation, and understanding.

TRANSFORMER

The transformer architecture has emerged as the
foundational backbone for training state-of-the-
art LLMs, surpassing the capabilities of recurrent
and convolutional neural network architectures.
Transformer architectures leverage an attention
mechanism (Equation 2), comprising self-attention
and feed-forward networks, enabling LLMs to predict
parallel sequences that handle long sequences with
exceptional efficiency™¥.

T
Attention(Q,K,V) = softmax ( K 2
k

QK
N
where the query (Q), key (K), and value (V) matrices
are derived from the input sequence, and the
dimensionality of the key vectors is represented by
d,. The softmax function is used to normalize the dot
products, which are then used to calculate the model’s
output4,

GENERATIVE PRE-TRAINED TRANSFORMER
(GPT)

Generative pre-trained transformer models, developed
by OpenAl in San Francisco California, employ deep
learning to understand and generate natural language.
The progression of the GPT family of models, from GPT-1
to GPT-4, has demonstrated remarkable advancements
in output quality and accuracy®. These GPT models
have been widely applied in recent academic research
to produce a wide range of outputs, such as text, code
classification, and images, to improve the efficiency in
specialized domains??”), This study utilized the latest
iteration of the GPT model, GPT-40, a multimodal
language model that integrates and processes diverse
data types and addresses complex, multi-step tasks*.

The GPT-40 language model was used to perform
DES and resource allocation, to inform and optimize
healthcare decision-making.

EXPERIMENT

Prompt engineering has emerged as a crucial practice
for fully leveraging the capabilities of GPT models.
This practice is characterized by an iterative process
of refining text input or prompts to elicit optimal
responses from the language model®, This process
can be accelerated substantially by adhering to the
fundamental principles of prompt engineering. One
such principle entails providing the model with
comprehensive and detailed contextual information
before task initiation, thereby ensuring the relevance
and accuracy of the model's responses. Another
principle involves breaking down complex tasks into
smaller, more manageable components, which can be
addressed sequentially.

A high-level framework was developed to
address the research questions and facilitate the
semi-automation of experiments (see Figure 1). This
framework shows the language model’s ability to
translate textual problem descriptions into functional
Python-based DESs, which are then executed on the
Replit development platform.

The proposed framework comprises seven key
elements. First, the process begins with a detailed
textual description of the healthcare system including
a clear context and task specifications prompt. Second,
GPT-40 processes the prompt and applies its deep
knowledge of healthcare concepts and advanced
programming capabilities. Third, these programming
capabilities generate a functionally accurate DES in
Python code. Fourth, the generated code is executed
in the Replit cloud-based integrated development
environment. Fifth, the code produces results that
reflect the system’s performance and provides valuable
insights. Sixth, these outputs are evaluated by a
domain expert to ensure the validity and integrity of
the findings. Finally, a feedback loop is established,
enabling the insights gained from the results and
expert assessments to inform refinements of the initial
prompt.

SIMULATED HEALTHCARE SYSTEMS

This study examined and simulated two healthcare
systems with varying levels of complexity. The first
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Figure 1. High-level representation of the proposed framework.
Patient Arrival » = Treatment ~ = Leave Clinic

Figure 2. Skin care clinic model in Arena.

system was a skin care clinic, and the second was a
medical care facility. Each system was evaluated in
terms of two problems. The first problem focused on
simulating the system operations, and the second
problem analyzed the results from the initial simulation
to optimize resource allocation. The GPT model was
prompted with the first problem, and its results were
validated against the traditional simulation software
Arena, which is one of the most popular software
for complex systems modeling™®. Subsequently, the
GPT model was prompted with the second allocation
problem, and its outputs were compared with
OptQuest optimization software for validation.

SKIN CARE CLINIC SYSTEM

The skin care clinic model in Arena is shown in Figure
2 and its description is as follows: Patients arrive at a
skin care clinic according to an exponential interarrival
time distribution with a mean of 16.2 min, with the first
arrival at time 0. At the clinic, patients wait in a single
first-in first-out line until one of two doctors is available
to see them. The treatment process follows a triangular
distribution with a minimum of 23, mode of 25, and
maximum of 27. A 14-day simulation is run with 100
replications of 14 hours per day, and the number of
patients exiting the system and the average waiting
time are calculated.
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After obtaining the results from the model, it was
prompted with the following: What is the optimal
number of doctors in the clinic, given that the hourly
rate is $30, and the objective is to minimize the total
cost while ensuring that the average waiting time for
patients does not exceed 5 minutes.

MEDICAL CARE SYSTEM

The medical care facility model in Arena is shown in
Figure 3 and its description is as follows: Patients arrive
at a medical care facility according to an exponential
interarrival time distribution with a mean of 11
min. Upon arrival, a registration receptionist checks
in patients, and this process follows a triangular
distribution with a minimum of 5 min, a mode of 10 min,
and a maximum of 15 min. After registration, patients
wait for one of two doctors at the facility. The checkup
time follows a triangular distribution with a minimum
of 14 min, a mode of 22 min, and a maximum of 39
min. After the checkup, ten percent of the patients may
require lab tests before leaving the facility. The lab test
is conducted by one nurse, and it follows a triangular
distribution with a minimum of 20 min, a mode of 30
min, and a maximum of 40 min. Thirty percent of the
patients may require seeing one of two specialists after
the examinations. The specialist consultation follows
a triangular distribution with a minimum of 25 min, a

www.jkaumedsci.orgsa 39



Modeling Discrete-Event Simulations Using Natural Language Processing: A Healthcare Application
Adnan Miski et al.

Patients
Arrival

Figure 3. Medical care facility model in Arena.

mode of 35 min, and a maximum of 50 min. A discrete-
event simulation is run for a duration of 7 days, with
100 replications of 16 hours per day. The number of
patients exiting the system and the average time in
queue for registration, examination room, lab tests,
and consultation are calculated.

After obtaining the results from the model, it was
prompted with the following: What is the optimal
number of employees in the facility, given that the
hourly rate for the receptionist is $15, the nurse $25,
the doctor $40, and the specialist $80. The objective
is to minimize the total cost while ensuring that the
average waiting time for patients does not exceed 10
minutes for each queue.

RESULTS

The experiments are reproducible; the source code files
are publicly accessible in the GitHub repository.

SKIN CARE CLINIC SYSTEM RESULTS

The LLM was prompted with a clear English description
of the skin care clinic system. It then generated a DES
model in Python with a clear explanation of the code
and automatically visualized the average waiting
time in the queue per replication (see Figure 4). The
simulation model initiated the process by importing
essential Python libraries required for random number
generation and data visualization. The relevant
parameters and data structures were then defined.
Subsequently, the model correctly implemented the
logic underlying DES. Specifically, it initiated patient
arrivals at time zero and randomly generated treatment
times. Next, the simulation was run with exponential
patient arrival times. Finally, the model defined and
executed replication steps, appending the average
time in queues and the total number of patients exiting
the system to a list. Notably, to ensure the validity of

»——= Registration »——= Examination »——=

Lab —
Lab or
Specialist? Specialist Leave Facility
T Else

the results, the initial prompt should explicitly specify
the usage of the SimPy library.

A comparison of the results in Table 1 shows that
the simulations generated by the large language
model GPT-40 yielded outputs comparable to those
produced by the established industrial simulation
software Arena. The average time spent in the queue is
a crucial metric for assessing the efficiency of simulated
healthcare systems. The GPT-40 model reported an
average time in queue of 18.31 min, while the Arena
software reported 18.06 min. These results suggest that
the two models exhibit comparable performance, with
Arena demonstrating a marginally lower average time
in queue. This minor discrepancy may be attributable
to differences in the respective systems’ underlying
algorithms or optimization techniques. Another key
performance indicator is the total number of patients
who successfully exited the system, which represents
the throughput and capacity of the modeled healthcare
system; both GPT-40 and Arena yielded comparable
results.

After executing the initial simulation problem
prompt and recording the results, the LLM was
provided with the resource allocation problem prompt
to determine the optimal number of doctors required
to reduce patient waiting times and minimize the total
operational costs (see Figure 5). Notably, the language
model generated Vvisualizations of the average
patient waiting time, even though this metric was not
specified in the original prompt. These visualizations
covered the baseline simulation scenario, as shown in
Figure 4, and the optimized levels, as shown in Figure
5. This automated plotting capability may reflect
the prevalence of DES samples with associated data
visualizations available on platforms such as GitHub®..

Table 2 presents a comparative performance
evaluation of the GPT-40 model and the OptQuest
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a) Prompt

Patients arrive to a skin care clinic according to an
exponential interarrival-time distribution with mean
16.2 minutes, with the first arrival at time 0. At the
clinic, patients wait in a single first-in first-out line
until one of two doctors is available to serve them.
The treatment process follows a triangular
distribution with a minimum of 23, mode of 25, and
maximum of 27. Conduct a discrete event
simulation in Python for 14 days with 100
replications of 14 hours per day. All unites should be

b) GPT-40

import simpy
import numpy as np
import matplotlib.pyplot as plt

# Simulation parameters (all in minutes)
MEAN_INTERARRIVAL_TIME = 16.2
TREATMENT_TIME_MIN = 23
TREATMENT_TIME_MODE = 25
TREATMENT_TIME_MAX = 27
SIMULATION_HOURS_PER_DAY = 12
SIMULATION_DAYS = 14

REPLICATIONS = 100

# Simulation results
num_patients_exited = []

in minutes. Use simpy library.

Calculate the average time in queue.

Calculate the number of patients exited the system.

average_time_in_queue = []

def patient(env, name, doctors, queue_times):
arrival_time = env.now
with doctors.request() as request:
yield request
queue_time = env.now - arrival_time
queue_times.append(queue_time)
treatment_time = np.random.triangular(TREATMENT_TIME_MIN,
TREATMENT_TIME_MODE, TREATMENT TIME_MAX)
yield env.timeout(treatment_time)

c) Execution on Replit

Total patients exited: 621.3
Average time in queue: 18.31 minutes

Average Time in Queue per Replication

def run_clinic(env, doctors, interarrival_time, queue_times):
i=o
while True:
yield env.timeout(np.random.exponential(interarrival_time))
env.process(patient(env, f'Patient {i}', doctors,
queue_times))
1i4=1

for _ in range(REPLICATIONS):
env = simpy.Environment()
doctors = simpy.Resource(env, capacity=2)
queue_times = []

env.process(run_clinic(env, doctors, MEAN_INTERARRIVAL_TIME,
queue_times))
env.run(until=SIMULATION_HOURS_PER_DAY * 60 * SIMULATION_DAYS)

num_patients_exited.append(len(queue_times))
’ average_time_in_queue.append(np.mean(queue_times))

total_patients_exited = np.mean(num_patients_exited)
avg_time_in_queue = np.mean(average_time_in_queue)

# Print results
print(f"Total patients exited: {total_patients_exited}")
print(f"Average time in queue: {avg_time_in_queue:.2f} minutes")

# Plotting the average time in queue

plt.figure(figsize=(10, 6))

plt.plot(range(REPLICATIONS), average_time_in_queue, marker='o',
linestyles'-")

plt.title('Average Time in Queue per Replication')
plt.xlabel('Replication')

plt.ylabel('Average Time in Queue (minutes)')

plt.grid(True)

plt.show()

Figure 4. Skin care system prompt and outputs.

Table 1. Comparing GPT-40 and Arena simulation results of

the skin care clinic system.

able to achieve comparable resource optimization.
Importantly, both OptQuest and GPT-40 correctly

identified three doctors as the optimal staffing level,

demonstrating the effectiveness of the automated
simulation approach in determining the most efficient

resource allocation for the healthcare system.

GPT-40 Arena Software
Avg. time in queue 1831 18.06
(min.)
Total patients exited 6213 618
the system

software within Arena,

time and total cost for

focusing on the average queue
the optimal number of doctors.

The results show that the average time in queue is
comparable between the two approaches, suggesting
similar effectiveness in modeling patient flow. While

the costs associated

with the GPT-40 model were

slightly higher than those of Arena, the difference was
insignificant, indicating that the GPT-40 model was
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MEDICAL CARE SYSTEM RESULTS

The LLM generated lengthy Python code in response
to the medical care problem prompt, akin to the
previous simulation problem. The generated code,
which is available in the GitHub repository, includes
automated data visualization (see Figure 6). However,
the produced code exhibited variable name conflicts.
Despite this, the model was prompted again to identify

and resolve the naming conflicts.
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a) Prompt

What is the optimal number of doctors in the clinic,
given that the hourly rate is $30, and the objective is
to minimize the total cost while ensuring that the
average waiting time for patients does not exceed 5
minutes.

c) Execution on Replit

Doctors: 1, Total Cost: $5040.00, Average Queue
Time: 1761.01 minutes, Patients Exited: 402.53
Doctors: 2, Total Cost: $10080.00, Average Queue
Time: 17.98 minutes, Patients Exited: 615.43
Doctors: 3, Total Cost: $15120.00, Average Queue
Time: 2.38 minutes, Patients Exited: 621.40
Doctors: 4, Total Cost: $20160.00, Average Queue
Time: 0.49 minutes, Patients Exited: 623.63
Doctors: 5, Total Cost: $25200.00, Average Queue
Time: 0.11 minutes, Patients Exited: 618.55

Optimal number of doctors: 3

fwcrage Tz in Quewe per Replization foe 3 Doztors

Pestamon

b) GPT-40 Output

def calculate_total cost(num_doctors):

average_time_in_queue, total patients_exited,
average_time_in_queue_list = run_simulation(num_doctors)

cost_of_doctors = num_doctors * DOCTOR_HOURLY_RATE *
SIMULATION_HOURS_PER_DAY * SIMULATION_DAYS

cost_of_waiting_time = average_time_in_queue *
total _patients_exited * WAITING_TIME_COST_RATE

total_cost = cost_of_doctors + cost_of_waiting time

return total_cost, average_time_in_queue, total patients_exited,
average_time_in_queue_list

# Find the optimal number of doctors
doctor_range = range(1, 11) # Testing from 1 to 1@ doctors
results = []

for num_doctors in doctor_range:
total_cost, average_time_in_queue, total_patients_exited,
average_time_in_queue_list = calculate_total_cost(num_doctors)
results.append((num_doctors, total_cost, average_time_in_queue,
total patients_exited, average_time_in_queue_list))

# Extracting the optimal number of doctors
optimal_doctors = None
min_cost = float('inf")
for num_doctors, total_cost, average_time_in_queue,
total _patients_exited, average_time_in_queue_list in results:
if average_time_in_queue <= 5 and total_cost < min_cost:
min_cost = total_cost
optimal_doctors = num_doctors

# Print results

for num_doctors, total_cost, average_time_in_queue,

total_patients_exited, average_time_in_queue_list in results:
print(f"Doctors: {num_doctors}, Total Cost: ${total_cost:.2f},

Average Queue Time: {average_time_in_queue:.2f} minutes, Patients

Exited: {total_patients_exited:.2f}")

print(f"\nOptimal number of doctors: {optimal_doctors}")

# Plotting the average time in queue per replication for the optimal
number of doctors
for num_doctors, total cost, average_time_in_queue,
total _patients_exited, average_time_in_queue_list in results:
if num_doctors == optimal_doctors:

plt.figure(figsize=(10, 6))

plt.plot(range(REPLICATIONS), average_time_in_queue_list,
marker='o', linestyles'-')

plt.title(f'Average Time in Queue per Replication for
{num_doctors} Doctors’)

plt.xlabel( ‘Replication')

plt.ylabel(*Average Time in Queue (minutes)')

plt.grid(True)

plt.show()

Figure 5. Skin care system resource allocation prompt and outputs.

Table 2. Comparison of GPT-40 and OptQuest optimization results of the skin care clinic system.

Control
(Number of Doctors) GPT-40 Arena Software (OptQuest)

1 1761.01 1794
Avg. time in queue (min.) 2 17.98 18.065

3 2.38 2.343

1 $5040.00 $5038.91
Objective function (minimize 5 $10,080.00 $10,063.58
total cost)

3 $15,120.00 $15,104.13

Table 3 shows that while the GPT-40 model
generally exhibited shorter average waiting times, GPT-
40 and Arena demonstrated comparable performance
in terms of overall patient throughput. These findings
suggest that the GPT-40 language model is a viable
alternative for handling complex simulation problems
in healthcare systems. In fact, the GPT-40 model was
able to achieve similar levels of patient throughput as
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the established Arena simulation software, indicating
its potential to automate and streamline the simulation
development process for healthcare applications.

Following the execution and analysis of the
initial simulation scenario, the LLM was presented
with a resource allocation prompt. The goal was to
leverage the model to determine the optimal staffing
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a) Prompt

Patients arrive at a medical care facility according to an exponential interarrival-time distribution with a mean of 11
minutes. Upon arrival, a registration receptionist checks-in patients, and this process follows a triangular distribution
with a minimum of 5 minutes, a mode of 10 minutes, and a maximum of 15 minutes. After registration, patients wait
for one of two doctors at the facility. The checkup time follows a triangular distribution with a minimum of 14 minutes,
a mode of 22 minutes, and a maximum of 39 minutes. After the checkup, ten percent of the patients may require
lab tests before leaving the facility. The lab test is done by one nurse, and it follows a triangular distribution with a
minimum of 20 minutes, a mode of 30 minutes, and a maximum of 40 minutes. Thirty percent of the patients may
require seeing one of two specialists after the examinations. The specialist consultation follows a triangular
distribution with a minimum of 25 minutes, a mode of 35 minutes, and a maximum of 50 minutes. Conduct a discrete
event simulation in Python for a duration of 7 days, with 100 replications of 16 hours per day. All units should be in

minutes. Use simpy library.

Calculate the number of patients exited the system.

Calculate the average time in queue for registration, examination room, lab tests, and consultation.

b) Execution on Replit

Average time in queue for registration:
46.01 minutes

Average time in queue for doctors:
375.10 minutes

Average time in queue for lab tests:

Average Time in Queue per Replication

—e- Ragistration Quewe
| @~ Doctor Queue

3.06 minutes ‘ 11 | {
Average time in queue for specialists: B L , f 5
2.07 minutes ”‘\ & fife . ’{ 1 .
Average number of patients exited the system: U\l NV NS N A\
530.83 L= ; : =
Figure 6. Medical care system prompt and outputs.
Table 3. Comparing GPT-40 and Arena simulation results of the medical care system.
GPT-40 Arena Software
Avg. time in queue for registration (min.) 46.01 46.47
Avg. time in queue for doctors (min.) 375.10 388.02
Avg. time in queue for lab tests (min.) 3.06 2.97
Avg. time in queue for specialists (min.) 2.07 1.755
Total patients exited the system 530.83 531.00

levels of receptionists, doctors, nurses, and specialists
required to minimize patient waiting times and overall
operational costs (see Figure 7).

The comparative analysis presented in Table 4
shows that the outputs generated by the LLM differed
from those generated by OptQuest software. This
discrepancy may be attributed to the use of divergent
algorithms to calculate the average waiting time in the
queue. Nonetheless, the language model successfully
determined the optimal allocation of resources,
which satisfies the specified objective function and
constraints.

In summary, the findings suggest that GPT-40 can
execute simulations with varying complexities. The

model showed an understanding of the fundamental
principles underlying DES, as well as the domain-
specific context. Additionally, the LLM determined
the optimal allocation of resources and automatically
generated appropriate visualizations for the given
problems. This outcome indicates that providing the
model with only an English-language description of
the simulation and resource allocation problem could
save simulation engineers significant time and reduce
the costs of acquiring traditional high-end simulation
software. These results highlight the substantial
potential of leveraging LLMs in decision-making
processes within the healthcare system and other
industries.
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a) Prompt

What is the optimal number of employees in the
facility, given that the hourly rate for the
receptionist is $15, the nurse $25, the doctor $40,
and the specialist $80. The objective is to minimize
the total cost while ensuring that the average
waiting time for patients does not exceed 10
minutes for each queue.

b) Execution on Replit

Receptionists: 2

Doctors: 3

Nurses: 1

Specialists: 2

Average time in queue for registration: 1.40 minutes
Average time in queue for doctors: 9.09 minutes
Average time in queue for lab tests: 5.16 minutes
Average time in queue for specialists: 4.75 minutes
Average number of patients exited the system: 601.06
Total cost: $37520.00

Figure 7. Medical care system resource allocation prompt and outputs.

Table 4. Comparison of GPT-40 and OptQuest optimization results of the medical care system.

GPT-40 Optimal Value Arena Software (OptQuest)
Receptionists 2 2
Doctors 3 3
Nurses 1 2
Specialists 2 2
Total Cost $37,520 $40,296.64
DISCUSSION demands of complex research applications better®,

The results of this study highlight the promising
capabilities of GPT-40 in automating and optimizing the
generation of DES models for healthcare applications,
thereby offering improved efficiency compared to
traditional simulation software.

LLMS FOR DISCRETE-EVENT SIMULATION

GPT-40 has demonstrated impressive proficiency
in programming with Python, coupled with a
comprehensive grasp of simulation and healthcare-
specific terminology and concepts. Furthermore, this
advanced model exhibits the capacity to generate
functionally accurate DESs of healthcare systems based
solely on textual descriptions provided in English.
Earlier GPT models were limited in handling simple
simulation problems due to technical limitations, such
as the number of parameters used during training, and
the context window sizel®3%, In contrast, GPT-40 can
generate simulations for systems with varying degrees
of complexity.

Although GPT-40 is a groundbreaking LLM in our
study, recent advances have significantly expanded
the capabilities of such language models. Meta-Al
recently launched Llama, continuing with enhanced
efficiency and scalability, designed to meet the
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Google introduced the Gemini model, which integrates
advanced multimodal capabilities, combining text,
images, and other data types, further pushing the
boundaries of what language models can achieve®'.
Additionally, Anthropic researchers in San Francisco,
California have made considerable progress with
Claude, emphasizing improvements in reasoning and
language comprehension capabilities, contributing
to more reliable and interpretable outputs®?. These
advancements indicate that the magnitude and
complexity of simulations generated by the framework
proposed in this study could continue to expand,
facilitating increasingly sophisticated applications in
the future.

Automation of DESs, as highlighted in our research,
can reduce simulation time, resources, and costs, and
minimize human error during modeling. Conventional
simulation software, such as Arena, Simio, or AnyLogic,
requires meticulous design, comprehensive calibration,
and thorough validation procedures. While these
fundamental steps are essential, they can be resource-
intensive and prone to human error, particularly when
modeling complex systems. In contrast, our approach,
which uses the capabilities of the GPT-40 model and
the Replit development environment, provides a more
efficient and streamlined process that can minimize
human error. Furthermore, the adaptability afforded
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by leveraging prompt engineering techniques enables
expeditious iterations and modifications, thereby
transcending the intrinsic rigidity typically associated
with conventional simulation software.

Although Al-powered simulation development
offers significant advantages, users should recognize
that these methods are not intended to replace
the expertise of seasoned simulation modelers. As
highlighted in this study, minor discrepancies may exist
between the outputs of the GPT-40 model and those of
established industrial simulation software. In addition,
LLMs can generate code with bugs that require an
engineer’s intervention to rectify and produce valid
results. Therefore, human expertise remains crucial for
ensuring the accuracy and reliability of the simulation
outputs.

Al-POWERED RESOURCE OPTIMIZATION FOR
ENHANCED DECISION-MAKING PROCESSES

This study demonstrated that GPT-40 can determine
the optimal allocation of resources to enhance
simulated systems. Furthermore, the language model
automatically generated and presented several viable
simulation scenarios. By leveraging the capabilities
of GPT-40, the LLM can provide decision-makers with
executable Python code that presents these scenarios
and identifies the optimal resource allocation, thereby
enabling more informed decision-making processes.
Additionally, prompt engineering techniques can
significantly improve the productivity of the decision-
making process by enabling rapid modifications
to text prompts, thus facilitating the exploration of
various scenarios and their associated outcomes. These
findings suggest that Al-driven resource allocation
has substantial potential for improving the decision-
making process.

CONCLUSIONS

Integrating NLP with DES has shown potential for
automating the development and optimization of
healthcare system models. In response to the first
research question, this study successfully demonstrated
that LLMs, such as GPT-40, can generate DES models
from natural language descriptions, thereby reducing
the time and expertise required to model complex
healthcare processes. The ability to automatically
translate descriptive text into executable simulation
codes allows for the rapid creation of models suitable
for varying levels of complexity, making DES more

accessible to healthcare professionals without
specialized simulation knowledge. The study results
also highlight integrating traditional simulation
software with LLMs to expedite the simulation process.

For the second research question, applying NLP
techniquesininterpreting simulation results has proven
to be effective in optimizing resource allocation. By
analyzing the output of DES models, language models
can generate actionable insights, such as identifying
optimal staffing levels, to improve the efficiency of
healthcare operations. This research demonstrates the
potential of Al-driven systems to enhance decision-
making processes in healthcare, providing a scalable
and flexible approach to managing complex systems.

Future work can explore using Sora, an innovative
framework for text-to-image and text-to-animation
generation developed by OpenAl, to animate
simulation models based on natural-language
descriptions®2. This emerging research area could
provide a visual representation of simulation processes,
further enhancing accessibility for non-technical users.
Additionally, leveraging GPT models to create digital
twins of healthcare facilities could allow for continuous
monitoring, simulation, and optimization, thereby
advancing the integration of Al in dynamic and real-
time decision-making environments. Furthermore, this
study highlights how traditional simulation software
can integrate LLMs to expedite the simulation process.
Combining the strengths of conventional simulation
tools with Al-powered language models creates
possibilities for faster, more efficient simulations in
complex domains such as healthcare, reducing the
need for manual intervention, and enabling quicker
resolutions in decision-making. These future directions
promise to expand the capabilities of current simulation
systems, offering more sophisticated solutions to
complex healthcare challenges.
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INTRODUCTION

Hydatid disease or cystic echinococcosis is
a parasitic infectious disease that can be

transmitted from animals to humans caused by the
larval stage of the tapeworm Echinococcus!. Human
infection with the parasite can occur through the
consumption of food or water contaminated with
its eggs or through direct contact with infected dog
feces™. Four species of Echinococcus may be associated
with  human infection: Echinococcus granulosus,
Echinococcus muiltilocularis, Echinococcus vogeli, and
Echinococcus oligoarthritis. The most prevalent of
these is tapeworm E. granulosus, which is responsible
for cystic echinococcosis globally®®#. Other species of
Echinococcus cause uncommon medical conditions.
For instance, E. multilocularis, the juvenile stage of the
fox tapeworm, leads to alveolar Echinococcus®. This
condition generally appears as a lesion that occupies
space in the liver and spreads to other organs. E. vogeli
and E. oligoarthritis are the species responsible for
polycystic echinococcosis, which presents as multiple
cysts on almost any organt®.

Hydatid disease is an international public health
problem. It commonly affects developing countries,
South America, West China, the Middle East, and North
Africa (MENA), and other countries.™e°v !l prevalence of
the disease is underestimated due to low surveillance
studies conducted in all prevalent regions. It was
estimated that Hydatid disease has a global incidence
rate of 1-200 per 100,000 yearly .. Furthermore, the
number of cases affected by hydatid disease in the
MENA region in 1990 was 134980 and increased to
207368 in 2019,

Hydatid disease tends to affect the liver (50%-77%
of cases) due to its bowel venous drainage system.
However, it can involve any visceral organ in the body,
including the lung (15%-47%), spleen (0.5%-8%),
kidney (2%-4%), and other organs®'®. Despite the
unusual involvement of organs other than the liver
and lung, it can cause substantial morbidity and
mortality™3,

The disease could present with a range of
symptoms that are not specific to the disease itself.
The clinical manifestation of patients with hydatid
disease depends on the organ affected and the size of
the cyst, as well as the interaction between the cysts
and the structure of the organ due to obstruction of
blood/lymphatic flow, rupture, or subsequent bacterial

infection. The infection may remain asymptomatic in
earlier stages when the cyst is small (<10 cm) and may
remain for many years; however, serious complications
can occur, including peritonitis, anaphylactic shock, and
multiorgan failure. Accordingly, disease management
is crucial to reduce the possible complications!l,
In addition, secondary cyst infections are attributed
to cystic-biliary communication. These infections are
considered the most common risk factors for elevated
intracystic pressure, erosion of adjacent structures by
an enlarging cyst, and complications developing>'7.

Abnormal  laboratory  findings, including
thrombocytopenia, leukopenia, and elevated liver
function, are observed in hydatid disease; however,
these are nonspecific and not diagnostic. Several
approaches are used for diagnosing the disease,
including serological tests, radiological evaluation, and
histopathological and cytological examinations®.,
The combination of imaging and serology
investigations usually enhances diagnosis®”. Regarding
radiological evaluation, ultrasound imaging is a highly
sensitive and efficient way to detect liver lesions'.
Moreover, Computed Tomography (CT) scans and
Magnetic resonance imaging (MRIs) are more effective
in detecting and characterizing hydatid disease with
greatersensitivity and specificity??. CT scans can quickly
and accurately diagnose cyst ruptures, providing the
exact location and type and allowing prompt surgical
intervention in emergencies®??. In terms of serological
tests, Casoni skin and the indirect hemagglutination
(IHA) methods are the most common approaches
to detect the disease. The Casoni skin test involves
injecting hydatid cyst fluid into the skin, while the IHA
is a serum antibody test that is highly sensitive to the
disease!¥,

Treatment of hydatid cysts is attributed to their
size, location, clinical signs and symptoms, and
patient characteristics. Management usually includes
antiparasitic treatment, surgical resection of the cyst,
or percutaneous puncture, aspiration, injection, and
respiration (PAIR), depending on the World Health
Organization (WHO) diagnostic classification®,
Smaller, uncomplicated liver cysts less than 5 cm in
size can be effectively treated with albendazole alone
or in combination with praziquantel. However, surgery
is recommended for cysts larger than 10 cm and for
cysts at risk of rupture or complications. In particular,
the total cystopericystectomy technique is preferred
as it has lower risks of postoperative complications2.,
Additionally, Endocystectomy is used for hepatic cystic
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echinococcosis management, which is the conservative
and feasible surgical approach?”.,

Limited studies were conducted in Saudi Arabia to
describe hydatid disease infection, its epidemiology,
clinical presentation, diagnosis, and management
to raise awareness of the problem and improve early
diagnosis and management of the disease. Thus,
we conducted this systematic review of the existing
literature to provide an overview of the clinical features,
management, and outcomes of hydatid disease in
Saudi Arabia.

MATERIAL AND METHODS

This systematic review complied with established
criteria (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses, PRISMA)2,

SEARCH STRATEGY

The systematic review was conducted through a
literature search of PubMed, Medline, Ovid, Scopus,
web of Science, and Cochrane databases using the
keywords “Hydatid AND Saudi Arabia” in the abstract
and title. The author screened studies examining
hydatid disease in Saudi Arabia to select studies
that matched the inclusion and exclusion criteria.
Furthermore, key data points were retrieved from the
final record of the included research.

INCLUSION AND EXCLUSION CRITERIA

The systematic review included all papers investigating
hydatid diseases in Saudi Arabia: prevalence, involved
organs, investigation, management, and disease
outcome. Studies were selected based on the following
criteria: published in English, involving clinical samples,
and full-text availability. We excluded duplicated
papers, published studies in languages other than
English, narrative reviews, case reports, case series,
studies with insufficient data or findings, studies with
irrelevant findings, studies that did not include clinical
samples and studies for which full text was unavailable.

SCREENING AND DATA EXTRACTION

A reference manager was used to check the output
of the search technique for duplication. The titles
and abstracts of the relevant studies were first
screened. Afterward, relevant full-text papers were
examined for inclusion criteria. An independent

author independently extracted data from a Microsoft
Excel spreadsheet. The data included authors, year
of publication, study design and period, objective,
population characteristics, and study outcomes.

STRATEGY FOR DATA SYNTHESIS

A summary table was created using data from relevant
studies to provide a qualitative interpretation of the
findings and study components.

RISK OF BIAS ASSESSMENT

Out of 82 extracted studies, eight met our inclusion
criteria and were assessed for risk of bias using the
ROBINs-1 tool®! among non-randomized studies of
interventions (NRSI). This tool was used to evaluate
the quality of studies included, assessing aspects
such as confounding, selection bias, measurement of
outcomes, and intervention classification. The studies’
risk of bias was categorized as low, moderate, serious,
or critical based on predefined criteria. The overall risk
of bias was reached using signaling questions. The
risk of bias revealed the overall quality of the included
studies.

RESULTS

OVERVIEW OF THE INCLUDED STUDIES

Out of 82 papers were extracted from six databases
(PubMed, Medline, Ovid, Scopus, Cochrane, and Web of
Science) search. Of these, 28 were omitted as duplicates.
Regarding the remaining 54 articles, 44 were excluded
because they did not match the inclusion criteria:
3 were review articles, 19 did not include clinical
samples, 16 were case reports, 2 were case series, and
4 were not full-access papers. Following screening and
assessment, 2 articles were excluded because they did
not match the study’s objective. Eight articles were
considered suitable for the systematic review (Figure

1).

The included papers were published in different
hospital settings in Saudi Arabia, mainly in two cities
(Riyadh and Jeddah). The studies enrolled 835 patients,
of whom 440 cases were diagnosed with hydatid
disease. The included studies were published between
1983 and 2016 (Table 1). The study design varied
among the included studies; one of the papers utilized
a case-control study design, six relied on retrospective
analysis, and one was prospective studies. The studies
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Medline, Scopus, Ovid, Cochrane,
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not meet the studv obiective (n = 2)

Figure 1. Flow diagram of study selection for the systematic review

Table 1. Characteristics of the included studies.

Resf:::xce Study Design Study Population Results
(Period) Objective Characteristic
Number
Number: 124 with The prevalence of hydatid liver disease among patients
liver disease. with liver diseases who had liver biopsy performed was
1 0,
' To identify Out of 7 patients, 5.6%. .
Retrospective clinicopath they were Laboratory findings:
(from March olo ic:I diagnosed with All patients had a normal level of bilirubin.
30 1978 to 9 hydatid disease. SGOT levels ranged from 6 to 54 (i.u.), while SGPT levels
patients .
September with liver Gender: 4 males ranged from 4 to 38 (i.u.).
1980) disease and 3 females with Alkaline phosphatase levels ranged from 18 to 94 (i.u.).
hydatid disease. Alpha-fetoprotein was tested among one patient
Age: ranged from (1/20000 ng ml-1).
17 to 50 years. Eosinophilia was detected in four patients.
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Table 1. Characteristics of the included studies.-Continued

Study Study Design Study Population
Reference . Lo . Results
(Period) Objective Characteristic
Number
Number: Control Diagnosis: Out of ‘_52 p_atlents who were suspectgq to
have human hydatid disease, 30 cases tested positive
group: 120 male : .
through serodiagnosis by IHA test. Among 20 cases of
. blood donors + 114 -
Serodiagno atients (adult hydatid liver cysts, three were confirmed through
sis of P ultrasonography, resulting in an 80% positivity rate.
Case-control females and . . Sy
31 human . - Among patients suspected of having hydatid disease
study . children) with no
hydatid history of hvdatid (hepatomegaly, splenomegaly, or hepatosplenomegaly)
disease lstory Y and exhibiting symptoms, 50% had IHA titers of 1:128
disease. Test group: . - .
52 suspected or higher. The serological results of this control group
hvdatid patients showed that 70% had no hydatid IHA antibodies, while
Y P ’ 25% had antibody titers of 1:4 to 1:8.
Diagnosis:
42 patients were diagnosed with liver cysts. The right
lobe was the site with the most involvement (719%).
Ultrasonography and Casoni's intradermal test were
helpful in diagnosing cysts. CT was used to better
localize cysts and plan suitable surgical procedures.
Organ involved:
eLiver:
Liver alone (37 patients), liver and spleen (2 patients),
liver and lung (2 patients), Liver, spleen, and kidney (1
patient).
-Lung:
Lung alone (20 patients), lung and spleen (1 patient),
Number: 68 and lung and breast (1 patient).
patients with -Other organs:
hydatid disease Brain (1 patient), kidney (1 patient), spleen (1 patient)
involving various and abdominal wall (1 patient).
organs (liver, lung, Symptoms:
Retrospective | To describe | and others (brain, Abdominal pain (29 patients), abdominal mass (17
study the kidney, spleen, patients), jaundice (5 patients), and asymptomatic (4
32 (September manageme | abdominal wall) at patients).
1984 to nt of liver Riyadh Central Laboratory findings:
August 1986 hydatidosis. | Hospital. Leukocytosis (> 12,000/mm3): 8 patients (17%).
Gender: Male: 15 Eosinophilia (>8%): 14 patients (31'%).
Females: 27 Serum bilirubin (> 2 mg/dl): 5 (11.1%). Alkaline

Age: from 8 to more
than 60 years.

phosphatase (> 200 1U/dl): 10 patients (22.2%).
Positive Casoni’s test: 26 of 30 patients (87%).

Positive IHA test: 20 of 28 patients (71%).

Scan findings:

-15 cases experienced plain abdominal and chest
roentgenograms.

-A raised dome of the diaphragm was detected in nine
cases.

-Soft tissue mass was detected in three cases.

- Calcification was detected in three cases.

- Ultrasound examination identified the cystic mass in
all cases.

-An isotope liver scan was performed among 15
patients, and all had the filling defect due to the cyst.
-A CT scan was needed in 20 cases for better cyst
localization.
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Study
Reference
Number

Study Design
(Period)

Study
Objective

Population
Characteristic

Results

- An ERCP was performed on four patients with high
serum bilirubin.

- The remaining patient with high bilirubin had PTC.
Management:

Out of 33 patients underwent surgery. Endocystectomy
with tube drainage was performed among 23 patients,
and five patients underwent total
cystoperiocystectomy.

One case received medical treatment.

Outcome:

No complications were noted in these patients. One
patient died of anaphylaxis following percutaneous
transhepatic cholangiography. A 20% hypertonic saline
solution was used as a scolicidal agent in this series, and
mild hypernatremia was noted among some patients.

33

Descriptive
study
(between
1988 and
1997)

To
investigate
the
epidemiolo
gy of
hydatid
disease

Number: 67
patients diagnosed
with E. granulosus
infection.

Gender: Male:
53.7%, Females:
46.3%

Age: mean: 39.2
(SD:18.2) years.

Diagnosis:

All patients were diagnosed using serology, including
IHA, Casoni skin test, radiography, ultrasound, and CT.
Symptoms:

Half of the patients had gastrointestinal symptoms,
49.3%. Respiratory (32.8%), genitourinary (11.9%), and
musculoskeletal systems were also involved (3%).
Approximately 3% of the patients were asymptomatic.
Out of 40 patients had hepatic involvement, of which
four were considered secondary, and the majority had
cysts in the right lobe.

One patient complained of back pain.

Cyst location:

The cyst was found in the spleen, the tail of the
pancreas, and the extensor muscles of the back and the
lower limbs.

Treatment:

56.7% of patients received surgical treatment, 20.9%
had surgical and medical therapy, and 22.4% had
albendazole.

Outcome:

Out of 97% of the patients survived, but 20% had a
disease recurrence. Two patients died with a case
fatality rate of 3%. One patient (a 66-year-old female)
died two weeks after the operation for hydatid disease
of the liver and bronchus. The other patient was an 85-
year-old who had had surgery five years earlier and
died of unknown causes.

34

Retrospective
study (from
1983-1996)

To assess
the medical
records of
patients
with
histopathol
ogic
diagnosis of
hepatic
granuloma

Number: 116
patients

Gender: Male: 77.
Females: 39

Age: from 18 to 65
years.

The prevalence of hydatid disease among patients who
had hepatic granulomas identified by liver biopsy was
4.3%.

Symptoms:

Anorexia and abdominal pain.
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Table 1. Characteristics of the included studies.-Continued

Study
Reference
Number

Study Design
(Period)

Study
Objective

Population
Characteristic

Results

35

Observational
study
(December
1999 to
December
2004)

To describe
the
presentatio
n,
diagnosis,
and
manageme
nt of
patients
suffering
from
Echinococc
osis.

Number: 117
patients with
echinococcosis.
Gender: Male:
63.24%, Females:
36.76%

Age: mean: 40.9
(SD: 20.7) years.

Clinical presentation:

Out of 29 patients (24.8%), complications related to
Echinococcosis were present.

Symptoms:

The most typical symptoms were pain in the right
upper quadrant (51 cases, 43.6%), followed by cough +
sputum (22 cases, 18.8%).

Pain in the upper abdomen was detected in 21 cases, or
17.9%.

Nine patients were presented with jaundice +
cholangitis.

A few cases were presented with fever and Lump L
Thigh (3 and 1 case, respectively).

Diagnosis:

Laboratory findings:

The IHA test gave a sensitivity of 78.6. The initial results
of the hematological profile indicated a mean
hemoglobin level of 12.7 (SD:17.4) g/dl and a mean
white blood cell count of 9.3 (SD:4.9) /cc.

Scans:

All cysts were visualized using ultrasound scans (cases
with extrapulmonary Echinococcosis), chest X-rays, and
CT scans (used in selected cases).

Management:

Endocystectomy was the most frequent procedure in
both the liver and lung.

Albendazole was the most frequently used drug among
78 cases (68.4%) at a dose of 15 mg/kg in two divided
doses. Mebendazole was used among the rest of the
patients at a 50 mg/kg dose in three divided doses.
Both these drugs were efficacious. However,
Albendazole was more efficacious than Mebendazole.
Outcome:

Eight patients experienced biliary leakage, while three
suffered from bronchopleural fistula. Most patients with
these conditions could recover with conservative
treatment, with only two of the biliary leakage cases
and one of the bronchopleural fistula cases requiring
surgery. Additionally, 15 patients experienced
complications related to infections. No recurrences
were recorded during the follow-up period; all patients
who underwent surgery also received medical
treatment. However, multiple factors prevented 25
patients (21.4%) from undergoing operative treatment
and were treated with medical care.

The mean hospital stay was 14.4 days (2-187 days).
Patients receiving surgical treatment were discharged
earlier, with a mean stay of 11.9 days, while those
receiving medical treatment alone were generally sicker
and tended to stay longer, with a mean of 23.6 days.

36

Retrospective
study (2006-

2014)

To measure
morbidity
and

Number: 77
patients underwent
hepatectomy

The prevalence of hydatid cysts among patients
undergoing liver resection was 3.9% as a benign
indication.
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Table 1. Characteristics of the included studies.-Continued

Study Study Design Study Population
Reference . A e Results
(Period) Objective Characteristic
Number
mortality Gender: Male:
and assess 53.3%, Females:
predictors 46.8%
of outcome | Age: mean: 49.1
after years.
hepatecto
my.
. . . Diagnosis:
:-Izllcfl:?:gr); N:t'ite‘:tesr' 32 Chest radiography and CT were used to identify the
associated Sndergoing cysts' precise location, size, and integrity.
with thoracotomies for Outcome: . .
Prospective endobronc | pulmonary hydatid 53.1% of the patients (17 in total) had ruptured cysts
37 studs (1995 hial rupture | cysts yhy (group 1), while 15 patients had intact cysts (group 2).
to 20(’)5) amon Gender: Male: 21 Most cysts (68.7%) were found in the right lung.
atiengis Females.- 1 ’ Out of 21 (65.6%) cysts were identified in the lower
\F/)vith Age: méan' 32 (SD: lobes, 6 (18.7%) in the upper
hvdatid 159) .ears ’ ’ lobes, and 5 (15.6%) in the lingual and middle lobes.
cysts years. The fistula diameter was the only significant risk factor
ysts. associated with cyst rupture.

IHA = Indirect hemagglutination; CT = Computerized tomography; ERCP = Endoscopic retrograde cholangiopancreatography;
PTC = per-cutaneous transhepatic cholangiography; SD = Standard deviation.

included diverse patient populations within the age
range of six months to 95 years, and most of them were
patients with liver disease.

RISK OF BIAS ASSESSMENT OF THE INCLUD-
ED STUDIES

Regarding the risk of bias assessment, Table 2
summarizes the studies that have been included in the
hydatid disease pattern. Based on our assessments,
the overall quality was between moderate and serious.
The probable sources of bias were the presence
of confounding, measurement of reported results,
and classification of interventions that were mostly
reported in an unclear way for a conclusive judgment.

DISCUSSION

Hydatid disease is an endemic chronic disease in certain
areas that causes devastating acute complications83,
Few clinical studies on hydatid diseases were carried
out in Saudi Arabia. Therefore, this systematic review
aims to investigate the prevalence, clinical features,
diagnosis, management, and prognosis of hydatid
disease in Saudi Arabia.

The prevalence of hydatid disease was reported
only among patients with liver diseases. In the
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current systematic review, three studies discussed the
prevalence of hydatid diseases among patients with
liver diseases only. The prevalence of hydatid disease
was 5.6% from 1978 to 1980 in Jeddah. However,
in Riyadh, the rate decreased to 4.3% from all liver
biopsy specimens obtained over 14 years from 1983
to 1996. During the period from 2006 to 2014, the
rate was 3.9%13°343¢ These findings suggest a positive
development in the management and control of
hydatid diseases among patients with liver conditions.
The decreasing prevalence may be attributed to
various factors, such as advancements in medical
technology, improved diagnostic techniques, and
enhanced public health measures. WHO has estimated
that the rate of human infection exceeds 50 per 100,000
individuals each year in areas where echinococcosis is
endemic. High prevalence is noted in various regions
of Argentina, Central Asia, and East Africa”. In our
study, it is difficult to estimate the prevalence of
hydatid disease as these data were extracted from
symptomatic patients who underwent liver biopsy or
resection. Hence, this underestimated the total number
of hydatid diseases in Saudi Arabia. Future studies
should strive to encompass a broader range of patient
demographics and disease presentations in recent
years to gain a more comprehensive understanding of
the true prevalence of the disease and avoid prevalence
influenced by changes in public health across years.
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Table 2. Robvis traffic light plot pigure

Study ID D1 D3

D7 Overall

Kassimi et
al., 198339

Hossain et
al., 198551

Al-Kraida et
al., 198852 -

Alam,
1999831 -

1
N
1

Al Mofleh et
al., 200034

Fahim, and
Al Salamah,
200713 =

Al-Alem et
al., 20165 -

Ashour et
al., 201657 - -

. . wn

Domains:

D1: Bias due to confounding

D2: Bias due to the selection of participants

D3: Bias in the classification of interventions

D4: Bias due to deviation from intended interventions
D5: Bias due to missing data

Dé6: Bias in measurements of outcomes

D7: Bias in measurement of reported results

. Low

Judgment

Moderate

‘ Serious

Moreover, future research should strive to encompass
underrepresented regions, such as the southern and
northern parts of Saudi Arabia.

In line with the literature, the organ most reported
infected with hydatid diseasesin ourreview wastheliver,
followed by the lungs. However, hydatid cysts could be
seen in various other parts of the body. According to
the included studies, the liver was the most reported
infected site for hydatid diseases®°32343¢ whereas the
right lobe was the most involved site among patients

Journal of King Abdulaziz University - Medical Sciences ® Volume 31, No. 2, December 2024 |

with hydatid liver disease®234. In addition, the lung was
the second affected organ, which was reported in three
studiesB2333537 where one study reported that most
cysts were found in the right lung®”. Rarely, cysts were
also seen in other sites alone or with the liver and lung,
such as the spleen, kidney, brain, breast, abdominal
wall, the tail of the pancreas, peritoneal, and the
extensor muscles of the back and the lower limbs233,

There are variations in the clinical features of
hydatid disease, which can make a presumptive
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diagnosis difficult. From the included studies, four
studies reported the symptoms of hydatid disease®*3,
Hydatid disease can cause symptoms in various
body systems, including the liver, gastrointestinal,
respiratory, genito-urinary, and musculoskeletal.
The reported signs and symptoms involve back and
abdominal pain, even in the right upper quadrant
of the abdomen and upper abdomen, anorexia,
and hepatomegaly®*%.. Other symptoms based on
the site, such as cough, anorexia, fever, jaundice,
incidental urticaria, anaphylactic reaction, and disease
recurrence, may also occur®23331 Additionally, a lump
on the left thigh and complications such as cholangitis,
intrabiliary and intrabronchial rupture of the hydatid
cyst, compression, and infection can be associated with
hydatid disease®>*”). However, three studies identified
some asymptomatic patients with hydatid disease,
and patients with primary pulmonary hydatidosis
had concomitant asymptomatic hepatic cystsi®>3335],
These symptoms are nonspecific, which may lead
to ignorance, delay the diagnosis, and worsen the
prognosis. The review outlines various symptoms of
hydatid disease and emphasizes the need for a detailed
analysis to differentiate these symptoms from other
prevalent diseases in Saudi Arabia, like tuberculosis,
to avoid misdiagnoses or delays in diagnosis.
Future studies should focus on distinguishing these
overlapping symptoms in clinical practice.

The laboratory findings discussed in the included
studies revealed a wide range of variations in the
biochemical parameters among patients with hydatid
disease. For instance, bilirubin levels varied among the
included studies. One study reported normal levels
among patients with hydatid liver disease®®, and
another study reported high levels among 11.1% of
patients with the disease among different organst2.
Moreover, one study reported the variation level of
SGOT and SGPT; whereas the SGOT levels ranged from
6 to 54 i.u, SGPT levels ranged from 4 to 38 i.u®%. Two
studies reported alkaline phosphate levels, one of
which reported variation from 18 to 94 i.u®%, and the
other found that 22.2% had abnormal levels®?. One
study tested alpha-fetoprotein among one patient
with hydatid disease with a result of 1/20000 ng ml-1%.
Moreover, leukocytosis was detected in 17% of patients
with hydatid disease®. Another study detected a high
mean (Standard deviation [SD]) of leukocytes (9.3 (4.9))
/cc®, Additionally, two studies indicated eosinophilia
among patients with hydatid disease, with prevalence
rates of 5.8% and 31.1%5%*%, Another study among
patients with echinococcosis reported a mean (SD)

hemoglobin level of 12.7 (17.4) g/dI®. The variations
in the findings could be attributed to factors such as
the stage of the disease, the involvement of different
organs, and the individual patient’s response to the
infection.

Regarding serodiagnosis, four studies used the
IHA test, which was practical for diagnosis because
of its high sensitivity (50%, 71%, 78.6, and 100%)
in diagnosing the hydatid disease®*3*3*, One study
reported that 50% of suspected hydatid disease
patients had IHA titers of 1:128 or higher®". The
increased IHA antibody production against parasite-
associated antigens can lead to immunopathological
lesions®'’. Additionally, two studies used Casoni’s
intradermal test (16.4% & 87%). Despite it concluded
that it was helpful in diagnosis®®*33, In accordance with
previous studies, Casoni’s test showed a varied accuracy
(50 to 90%)“>44, Performing both the Casoni's and IHA
tests in suspected hydatidosis patients enhances the
diagnostic accuracy of the disease. In this review, the
sensitivity and specificity of diagnostic methods for
hydatid disease in various healthcare settings in Saudi
Arabia have not been critically analyzed. Therefore,
it's important to assess the accessibility of these
diagnostic tools in all healthcare facilities and compare
the techniques used to global standards for improved
accuracy.

Regarding scan findings, four studies used
ultrasonography, which effectively diagnosed hydatid
diseases'33 |n addition, four studies used CT32333537)
and three used chest radiography®****7to identify the
cysts’ precise location, size, and integrity. Moreover, a
study among patients with pulmonary disease used
chest X-rays as a screening tool for the disease®.
These findings underscore the significance of utilizing
a combination of serodiagnostic tests and imaging
techniques for the diagnosis of hydatid disease.

Surgery is currently the most effective treatment
for removing E. granulosus cysts and achieving a
complete cure, with a success rate of up to 90% in
patients!. However, it may not be practical for some
patients whose cysts are located in risky positions,
multiple sites, or different organs, or who are at high
risk or have inadequate surgical facilities”. In the
present systematic review, four studies used surgery
techniques to manage hydatid disease, such as
endocystectomy®®23% and cystoperiocystectomy®?, and
two studies did not mention the surgery type used®**”.,
However, post-surgery complications were reported in
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the studies, such as anaphylaxis, hypernatremia, biliary
leakage, and bronchopleural fistula, which can occur in
patients with hydatid diseasel32333537],

Additionally, the included studies reported hydatid
management through surgical and/or medical therapy
such as mebendazole® or medical therapy only as
albendazole®**! or antihelminthic®, which effectively
managed hydatid diseases. One study revealed that
Albendazole was more effective than mebendazole®.
On the other hand, it was found that patients who
underwent surgical treatment tended to have shorter
hospital stays than those who received only medical
treatment®. The review covers surgical and medical
management techniques but lacks a critical evaluation
of their effectiveness and cost-benefit analysis. Future
research should further explore the advantages of
surgery over medical treatments, such as albendazole,
in different clinical contexts. Additionally, a more
comprehensive examination of complications and
strategies for prevention would be valuable. Analyzing
the long-term outcomes for patients with hydatid
disease, including recurrence rates after treatment and
potential chronic complications, would significantly
enhance the review, as well as understanding the long-
term socioeconomic impact of the disease, particularly
for those in rural communities or with limited access to
healthcare.

Considering that hydatid disease is zoonotic,
it would be helpful to enhance the existing public
health measures in Saudi Arabia aimed at controlling
the disease. These measures could involve deworming
livestock, enhancing sanitation, and educating at-risk
populations about preventive practices. Furthermore,
it would be beneficial to investigate the potential
impact of veterinary and agricultural policies in
reducing transmission, such as enforcing stricter
hygiene standards in slaughterhouses and promoting
responsible pet ownership. This could provide more
practical insights™!. Therefore, collaboration between
veterinarians and public health workers is crucial
for effectively controlling hydatidosis®”. Moreover,
increasing public awareness will improve treatment
outcomes and minimize complications of hydatid
disease in Saudi Arabia.

One limitation of this study is that the included
studies were limited to a specific geographical area.
The majority were conducted in Riyadh, and only one

study was carried out in Jeddah. Therefore, the findings
may not represent the true information about hydatid
diseases in Saudi Arabia.

CONCLUSION

The systematic review highlights the presence
of hydatid disease in Saudi Arabia. However, the
prevalence cannot be truly estimated. The symptoms
of hydatid disease were mainly in the gastrointestinal,
respiratory, and musculoskeletal systems based on
the site and size. The most common diagnostics tests
were serological tests, such as IHA and Casoni’s test,
and imaging, such as ultrasonography and CT, for cyst
locations. Endocystectomy and cystoperiocystectomy
were effectively used to manage hydatid disease,
where surgeries combined with medical therapy could
be more effective. However, complications such as
anaphylaxis, mild hypernatremia, biliary leakage, and
bronchopleural fistula were reported. Increasing public
awareness, promoting early diagnosis, and adopting
a multidisciplinary approach combining surgical
expertise with medical therapy are crucial to improving
treatment outcomes and minimizing complications of
hydatid disease in Saudi Arabia.
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Abstract

Site-directed mutagenesis introduces precise mutations
into viral glycoprotein genes, allowing the study of their
structural and functional roles and interactions with host cells.
By modifying specific amino acids, researchers can assess
the impact on viral entry, replication, and immune evasion.
Engineered glycoproteins improve diagnostic assay sensitivity
and specificity and facilitate the development of better vaccine
antigens. Therapeutically, site-directed mutagenesis aids in
designing antiviral drugs targeting specific glycoprotein regions
and developing attenuated viral strains for vaccines. Additionally,
this approach enhances understanding of viral evolution and
adaptation, offering insights into future pandemic threats and
aiding preparedness efforts.
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INTRODUCTION

Research and development in viral glycobiology
have provided a huge impetus for the application

of virology. This was due to the discovery of the role
of surface glycoproteins of viruses in the processes
of their adsorption, penetration into the cell,
and their participation as antigens and effectors
in the development of the immune response of
microorganisms  (Shimada, 1996). The surface
glycoprotein of a viral particle is a complex molecule
formed by a polypeptide with a high or low molecular
weight, with glyosidic chains attached to it. Such
chains can bind viruses that are capable of causing
severe infectious pathologies in humans and animals.
These viruses include the herpes simplex virus, feline
immunodeficiency virus, monkeypox virus, influenza
virus, and Marburg virus (Baranovich et al., 2013).

To elucidate the role of the surface glycoproteins
of these viruses in the pathogenesis of viral diseases
and their use in diagnostic and therapeutic purposes,
site-specific mutagenesis was used. In this study, the
issues of improving this method and assessing their
results are considered based on personal experimental
experience. The site-directed mutagenesis of viral
glycoproteins has emerged as a powerful tool for
advancing viral diagnostics and therapeutic strategies
(Liu, 2008).

This technique allows researchers to introduce
specific mutations into genes encoding Vviral
glycoproteins, enabling the study of their structure-
function relationships and their interactions with
host cells (Braman, 2002). By altering key amino acid
residues, scientists can investigate how these changes
affect viral entry, replication, and immune evasion. In
diagnostics, engineered glycoproteins can be used
to develop more sensitive and specific assays for viral
detection as well as to create improved antigens for
vaccine development (Braman, 2002). Therapeutically,
site-directed mutagenesis has facilitated the design of
novel antiviral drugs that target specific glycoprotein
regions and the development of attenuated viral
strains for potential use in vaccines. Furthermore,
this approach has contributed to our understanding
of viral evolution and adaptation, providing insights
into potential future pandemic threats, and guiding
preparedness efforts (Schiffer et al., 2012).

VIRAL GLYCOPROTEINS

Viral glycoproteins are integral components of the
viral envelope and play a crucial role in mediating
viral entry into host cells. These proteins are anchored
to the viral membrane and project outward, enabling
the virus to interact with specific receptors on the
host cell surface (Sanjuan, 2010). Viral glycoproteins
are responsible for various stages of the viral life cycle
including attachment, penetration, and fusion with the
host cell membrane. Understanding the structure and
function of viral glycoproteins is essential to develop
effective diagnostic tests and therapeutic interventions
(Sanjuan, 2010).

Site-directed mutagenesis is a powerful
technique for studying protein function by
introducing specific amino acid substitutions (Nghr
and Kristiansen, 2003). This method involves altering
the code of a gene to create mutant proteins with
targeted changes in their sequences. By systematically
modifying specific residues within a viral glycoprotein,
researchers caninvestigate theimpact of these changes
on the protein structure, stability, and function. This
approach allows for a detailed understanding of
the critical amino acids involved in protein-protein
interactions, enzymatic activity, and other essential
biological processes (Nghr and Kristiansen, 2003).

APPLICATIONS OF SITE-DIRECTED
MUTAGENESIS

Viral glycoproteins are typically composed of three
distinct domains: ectodomain, a transmembrane
domain, and cytoplasmic tail (Jeltsch and Lanio,
2002). The ectodomain, which is exposed to the
external environment, contains binding sites for
host cell receptors and is involved in mediating viral
attachment and entry. The transmembrane domain
anchors the glycoprotein to the viral envelope,
whereas the cytoplasmic tail plays a role in intracellular
signaling and viral assembly (Jeltsch and Lanio, 2002).

Viral glycoproteins play crucial roles in various
stages of the viral life cycle. Attachment to the host cell
is mediated by the binding of the viral glycoprotein
ectodomainto specificreceptors onthe host cell surface
(Jeltsch and Lanio, 2002). Following attachment, the

64  Journal of King Abdulaziz University - Medical Sciences e Volume 31, No. 2, December 2024 |  www.jkaumedsci.org.sa



Site-Directed Mutagenesis in Viral Glycoprotein and Its Role in Viral Diagnostics and Therapy
B.A. Jawa et al.

virus undergoes membrane fusion, which allows the
viral genome to enter the host cell. The cytoplasmic tail
of the viral glycoprotein interacts with host cell proteins,
facilitating viral entry and subsequent intracellular
events. Additionally, viral glycoproteins can modulate
the host immune response, enabling viruses to evade
detection and elimination by the immune system.
Understanding the molecular interactions between
viral glycoproteins and host cell receptors is essential
for developing antiviral strategies targeting these
critical steps in the viral life cycle (Zhang et al., 2021).

Site-directed mutagenesis is a precise genetic
engineering technique that allows the targeted
modification of specific nucleotides within a gene. This
method involves the use of synthetic oligonucleotides
known as primers that contain the desired mutation
(Ran et al., 2020; Edelheit et al., 2009). These primers
were designed to anneal to the gene of interest and
were then extended by DNA polymerase to create
a mutant DNA molecule. By introducing specific
nucleotide changes, researchers can alter the amino
acid sequence of a protein and study its resulting
functional consequences. Compared to random
mutagenesis, which generates a large number of
mutations without control over their location, site-
directed mutagenesis offers greater precision and
allows for systematic investigation of the effects of
specific amino acid substitutions on protein function.
This technique has been widely applied in viral
glycoprotein research to identify critical residues
involved in protein-protein interactions, enzymatic
activity, and other essential biological processes.
Additionally, site-directed mutagenesis can be used
to create mutant viral glycoproteins that are resistant
to antiviral drugs, thereby providing valuable insights
into the development of novel therapeutic strategies
(Ran et al., 2020; Edelheit et al., 2009).

The fields of site-directed mutagenesis and viral
glycoprotein research are rapidly evolving, with several
emerging trends. One notable trend is the increasing
use of high-throughput mutagenesis techniques, which
allow the generation and screening of a large number
of mutant proteins in a shorter timeframe. Additionally,
advancements in protein structure determination and
computational modelling have provided new insights
into the structural and functional properties of viral
glycoproteins, facilitating the identification of potential
drug targets (Ran et al., 2020).

Despite its numerous advantages, site-directed
mutagenesis is challenging. One potential issue is
the occurrence of off-target mutations, which can
introduce unintended changes in the protein sequence
and confound the interpretation of the experimental
results. Ethical considerations also arise when working
with viruses, particularly those with a pandemic
potential. Itis essential to ensure that research involving
these pathogens is conducted in a responsible and
ethical manner with appropriate biosafety measures in
place (Oka et al., 2011).

Future research directions in this field include
the development of more efficient and precise
mutagenesis techniques, exploration of novel drug
targets within viral glycoproteins, and studying the
role of viral glycoproteins in immune evasion and
pathogenesis. Additionally, greater emphasis should
be placed on understanding the interactions between
viral glycoproteins and host cell factors as these
interactions are crucial for viral entry, replication, and
dissemination. By addressing these challenges and
pursuing research directions, scientists can continue to
make significant advancements in our understanding
of viral glycoproteins and develop innovative
therapeutic strategies for combating viral infections
(Liun and Naismith, 2008).
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