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Abstract

Obesity impacts human health in more than one way. The influence of obesity on
human reproduction and fertility has been extensively examined. Bariatric
surgery (BS) has been used as an effective tool to achieve long-term weight loss in
both sexes. BS improves hormonal profiling, increasing the odds of spontaneous
pregnancy and success rates following assisted reproductive techniques in
infertile females. For obese males, BS does improve sexual function and hormonal
profile; however, conflicting reports discuss reduced sperm parameters following
BS. Although the benefits of BS in the fertility field are acknowledged, many areas
call for further research, like choosing the safest surgical techniques, determining

the optimal timing to get pregnant, and resolving the uncertainty of sperm
parameters.

Key Words: Bariatric surgery; Male fertility; Female fertility; Assisted reproduction
technique; Seminal fluid

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: One of the main strengths of bariatric surgery (BS) is achieving long-term
weight reduction; many of the medical and dietary interventions have transient and
sometimes ineffective results. Infertility is linked with obesity in many ways, including
reducing the quality of produced gametes, disturbing the hormonal profile, and
increasing oxidative stress, which in turn inversely affects many steps of human
reproduction. BS can improve the fertility odds for both genders with assisted repro-
ductive technique; additionally, it improves the odds of natural pregnancy.
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TO THE EDITOR

With interest, we read Kheirvari's study published in World | Exp Med 2022 about how obesity
implicates organ transplants and the predictors of negative outcomes after bariatric surgery (BS)[1]. BS
is an underused tool, serving about 1% to 2% of the populace. A misunderstanding about BS sometimes
overshadows efforts to educate the general public on its advantages[1,2].

While the obesity epidemic endangers lives by escalating cardiovascular, metabolic, and malignant
diseases, one of obesity's important associations is infertility[3].

Obesity is linked to gonadal dysfunction, resulting in female and male infertility at rates of 36% and
64%, respectively. Hyperandrogenism manifests in women as polycystic ovarian syndrome (PCOS). In
contrast, hypoandrogenemia promotes male obesity-related secondary hypogonadism[4-6].

The capacity of BS to accomplish significant and long-lasting weight loss and the development of
safer techniques are important factors that contribute to the fast growth of BS in fertility, which was not
addressed in the study by Kheirvari ef al[1].

A growing body of evidence confirms that reducing weight through BS may correct menstrual irregu-
larity and ovulatory dysfunction, and increase spontaneous conception, especially among females with
PCOS. Infertile obese women could conceive in 69% of the cases within two and a half years of follow-
up[7-9]. The body mass index and the weight lost are independent predictors of pregnancy odds.
Additionally, bariatric surgery increases live birth rates through assisted reproductive techniques[10].

Poor quality of life (QOL) hinders pregnancy odds and inversely impacts pregnancy outcomes.
Furthermore, QOL is essential for evaluating nursing standards among infertile couples[11]. Obese
couples have higher anxiety and depression caused by patients' external appearance added to the
obesity-related pathology[11,12]. BS can improve patients' perspectives and help to restore the deranged
hormonal profile[7-9]. Therefore, as part of their multidisciplinary approach, including the QOL score is
recommended for follow-up of BS cases[13,14].

Although the current evidence supports the advantage of BS in female fertility, certain concerns have
been raised about its safety. To begin with, the ideal surgical procedure for improving reproductive
outcomes at a young age has yet to be established because BS involves numerous techniques.
Furthermore, there is no strong consensus on the optimal time to conceive following BS. The problem of
the decreased ovarian reservoir in older women continues to be debated[9,15].

Some but not all obese men have fertility issues; there are conflicting reports regarding the
unfavorable impact on sperm parameters (SP), while others suffer erectile dysfunction. A state of
hypogonadism was reported in obese men due to reduced sex hormone-binding globulin triggered by
hyperinsulinemia[16]. BS in obese men may improve sexual activity and restore the hormonal profile,
yet the effect on SP is conflicting, which calls for longitudinal study in that area[17]. Some reports
declare reduced SP and assisted reproductive technique success rates following BS owing to nutritional
deficiency after the surgery. However, others reported no change in SF up to one year following BS[18].
The concerns of worsening SF have resulted in raised sperm cryopreservation needs for selected cases
[19].

In conclusion, BS appears to be an effective long-term weight-loss solution that can improve human
well-being and QOL. The role of BS in infertility has been established; however, safety concerns, the
surgical technique used, and the long-term effect on neonates and childhood are yet to be established.
As for males, the inconsistency regarding regression in semen parameters necessitates a longitudinal
study type to be resolved.
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Abstract

Melatonin is widely available as a supplement, usually for sleep disorders. The
consumption of melatonin supplements has increased considerably in recent
years. An overlooked aspect of melatonin’s administration is the resulting
increase in prolactin secretion, via its action on hypothalamic dopaminergic
neurons. We believe that since the effect of melatonin on prolactin is tangible, the
laboratory finding of hyperprolactinemia could be encountered more often, given
the increase in melatonin’s use. This is an issue that merits further study.

Key Words: Melatonin; Sleep; Prolactin; Human; Dopamine; Side-effects

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Melatonin, although being an active hormone, is widely available as a
supplement. The consumption of melatonin supplements has increased considerably in
recent years. Melatonin may increase prolactin. The laboratory finding of hyperprolact-
inemia could be encountered more often, given the increase in melatonin’s use.

Citation: Venaki E, Koukkou E, Ilias I. Melatonin’s actions are not limited to sleep. World J
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TO THE EDITOR

Melatonin, although being an active hormone, is widely available as a supplement[1-
3]. It is taken to treat sleep disorders/insomnia, for adults usually at doses ranging
from 0.5 to 6.0 mg at bedtime, with reported various degrees of effectiveness[4]. Other
potential beneficial effects of melatonin include the prevention of delirium in hospit-
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alized patients and - still at the experimental stage - restorative action on the cirrhotic liver[5,6]. Very
recently, melatonin, given at 5.0 mg at bedtime in healthy older adults was considered to be effective in
increasing sleep time and efficiency[7].

The consumption of melatonin supplements has increased considerably in recent years, as shown in
studies in the United Kingdom and the United States[1,2]. In the United States, in the years 1999-2000,
0.4% of the population were taking melatonin, whereas in 2017-2018, this percentage rose to 2.1%[1]. An
overlooked aspect of melatonin’s administration is the resulting increase in prolactin secretion, via its
action on hypothalamic dopaminergic neurons[8,9]. The relevant studies date to the previous century
and in the most recent ones, melatonin given at a dose of up to 5 mg at bedtime quadrupled acutely
prolactin levels compared to baseline[8,9].

Hyperprolactinemia is not uncommon, especially in women with polycystic ovaries syndrome,
pituitary adenomas, hypothyroidism, macroprolactinemia, or therapy with hyperprolactinemia-
inducing medications[10]. Interestingly, and despite the known action of melatonin on prolactin,
melatonin use is not usually included among the drug-induced causes of hyperprolactinemia[11].

Based on the above, we believe that since the effect of melatonin on prolactin is tangible, the
laboratory finding of hyperprolactinemia could be encountered more often, given the increase in
melatonin’s use. This issue merits further study, because the caveat is that the available literature has
honed on acute effects of melatonin on prolactin. Thus, the effects of chronic use of melatonin on
prolactin are obscure. These could be assessed initially in a simple manner: In subjects with hyperpro-
lactinemia, medical history could query on the administration of melatonin. A further step could be a
prospective study in subjects that commence melatonin supplementation.
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Abstract

Overweight, obesity, and type 2 diabetes mellitus pose global health problems
that are ever-increasing. A chronic low-grade inflammatory status and the
presence of various pro-inflammatory markers either in circulation or within
dysfunctional metabolic tissues are well established. The presence of these factors
can, to some extent, predict disease development and progression. A central role
is played by the presence of dysfunctional adipose tissue, liver dysfunction, and
skeletal muscle dysfunction, which collectively contribute to the increased cir-
culatory levels of proinflammatory factors. Weight loss and classical metabolic
interventions achieve a decrease in many of these factors’ circulating levels,
implying that a better understanding of the processes or even the modulation of
inflammation may alleviate these diseases. This review suggests that inflam-
mation plays a significant role in the development and progression of these
conditions and that measuring inflammatory markers may be useful for assessing
disease risk and development of future treatment methods.

Key Words: Adipose tissue; Biomarkers; Diabetes; Inflammation; Obesity pathophysiology

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A significant amount of literature indicates the relationship between increased
inflammatory markers and overweight, obesity, and type 2 diabetes mellitus. Even
though the role of inflammation in the development and progression of these conditions
is uncertain, the potential use of inflammatory markers as diagnostic and prognostic
tools is under vigorous investigation. Weight loss and lifestyle interventions result on
reduction of inflammatory markers in individuals with overweight and obesity and/or
type 2 diabetes mellitus.
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INTRODUCTION

Overweight and obesity represent a significant, ever-increasing global public health challenge[1-4].
Obesity is a complex multifactorial disorder linked to a high risk of developing type 2 diabetes mellitus
(T2DM), cardiometabolic diseases and most recently coronavirus disease 2019 (COVID-19)[2,5-10].
Excess and ectopic adiposity and adipose tissue (AT) dysfunction, characterized by a state of low-grade
inflammation, underline the pathophysiology of obesity and its consequences to a great extent[8,11-18].
The presence of inflammation in obesity and related metabolic diseases is well established and is
proposed to be linked to insulin resistance and/or its further exacerbation, as inflammatory mediators
appear to interfere with insulin signal transduction in important metabolic organs (AT, liver, and
muscle)[15,19]. Inflammatory markers may be indicators of disease development, allowing us to
potentially predict the transition and/or development of complications such as T2DM and
cardiovascular diseases[20,21]. Consequently, by achieving an improved understanding of the changes
in metabolic and inflammatory processes in these various tissues and organs, and unveiling their
properties, we could achieve a better understanding of the pathophysiology of obesity-related complic-
ations, including T2DM, and develop better prevention and treatment strategies[22-24]. In this mini-
review, we will present evidence of obesity and T2DM-related inflammation, explore the underlying
mechanisms in selected tissues and organs, and present potential therapeutic options based on the
current literature.

CIRCULATING INFLAMMATORY MARKERS

Systemic inflammation in overweight and obesity

Excess adiposity is related to modestly raised levels of many circulating cytokines and inflammatory
factors in both mice and humans; hence, obesity is usually defined as a condition of persistent low-
grade systemic inflammation[15,16,25]. Evidence suggests that many of these factors are produced in
AT, collectively referred to as adipokines, including hormones (leptin, adiponectin), hormone-cleavage
enzymes like dipeptidyl peptidase 4, components or factors regulating the clotting cascade like
plasminogen activator inhibitor-1 (PAI-1), and chemoattraction/pro-inflammatory factors including
interleukins 1, 6, and 8 (IL-1, -6, -8), tumour necrosis factor alpha (TNF-a), and monocyte chemoat-
tractant protein-1 (MCP-1)[11,22,26-30]. Adipokine expression and/or secretion is altered in states of AT
dysfunction and may contribute to obesity-associated diseases[11,26]. Leptin circulating concentrations
are elevated in individuals with obesity, and its concentrations are generally strongly and positively
correlated with white AT mass[31,32]. At the same time, hypoadiponectinemia is another hallmark of
obesity, suggesting a loss of its positive insulin-sensitizing and anti-inflammatory properties[33-35]. In a
recent meta-analysis of 60 studies with 45,210 participants, positive correlations with C-reactive protein
(CRP), IL-6, and TNF-a were observed for leptin but not for adiponectin, implying an important
association between AT hormonal function and inflammatory biomarkers with potentially
pathophysiological implications[36]. Moreover, acute-phase proteins, including CRP and serum
amyloid A, and white blood cell (WBC) count, are also elevated in obesity and related metabolic
diseases[21,29,37-40].

Several genome-wide association studies (GWAS) have been conducted to explore the link between
obesity and various conditions, as well as the potential cause-and-effect relationship[41]. These studies
have identified over 300 single-nucleotide polymorphisms that are associated with different measures of
obesity, such as body mass index (BMI), waist-hip ratio, and other indicators of adiposity[41]. In a large-
scale genome-wide association study involving a total of over 40000 individuals of European descent,
genetic variants associated with higher BMI were strongly associated with higher high-sensitive CRP
levels, indicating a causal relationship between adiposity and inflammation, however the opposite was
not recorded[42].

Notably, pro-inflammatory markers were also strongly associated with insulin resistance in most
individuals, regardless of the degree of adiposity, implicating either a role or at least a relationship
between these molecules and the transition to more insulin-resistant states like T2DM][21,43,44].

Inflammation in T2DM and related cardiovascular complications
Subclinical chronic inflammation appears to be a distinct contributor to the development of T2DM[21,
45]. Independent of the initial degree of insulin resistance and obesity, elevated levels of several inflam-

WJEM | https://www.wjgnet.com 8 June 20,2023 | Volume13 | Issue3 |


https://www.wjgnet.com/2220-315x/full/v13/i3/7.htm
https://dx.doi.org/10.5493/wjem.v13.i3.7

Jaishideng®

Lempesis IG et al. Inflammatory markers in overweight, obesity, and T2D

matory biomarkers at baseline in different human populations are predictive of T2DM occurrence[21,
45]. Elevated levels of IL-6 and CRP are significantly associated with an increased risk of T2DM][46-48].
An elevated WBC count is also associated with a worsening of insulin sensitivity and predicts the
development of T2DM[38]. Increased circulating concentrations of pro-inflammatory cytokines IL-1f,
IL-18, TNF-0, (apart from IL-6 and CRP) and low levels of adiponectin are strongly associated with
T2DMJ[49]. Among the markers of blunted fibrinolysis, increased PAI-1 appeared to predict T2DM
development independent of insulin resistance and other known risk factors for diabetes[50].
Furthermore, biomarkers indicative of inflammation and endothelial dysfunction, including
intercellular adhesion molecule 1 and E-selectin, were positively associated with the incidence of T2DM
[51]. Based on these observations, it could also be claimed that these changes may be associated with the
various cardiovascular complications often related to T2DM and obesity[52,53].

Finally, a plethora of GWAS has been conducted more recently regarding the association and
causality between T2DM and inflammatory biomarkers[54]. Of these IL-1 and IL-6 pathways appeared
to be positively associated, however evidence remains elusive[55,56].

PATHOPHYSIOLOGICAL BACKGROUND

As mentioned already, inflammation appears to be linked to insulin resistance and/or its worsening in
obesity since it was shown to interfere with insulin signal transduction in critical metabolic organs (AT,
liver, and muscle) and potentially contribute to the development of T2DM][15,19,48]. In this section, we
will present potential mechanisms driving obesity-related inflammation, primarily in the AT, and the
implications of circulatory inflammatory factors on various metabolic and regulatory organs. A
summary can be found in Figure 1.

Adipose tissue dysfunction

Excess adiposity, AT dysfunction (characterized by a state of low-grade inflammation), body fat distri-
bution, and ectopic fat deposition, particularly visceral fat deposition, are all central figures in the
pathophysiology of obesity and its complications[8,11,14].

Dysfunctional AT is distinguished by adipocyte hypertrophy, which is associated with chronic low-
grade inflammation, pro-inflammatory immune cell infiltration, adipokine dysregulation, hormonal
resistance, blunted metabolism, reactive oxygen species production, endoplasmic reticulum stress,
mitochondrial dysfunction, and altered oxygenation, all of which contribute to ectopic fat accumulation
and related complications[13,15,57,58]. The location of lipid storage is a key factor in determining an
individual's overall health, as obesity-related complications such as hypertension and the risk of T2DM
relate to abdominal (upper body) fat accumulation[14,59-63]. In contrast, fat accumulation in the lower
body (gluteofemoral AT) is linked to a lower risk of cardiometabolic disease[59,64-67]. Lower body cell
composition, including immune cells, is thought to be primarily associated with enhanced anti-inflam-
matory properties[17,18]. In accordance with that theory, IL-6 release (as determined by an arteri-
ovenous difference technique model) was much lower in femoral adipose tissue than in matched
abdominal tissue[60].

Obesity-related lipid accumulation in non-adipose tissues has significant metabolic effects since it is
linked to insulin resistance and, potentially, through molecular mimicry, lipid moieties may trigger
inflammatory pathways[11,22,68]. Furthermore, hypertrophic adipocytes are shown to possess a pro-
inflammatory phenotype, which may exacerbate insulin resistance, resulting in a vicious cycle[69,70].
Adipocyte and AT inflammation, on the other hand, appears to be required for healthy AT growth and
remodeling[71]. That observation implies that inflammation is more than just a harmful process, maybe
contributing to AT adaptation to stressors, including excess calorie intake. It is worth noting that drugs
used to treat T2DM may reduce inflammation by lowering hyperglycemia. However, these medicines'
anti-inflammatory effects are inconsistent, and it is unclear if their favorable metabolic effects are
mediated by regulation of chronic low-grade inflammation[72]. Finally, in addition to white AT inflam-
mation in obesity, it appears that brown AT inflammation also exists, at least in animal models of

obesity, implicating that dysregulation of this tissue aggregates the obesity-related inflammatory status
[73].

Liver

Liver dysfunction linked with obesity, which encompasses the Metabolic Associated Fatty Liver Disease
(MAFLD) spectrum, is characterized by complex pathophysiological processes that are currently under
vigorous investigation and involve several pathways[74]. It has been postulated that an inability to
sufficiently enhance subcutaneous AT triglyceride storage capacity in response to increased caloric
consumption and body weight reroutes lipids towards other organs, such as the skeletal muscle and the
liver, resulting in ectopic lipid accumulation and lipotoxicity at the cellular level, which leads to insulin
resistance (IR) and inflammatory responses in these organs[75-79]. Interestingly, fat molecules appear to
serve as ligands for substantial inflammatory signaling pathways in Kupffer cells in the liver and AT
macrophages via the toll-like receptor 2 and 4 (TLR2/TLR4) signaling cascade[80]. Numerous previous
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Figure 1 Potential mechanisms driving obesity-related inflammation, primarily in adipose tissue and other metabolic organs and
implications of circulatory inflammatory factors on various metabolic and regulatory organs. CNS: Central nervous system; CRP: C-reactive
protein; DPP-4: Dipeptidyl peptidase 4; IL: Interleukins; MCP-1: Monocyte chemoattractant protein-1; SAA: Serum amyloid A; TNF-a: Tumour necrosis factor alpha.
Parts of the figure were drawn by using pictures from Servier Medical Art (available from: smart.servier.com).
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studies have shown that pro-inflammatory cytokines, specifically TNF- and IL-6, play an important role
in the development and progression of NASH[81,82]. TNF- and IL-6 Levels are elevated in the livers
and blood of NASH patients, but blocking these mediators improved MAFLD in animal models[81,83].

Muscle

Several pro-inflammatory cytokines have been reported to be overexpressed apart from AT and the
liver, also in the skeletal muscle of individuals with obesity and insulin resistance as well as in animal
models[84,85]. Obesity progression increases inflammation in skeletal muscle in two ways: Indirectly
through AT inflammation and adipocytokines dysregulation, which affect skeletal muscle function and
may also augment IR, and directly through ectopic lipid deposition within the skeletal muscle, which
initiates several pro-inflammatory pathways[81,86,87]. Myocytes stimulate the production of several
hormones and cytokines, collectively called myokines, including IL-6 and IL-15, as well as other
molecules like fibroblast growth factor 21 (FGF21) and irisin[75,82]. All these molecules can regulate
potential inflammatory processes, and the imbalance of their production in IR, obesity, and T2DM could
further aggregate this overall inflammatory status[88]. Sarcopenic obesity, which is more common in
older patients, may also cause an increase in unfavorable pro-inflammatory status and impair insulin
sensitivity via a loss of favorable myokines[9]. Finally, as in the AT and other organs, immune cell infilt-
ration with pro-inflammatory activation in skeletal muscle has been observed, resulting in the release of
pro-inflammatory markers such as IL-1, IL-6, and TNF-a[89,90].

Other important tissues and organs dysfunction/inflammation

Evidence exists that several other tissues and organs in obesity, T2DM, and insulin resistance states are
affected by or involved in systemic inflammation. For example, it is well established that macrophage
infiltration is associated with islet inflammation and cell abnormalities in T2DM and obesity[91-93].
Furthermore, the western diet and cultural habits may be part of a vicious cycle that promotes oxidative
stress and inflammation in the gut and even the brain[94]. Obesity-related inflammation is enhanced by
diminished mucosal barriers and intestinal immune homeostasis[95]. These findings could be attributed
to effects on the gut microbiome[96]; the importance of diet on organ-specific and systemic inflam-
mation is apparent in diet-induced models of obesity in which even parts of the brain, in particular the
hypothalamic arcuate nucleus, have been affected via infiltration of macrophages and increased
expression of pro-inflammatory markers[16,97-99]. Finally, even non-metabolic or metabolic regulatory
organs seem to be affected, as obesity appears to induce ovarian and kidney inflammation, respiratory
hyperresponsiveness, and various hematological consequences[100-103].
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IMPACT OF CLASSICAL METABOLIC TREATMENTS ON INFLAMMATION AND THE THE-
RAPEUTIC POTENTIAL OF INFLAMMATORY MODIFICATIONS IN METABOLIC DISEASES

Strategies to tackle obesity, diabetes, and related cardiometabolic diseases include a variety of combin-
ations, including lifestyle changes with dietary and exercise options, anti-obesity, anti-diabetic, and anti-
hyperlipidemic medications, bariatric or metabolic surgery, and potentially the use of drugs with anti-
inflammatory properties[72,104-107].

Current medicinal therapies for T2DM act in a multitude of ways to improve glycemic control, but
they can also be beneficial for the treatment of obesity and related cardiometabolic diseases[23,24,72,
107]. Many of these medications, for instance, metformin, may possess anti-inflammatory properties
that can be exerted indirectly via metabolic control of hyperglycemia and hyperlipidemia and weight
loss or by directly impacting the immune system and inflammatory responses[72,107]. Weight loss per
se and therapeutic interventions that achieve it, including anti-diabetic and anti-hyperlipidemic
medication use, resulted in reduced circulating concentrations of IL-6, IL-8, CRP, and MCP-1 and
increased adiponectin concentrations[39,40,108-110]. A recent meta-analysis of the effect of intermittent
fasting dietary patterns on plasma concentrations of inflammatory biomarkers found a decrease in CRP
in individuals with overweight or obesity, but no changes in IL-6 or TNF-a[111]. A meta-analysis of 116
studies[112], however, found that serum concentrations of CRP, IL-6, and TNF- were significantly lower
after bariatric surgery.

Targeting inflammation or inflammatory pathways in general has emerged as a viable alternative to
traditional metabolic therapeutic options[72,107]. Anti-TNF therapy has produced contentious results in
the treatment of T2DM in humans[72,113]. In animal models of IR and T2DM, inhibition combining
anti-TNF and IL-1 was shown to be more effective[107,114]. Favorable effects were recorded with IL-1
blockage alone in a human study[115]. Moreover, salsalate, a prodrug of salicylate, diacerein, an anti-
arthritis medication, and hydroxychloroquine, usually used for the treatment of autoimmune diseases,
appeared to be beneficial; however, long-term safety profiles for these metabolic diseases are still to be
elucidated[72]. Finally, the option of directly altering the pro- or anti-inflammatory activation and the
balance of the immune cells within the AT arises as a potential therapeutic option[107].

CONCLUSION

In this brief review, we have demonstrated that inflammatory biomarkers reflecting underlying
processes and pathway activations are present in obesity and type 2 diabetes mellitus. The impact of
obesity and T2DM on inflammatory pathways appears to be linked to disease progression. Achieving a
better understanding of the connection and causality between these factors and the disease risk and
progression could give us the opportunity to potentially predict, follow up on, and modify their risk.
Further studies are warranted to better understand the underlying pathophysiology and the use of
predictive biomarkers in everyday clinical practice. It is necessary to conduct in vivo physiological
studies to investigate the sequence of events underlying pathophysiological events in various metabolic
and regulatory tissues, such as adipose tissue. Such studies can help elucidate whether inflammation
precedes metabolic derangements or is mainly a result of perturbations caused by increased adiposity.
Furthermore, it is essential to conduct randomized clinical trials that precisely target inflammatory
pathways in diverse populations to either confirm or refute these findings.
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Abstract

BACKGROUND

Cancer diagnosis is increasing around the world and in the Democratic Republic
of the Congo (DRC). The proportion of thyroid cancer has increased over the past
three decades. There are very few studies on cancer epidemiology, and in
particular on thyroid cancer in the DRC.

AIM

To establish the most recent proportion of thyroid cancer in the DRC compared to
other cancers.

METHODS
This is a retrospective and descriptive study of 6106 consecutive cancer cases

June 20,2023 | Volume13 | Issue3 |


https://www.f6publishing.com
https://dx.doi.org/10.5493/wjem.v13.i3.17
mailto:ayrtonbangolo@yahoo.com

Bukasa-Kakamba ] ef al. Thyroid CA in the DRC

Jaishideng®

listed in the pathological registers of 4 Laboratories in the city of Kinshasa. This study included all
cancer cases recorded in the registers between 2005 and 2019.

RESULTS

From a sample of 6106 patients, including all cancer types, 68.3% cases were female and 31.7%
were male. Breast and cervical cancer were the most common types of cancer in women and,
prostate and skin cancer were the most common types in men. Thyroid cancer was sixth in
proportion in women and eleventh in men compared to all cancers. Papillary carcinoma was the
most common of thyroid cancers. Rare cancers such as anaplastic and medullary thyroid
carcinomas had a proportion of 7% and 2%, respectively.

CONCLUSION
Newer diagnostic tools led to a surge in cancer diagnoses in the DRC. Thyroid cancer has more
than doubled its proportion over the last several decades in the country.

Key Words: Thyroid cancer; Papillary carcinoma; Cancer; Democratic Republic of the Congo; Africa;
Proportion

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Cancer diagnosis has been increasing worldwide. This is also true in Africa, particularly in the
second biggest African country. However, there are currently no data on cancer in the Democratic
Republic of Country (DRC). This study offers the most updated cancer data in general and thyroid cancer
in particular in the DRC. Using this current database, more research can be carried out in the country.

Citation: Bukasa-Kakamba J, Bangolo Al, Bayauli P, Mbunga B, Iyese F, Nkodila A, Atoot A, Anand G, Lee SH,
Chaudhary M, Fernandes PQ, Mannam HP, Polavarapu A, Merajunnissa M, Azhar A, Alichetty MN, Singh G,
Arana Jr GV, Sekhon I, Singh M, Rodriguez-Castro JD, Atoot A, Weissman S, M’buyamba JR. Proportion of
thyroid cancer and other cancers in the democratic republic of Congo. World J Exp Med 2023; 13(3): 17-27
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INTRODUCTION

Thyroid pathology is the most common endocrinopathy worldwide[1] and is mostly represented by
goiters and nodules[2,3]. Five to ten percent of thyroid nodules are malignant[3-6]. Thyroid cancer only
represents 1% of all cancers worldwide[7,8] but has occupied the fifth position among all cancers in
France and Canada in women in terms of incidence and twentieth in terms of mortality in 2005[9-11].
The improvement of diagnostic techniques by means of thyroid ultrasound, fine needle aspiration,
Computed Tomography scan and detailed histopathological analyses partly explains the increase in
incidence of thyroid cancer[12,13]. Despite this increase in incidence, the mortality curve has remained
stable over time[10,14].

The Democratic Republic of the Congo (DRC) is a low-income country where there are only 7
pathology laboratories for more than 80 million citizens. Five of these laboratories are located in the
capital city of Kinshasa. The typical Congolese meals have been characterized with a low iodine content
for decades. Iodine deficiency is a well-known risk factor for thyroid cancer[14,15]. We thus hypothesize
that thyroid cancer may be frequent in the DRC but reliable data on cancers in general and thyroid
cancer in particular is scarce. The first study addressing thyroid cancer proportion in the DRC was
conducted by Mashinda et al[16] and it revealed, in women, a thyroid cancer proportion of 0.5% out of
all cancers found in the anatomopathological records between 1969 and 2008. Although epidemiologic
trend changes are expected to be gradual, the available data now seems dated. The objective of this
study is thus to provide more recent thyroid cancer proportion data using the largest series analyzed so
far in the DRC.

MATERIALS AND METHODS

This is a retrospective and descriptive study of thyroid cancers and of all types of cancer retrieved from
the records of 4 anatomopathological laboratories including that of Kinshasa University Clinics,
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National Institute of Biomedical Research, Kinshasa General Hospital (HGRK) and LEBOMA
laboratory. All these laboratories are located in the capital city of Kinshasa, a city of nearly 12 million
inhabitants. This study included cancers diagnosed in those centers between 2005 and 2019, except for
the data obtained from LEBOMA laboratory, which covered from 2015 to 2019. The choice of these
centers was governed by the fact that they are the only pathology laboratories in the town of Kinshasa
with available data over the period of the study. We calculated the relative proportion of thyroid cancer
by dividing the number of thyroid cancers by the number of all types of cancer. It’s important to report
that calcitonin was not measured preoperatively in patients with thyroid cancer.

The study took into account the following socio-demographic characteristics: Age, gender, year of
diagnosis and histopathological diagnosis.

The following types of cancer were taken into account: Breast cancer, cervical cancer, prostate cancer,
skin cancer, hematologic cancers, uterine cancer, colon cancer, lung cancer, stomach cancer, bone cancer,
thyroid cancer, anorectal cancer, Kaposi sarcoma, soft tissue cancers, eye cancers, ovarian cancer, mouth
cancer, vaginal cancer, urinary bladder cancer, laryngeal cancer, nose cancer, peritoneal cancer, liver
cancer, renal cancer, vulva cancer, ureteral cancer, nasopharyngeal cancer, intestinal cancer, pancreatic
cancer, greater omentum cancer, esophageal cancer, penile cancer, testicular cancer, tonsillar cancer,
brain cancer, coecum cancer, vocal cords cancer, ear cancer, parotid glands cancer, duodenal cancer,
cancer of the palate, forehead cancer, glottis cancer, trachea cancer, sweat glands cancer, maxillary
cancer and splenic cancer.

Data was entered into Excel and transported to Statistical Package for the Social Sciences version 21.
Quantitative variables were expressed as mean (+/- SD) or median (+/- interquartile range) for
variables that did not have a normal distribution. Qualitative variables were expressed as proportions.
Student's t-test was used for comparing averages between men and women. ¥* test or Fisher's exact test
was used to compare the difference in proportions between the 2 groups regarding qualitative variables.
A P value < 0.05 was of statistical significance.

RESULTS

6106 cancer cases were included in this study. A female predominance was observed with 68.3% of cases
vs 32.7% for men with a female/male ratio of 4. We noted 106 cases of thyroid cancer, representing 1.7%
of the total number of cancer cases. The proportion of all types of cancer according to their location and
gender, are grouped together in Table 1.

The most common types of cancer, in decreasing order of proportion were breast cancer, cervical
cancer, prostate cancer, skin cancer and lymphoid cancers. Thyroid cancer ranked eleventh in
proportion for all cancer types.

The five most common types of cancer in women were breast cancer, cervical cancer, uterine cancer,
skin cancer and lymphoid organ (LO) cancer. Thyroid cancer was ranked Sixth with a proportion of 2%.

The five most common types of cancer in men were prostate cancer, skin cancer, LO cancer, lung
cancer and colon cancer. For men, thyroid cancer was ranked eleventh (1.1% of all types of cancer).

The male gender was more represented in the age groups < 30 and > 60, while the female gender was
more represented in the age groups between 30 and 60 years old. Most cases of cancer in women occur
between the ages of 40 and 60 and in men over 50. The number of patients diagnosed with cancer
increases with age in both genders.

In the age group up to 40 years old and between 41 and 60 years old, breast cancer was the most
common type of cancer. In the age group of over 61, prostate cancer was the most common. Thyroid
cancer occupied the sixth position in the age group under 41 years, the tenth in the age group between
41 years and 60 years and the sixteenth in the age group over 60 years old. Figure 1 represents cancer
cases’ distribution based on age and gender.

The frequencies of cancer cases according to age groups are found in Table 2.

Papillary carcinoma was the most common type of thyroid cancer, representing 67% of all thyroid
cancer cases followed by the follicular type in 21% of cases. The anaplastic type occupied the third,
lymphoma the fourth and medullary cancer the fifth position.

The frequencies of the different types of thyroid cancer cases in this series are found in Table 3.

DISCUSSION

The main objective of this research was to establish the proportion of thyroid cancer in the Congolese
population, secondarily aiming to identify the most frequent types of cancer. Our series included 6106
cases, of which 68.3 % were female and 31.7% were male. This predominance of the female gender was
also found in the series of Mashinda who studied the proportion of cancer in the urban setting of
Kinshasa[16] and it was also the case for the Lukanu series, which included cases from a rural setting of
Congo in Kimpese[17]. These are the first two epidemiological studies analyzing neoplastic diseases
carried out in the DRC and which preceded our research.
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Table 1 Cancer distribution by affected organs and gender

All, n=6106 Females, n = 4169 (68.3%) Males, n = 1937 (31.7%)
Breast 1631 (26.7) 1560 (37.4) 71 (3.7)
Cervix 1138 (18.6) 1138 (27.3) -
Prostate 678 (11.1) . 678 (35)
Skin 356 (5.8) 186 (4.5) 170 (8.8)
Blood and LO 206 (3.4) 95 (2.3) 111 (5.7)
Uterus 196 (3.2) 196 (4.7) -
Colon 173 (2.8) 92 (2.2) 81 (4.2)
Lungs 161 (2.6) 60 (1.4) 101 (5.2)
Stomach 112 (1.8) 45 (1.1) 67 (3.5)
Bone 110 (1.8) 58 (1.4) 52 (2.7)
Thyroid 106 (1.7) 84(2) 22 (1.1)
Anus/rectum 97 (1.6) 51 (1.2) 46 (2.4)
KS 87 (1.4) 22 (0.5) 65 (3.4)
Soft tissue 87 (1.4) 52 (1.2) 35 (1.8)
Eye 77 (1.3) 35 (0.8) 42(2.2)
Ovary 77 (1.3) 77 (1.8) =
Mouth 76 (1.2) 44 (1.1) 32 (1.7)
Vagina 75 (1.2) 75 (1.8) -
Urinary bladder 73 (1.2) 32 (0.8) 41 (2.1
Larynx 65 (1.1) 11 (0.3) 54 (2.8)
Nose 62 (1.0) 28 (0.7) 34 (1.8)
Peritoneum 51 (0.8) 24 (0.6) 27 (1.4)
Liver 49 (0.8) 24 (0.6) 25 (1.3)
Kidneys 41(0.7) 21 (0.5) 20 (1)
Vulva 41 (0.7) 41 (1) .
Ureter 33 (0.5) 14 (0.3) 19 (1)
Pharynx/nasopharynx 33 (0.5) 19 (0.4) 14 (0.7)
Intestines 29 (0.5) 16 (0.4) 13 (0.7)
Pancreas 29 (0.5) 13 (0.3) 16 (0.8)
Greater omentum 22 (0.4) 15 (0.4) 7 (0.4)
Esophagus 21 (0.3) 8(0.2) 13 (0.7)
Penis 20 (0.3) = 20 (1)
Testicles 20 (0.3) - 20 (1)
Tonsils 13 (0.2) 5(0.1) 8 (0.4)
Brain 10 (0.2) 6(0.1) 4(02)
Coecum 10 (0.2) 4(0.1) 6(0.3)
Vocal cords 8(0.1) 1(0.0) 7 (0.4)
Ears 7(0.1) 5(0.1) 2(0.1)
Parotid glands 7(0.1) 2(0.0) 5(0.3)
Duodenum 6(0.1) 2(0.0) 4(02)
Palate 4(01) 4(0.1) 0(0.0)
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2(0.0) 1(0.0) 1(0.1)
2(0.0) 0(0.0) 2(0.1)
2(0.0) 1(0.0) 1(0.1)
1(0.0) 1(0.0) 0(0.0)
1(0.0) 1(0.0) 0(0.0)
1(0.0) 0(0.0) 1(0.1)

LO: Lymphoid organ; KS: Kaposi Sarcoma.

60

50

Effective (%)

48.4%

< 20 years 21-30 years 31-40 years 41-50 years 51-60 years > 61 years

B Male [[JFemale [l Overall
DOI: 10.5493/wjem.v13.i3.17 Copyright ©The Author(s) 2023.

Figure 1 Cancer distribution based on age and gender.
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Female predominance in overall cancer diagnosis was observed in the DRC, a similar trend was also
observed in Brazil[18]. The cascade of sexual hormone activity, in particular estrogens and the aromat-
ization of androgens via Mitogen-activated protein kinase, causing the decline of immune cells and
promoting the proliferation of cancer cells and the inhibition of apoptotic activity can explain the female
predominance[19,20]. However, some European series have found a male predominance[21-25].

The male gender was more represented in the age groups up to 30 years and over 60 years; on the
other hand, the female gender was more represented in the age groups between 30 and 60 years. Most
cancers in women occurred between the ages of 40 and 60 and in men over 50. Overall, 77% of cancer
patients were over 40 years of age. Most series around the world, according to which the older the age
the greater the probability of developing a neoplastic disease[26,27].

In our series, breast cancer occupies the first position in terms of proportion of cancer in women and
cervical cancer occupies the second position. However, in the series published by Mashinda et al[16],
cervical cancer was the most frequent followed by breast cancer. This difference can be explained by the
methodology, the study period, the progress of the national policy on cancer screening in women and
by the development of diagnostic means. Mashinda studied the records of two pathology laboratories,
while we researched the records of 4 pathology laboratories. Mashinda analyzed results from 1965 to
2008, while we studied data between 2005 and 2019. We must consider that the means of raising
awareness have evolved and the educational level of the population has increased over time. All these
parameters can explain this difference. The findings of our study are similar to the Lukanu series; breast
cancer was the most frequent followed by cervical cancer[17]. Our results also mirrored those found in
several African and worldwide series[28-31].

When we consider both sexes, breast cancer was the most frequent type of cancer in our series, this
result being similar to those in the literature[29].

Regarding cancer in male patients, prostate cancer was the most frequent in our series. This result
was similar to the series of Lukanu[17]. On the other hand, Mashinda found lymphoid organ cancer as
the most frequent followed by prostate cancer[16]. Our results are similar to those found in the literature
[30]. There has been an improvement in the awareness of the Congolese population regarding prostate
cancer over the past two decades.

Thyroid cancer is the most common type of cancer of the endocrine system[32]. Our series found a
proportion of 1.7%. In women, the proportion is 2% and it is 1.1% in men, with a female/male ratio of 4.
The series described by Mashinda et al[16] found a thyroid cancer proportion of 0.5% in women. The
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Table 2 Cancer distribution by age group

Cancers < 40 yr, n (1409) %  41-60yr, n (2689) %  261yr, n(2008) %
Prostate 25 1.8 122 45 531 26.4
Cervical 156 11.1 611 227 371 185
Breast 403 28.6 895 333 333 16.6
Skin 141 10.0 133 49 82 4
Uterus 22 1.6 107 4.0 67 3.3
Lungs 30 21 64 24 67 33
Blood and LO 106 7.5 48 1.8 52 2.6
Colon 37 2.6 92 34 44 2.2
Stomach 19 1.3 60 22 33 1.6
KS 32 2.3 24 0.9 31 15
Soft tissue 27 1.9 30 1.1 30 15
Vessels 13 0.9 32 1.2 28 1.4
Bones 51 3.6 B8 1.2 26 1.3
Vagina 16 1.1 33 1.2 26 1.3
Larynx 18 1.3 21 0.8 26 1.3
Anus-rectum 27 1.9 45 1.7 25 12
Thyroid 37 2.6 45 1.7 24 12
Mouth 28 2.0 24 0.9 24 1.2
Liver 12 0.9 19 0.7 18 0.9
Ureter 3 0.2 12 0.4 18 0.9
Vulva 4 0.3 20 0.7 17 0.8
Ovary 25 1.8 36 1.3 16 0.8
Peritoneum 12 0.9 23 0.9 16 0.8
Nose 26 1.8 23 0.9 13 0.6
Eye 35 25 30 1.1 12 0.6
Esophagus 5 04 6 0.2 10 0.5
Testicles 8 0.6 2 0.1 10 0.5
Pharynx 14 1.0 8 0.3 9 0.4
Pancreas 5 0.4 16 0.6 8 0.4
Intestines 7 0.5 15 0.6 7 0.3
Kidney 23 1.6 11 0.4 7 0.3
Vocal cords 1 0.1 2 0.1 5 0.2
Greater omentum 7 0.5 11 0.4 4 0.2
Penis 5 0.4 12 0.4 3 0.1
Duodenum 1 0.1 2 0.1 3 0.1
Tonsils 4 0.3 7 0.3 2 0.1
Coecum 5 0.4 3 0.1 2 0.1
Ears 4 0.3 1 0.0 2 0.1
Palate 1 0.1 1 0.0 2 0.1
Parotid glands 3 0.2 3 0.1 1 0.0
Trachea 1 0.1 0 0.0 1 0.0
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0 0.0 0 0.0 1 0.0
0 0.0 0 0.0 1 0.0
6 0.4 4 0.1 0 0.0
0 0.0 2 0.1 0 0.0
1 0.1 1 0.0 0 0.0
2 0.1 0 0.0 0 0.0
1 0.1 0 0.0 0 0.0

LO: Lymphoid organ; KS: Kaposi Sarcoma.

Table 3 Frequency and distribution of the cases of thyroid cancer according to histological type

Variables

Number of cases Percentage (%)

Histology
Papillary carcinoma

Follicular carcinoma

71 67.0

23 21.7

Anaplastic carcinoma 8 V25,

Lymphoma

Medullary carcinoma 1 0.9

Jaishideng®

proportion of thyroid cancer in women in our series compared to that of Mashinda’s is multiplied by 4,
a female predominance that is confirmed in the literature[33,34]. Thyroid cancer occupied the sixth
position of all listed cancers among women in our series, whereas it is the 5th most frequent cancer in
women worldwide[35].

The increase in thyroid cancer proportion has also been observed in several studies around the world
over the past three decades[10]. The mechanisms underlying this increase have not yet been elucidated.
However, nutritional, hormonal, anthropometric, environmental, and other factors are suspected. Many
authors also consider that excessive iodine intake, and the development and accessibility of diagnostic
tools participate to the increase in diagnosis[36,37].

Our study found that nearly 7% of thyroid cancers were anaplastic and 1% were medullary, while
these cancers are rare in the literature[38]. This can be considered as a particularity of the DRC
regarding thyroid cancer, especially since calcitonin is not generally measured in the assessment of
thyroid nodules or preceding thyroidectomy.

It is known that 90% of thyroid cancers are differentiated and have good prognosis and that only 5%
to 10% are undifferentiated and have therefore a bad prognosis[39,40]. This high proportion of undiffer-
entiated cancers in our series constitutes a particularity of the Congo. This can be explained by the fact
that, undifferentiated thyroid cancers, given their aggressive behavior, are more likely to warrant a
surgical evaluation. Thyroid cancers in our study originated from surgical pathology reports.
Nevertheless, this particularity requires more in-depth studies to better understand the causes and
mechanisms.

Since iodine deficiency in the soil is considered a risk factor for anaplastic cancer[41], the question to
be raised is whether iodine deficiency could be responsible for this higher proportion of undifferen-
tiated cancers. knowing that iodine saturation in the Congo was only obtained in 1993[42]. Another
potential mechanism is that initially differentiated cancers have lost differentiation over time[43] due to
late diagnosis.

This work has the limitations of retrospective studies. In addition, it is biased due to the fact that we
only took into consideration the patients who had carried out the anatomopathology while those who
had not carried out one, were not included in this study, this may have influenced a high proportion of
cancers and certain histological types. Finally, limitations in diagnostic facilities in data reporting in a
resource-poor healthcare facility are also potentially limiting,.

Despite these limitations, this work gives a scoping vision of cancer in the DRC and in particular of
thyroid cancer. It has established the frequencies of different forms of cancer in a country where cancer
data are rare.
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CONCLUSION

Cancer diagnosis is on the rise in the DRC and the proportion of thyroid cancer as compared to total
number of cancers has doubled over the period from 2005 to 2019. A marked female predominance was
observed. Papillary thyroid cancer is the most frequent type of thyroid cancer followed by follicular
carcinoma. There is a high proportion of undifferentiated thyroid cancers such as anaplastic carcinomas,
long recognized as rare carcinomas. Breast cancer is the most common of all types of cancer, followed by
cervical cancer. Prostate cancer is the most common type of cancer in men. Thyroid cancer ranked sixth
most common cancer in women and eleventh most common in men. This study establishes the most
recent and updated proportion of thyroid cancer in the second-largest African country.

ARTICLE HIGHLIGHTS

Research background

Cancer diagnosis has been increasing worldwide and in Africa as well, particularly in the Democratic
Republic of Congo (DRC). However, there are currently no studies addressing the proportion of
different cancers in the DRC, and in particular thyroid cancer.

Research motivation
The main motivation of this study was to identify the proportions of different cancers in the DRC and in
particular thyroid cancer.

Research objectives
The purpose of this study was to analyze different epidemiologic characteristics of thyroid cancers in
the second-largest African country while establishing the proportions of all cancers in the country.

Research methods

This is a retrospective and descriptive study of 6106 consecutive cancer cases listed in the pathological
registers of 4 Laboratories in the city of Kinshasa. This study included all cancer cases recorded in the
registers between 2005 and 2019.

Research results

In our series two third of cancer patients were females. Breast is the most common cancer in females
while prostate cancer is the most common among their male counterparts. Thyroid cancer was ranked
sixth in occurrence and a higher proportion of anaplastic thyroid cancer was encountered.

Research conclusions

Female patients seem to be more affected by cancer than their male counterparts. Rare anaplastic
thyroid cancers which are often associated with a dismal prognosis, although rare in the literature, are
found in higher proportion in the DRC. A surge of all cancers was also observed owing to the advances
in diagnostic tools used.

Research perspectives

Oncology and cancer research in the DRC remains an unexplored area. There is a serious paucity of data
of any cancer in the country. This study offers the most updated data on cancer in the second-largest
African country. This study paves the way for future prospective studies in the country, helping to
identify groups at higher risk and shaping the national guidelines.
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Abstract

BACKGROUND

The coronavirus disease 2019 (COVID-19) pandemic affects all aspects of our
lives, including children. With the advancement of the pandemic, children under
five years old are at increased risk of hospitalization relative to other age groups.
This makes it paramount that we develop tools to address the two critical aspects
of preserving children's health - new treatment protocols and new predictive
models. For those purposes, we need to understand better the effects of COVID-19
on children, and we need to be able to predict the number of affected children as a
proportion of the number of infected children. This is why our research focuses on
clinical and epidemiological pictures of children with heart damage post-COVID,
as a part of the general picture of post-COVID among this age group.

AIM

To demonstrate the role of children in the COVID-19 spread in Bulgaria and to
test the hypothesis that there are no secondary transmissions in schools and from
children to adults.

METHODS
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Our modeling and data show with high probability that in Bulgaria, with our current measures,
vaccination strategy and contact structure, the pandemic is driven by the children and their
contacts in school.

RESULTS

This makes it paramount that we develop tools to address the two critical aspects of preserving
children's health - new treatment protocols and new predictive models. For those purposes, we
need to understand better the effects of COVID-19 on children, and we need to be able to predict
the number of affected children as a proportion of the number of infected children. This is why our
research focuses on clinical and epidemiological pictures of children with heart damage post-
COVID, as a part of the general picture of post-Covid among this age group.

CONCLUSION

Our modeling rejects that hypothesis, and the epidemiological data supports that. We used
epidemiological data to support the validity of our modeling. The first summer wave in 2020 from
the listed here school proms endorse the idea of transmissions from students to teachers.

Key Words: COVID-19; Pandemic; Children; Cardiac involvement; Multisystem inflammation in children;
ARIMA; Time-series modeling; Regression model

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The lack of vaccination strategy accelerates the spread of coronavirus disease 2019 among
children and accelerate the spread among people below 50 years. Based on the latter hypothesis and the
other three: (1) Disease spreads from children to adults — either directly to parents and grandparents or via
network spread to different age groups; (2) the spread among children accelerates with the increasing RO
of different dominating viral variants; and (3) vaccinations among adults accelerate the spread among the
less vaccinated group of children, we outlined the reasons for this age-restricted acceleration of the spread
after the delta wave.

Citation: Tomov L, Batselova H, Lazova S, Ganev B, Tzocheva I, Velikova T. Role of children in the Bulgarian
COVID-19 epidemic: A mathematical model study. World J Exp Med 2023; 13(3): 28-46

URL: https://www.wjgnet.com/2220-3 15x/full/v13/i3/28.htm

DOI: https://dx.doi.org/10.5493/wjem.v13.i3.28

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic impacts all aspects of our lives, including the
increased burden on the healthcare system, altered work, education, social life, etc. The pandemic also
affects children. They are at increased risk for type 1 diabetes post-COVID, even more, pronounced in
children than the adult patients[1]. Additionally, they have persistent lung damage[2]. With the
advancement of the pandemic, children under five years old are at increased risk of hospitalization
relative to other age groups that have immunity from vaccination and/or infection[3]. This makes it
paramount that we develop tools to address the two critical aspects of preserving children's health -
new treatment protocols and new predictive abilities. For those purposes, we need to understand better
the effects of COVID on children, and we need to be able to predict the number of affected children as a
proportion of the number of infected children. This is why our research focuses on clinical and epidemi-
ological pictures of children with heart damage post-COVID, as a part of the general picture of post-
COVID among this age group.

COVID-19 and children

Although severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection was previously
considered clinically milder in children compared to adults, the severe consequences of COVID-19,
known as multisystem inflammation in children (MIS-C), has become increasingly significant with the
accumulation of practical experience worldwide. As we recently published, MIS-C is associated mainly
with late post-viral immunological responses leading to multiorgan impairment and failure[4,5].

Except for liver involvement, cardiac damage is also typical in children after asymptomatic and
symptomatic COVID-19, as myocardial, pericardial, and/or coronary manifestations. Recently, we
presented the results from the retrospective analysis of pediatric patients with cardiovascular system

WJEM | https://www.wjgnet.com 29 June 20,2023 | Volume13 | Issue3 |


https://www.wjgnet.com/2220-315x/full/v13/i3/28.htm
https://dx.doi.org/10.5493/wjem.v13.i3.28

Tomov L et al. Bulgarian children and the COVID-19 pandemic

Jaishideng®

involvement in 31.4% of confirmed COVID-19 cases admitted to the hospital[6,7]. The most common
clinical features were acute myocarditis with severe contractile dysfunction, acute heart failure, and left
main coronary artery dilation; systolic dysfunction, dilation and regional hypokinesia of the left
ventricle; acute vasculitis with transient dilation of the coronary arteries; pericarditis as part of a
pronounced polyserositis syndrome[6]. It has been demonstrated that children with pre-existing
comorbidities (cardiovascular diseases, cancer, renal failure) are at risk for severe COVID-19[8,9].

Fortunately, the course of the disease after the complex treatment (immunomodulatory therapy with
intravenous immunoglobulins and corticosteroids, inotropic drugs and anticoagulants) was favorable in
all patients. Furthermore, although the COVID-19 therapy is non-specific, to some extent in some cases
it may lead to further complications (i.e., liver injury, etc.)[10].

In the initial phase of the Covid-19 pandemic, some studies claimed that children rarely get COVID-
19 and do not spread as much as adults via schools[11]. The airborne nature of the disease was also
disputed[12], commenting also the short-range aerosol transmission and while masking will not
decrease exposure to the virus to zero, it offers incremental benefits that, when combined with other
strategies, will lower the risk of infection even more.

For this reason, very few preventive measures in schools in countries such as Bulgaria were
implemented in 2020[13]. Transmission from children to adults was deemed secondary to the
transmission from adults to children. After the first big wave in September to December 2020, masks
were mandated in grades 5 and above but not enforced, with arguably low adherence, less than the
general adherence[14] due to mask removal in breaks between classes.

We use mathematical modeling (time series analysis) to test the following hypotheses in the case of
Bulgaria and to show the price of the lack of policy in schools: (1) The possibility of emerging variants to
accelerate their spread among people below 50 years, thus compensating for the effect of acquired
partial herd immunity; (2) disease spreads from children to adults - either directly to parents and
grandparents or via network spread to different age groups; (3) the spread among children accelerates
with the increasing RO of different dominating viral variants; and (4) vaccinations among adults
accelerate the spread among the less vaccinated group of children. Our modeling can be used for both
explanations of dependency and short-term prediction of a future number of cases. It is also potentially
applicable to small datasets, such as the MIS-C cases at Pirogov Hospital, as we show in this paper.

Epidemiological data for spread among age groups in Bulgarian children
With starting the pandemic in Bulgaria, children were mostly speared from infection. On the one hand,
it was thought that COVID-19 took a mild course in children. On the other hand, the testing was at the
lowest rate among children. Up to now, the total number of infected children (0-18 years) is 103743[15].
We aimed to demonstrate the role of children in the COVID-19 spread in Bulgaria and to test the
hypothesis that there are no secondary transmissions in schools and from children to adults. Our
modeling rejects that hypothesis, and the epidemiological data supports that. We use epidemiological
data to support the validity of our modeling. The first summer wave in 2020 from the listed here school
proms endorses the idea of transmissions from students to teachers.

MATERIALS AND METHODS

Statistical modeling - methods and hypotheses

In our previous research[16], we used ARIMA models to predict deaths weekly from new cases among
different age groups. The approach is suitable for time series analysis with time-varying effective
reproductive number Rt. Moreover, it allows us to regress against other predictors to test some
hypotheses which set of factors influences the spread of the disease. For children, we have several
hypotheses.

The most important one is the significant influence of school closure on the number of new cases. The
second in order of importance is that the disease spreads from children to adults - either directly to
parents and grandparents or via network spread to different age groups. The third hypothesis is that the
spread among children accelerates with the increasing RO of different dominating viral variants. Since
the RO, or basic reproduction number[17], is the number of secondary cases of a disease that result from
the emergence of a single index case in a population of uniformly dispersed susceptible people,
therefore, if the RO is less than one, it indicates that the epidemic is under control; if it is larger than one,
it indicates that the disease is spreading.

The fourth hypothesis is that vaccinations among adults accelerate the spread among the less
vaccinated group of children. By acceleration, we mean the increased proportion of susceptible children
with the vaccinations of the adults that redirects the spread among them. The fifth hypothesis, which is
not self-evident, is that the vaccinations, when done uniformly across age groups above 0-19 age group,
have positive feedback on the spread among the age groups over 60. Our basis for this last hypothesis is
the difference in mobility and contacts by age group. Preferential vaccination of the age groups with
higher contribution to the spread should decrease it to a larger degree than uniformly distributed
vaccination if the vaccines slow the spread - if they convey some protection from infection.
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Although our modeling is statistical in nature, there are autoregressive components in ARIMA
models that should count for the effects of the accumulating number of survivors with their protection
against reinfection. Although this number is subject to considerable uncertainty and is limited by our
knowledge for the reinfections with SARS-CoV-2, seasonal coronaviruses induce short-lived immunity
and we might expect a similar pattern here[18].

The accumulated protective immunity in the form of total cases could be added as a factor, but it has
a high correlation with emerging variants. The emergence of new variants is the consequence of that
increase in immunity and the co-evolution of humans and the pathogen, seeking equilibrium. This is
one reason to expect the role of variants to be harder to detect in our models and to add only them as a
factor. They also represent the net effect of acquired immunity. Any detectable influence will be the
result of the net balance between increased virulence and immune escape of the viral variants vs the
acquired immunity on a population level.

Data and preparation

We use the official weekly date from the Unified National Portal in Bulgaria[19]. New cases are split
into age groups - 0-19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80-89, and 90+ years old. For vaccinations,
we use data from [Our World In Data, Coronavirus (COVID-19) Vaccinations, https://ourworldindata.
org/covid-vaccinations?country=BGR]. For the dominance of other virus variants, we use data from
National Centre for Infectious and Parasitic diseases[20]. Finally, we use the Oxford stringency index
data for school closures[21]. The data is categorical - 0-1-2-3 for different levels of school closures.

The data for new cases in different age groups is on a daily basis and is cumulative. We differentiate
it and aggregate it weekly with the help of the open-source platform Octave in the interval between June
7, 2020 (week 23) and November 8, 2021 (week 44). We have a set of 74 wkly observations. As can be
seen from the data (Figure 1), there is a very clear lag between new cases for 0-19 years, and other age
groups - a consecutive movement from lower to higher age groups can be seen before any modeling
being done.

The sample crosscorrelation function between new cases for 0-19 year and the MIS-C cases show
similar behavior with even larger lags up to 40 d (Figure 2 and 3) which shows the potential usefulness
of a model, that describes the pandemic spreads among age groups. Children with MIS-C are lagging
further behind the cases among adults.

From the updated Principal Component Analysis (Figure 4), we can see that the 0-19 age groups
stand apart from others, and other clear groups are identified - 20-49 years and 60-89 years. For our
purposes, here we aggregate 20-49 years and 60-89. We leave 50-59 and 90+ due to a weaker correlation.
Our hypothesis for 90+ is that these people live isolated from relatives, often in nursery homes or
villages with weak traffic outside of summers, where seasonality decreases the spread. For the 50-59 age
group, this is the age group in which children have grown up and are no longer in school. This is one
possible explanation for the weaker connection to the 0-19 age group.

We used vaccines and variants data to create factor variables. For vaccines, 0%-9.99% of fully
vaccinated people are with value 0%, 10%-19.99% are with 1%, and 20%-29.99% are with 2. For variants,
the wild type from Wuhan is with 0; alpha is with 1, and Delta is with 2. Therefore, we do not consider
it, for now, Delta+ separately, but when it gets dominant, we can add another value, 3, and we will
update our model. As we showed in our previous research on which we step here, there are serious
correlations between new cases in different age groups, which is the reason why we aggregate cases by
combining age groups.

Factors contributing to the spread of COVID-19 among children

First, we investigated the spread among children. To test it, we used regression with ARIMA errors.
Like in our previous research, we use R, with packages "forecast" and "urca". We examine for
stationarity the time series with two different tests - Kwiatkowski-Phillips-Schmidt-Shin (KPSS) tests[22]
and the Augmented Dickey-Fuller test (ADF)[23].

In the case of weekly data for 0-19 years old, both tests gave an order of differentiation 1. Therefore,
we used the ARIMA model with fixed order of differentiation 1 and the auto for our purposes.arimay()
function[24] to select the best possible model. Our regressors are the variants factor and the vaccines
factor. In addition, the same function estimates the dynamic regressions by adding the predictors thanks
to the argument "xreg." After some additional lag selection of the chosen regressors, based on RMSE,
MAPE, MAE, AIC, practical considerations and the standard errors of the coefficients, we obtained an
optimal model - Model I (Tables 1 and 2, Figures 5 and 6) based on minimal data errors covering the
period from June 7, 2020, to November 2, 2021.

Temporal spread across age groups

One of our significant hypotheses is the spread across age groups - from children to parents and
grandparents in households and by secondary contacts. There are clear lags, shown in Figure 1, for
which we model here. We separate the other age groups into two main groups - the group of parents
20-49 and the group of grandparents with contacts to children 60-89. The age group 50-59 is largely
devoid of direct contact with children or grandchildren, and the same is for 90+. We used second-order
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Table 1 Correlations between the variables for Model | - factors contributing to the spread among children

Variables Variants Vaccines Schools L1 Schools L2
Variants 1 0.7877448 -0.4553950 -0.4553950
Vaccines 0.7877448 1 -0.4089070 -0.4502049
Schools L1 0.4553950 -0.4089070 1 -0.4089070
Schools L2 0.4553950 0.4502049 0.8506835 1

Table 2 Regression models with ARIMA (0,1,1) errors - Model | - factors contributing to spread among children

Model summary

Coefficient Estimate Standard error
MA1 0.4995 0.1272

Variants® 71.0883 98.4872
Vaccines L2 191.2172 114.5689
Schools L1 -103.5798 57.1372

Schools L2 -37.4081 56.7021

R? 0.926

RMSE 154.84

Bias 8.79

MAPE 43.35

This variable is not so well estimated because the newest variant has not enough data.

Jaishideng®

differencing on our model to account for quadratic growth[25] and decrease the correlation between
predictors to acceptable levels. Using the similar criteria as in Model I, we receive optimal model -
Model II (Tables 3 and 4, Figures 7 and 8)

For our third model - Model III, we use the same regressors, but this time against the new weekly
cases for the age groups 20-49 (Table 5, Figures 9 and 10).

Epidemiology of MIS-C in Pirogov: Characteristics of MIS-C dynamics and modeling approach

On the individual level, the onset of symptoms from MIS-C is, on average, 5 wk (4 to 6 wk) after the
acute phase of the disease[26]. On the regional level, however, we see very clearly much more
significant delays from cross-correlation analysis between new cases of 0-19 years old and new cases of
MIS-C on a weekly basis (Figures 2 and 3). The delays are 41-48 wk between new cases and MIS-C cases.
One possible explanation for this is that MIS-C is a very low probability event, which means that many
covid-19 cases are necessary for one mis-c case to happen, and a lot of time must pass to accumulate
these cases. Another possible explanation is that the analysis included data from a single center in the
capital of Bulgaria, which cannot be fully representative considering that the Department is intensive
and urgent but has no cardiology profile.

On the other hand, accumulating data for more than one year can make it possible to search,
including the "seasonality" hypothesis. However, when December came, naturally, there was a peak
again. Unfortunately, however, we did not find a description of this phenomenon in the literature.

"In this cohort study of 248 persons with MIS-C, MIS-C incidence was 5.1 persons per 1000000 person-
months and 316 persons per 1000000 SARS-CoV-2 infections in persons younger than 21 years.
Incidence was higher among Black, Hispanic or Latino, and Asian or Pacific Islander persons compared
with White persons and in younger persons compared with older persons."[27]. Another more straight-
forward but less likely explanation is due to the dynamics of repeated waves which are highly
correlated with each other (very similar in nature). It is less likely due to the significantly higher correl-
ations between cases and MIS-C for the more considerable lags of 41-48 wk. Whatever the cause, a
simple predictive model benefits from the lags with higher correlations.

The epidemiological data includes 4 additional MIS-C cases, a total of 39, which arrived in weeks 77th
and 78th since June 6, 2020 (the initial date for new cases by age groups time series), which is November
29, 2021 - December 5, 2021. The relative growth does not display these leading delays (lags) of over 40
wk, which shows why it was necessary to compute the cross-correlation (Figure 2) function in the first
place. The ADF shows one root at unity - the process of MIS-C arrival is non-stationary, but its first
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Variables Variants Vaccines 0-19 L1 0-19 L2 0-19 L3
Variants 1 0.00 -0.08 0 0.00
Vaccines 0 1 -0.19 -0.13 0.34
0-19 L1 -0.08 -0.19 1 -0.40 -0.04
0-19 L2 0 -0.13 -0.40 1 -0.28
0-19 L3 0.00 0.34 -0.04 -0.28 1

Table 4 Regression models with ARIMA (0,2,1) errors - Model Il

Model summary

Coefficient Estimate Standard error
MAL1 -0.4661 0.1438
Variants® 147.7111 385.2214
Vaccines 548.6656 412.7460
0-19 L1 1.2614 0.5521
0-19 L2 1.4164 0.5521
0-19 L3 1.1012 0.6543
R? 0.962

RMSE 620.16

Bias -16.44

MAPE 23.38

This variable is not so well estimated because the newest variant has not enough data.

Table 5 Regression models with ARIMA (0,2,1) errors — Model llI

Model summary

Coefficient Estimate Standard error
MAL1 -0.9502 0.1272

Variants® 724.0295 641.8759
Vaccines 1095.1284 691.3952

0-19 L1 5.7357 0.0519

0-19 L3 1.9966 0.8769

R? 0.953

RMSE 897.5266

Bias -72.74389

MAPE 31.96102

This variable is not so well estimated because the newest variant has not enough data.

JBaishideng®

finite difference is a stationary process. Therefore, at least one differencing is needed for Arima

modeling.

Probabilistic modeling of MIS-C dynamics
We can consider the arrival times of children with MIS-C as independent in time. This is possible due to
the perceived random nature of the occurrence of MIS-C due to independent factors and the lack of
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Relative weekly growth of new cases by age groups
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Figure 1 Relative growth of cases by age groups. An apparent lag between 0-19 and others can be seen.
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clear predictors of which child will have MIS-C in the post-acute phase. Therefore, the most suitable
distribution for independent arrivals is the Poisson distribution.

We have to note that this modeling is most appropriate when the mean value is constant, which is not
so during the pandemic, in which the process of MIS-C arrivals is non-stationary. In a post hoc analysis,
this Poisson distribution may change its lambda. However, it can still be used to forecast by taking the A
as a parameter in time \ (t) and forecasting its change. Then at every point in time, this distribution can
be recalculated, and we can have the expected value and some confidence interval for which the
number of arrivals at a given time period will be there with predefined probability (for example, 95%
confidence interval).

Time series analysis

To obtain a model that explains the variation relatively well for this small set of data (39 cases), we
grouped both new cases for 0-19 on a national level and MIS-C in one center -the Pediatric department
and Pediatric ICU in the main Emergency Hospital in the capital city on a bi-weekly basis. This allowed
us to have a good evaluation of the NC L21 parameter (Table 6), which shows the new cases 21 bi-
weekly periods ago.

In general, the MIS-C cases in Pirogov are 1% of the cases among 0-19, which gives roughly 2%-3% in
the respective age group for that disease, which is a subset of 0-19. This is incredibly high compared to
the relatively low frequency of MIS-C, as we quoted already. Nevertheless, this can be used to obtain a
very rough estimation for the number of children missed by testing if we combine this set with the data
from other hospitals in Bulgaria.

RESULTS
Model | - factors contributing to the spread of COVID-19 among children

The optimal model is Arima (0,1,1) (Table 2, Figures 5 and 6) and uses school closures with lags of 1 and
2 wk, variants with lag 0 wk and vaccines with a lag of 2 wk. We ensure that the correlation between the
four predictors (regressors) is acceptable, as seen in Table 1. The model summary is given in Table II.
The residuals are shown in Figure 5, and the model fit - is in Figure 6. A rule of thumb for a good fit is
to have an absolute value of a coefficient twice as significant as its standard error.

As Table 2 shows, school closures and vaccines have significant impacts on the spread among
children - 0-19 years old age group. Michos et al[28] reported the hospitalization rates of children due to
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Table 6 Regression models with ARIMA (0,1,0) errors

Model summary

Coefficient Estimate Standard error
NCL21 0.0016 0.0008

NCL22 -0.0011 0.0007

NCL23 le-04 7e-04

R? N/A

RMSE 0.8425338

Bias N/A

MASE 0.4601526

N/ A: Not applicable.

Sample cross correlation function-new cases (0-19) and MIS-C
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Figure 2 Sample cross-correlation function between new weekly cases of coronavirus disease 2019 and multisystem inflammation in
children cases.MIS-C: Multisystem inflammation in children.

COVID-19 in Greece and the United States[29,30].

In terms of age groups, among > 1.2 million children below 18 years of age with SARS-CoV-2
infection in the USA between March and December 2020, children were distributed as follows:
Preschool (age 0 through 4 years)-7.4%; elementary school (age 5 through 10 years)-10.9%; middle
school (age 11 through 13 years)-7.9%; high school (age 14 through 17 years)-16.3%. However, in
Bulgaria, no such information is available.

Closures decrease significantly the numbers - closure of level 3 falls on average with 310 cases per
week or a minimum of 30% reduction of the number of cases. It is a well-estimated coefficient with a
standard error of half its value. Close to that proper precision of estimation is the Vaccines factor, which
gives 192 cases weekly per 10% of fully vaccinated adults or an overall close to 400 cases per week
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Relative growth of COVID-19 and MIS-C cases
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Figure 3 Relative growth of national-level coronavirus disease 2019 cases and multisystem inflammation in children cases in Pirogov
Hospital. COVID-19: Coronavirus disease 2019; MIS-C: Multisystem inflammation in children.
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Figure 4 Principal component analysis Biplot for age groups on a weekly basis. PCA: Principal component analysis.

increase. We see here that this is a probable conclusion - vaccinations of adults accelerate the spread
among mostly unvaccinated children.
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A Residuals from regression with ARIMA (0,1,1) errors
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Figure 5 Residuals of Model | - Factors contributing to the spread among children. A: Residuals of the model; B: Autocorrelation function of the
residuals; C: Distribution of the residuals.
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Figure 6 Fitted Model | - Factors contributing to the spread among children. COVID-19: Coronavirus disease 2019.

Despite all issues with data related to the testing of children in Bulgaria, we managed to explain 93%
of the variation with our model. With this currently limited data, the role of variants remains unverified
due to a relatively high correlation with vaccinations - they have similar dynamics. There is also an
accumulation of immunity through prior infection that competes with the variants' tendency to increase
rates among children. We may update or change the model accordingly after the Delta and Omicron
wave to include more values to the variants factor and to check whether variants accelerate the spread
or distinguish it from the vaccination pressure.
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Residuals from regression with ARIMA (0,2,1) errors
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Figure 7 Residuals of MODEL Il -Ill - Temporal spread across age groups 20-49. A: Residuals of the model; B: Autocorrelation function of the

residuals; C: Distribution of the residuals.
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Figure 8 Fitted MODEL Ill - Temporal spread across age groups 20-49. COVID-19: Coronavirus disease 2019.

Models Il and Ill - temporal spread across age groups
For Model II and the age group of 60-89, the correlations (Table 3) are acceptable, and most of the coeffi-

cients are well estimated with small standard error, excluding variants (Table 4). The residuals are
shown in Figure 7. The cases in the 0-19 group explain 96.2% of the variation in cases for the 60-89 years
group (Figure 8).

The results for Model III showed that the new cases among 0-19 years old with a lag of two weeks are
not necessary to predict the dynamics of the age group 20-49, and its removal improved the model. The
correlations of this subset of regressors are the same as in Table 2. The model summary is given in
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Figure 9 Residuals of Model Il - Temporal spread across age groups 60-89. A: Residuals of the model; B: Autocorrelation function of the residuals; C:
Distribution of the residuals.
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Figure 10 Fitted Model Il - Temporal spread across age groups 60-89. COVID-19: Coronavirus disease 2019.

Table 5, the residuals are in Figure 9, and the fitted model is in Figure 10.

For the age group of 20-49 years, the influence of vaccinations in accelerating the spread among them
is twice as strong - the coefficient in Table 5 is double relative to the same coefficient in Table 4 and with
a relatively smaller standard error of estimation, bordering the proper ratio of 2:1 coefficient to error.
One part of the explanation is that they are closely linked to children - the coefficient with Lag 1, which
corresponds to the household infections is 5 times larger (a household effective reproductive number of
5.73 and the standard error of estimation is ten times smaller, than the error of the same coefficient in
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the model for 60-80. The ratio of coefficient-to-standard error here jumps from 2:1 to 100:1. The role of
the variant becomes probable in this age group - now, the standard error of estimation is smaller than
the estimated coefficient. The current insufficient set of 74 observations increases the likelihood of
coming to a positive conclusion for variants and spread among young people after the pandemic despite
the acquired immunity of prior infections. Such a conclusion is also possible for the 0-19 age group, with
a standard error of estimation close to the value of the coefficient, but is less likely for people in the 60-
89 age group. It appears that the acceleration in the spread from variants is age dependent. One possible
explanation is that with the increase of R0 of the variants, the age groups with more intensive contacts
get more "advantage" over other age groups. Another explanation would be a saturation point in age
risks from the pathogen - a weaker immune system that lowers the threshold for the effects of virulence
(and RO) on the spread. This would mean that from some R0 and above, the spread cannot accelerate
further for specific age groups. These hypotheses need further analysis and testing in future research.

Results for MIS-C dynamics and probabilistic modeling

Probabilistic modeling is a less precise way to predict or explain the dynamics than the time series
analysis approach we employed in this article's first section. The distribution in Figure 11 shows us
there is over a 5% chance of having 5 children per week, which gives a wide interval of new beds are
needed weekly, and with the non-stationarity of the process, this has to be recalculated every week.
With the increase in prevalence among children with new viral variants, it is possible A(t) to increase
further, which means that we need to forecast it to do these recalculations. The estimating procedure
will amplify the forecast error (fitting data to the Poisson distribution). Therefore, we prefer the time
series analysis approach even for the small number of MIS-C cases.

Results for time series analysis of MIS-C cases

Results for MIS-C are promising but not yet conclusive. We need larger datasets to which to apply our
methodology to have a better prediction on a weekly basis. We consider this an extreme test of our
approach - can we model the MIS-C dynamics from such a small set? It appears that we can. In our
model, we try to regress the new MIS-C cases against the new cases for the age group 0-19 years (we
don't have detailed data by smaller sub-groups for the entire pandemic).

Our model in Table 6 is for biweekly cases. Coefficient NC L21, which is with a lag of one biweekly
period, or up to 14 d, is well estimated with a value to standard error 2:1. We have close to good
evaluation for NCL22 (which is with a lag of two periods, or up to 4 wk) with ratio 1.58. For a good
assessment of NC L23, we need more data. The significant lags allow us to model properly only after
half of the period of 78 wk, so we consider these results as promising, not conclusive. However, even
with that small data set, we can give some predictions with Model IV (Figures 12 and 13) and some
explanation of the data variation. We will continue the effort to model these cases by expanding our
dataset in joint research with other hospitals in Bulgaria.

DISCUSSION

We aimed to assess the role of children in the ongoing epidemic in Bulgaria and to predict the impact of
the pandemic on MIS-C cases in Pirogov. The initial claims in the literature that children have no impact
and schools do not need strict measures do not hold in our analysis. Furthermore, it is clear that
children are drivers of the epidemic in Bulgaria, probably due to the few school measures and no
quarantines for their families when a class is quarantined[31].

The role of children in the Bulgarian COVID-19

We were able to predict cases in two age groups that are societally linked to children - 20-49 and 60-89 -
parent and grandparents (and their close same-age contacts). Even before modeling, a large lag between
cases in children (0-19) and cases in these groups was visible (Figure 1). What brings us more
information is the difference between these two groups and the age groups that are less likely to be
connected in the same household with children - 50-59 and 90+. As our analysis shows, school closures
were a vital part of the containment of previous waves[32,33]. For that reason, not only children with
their intense contacts but children via schools were drivers of the pandemic waves up to and including
Delta[34]. Although there are summer waves from children to adults (2020 and 2021), they are transient
and reflect migrations from cities to villages and tourist destinations, while autumn and winter waves
show stable trajectories while schools are opened and turn after the closures - which our model I
captured.

The counterintuitive role of vaccinations

We can see some plausible counterintuitive influences of vaccinations on the spread among adults in 60-
89 years. It appears to have a strong positive impact, accelerating the spread (of course, for such
conclusions, more research is necessary). The standard error of estimation is smaller than the coefficient.
It is not small enough to accept the value of the coefficient but enough to give us some confidence about
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Figure 11 Probability density distribution of the number of multisystem inflammation in children cases on a weekly basis. Poisson
distribution for total cases up to 4.12.2021 is with A = 0.50 € [0.355, 0.835]. MIS-C: Multisystem inflammation in children.
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Figure 12 Residuals of model for the bi-weekly period. A: Residuals of the model; B: Autocorrelation function of the residuals; C: Distribution of the
residuals.

the direction of the influence. The current vaccination policy in Bulgaria, which is not focused on risk
groups, does more harm than good since the mortality risk grows exponentially with age[16]. What is
the reason? At first glance, the paradoxical negative impact of the vaccination program on increasing the
incidence of COVID-19 can be explained by the rapid relaxation of anti-epidemiological measures at a
deficit of vaccination coverage. The delay according to the model of the MIS-C case by 1 year is
interesting because right now we have such a wave, one year after the previous one."

Furthermore, vaccines accelerate the spread significantly among children, as our first model showed,
and as our second model demonstrates, the spread among 60-89 is strongly predicted with lags of 1, 2
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Figure 13 Fitted model for a bi-weekly period. MIS-C: Multisystem inflammation in children.
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and 3 wk from cases in the 0-19 age group. The lack of exponential distribution of vaccinations across
age groups (Figure 14) that would match the risk probably leads to a net negative effect on the number
of cases among older individuals. Currently, the low vaccination rate translates this negative effect into
a negative impact on deaths, which can be estimated from our model for the age-mortality risk. This

might change with an increase in vaccination coverage or a change in the distribution of vaccination
coverage.

CONCLUSION

Our modeling and data show with high probability that in Bulgaria, with our current measures,
vaccination strategy and contact structure, the pandemic is driven by the children and their contacts in
school. This is the simplest explanation of our three models. Furthermore, the lack of vaccination
strategy accelerates the spread among children and from them to the age groups linked to them. For a
country with low vaccination coverage of 23% up to November 16, 2021, this translates into an increased
number of deaths and hospitalizations. There is a possibility of emerging variants to accelerate their
spread among people below 50 years, thus compensating for the effect of acquired partial herd
immunity, but that has to be confirmed by a larger set of observations and possibly new models to catch
precisely the effects of the variants. This hypothesis and the other two we outlined as reasons for this
age-restricted acceleration of the spread are part of our future research, as long as updating these three
models after the end of the delta wave.

The modeling of MIS-C cases comes with few surprises - first, it is possible to model it with ARIMA
even for a very low case amount, only for Pirogov, not on a national level. Suppose we put together all
cases in Bulgaria. In that case, we will have a substantially larger dataset and the ability to make
practically usable forecasts for MIS-C based on the historical record. Second, the optimal lags for
prediction are huge - 41 to 48 wk or 21 to 24 bi-weekly periods. This is due to the low probability of
occurrence of MIS-C among children or data artifacts (in which case it will change with a larger dataset).
Third, the Poisson distribution can be used for modeling the probability of n cases arriving at a given
week, but this is not a surprise, considering the independence of cases from one another in time. A
challenge for modeling will be the arrival of new variants such as Delta, Delta+ and Omicron, which can
change this probability and make historical data less useful for prediction. For that reason, we need the
full dataset of MIS-C to model the dependency between the cases and the variants, which is part of our
plan for future research, as well as modeling the network of covid-19 spread across ages in more detail,

with more data for 0-19 subgroups (it appeared for first time in 25.09.2021 in the open data portal[35,36]
and more elaborate dynamic network models).
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Figure 14 Share of fully vaccinated individuals per age group up to November 16, 2021. Data for the number of fully vaccinated individuals is taken

from[35].
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ARTICLE HIGHLIGHTS

Research background

Transmission from children to adults was deemed secondary to the transmission from adults to
children. After the first big wave in September to December 2020, masks were mandated in grades 5 and
above but not enforced, with arguably low adherence, less than the general adherence due to mask
removal in breaks between classes.

Research motivation

With starting the pandemic in Bulgaria, children were mostly speared from infection. On the one hand,
it was thought that coronavirus disease 2019 (COVID-19) took a mild course in children. On the other
hand, the testing was at the lowest rate among children. Up to now, the total number of infected
children (0-18 years) is 103743.

Research objectives
We aimed to demonstrate the role of children in the COVID-19 spread in Bulgaria and to test the
hypothesis that there are no secondary transmissions in schools and from children to adults.

Research methods
We used ARIMA models with external regressors and Poisson distribution modeling to test our
hypotheses.

Research results

Our models allows to predict the new weekly cases in different age groups from the new cases in
children one and two week prior. The age groups 50-59 and 90+ are less predictable and are also more
isolated from children, consistent with the idea that children drive the pandemic in Bulgaria.

Research conclusions
Our models support the hypothesis that children are drivers of the pandemic in Bulgaria.

Research perspectives

In the first year of the pandemic it was suggested that children rarely transmit the virus to adults. On
this basis Bulgarian Ministry of Health decided to allow the parents of quarantined children to continue
to work and move freely in society. We will use more sophisticated models such as branching process to
demonstrate that even if the probability of infection from children to adults is very low, the free
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movement of the parents will still trigger a pandemic wave.
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a serological IgM and IgG qualitative test for COVID-19 diagnosis: An experi-
mental study in Brazil. World | Exp Med 2022; 12(5): 100-103 [PMID: 36196438 DOI:
10.5493 /wjem.v12.i5.100]”. In this article, we identified an issue with the
“Acknowledgments” section. Here, we then provide a recognition section for our
supporting institutions.
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Abstract

When conducting a literature review, medical authors typically search for
relevant keywords in bibliographic databases or on search engines like Google.
After selecting the most pertinent article based on the title’s relevance and the
abstract’s content, they download or purchase the article and cite it in their
manuscript. Three major elements influence whether an article will be cited in
future manuscripts: the keywords, the title, and the abstract. This indicates that
these elements are the “key dissemination tools” for research papers. If these three
elements are not determined judiciously by authors, it may adversely affect the
manuscript’s retrievability, readability, and citation index, which can negatively
impact both the author and the journal. In this article, we share our informed
perspective on writing strategies to enhance the searchability and citation of
medical articles. These strategies are adopted from the principles of search engine
optimization, but they do not aim to cheat or manipulate the search engine.
Instead, they adopt a reader-centric content writing methodology that targets
well-researched keywords to the readers who are searching for them. Reputable
journals, such as Nature and the British Medical Journal, emphasize “online search-
ability” in their author guidelines. We hope that this article will encourage
medical authors to approach manuscript drafting from the perspective of “looking
inside-out.” In other words, they should not only draft manuscripts around what
they want to convey to fellow researchers but also integrate what the readers
want to discover. It is a call-to-action to better understand and engage search
engine algorithms, so they yield information in a desired and self-learning
manner because the “Cloud” is the new stakeholder.

Key Words: Medical Subject Headings; Key words; Search engine optimization; Access;
Citation; Impact factor
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Core Tip: Reputable journals like Nature and British Medical Journal lay emphasis on ‘online search-
ability’ of articles in their author guidelines. This article urges medical colleagues to ‘look inside-out’
when drafting manuscript — to not only draft manuscripts around what we want to tell fellow researchers,
but rather draft it in such a way that it embeds well what they are looking for. We hope that following
these best practices will make it easier for search engines to crawl, index, and understand your articles to
present them higher on the web-based-search results. Employing these strategies are often about making
small modifications to the manuscript.

Citation: Chaudhari PB, Banga A. Writing strategies for improving the access of medical literature. World J Exp
Med 2023; 13(3): 50-58

URL.: https://www.wjgnet.com/2220-315x/full/v13/i3/50.htm

DOI: https://dx.doi.org/10.5493/wjem.v13.i3.50

INTRODUCTION

The famous joke, “Where should you bury something that you do not want people to find? - On the second page
of Google,” carries an important message for medical researchers on what the authors need to pay close
attention to. Studies show that nearly 75% of users never scroll past the first page of search results when
searching for general information on Google[1]. Additionally, the first position on Google’s organic
search results has a 32% click-through rate[2].

In medical literature, when performing a literature review for draft manuscript “A”, the usual
sequence of actions involves searching for keywords within bibliographic databases or search engines
like Google. After selecting the most relevant article “B” based on the title’s relevance and reading the
abstract’s content, they download or purchase the article and cite it in their manuscript “A.” In this
process, three major elements drive the reader to ultimately cite the article “B”: The keyword, the title,
and the abstract. This indicates that title, abstract, and keywords are “key dissemination tools” for
research papers. If these three elements are not determined judiciously by authors, it may adversely
affect the manuscript’s retrievability, readability, and citation index, which can negatively impact both
the author and the journal.

By comparison, when an author writes an article “B” that deserves to be cited in another article “A,”
their efforts are mainly focused on conducting a literature review, ensuring a content flow, and meeting
the target journal’s manuscript formatting requirements. As a result, “keywords”, “title,” and “abstract”
are often considered the last steps in this exhaustive process and are sometimes trivialized or obli-
viously determined while submitting the manuscript in the journal’s portal.

The success of the author is typically measured by the number of manuscripts they have authored
and the number of citations those articles have received. However, for an article to be cited, it must be
retrievable by readers through a search engine[3]. It is evident from the above comparison that the
medical community has not yet fully explored the potential offered by search engines to rank higher for
specific search terms within the vast expanse of the internet and thereby enhance access to medical
literature. This discrepancy between the approach of embedding keywords when an author drafts an
article versus when a reader searches for it is illustrated in Figure 1.

In this manuscript, we share our informed perspective on writing strategies that can enhance the
searchability and citation of medical articles. These strategies are adapted from the principles of search
engine optimization (SEO) in content marketing. We do not intend to cheat or manipulate the search
engines but rather adopt a reader-centric content writing methodology that embeds well-researched
keywords that are targeted towards those readers who are searching for them, thereby enhancing the
article’s discoverability and reach. The central theme of this article is to encourage medical authors to
shift their perspective and “look inside-out” when drafting manuscripts. In other words, they should
not only draft manuscripts around what they want to convey to fellow researchers but also integrate
what the readers want to discover. Within this manuscript, we describe the medical article indexing
systems and propose strategies for enhancing the retrievability of published articles across search
engines. A tabular comparison with the non-medical content writing strategies of SEO is also included.

SETTING THE BACKDROP: WHAT ARE THE MEDICAL MANUSCRIPT INDEXING
SYSTEMS?

For brevity, the indexing systems employed by PubMed and Google are discussed here.
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Figure 1 The discrepancy between the approach of embedding keywords when an author drafts an article vs when a reader searches for

it.
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PubMed

PubMed is a web-based resource that provides free access to research publications. It is an excellent first
choice to review medical research topics, as it indexes over 5000 journals and nearly 30 million journal
article references, covering all of the pre-clinical sciences and biomedicine. Phrases in PubMed are
recognized through the subject translation table used in the system’s Automatic Term Mapping. For
example, if we enter “fever of unknown origin,” PubMed recognizes this phrase as a Medical Subject
Headings (MeSH) term. The National Library of Medicine (NLM) created a controlled, pre-defined,
hierarchically organized vocabulary called the MeSH thesaurus, which is used for searching, indexing,
and listing biomedical and health-related information. MeSH includes the subject headings appearing in
MEDLINE, PubMed, the NLM Catalog, and other NLM databases. When standardized terms are used
to search a topic, all the articles indexed in NLM's PubMed and MEDLINE are retrieved, resulting in an
increase in citations for the article. Controlled vocabularies are systematic, hierarchical arrangements of
words and phrases designed to describe and categorize the major subject concepts and conditions
contained within a database. They can be different for different databases. The hierarchical nature of
these lists narrows the search to fewer yet more specific results, keeping it consistent within that
framework. Before adding an item to a database or catalog, the subject matter is determined, and
specific terms that apply to those subjects are chosen from a predetermined list, regardless of the
terminology used by the author within the item. The listing is standardized and predictable to an extent,
ensuring a uniform system for retrieving the same concepts even when different terminology is used.
For example, the term "heart attack" is always listed as "myocardial infarction" within a controlled
vocabulary structure such as MeSH, the vocabulary used by MEDLINE. The disadvantages of MeSH are
enumerated in Table 1.

PubMed uses a hierarchical structure to display MeSH terms, which includes broader and narrower
“descriptors.” The top level of the MeSH tree structure consists of 16 broad categories, which are not
included in the MeSH data maintained and distributed by NLM. However, they can be used to search
PubMed by using the search term “category.” For example, searching for “anatomy category” will
retrieve all citations indexed under any MeSH descriptor in the “A” category (anatomy). When using a
MeSH descriptor to search, PubMed automatically searches for narrower descriptors listed under it in
the MeSH tree structures. For example, searching “musculoskeletal neoplasm non-Hodgkins
lymphoma” will show the following two trees displayed with catalog numbers called tree numbers.

Each article citation is associated with a set of MeSH terms that describe the content of the citation.
When conducting a literature search, using MeSH entry terms instead of keywords can result in a more
focused search and make finding more relevant citations easier. For example, if we want to search “non-
Hodgkins lymphoma”, finding the corresponding MeSH term can help us narrow down our results. The
actual MeSH term for this topic is "non-Hodgkins lymphoma," which is further subdivided into
additional categories. Our search term may fall under multiple categories, such as neoplasms and
immune system diseases, as shown in the example below. Sometimes, users may begin their search with
a specific MeSH term; for example, they may start with “non-Hodgkins lymphoma,” but then realize

WJEM | https://www.wjgnet.com 52 June 20,2023 | Volume13 | Issue3 |



Chaudhari PB et al. Writing strategies for medical literature

Table 1 Disadvantages of Medical Subject Headings

Disadvantages of MeSH

1 MeSH terms are manually assigned to articles after an article is made available on PubMed. Manually assigned MeSH terms are not available for
recently published articles. This is a time-consuming process, and hence, these articles fail to appear in search results when only MeSH terms are used for

searching

2 In a scenario where no appropriate MeSH term is found while searching for a concept, it becomes important to search for relevant words in the title and

abstract as well

3 Mesh search allows us to restrict our PubMed search to only find articles where the MeSH term is the main topic. In this way, articles in which the term
and any selected subheadings are indexed as a major topic are displayed. For example, searching for "mechanical ventilation"[Majr] will exclude articles
where this topic is covered to a lesser extent from the search results

4 Since PubMed only contains abstracts of articles, not full texts, searching the entire article for words is not possible with the use of MeSH

5 Sometimes, PubMed might fail to automatically match the exact MeSH term with the search

6 Additionally, some readers might not be comfortable using Boolean operators and logic. Boolean operators are not recognized by all databases, and the
availability of all operators in a database might also be questionable

7 Moreover, databases also differ in their way of using syntax to enter a Boolean operator. For example, in Scopus, “NOT” is entered as “AND NOT.”

8 Certain databases or search systems do not affect search results based on whether the terms are entered in uppercase or lowercase, but some engines like
Google Scholar may require capitalized Boolean operators for proper functioning

MeSH: Medical Subject Headings.
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they really want information on “lymphoma” in general. By using the MeSH tree structure, users can
easily access a complete search on any term within the hierarchical tree with a single MeSH term.

Google

Google is the world’s most popular search engine, which stores all web pages in its index. The content
and location (URL) of a page are described by its index entry. The process of identifying new or updated
web pages is called “Crawling.” Google discovers web page locations (URLs) by many different means,
including tracing links and reading sitemaps, among others. As Google crawls the web, it looks for new
pages and indexes them when appropriate. A crawler is automated software that crawls (fetches) pages
from the web and indexes them.

Google websites are evaluated for their medical reliability using the “Health On Net” or “HON”"
code. HON is a non-profit organization that promotes transparent and reliable health information
dissemination online and acts as a quality marker for online health information. Regular assessments
are carried out by medical experts with great vigilance to provide reliable information. The HON
Foundation is a non-governmental organization officially related to the World Health Organization,
which carries out certifications.

Google releases “search quality rating guidelines” periodically to ensure that search engines provide
a diverse set of reliable, high-quality search results, presented in the most helpful order. Medical content
falls under the category of “Your Money or Your Life” pages. This category includes all information that
could potentially impact the future happiness, health, financial stability, or safety of the individual.
Google is responsible for representing such information in the required indexing manner and has very
high rating standards for such pages. When Google search quality raters evaluate a website, they are
guided to look for expertise, authority, and trustworthiness, abbreviated as “EAT”. Their ratings are
further augmented by the algorithm, and that is when the information is displayed in a responsible
manner.

WRITING STRATEGIES TO AUGMENT THE SEARCHABILITY OF PUBLISHED
MANUSCRIPTS

Here are some strategies to use when creating the manuscript with the intent of ranking well in the
search engines and reaching the relevant readers, ultimately yielding a higher number of clicks,
downloads, and citations:

MeSH keyword gap analysis during the manuscript drafting phase

To increase the chances of an article being found and cited, we suggest conducting a “MeSH keyword
gap analysis” at the beginning of the manuscript writing process. This approach can potentially
improve the retrievability and citation of the article. Currently, most authors only determine and
mention keywords during the manuscript submission stage without putting detailed thought into it,
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which may result in missing out on strategic keywords.

Awareness of the journals and their role in keyword optimization

The wider reach of an article is not only important for the individual author but also beneficial for the
journals. It helps the journals boost their impact factor, which is a scientometric measure of the
frequency with which the average article in that journal has been cited in a particular year. The impact
factor is used as a proxy for the importance or rank of a journal by calculating the number of times its
articles are cited. Therefore, higher citation rates are beneficial for the ranking and credibility of
journals, which implies they must focus on keyword optimization as well. The journals should hire
professionals with an SEO background who are able to analyze the manuscripts for optimal use of
keywords.

The list below complies the author’s instructions for keywords for selected journals. Except for Nature
and the British Medical Journal (BM]), none of the journals mention the importance of searchability, page
ranking, or SEO in their author guidelines. It is evident that currently there is not much emphasis on the
optimized use of keywords, their selection, or placement. The only exception is Nature publishing
house, whose journal author guidelines state that “IWe ask authors to be aware of abstracting and indexing
services when devising a title for the paper: providing one or two essential keywords within a title will be beneficial
for web-search results”. They also suggest authors “choose keywords to maximize visibility in online searches as
well as being suitable for indexing services”[4]. Meanwhile, the BMJ authors hub highlights that “it is
essential for your paper to be correctly set up for discoverability, right from the start”, and provides six steps to
make the work more visible and, as a result, more likely to be cited.

Author instructions for keywords within a few sampled high-impact factor journals

New England Journal of Medicine[5]: Three to 10 keywords or short phrases should be added to the
bottom of the abstract page, which will assist us in indexing the article and which may be published
with the abstract. Use terms from the MeSH in Index Medicus when possible.

PLOS One[6]: Add keywords to help expedite the processing of your manuscript (optional). You will
not have an opportunity to make changes, so make sure to add concise, accurate keywords now.

Journal of Clinical Oncology[7]: Immediately after the abstract, provide a maximum of six keywords,
using British spelling and avoiding general and plural terms and multiple concepts (avoid, for example,
“and” and “of”). Be sparing with abbreviations; only those firmly established in the field may be
eligible. These keywords will be used for indexing purposes.

Annals of Internal Medicine[8]: No mention or instructions on keywords.

BMJ[9]: “It is essential for your paper to be correctly set up for discoverability, right from the start”, and it
provides some steps to make the work more visible and, as a result, more likely to be cited.

Keywords selection

Keywords play a crucial role in determining the discoverability of an article, leading to a chain reaction
that includes clicking through, dwelling on, downloading, and ultimately citing the article. Citation is
the critical element that generates the greatest impact factor. Keywords help readers find the best-suited
article aligned with their research question and enhance the discoverability of research articles by
ensuring that papers are substantially indexed by databases and search engines. It is important to select
well-chosen keywords that best represent the article content and include various interchangeable terms
and synonyms, be they in abbreviated or phrase form, making it easier for the manuscript to be easily
identified and cited. The keywords of a manuscript should be selected by authors in such a manner that,
if fed into search engines, accurate articles or the book’s contents are retrieved. However, keyword
selection can be subjective and differ amongst authors, leading to difficulty retrieving similar articles by
authors who are searching the relevant literature for citations in their future articles. If keywords are
used incorrectly, it may affect the citation index of the article. Therefore, it is a good practice to do a
dipstick test by searching for some keywords in PubMed and analyzing the search results that reflect
similar papers as ours. It is also essential to integrate the keywords well in the title and abstract, as they
may not yield the article in the results if the manuscript is paid and the full text is not visible, as the
search is based on the title and abstract.

Keywords are essential components of a manuscript and are typically listed after the abstract. Most
journals require authors to provide three to five keywords, although some may ask for up to eight.
Therefore, it is recommended to have eight to ten relevant keywords prepared before submitting the
manuscript. Unfortunately, keyword selection is often left as the last step during manuscript sub-
mission, which can lead to an inadequate selection.

The problem with keywords is that they are not standardized because authors generate them, which
cannot be exact words as in contents and can vary from author to author. Thus, they may not retrieve
similar articles from different authors who are searching for the same relevant literature. Conducting
effective MeSH term research and drafting the manuscript based on MeSH terms can increase online
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Table 2 Search engine optimization strategies and corresponding adapted medical writing strategies

N.o SEO strategies Corresponding medical writing strategies
1 Backlinks to share link equity 1 Citations of articles that enhance the credibility of articles
2 Blog about the article on forums like WordPress and link to it
3 Diversified media coverage, including social media articles linking the article,
podcasts, and videos
4 Use opportunities to target different web areas like YouTube, podcast portals, social
media, blogging portals, news, etc.
2 Organizing information into categories, pages, and subpages Have impactful headings using keywords within the headings
on a website and linking them to each other is called site
architecture or information architecture
3 The flatter the site’s structure is (requiring a lesser number of MeSH terms and keywords search a manuscript by searching its abstract. Also, the
clicks to reach the desired information), the better its abstract is commonly the only publicly available resource of an article, making it
opportunity to rank well easily searchable for those on Google. Hence, incorporate critical keywords in the
abstract of the article
4 The title tag is the most important on-page element to Incorporate keywords in the title of the article. Give it some thought and brainstorm
optimize for keywords, so the post has the best chance of with the writing team about what keywords a potential researcher will search for.
ranking for a given keyword if that keyword appears at the ~ Use alternative terms and broader terms throughout the text to describe the concepts
beginning of the title tag (often the post headline). Also, the authors are writing about because too specific terms may not filter in the search
make sure other posts linking to this one use this keyword as method
their link text (what SEOs call “anchor text”)
5 An average user looks at two things before opening a Meta description corresponds to the abstract of the article, particularly the objective
webpage: headlines and meta descriptions. The latter is and the initial three to four sentences
always displayed below the webpage title in Google search
results. Search engines highlight keywords in the meta
description, thus making it a genuine call-to-action
booster — it encourages people to click the link and check out
the content
6 Carefully-designed keyword strategies to make more impact Research and integrate MeSH terms and keywords
on Google’s search engine algorithms
7 Any time someone visits the website, we want them to have  Lucid story-telling and point-to-point writing methodology
a positive user experience and engage with the site content
8 Visuals: when setting up pages, it is important to ensure that Explain the paper and integrate good-quality images and tables. Develop “at-a-
the pictures are always readable. “Alt” tags provide valuable glance” infographics covering key messages on the manuscript in a snapshot. Utilize
details for the target audience. Google cannot understand digital designers, draw on easy digital tools like procreate, or hand draw and scan
images solely as image files high-resolution images and convert them digitally to digitized images. Purchase
editable vector images and templates. Determine figure legends judiciously,
incorporating the keywords and MeSH terms, so their searchability is enhanced on
Google Images
9 Internal linking is one of the SEO fundamentals that Generate the interest of the readers and direct them to various sections of the article

influence the dwell time of the target audience on the page by numbering the sections and structuring the topic well to enhance the time they

spend on the page and article

MeSH: Medical Subject Headings; SEO: Search engine optimization.
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traffic to the articles from the medical community more efficiently.

Research and use related search terms

Using synonyms and variations (related terms) of the keywords can help improve the discoverability of
an article in the search results. For example, a reader looking for information on "heart attacks" may use
search terms such as "heart attacks," "myocardial infarction," "myocardial infarctions," and so on.
Therefore, when writing an article, it is important to embed various search terms that a researcher might
use when searching for the relevant information that the article provides. Furthermore, it is important to
pay attention to the terminologies that prevail in different geographies and how certain concepts and
conditions are referred to based on medical, academic, and cultural backgrounds in that region. This
information can be discovered through social listening and integrated into the manuscript. Although
not yet widely practiced or emphasized, it is important to be mindful of MeSH keyword integration
before and during manuscript writing. MeSH keywords may be searched, and all relevant words in the
same hierarchy and those above and below it can be retrieved. It will help to identify keywords in the
MeSH thesaurus that can be integrated throughout the article or abstract and title to perform well in the
search engine algorithm.
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Title and abstract

The ability to accurately highlight the core content of an article is crucial for crafting an impactful
research paper title. A good title typically consists of a 10- to 12-word phrase with descriptive terms.
Indexing agencies use the words used in the title to tag the article and make it easily discoverable.
Making the title and abstract more action-oriented, concise, and less wordy can improve the search
quality. Moreover, keywords provide an opportunity to tag the article with more relevant terms.
Therefore, it is not a wise choice to use similar words or phrases both in the title and keywords.

The method of conducting a literature search differs from one person to another, which may result in
different articles or a different number of articles despite looking for similar topics of interest. It is not
always possible to predict how others will search the same literature. However, it is possible to
elucidate how authors themselves might search the same literature. Authors should attempt to apply
search strategies similar to those adopted by a reader or peer. Authors can utilize Google Trends to gain
knowledge of internet search trends and discover the latest search trends for a particular word or
phrase. Google Trends also helps in comparing search trends between different words and phrases,
which helps authors choose the most relevant one for their title and keywords. From the perspective of
the audience, study what types of topics the target audience would search for and that we would want
our article to be found for and cited for.

Comparatively, an abstract is meant to provide a brief and accurate summary of the study, to aid the
judgment of the reader of whether they should read the rest of the paper or not. A good understanding
of the intent of the readers is foundational to this.

Effective visuals

Effective visuals help with readability and storytelling, greatly supporting learning, adding value, and
keeping the reader engaged with the article. Vivid imagery is a much more effective and efficient
method of communication than plain text. Articles that include images appear at the forefront of search
engine results and have a viewership of up to 94% more often than those without images. Article visuals
include tables, figures, clinical images, infographics, etc. Such elements can draw visual learners to our
article. We can aid in the discovery process by making sure that our images and our site are optimized
for Google Images. People who do not want to read an entire article but are still interested in the
material can glance at these images and absorb valuable information without losing time. This helps
engage and attract citations from readers who might have otherwise passed them by.

Images are proven to attract significantly more views compared to those without images, with a
staggering 94% increase in views. Moreover, up to 60% of the population are visual learners, which
means they prefer visual content over textual content. This is because the human brain is wired to
process images faster than plain text, with images being processed 60000 times faster than text. Visuals
are often available freely, even if an article is behind a paywall, and may even feature on Google Images,
bringing in organic traffic to the article. It is important to carefully determine the figure legend and title
by integrating the key MeSH terms. The average attention span is only around eight seconds, and visual
content allows for valuable information to be distributed in a format that can be easily understood
within this timeframe. In fact, according to the Massachusetts Institute of Technology, the human brain
can process images in as little as 13 milliseconds. Good-quality visuals, developed with the support of
professionals such as graphic designers, can lead to higher-quality traffic to the website by conveying
valuable information in an engaging visual format. However, it is important to ensure that the visuals
are original, as dealing with a copyright lawsuit can be an expensive affair.

Diversify the online visibility of the article

In addition to being an educational article intended for an academic and research audience, our
manuscript will also be published as a webpage. A significant proportion of researchers and academ-
icians search for articles not only on PubMed or MEDLINE but also on Google. Google attracts such
traffic not only by analyzing words typed into its search box in a browser but also by using the words
spoken to a mobile phone or assistant device and through “search engine auto-complete” features. This
furthermore emphasizes the importance of the author’s mindful efforts towards ‘keywords and
Google’s searchability of them when drafting the manuscript.

To increase the article’s online visibility, it is recommended to promote it through various channels,
such as blogging, patient education, hospitals, and social media, along with linking the article. With
educational content delivered in a conversational tone, our prospects get to know our target readers in a
more personal way. Blogging is a particularly effective way to engage with readers, as more and more
people are turning to blogs for information and sharing interesting articles on their social media
networks. To leverage this behavior, it is crucial to cultivate the habit of blogging and maintain an active
presence on all the relevant social media networks. Furthermore, some portals allow the authors to
showcase unpublished, non-peer-reviewed articles that are ahead of print for the purpose of early
clinical adoption and information sharing. However, it is only available for a limited time, mostly until
publication. The SEO strategies and corresponding adapted medical writing strategies are enumerated
in Table 2. Figure 2 showcases the proposed strategies for enhancing the searchability of manuscripts.
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LIMITATIONS

The discussion applies exclusively to the online readership, and we have naturally excluded from
consideration those readers who read articles in journals in a hard copy format. The study assumed that
clinicians would research information on their hand-held mobile devices and laptops in greater
numbers, more so after the onset of the coronavirus disease-2019 pandemic. Similarly, information
stored in textbooks is not included in this discussion. To some extent, Google Books information is
included.

CONCLUSION

The medical community primarily searches for articles on PubMed using keywords and MeSH terms.
However, not many authors write their articles with searchability in mind. Ideally, an article that
answers a specific research question with a large sample size and rigorous research methodology
should appear on the first page of the search engine. In reality, it is dependent on the accurate use of
keywords, and one has to sift through dozens of articles to find the most well-matched article.

To enhance the visibility of an article, medical authors and publishers use various strategies, such as
“open access availability of articles” and tagging articles in blogs and multiple media formats, including
“podcasts, audio, and video formats.” In addition to these existing practices, authors can improve the
searchability of their articles by educating themselves about “Google keywords” and MeSH search and
strategically embedding those words throughout the article. The point of this article is not to promote
articles irrationally but to emphasize the importance of understanding the principles of search engine
algorithms to enhance organic readership and uptake of the article.

We hope that following these best practices will make it easier for search engines to crawl, index, and
understand the articles to rank them higher in the search results. Employing these strategies often
involves making small modifications to the manuscript. When observed individually, these changes
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might seem like incremental improvements, but when combined with other optimizations, they could
have a noticeable impact on the article’s performance in organic search results. The time has come that
we understand and engage the search engine algorithms better, so they yield information in a desired
and self-learning manner.

We acknowledge that the consumption of medical updates by healthcare professionals has become
more digital in the past few years. Due to this, the updates we receive are also determined by a new
‘factor’ - the internet and its search engine which yields information based on the search words it is fed.
Hence when drafting a manuscript this new factor must be considered along with technical accuracy of
drafting research and grammatical flow. Hence not only the journal and the readers but also the
“Internet” or the “cloud” is also a stakeholder in this process.
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Abstract

Orphan diseases are rare diseases that affect less than 200000 individuals within
the United States. Most orphan diseases are of neurologic and genetic origin. With
the current advances in technology, more funding has been devoted to de-
veloping therapeutic agents for patients with these conditions. In our review, we
highlight emerging options for patients with neurologic orphan diseases,
specifically including diseases resulting in muscular deterioration, epilepsy,
seizures, neurodegenerative movement disorders, inhibited cognitive develop-
ment, neuron deterioration, and tumors. After extensive literature review, gene
therapy offers a promising route for the treatment of neurologic orphan diseases.
The use of clustered regularly interspaced palindromic repeats/Cas9 has
demonstrated positive results in experiments investigating its role in several
diseases. Additionally, the use of adeno-associated viral vectors has shown
improvement in survival, motor function, and developmental milestones, while
also demonstrating reversal of sensory ataxia and cardiomyopathy in Friedreich
ataxia patients. Antisense oligonucleotides have also been used in some neuro-
logic orphan diseases with positive outcomes. Mammalian target of rapamycin
inhibitors are currently being investigated and have reduced abnormal cell
growth, proliferation, and angiogenesis. Emerging innovations and the role of
genetic treatments open a new window of opportunity for the treatment of
neurologic orphan diseases.
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Core Tip: Neurologic orphan diseases are rare conditions that impact a small percentage of the population. Through new
advances in technology and research, the use of genetic treatment for these conditions is increasing. Recent advances in
clustered regularly interspaced palindromic repeats/Cas9, adeno-associated viral vectors, antisense oligonucleotides, and
mammalian target of rapamycin inhibitors have shown improvements in the care of patients and their quality of life.
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INTRODUCTION

Orphan diseases are rare diseases that affect less than 200000 individuals within the United States[1]. Despite being rare,
these diseases affect over 300 million individuals globally[2]. Of the 7000 diseases listed on the National Institute of
Health's Office of Rare Diseases site, most are neurological and of genetic origin[3]. 90% of orphan diseases have serious
neurological effects[2]. Neurologic orphan diseases are fatal, drastically decrease quality of life, and are defined by long
periods of disability[4]. However, diagnosis and treatment of rare central nervous system (CNS) disorders pose a
challenge[2]. Lack of access to diagnostic genomic sequencing, screening tests, and specialists contributes to the difficulty
of diagnosing and managing neurologic orphan diseases[2]. Most neurologic orphan diseases don’t have treatments that
prevent disease progression[4]. Additionally, clinical trials investigating neurologic orphan disease therapeutics have the
lowest success rate[5]. Global Genes, a rare disease advocacy organization, states that since 2021, a total of $22.9 billion
has been invested in research on neurologic orphan diseases, which offers a promising future for patients with these
conditions[6].

One study found that the use of whole genome sequencing within clinical practice increases the diagnosis of
neurologic orphan diseases[7]. Genetic conditions such as Huntington's disease and Friedreich's ataxia are caused by
repeat expansions which can effectively be detected by whole genome sequencing due to its high sensitivity and
specificity for repeat expansions[7].

The Patient Identification and Engagement for Rare CNS Disorders initiative is designed to investigate and improve
barriers to diagnosis and clinical research trials[2]. This initiative plans to address the underrepresentation of certain
groups from clinical trials and to improve access for those individuals in the participation of trials investigating new gene
therapy approaches[2]. The future for the diagnosis and management of neurologic orphan diseases looks promising and
hopes to improve the efficacy of therapeutic agents by gene targeting methods. Some forms of gene therapy include the
use of clustered regularly interspaced palindromic repeats (CRISPR)/Cas9, antisense oligonucleotides (ASO), adeno-
associated viruses (AAV), and mammalian target of rapamycin (mTOR) inhibitors.

CRISPR/Cas9 is a form of gene-editing where a guide RNA binds to a target sequence of genomic DNA, followed by
the endonuclease, Cas9, binding to the guide RNA. Cas9 then creates a double strand break in the genomic DNA which is
then repaired. This process allows for the inclusion or exclusion of desired genes to create a desired mutation[8].

ASQO are small molecules that can modify gene expression preventing or altering protein production. If a certain
protein is undesired, an ASO can be designed to cause the protein to be terminated or partially expressed and modify it
so that it is not harmful[9].

AAV are used as a vector for gene therapy by using a non-enveloped virus engineered to deliver deoxyribonucleic acid
(DNA) to targeted cells[10]. This gene therapy has shown preclinical and clinical access in gene replacement, gene
silencing, and gene editing[11].

mTOR is a kinase closely correlated with the occurrence of neurodegenerative diseases and tumors in humans. The
goal of mTOR inhibition therapies is to block the mTOR signaling pathway that may be contributing to abnormal signal
transduction to block the occurrence and development of disease[12].

MUSCULAR DETERIORATION

Spinal muscular atrophy

Spinal muscular atrophy (SMA) is an autosomal recessive neuromuscular disease caused by deletions or mutations in the
survival motor neuron (SMN1) gene[13]. Specifically, diagnostic testing commonly demonstrates the absence of SMN1
exon 7 on chromosome 5[14,15]. SMA is characterized by progressive muscle weakness and atrophy resulting from
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progressive degeneration and irreversible loss of anterior horn cells in the spinal cord[16]. The severity of SMA can range
from more mild cases where the onset occurs in adulthood and progresses at a slow rate to more severe cases where the
onset can occur in the first months of life and result in respiratory failure[17].

In recent years, new treatment options like gene therapy involving splicing modulation of SMN2 and SMN1 genes and
the development of the first approved drugs for SMA treatment have shown promise in treating SMA. When therapy is
initiated early, it can significantly alter the natural course of the disease. Current evidence in these treatments is limited to
a small scope of patients and more research is needed for conclusive results[17].

Nusinersen was the first drug that received approval for the treatment of SMA. Nusinersen enhances the inclusion of
exon 7 in mRNA transcripts of SMN2 by suppressing the binding of certain splicing factors which results in an increase in
functional SMN2-mRNA with included exon 7[18-20]. Various studies in infants and young children have displayed
improvements in prolonged time of death and improved motor functions[21-23]. Furthering the potential of SMN2 gene
alteration, Risdiplam, and Branaplam are oral medications that have been shown to cross the blood-brain barrier and
increase the number of full-length SMN proteins[24].

Gene therapy has also shown promise with SMN1-gene replacement. Studies in mice have shown prolonged survival
following successful vector delivery of intact SMN1-gene across the blood-brain barrier[25,26]. Zolgensma is a gene
therapy medicine that is administered as an intravenous infusion and uses adeno-associated virus vectors to deliver a
functional copy of SMN to motor neuron cells[27]. Clinical trials in children treated with Zolgensma have shown
improved survival, motor function, and developmental milestones following treatment[28,29]. A summary of emerging
treatment options for SMA can be found in Figure 1 below.

Duchenne muscular dystrophy

Duchenne muscular dystrophy (DMD) is the most common hereditary neuromuscular disease and is one of the most
severe forms of inherited muscular dystrophy. Symptoms of DMD include severe and progressive muscle wasting,
muscle weakness, and difficulty with movement[30]. Late stages of DMD often require the need for assisted ventilation
and the use of a wheelchair to perform daily activities and lead to premature death in the mid-twenties due to respiratory
muscle weakness or cardiomyopathy[31].

DMD is an X-linked inherited disorder that predominantly affects males. The onset of DMD occurs due to mutations in
the dystrophin gene on chromosome Xp21. This results in a ceased production of dystrophin in cardiac and skeletal
muscle. The absence of dystrophin results in a loss of myofibril membrane integrity through cycles of necrosis and
regeneration. Fibrous connective tissue and fat then replace muscle over time, resulting in the progression of expressed
clinical symptoms[30,32].

In recent years, there has been progress in the development of diagnosis and therapeutics for DMD, but the current
treatments given do not cure DMD[33]. Daily prednisone treatment is commonly used to increase muscle strength and
function, improve pulmonary function, and significantly slow the progression of weakness[34,35]. While this treatment
does not cure the disease, it does improve the overall quality of life for patients.

The most advanced therapy is antisense oligonucleotides -mediated exon skipping which has shown promise in
clinical application. For this technique, the administration of 20-30 bp long antisense oligonucleotide hybridizes to splice
motifs necessary for pre-mRNA processing and mask RNA splicing signals. This leads to the exclusion of the intron and
adjacent exon, creating an in-frame mRNA without the targeted exon. This mRNA can then be translated into a truncated
and partially functional dystrophin protein[33,36].

CRISPR/ Cas technology has been used therapeutically to treat DMD by upregulating a dystrophin homolog, utrophin,
to compensate for the lack of dystrophin protein which has been successfully demonstrated in patient cells. In these
patients, full-length dystrophin was restored in patient cells carrying duplication mutations[37]. Manipulations resulting
from CRISPR-Cas9 were shown to restore the expression of truncated but partially functional dystrophin, improve
skeletal and cardiac muscle function, and increase the survival of mdx mice significantly[38].

Emerging vector-mediated gene therapy in mice has been shown to deliver a functional DMD gene to cells lacking
dystrophin protein and has been shown to increase exercise capacity[39]. While promising, this technique is challenging
due to the very large size of the dystrophin gene and the widespread distribution of muscles[40].

EPILEPSY & SEIZURES

Dravet syndrome

Dravet syndrome (DS), first described by Charlotte Dravet in 1978, is an early-onset epileptic syndrome characterized by
a variety of refractory seizures and neurodevelopmental impairment that often persist into adulthood[41,42]. The clinical
features of DS typically progress over time, most commonly first presenting as a bilateral tonic-clonic in the first year of
life, with half of the patients being febrile[43]. The disease progresses to multiple types of seizures, often leading to poor
therapeutic control and the majority of patients (93%) experiencing status epilepticus[43,44]. Additionally, patients with
DS will develop neurodevelopmental delay, as well as motor and cognitive impairment that will persist into adulthood. It
should be noted, however, the diagnosis is highly clinical as both magnetic resonance imaging (MRI) and electroenceph-
alogram (EEG) studies may be nonspecific[45].

Previously named severe myoclonic epilepsy of infancy, the molecular basis of DS arises from a de novo mutation on
chromosome 2q24 on the sodium voltage-gated channel alpha subunit (SCN1A) gene[45,46]. Although the role of the
SCN1A variant in the pathogenesis of DS has not been fully elucidated, some studies have suggested that the diffuse
neuronal hyperactivity in DS patients is correlated with a loss of inhibitory GABAergic interneurons which have an
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Figure 1 Emerging gene editing treatment options for spinal muscular atrophy. Risdiplam and Branaplam are oral medications which can cross the
blood-brain barrier and increase the number of spinal muscular atrophy (SMA) full length proteins by targeting the SMN2 gene. For patients that require replacement
of the SMA1 gene, Zolgensma is an intravenous medication that uses an adeno-associated viral vector to deliver a functional copy of the gene. Clinical trials in
patients treated with Zolgensma have shown positive outcomes. SMA: Spinal muscular atrophy.

SCN1A mutant in non-coding regions[47,48].

Currently, DS is managed symptomatically with a series of anti-seizure medications (valproic acid being the first line
of treatment), though this regimen has variable efficacy[48]. Gene-specific therapies for the causes of DS continue to
gradually emerge. One study used Targeted Augmentation of Nuclear Gene Output technology, utilizing ASO, to
successfully increase the expression of the SCN1A protein in mice models. In addition to a higher expression of this
SCN1A product, the incidence of seizures in these DS mice was significantly reduced[49]. The use of viral vectors to
target genes has shown success in some diseases but poses a challenge in DS[50]. The SCN1A coding sequence is 6kb
long, which exceeds the carrying capacity of adeno-associated viruses[50]. However, the use of a different viral vector,
such as lentiviruses, poses another challenge as it demonstrates a limited spread in neural tissue therefore it cannot
effectively treat large brain areas[50]. Another approach to upregulating the expression of SCN1A is through the use of
dCas9-based gene activation systems. One study found that the use of dCas9 resulted in the upregulation of SCN1A in
brain tissue and cultured neurons[51]. Overall, there have been significant developments in viral vectors and molecular
techniques that demonstrate promising results.

Ohtahara syndrome

Ohtahara syndrome, also referred to as Early Infantile Developmental and Epileptic Encephalopathy (EIDEE) syndrome,
is a group of devastating pediatric conditions characterized by frequent spasms in neonates and infants leading to severe
cognitive and physical disabilities and even death[52,53]. There are numerous causes of Ohtahara syndrome, including
structural brain defects, metabolic derangements, and genetic variants. Multiple studies have identified the most common
variants associated with Ohtahara syndrome are PRRT2, SCN1A, KCNQ?2, and SLC2A1[54]. The extensive distribution of
these channelopathies and their various penetrance help explain the evolution of focal seizures to status epilepticus seen
in EIDEE[54,55].

Seizure episodes in Ohtahara syndrome are initially treated with anti-seizure medications but are usually only in
managing the frequency of seizures. Patients with Ohtahara syndrome with KCNQ2, SCN2A, or SCN8A mutations have
been found to respond to sodium channel anti-seizure medications, such as carbamazepine, lacosamide, or phenytoin[56,
57]. Additionally, implementing a ketogenic diet has been shown to provide some improvement in many infants[58].
Currently, the rise in genetic testing has allowed identifying the monogenic etiology of various EIDEE. An AAV-based
gene replacement therapy has been proposed for Ohtahara syndrome particularly for the transmembrane sodium channel
SLD13A5, though these principles could provide insight into future therapeutic targets of Ohtahara syndrome[59].
However, challenges exist for gene therapy due to the limited knowledge of the disease mechanism and progression of
Ohtahara syndrome. Further research is needed in patients with Ohtahara syndrome to evaluate the efficacy of gene
therapies such as viral vectors. A summary can be found in Figure 2 below.

Lennox-gastaut syndrome

Lennox-gastaut syndrome (LGS) is another severe pediatric epileptic and encephalopathic disorder characterized by
severe pediatric seizures, treatment-resistant epilepsy, and cognitive impairments[60,61]. As in various other childhood
epilepsy disorders, LGS is caused by several etiologies, including genetic predispositions, anatomical brain abnormalities,
hypoxic-reperfusion encephalopathies, meningitis, and head trauma[61]. The majority of children affected by LGS have
underlying genetic disorders, often chromosomal syndromes, or de novo pathogenic variants[61,62].

As LGS is characterized by seizures resistant to pharmacologic therapy, management often includes a multidisciplinary
approach, often including dietary and surgical interventions. In one case series, 50% of children received a greater than
50% reduction in seizure frequency, and almost a quarter of the children achieved a greater than 90% reduction[63].
Additionally, the serotonergic agent fenfluramine is commonly used in LGS and has been shown to have significant
benefits for the reduction of generalized tonic-clonic seizures and drop seizures[64]. Fenfluramine increases the level of
serotonin in the extracellular compartment and acts as a serotonergic 5-HT2 receptor agonist and an alpha-1 receptor
antagonist to decrease anti-epileptic activity. Since LGS seizures evolve over a patient’s life, an LGS algorithm detailing
several anti-epileptics medications as well as adjunctive therapy including a ketogenic diet, possible surgical resection,
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Figure 2 Treatment options for patients with Ohtahara syndrome. In patients with Ohtahara Syndrome with KCNQ2, SCN2A, or SCN8A mutations, there
are several treatment options available. Carbamazepine, lacosamide, and phenytoin are sodium channel anti-seizure medications. These medications don't offer a
cure and are currently only used to manage the frequency of seizures. Additionally, implementation of a ketogenic diet has been shown to reduce seizure frequency
in infants

and close EEG monitoring[65].

NEURODEGENERATIVE MOVEMENT DISORDER

Friedreich ataxia

In the discourse of neurologic orphan diseases, one important consideration in the context of neurodegenerative
movement disorders is Friedreich Ataxia (FRDA). In the second half of the 19" century, its original description by
German professor of medicine at Heidelberg, Nikolaus Friedreich, remarked FRDA was a degenerative atrophy of the
posterior spinal cord columns[66]. Further, between the years of 1863-1877, Friedreich published the earliest and most
extensive works on “Friedreich’s ataxia”, which provided insightful descriptions of this neurological disorder as being
marked with the principal abnormality of axonal thinning without axonal loss of the dorsal spinal roots[66]. Unfortu-
nately, Friedreich received little recognition for his academic effort during his lifetime, however, an anonymous obituary
of “perhaps his most important work” details Friedreich’s rapid scientific progress and 59 publications[67]. Nonetheless,
the full extent of FRDA'’s etiology couldn’t be fully appreciated until direct genetic testing became available in the late
1960s[68]. Thus, the proceeding discussion will review current knowledge on this debilitating condition and evaluate the
recent developments in treatment approaches.

As the most common inherited ataxia—defined as the compromised coordination of voluntary muscle move-
ment—FRDA is an autosomal recessive, neurodegenerative disorder involving multiple organ systems including the
central and peripheral nervous systems and the cardiovascular system[68,69]. At the molecular level, a gene, X25, encodes
a 210-amino acid protein known as “frataxin”, or FXN, and has been identified as a critical region susceptible to mutation
for the FRDA locus on chromosome 9q13[69]. Specifically, the most common defect leading to the development of FRDA
is due to a large, homozygous intronic expansion of guanine-adenine-adenine (GAA) trinucleotide repeats in intron 1 of
the said frataxin gene[70,71]. Frataxin, a highly conserved small mitochondrial protein, is required for efficient regulation
and homeostasis of cellular iron stores[72]. Consequently, the dysregulation of this critical molecule’s function is
associated with mitochondrial iron overload, iron-sulfur cluster biosynthesis, and free radical oxidative stress[73,74]. A
graphical representation of the molecular etiology and subsequent biological consequences of dysfunctional frataxin
protein function can be seen in Figure 3 below.

Clinically, due to frataxin’s ubiquitous biochemical role in numerous cellular pathways, humans with frataxin
deficiency manifest with dysfunction in the central and peripheral nervous system, heart, skeleton, and even endocrine
organs including the pancreas[71]. Regarding FRDA in particular, many of these patients classically present with
neuropathologic disabilities including progressive ataxia, peripheral sensory loss, and muscle weakness beginning
between the ages of 5 and 15 years old[76]. The aforementioned manifestations are chiefly secondary to neuropathy in the
dorsal root ganglia, accompanied by degeneration of both peripheral sensory nerve fibers and posterior columns of the
spinal cord[76]. Moreover, non-neurological areas of morbidity include the heart, typically in the form of left ventricular
hypertrophy due to mitochondrial proliferation, and the pancreas, with approximately 10% of all FRDA patients
developing diabetes mellitus[76,77].
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Figure 3 Frataxin protein dysregulation. The 2100 amino acid protein frataxin is encoded within the first intron of the FXN gene on chromosome 9q13. Due to
trinucleotide repeat expansions ranging from approximately 44-1700 “GAA” triplet sequences, affected individuals experience numerous characteristic signs and
symptoms of Friedreich Ataxia. At the cellular level, dysregulation of this small mitochondrial protein results in the overproduction of iron-sulfur clusters, free radical
oxidative stress, and mitochondrial iron overload[75]. FXN: Frataxin; ROS: Reactive oxygen species.
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Before the dawn of genetic testing, the constellation of the above-mentioned signs and symptoms as well as MRI was
employed in the diagnosis of FRDA[78]. Presently, however, this neurologic disorder is more precisely diagnosed using
modern genetic testing such as Southern blot and conventional polymerase chain reaction (PCR) techniques[79]. The
accurate diagnosis of FRDA helps in differentiating it from other ataxias and provides a guide for physicians to
appropriately tackle the treatment and management of this progressive disorder. Despite the heterogeneity of
symptomatic presentation, most patients will lose the ability to independently walk, stand, and/or sit within 10-15 years
of initial disease onset[76]. Therefore, there is a persisting call for advancements in techniques and approaches for treating
FRDA.

In the past, there were no effective protective pharmacological agents for FRDA, and thus treatment was aimed at
symptomatic management and physical therapy for impaired motor function[80]. Further, aggressive surveillance was
and still is used in managing progressive cardiomyopathy, arrhythmias, and diabetes mellitus to improve the quality of
life for these patients[80,81]. More recently, treatment approaches to address the mitochondrial dysfunction caused by a
mutation to the frataxin protein include mitochondrial function enhancers, free radical scavengers, and iron chelators
such as coenzyme Q,, and its synthetic analog idebenone, as well as vitamin E[82]. Although the employment of such
molecules is mechanistically sound, the pre-clinical and clinical trial data on their use has demonstrated little to no
therapeutic effect across multiple studies and even worsened enzymatic activity[80]. As of February 2023, however, the
first FDA-approved treatment for FRDA became available within the United States. Developed by Reata Pharmaceuticals,
Inc., the small molecule Omaveloxolone, or SKYCLARYS™, is an orally active drug aimed at alleviating oxidative stress,
mitochondrial damage and dysfunction as a direct result of Nrf2 pathway suppression found in Friedreich patients[83].
As a novel pharmaceutical with early proven safety and effectiveness, Omaveloxolone is a promising emerging option for
FRDA treatment.

In addition to symptomatic treatment and management, newer therapeutics for neurological disorders are being
developed, evidenced by the rapid increase in research surrounding gene and cell therapy for FRDA between the years
2000 and the present day. Considering the severity of neurophysiological abnormalities is strongly correlated with the
size of the GAA repeat expansion implicated in the genetic inheritance of FRDA, many of these novel techniques are
aimed at altering this pattern. Specifically, the use of the CRISPR-Cas9 system in GAA expansion-based animal models
such as YG8-derived cells and mouse models demonstrated promising results in the successful editing of GAA expansion
both in vitro and in vivo[84]. Contrastingly, instead of altering the primary genetic mutation, other more recent methods of
ataxia reversal are aimed at inducing the expression of the frataxin protein itself[85]. Particularly, Piguet et al[86]
demonstrated the complete reversal of sensory ataxia and cardiomyopathy via viral vector-based introduction of AAV-
expressing frataxin (AAV-FXN) in cells and mouse models. Finally, other prospective therapeutics look to stimulate the
direct transcription of FXN and/or increase FXN mRNA stability via interferon administration, or indirectly via the
stimulation of NRF2—a transcription factor whose levels are intimately associated with FXN mRNA expression[87].
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Altogether, these animal-based models hold promising treatment options for future application to clinical medicine, for
now, more research is necessary before translation into FRDA human-based clinical trials.

INHIBITED COGNITIVE DEVELOPMENT

Prader-Willi syndrome (PWS) and Angelman syndrome (AS) are the first known examples of diseases relative to
imprinted genes. These diseases have their own clinically distinct behavioral, cognitive, and neurologic phenotypes.
However, they are still considered “sister disorders” due to the common origin of the disease from the imprint gene
abnormalities in the 15q11-q13 region[88]. The difference in the diseases is that with PWS, the contribution is paternal
whereas with AS, the contribution is maternal. This parent-of-origin difference is the reason for the variable expression of
the disease depending on the sex of the parent from whom the disease is inherited[88,89].

PWS

PWS is suspected in individuals that present with clinical features of hypotonia (during the first few years) that lead to
hyperphagia, hypogonadism, short stature, and mild mental retardation[90]. However, regarding the 15q11-q13 region,
the abnormality is suggestive of PWS, but not diagnostic. The diagnosis of PWS is established by identifying the
abnormal DNA-methylation and maternal-allele imprinting in the Prader-Willi critical region. This can be due to either
the deletion of the paternal allele, maternal disomy, and/or imprinting defect causing the absence of the paternal allele
[91]. Moreover, point mutation does not cause PWS because it is a factor of multiple gene products. An exception to this
rule is when the point mutation is seen in the imprinting control region[92]. In these cases, although very rare, the loss of
function has been seen to contribute to many different aspects of the PWS phenotype[93].

The underlying molecular defect in PWS further opens a great scope of molecular treatment and epigenetic therapy.
An increasing number of studies are pointing toward gene SNORD116 being the main causative player in PWS[94-96].
Deactivation of the SNORD116 gene is associated with a complex of a zinc finger protein ZNF274 and SETDBI a histone
H3 methyltransferase[97-99]. Thus, CRISPR-Cas systems can be employed to deactivate ZNF274 and/or SETDB1 and
increase the expression of SNORD116. One of the drawbacks to this approach is that the SETDB1 is not specific and thus,
targeting it can have many off-label systemic effects.

Another approach explored in many studies was to inhibit G9a, another histone H3 methyltransferase, which restored
the targeted genes from the silenced maternal chromosome[100-102]. Based on these studies, the use of a G9a inhibitor
improved perinatal lethality and poor growth, which ultimately can improve the life span[100-102]. But again, one of the
drawbacks of these research studies is that they are all performed with either mouse models or PWS patient-derived cells.
Thus, the efficacy of gene therapy in PWS patients is yet to be explored and proven to be beneficial. Moreover, during the
development of new drug therapies, focus should be put on off-target effects. Epigenetic drugs are known to have
complex and broad effects, and thus, the development of specific molecular therapy for PWS patients is necessary.

AS

AS clinically presents as severe developmental delay, minimal or no speech, difficulty walking, and a unique behavioral
phenotype that includes frequent smiling and excessive laughter[103]. As mentioned above, defects in the 15q11.2-q13
chromosome region are the genetic basis of both PWS and AS. In terms of AS however, the maternally expressed allele
does not produce functional gene product, and the paternal allele is imprinted. The gene of interest in terms of AS is the
UBE3A sequence which is mutated in certain individuals with AS[103].

In terms of epigenetic therapy, restoration of the mutated UBE3A gene expression is more favorable and plausible
rather than targeting known activities of the molecule. However, there haven’t been any successful ways researched to do
so. Thus, expressing the silenced paternal UBE3A has been an adequate alternative. The most common way proposed is
by administering topoisomerase-I inhibitors and reactivating the inhibition of paternal UBE3A.

Topoisomerase-I inhibitors like topotecan and irinotecan are FDA-approved chemotherapeutic drugs. Moreover, these
drugs are also shown to promote the expression of paternal UBE3A in a dose-dependent manner. The drugs work by
reactivating the gene via reduced transcription of an imprinted antisense RNA[104-106]. Despite proving their potential,
topoisomerase inhibitors are not currently used as a first-line treatment for AS due to their side effects. According to one
study, topoisomerase inhibitors also reduced the levels of other genes that are linked to autism, thus increasing the
potential of autism characteristics in individuals[107].

Thus, as discussed, all the approved therapies for PWS and AS target the management of symptoms rather than the
actual disease. Thus, there is currently no cure for either AS or PWS. Gene and molecular therapies offer a promising way
into precision medicine and the development of novel therapies however a lot more research needs to be done regarding
offsetting the systemic side effects. A summary of the chromosome 15 abnormalities in PWS and AS is shown in Figure 4
below.

NEURON DETERIORATION

Amyotrophic lateral sclerosis
Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disorder affecting both the upper and lower motor neurons
and is the most common motor neuron disease in adults[108-110]. The onset of ALS symptoms typically occurs between
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Figure 4 Chromosome 15 (15q11-13) abnormality in patients with Prader-Willi syndrome and Angelman syndrome. In patients with Prader-Will
syndrome (PWS) and Angelman syndrome (AS), the imprinted gene abnormality is the 15q11-q13 region of chromosome 15. Although the abnormality is in the same
region, the difference in disease and phenotype depends on the parental contribution. In PWS, the disease results due to loss of paternal gene expression. In AS, the
disease results due to loss of maternal gene expression. PWS: Prader-Willi syndrome; AS: Angelman syndrome.

50-70 years old and is more common in males than females[111-113]. While some individuals can survive over 10 years
with ALS, most survive less than 3 years due to the rapid disease progression[114]. Current treatments focus on the
treatment of symptoms; however, their effect is often minimal by extending a patient’s survival by only three months
[112]. Although the etiology of ALS is currently unknown, there does appear to be a genetic component as nearly 10
percent of diagnosed individuals reported having a family member with ALS and are said to have familial ALS (fALS),
while the remaining individuals are classified as having sporadic ALS (sALS)[115].

In recent years, the number of genetic mutations linked to ALS has increased. Superoxide dismutase-1 (SOD1) was the
first gene discovered to be associated with ALS, and mutations of the SOD1 gene account for 10%-15% of fALS and 1%-
2% of sALS[110,115-117]. More recently, mutations to the CO0RF72 gene have been associated with 30%-40% of fALS and
nearly 6% of sALS[115,116]. Mutations to other genes such as TDP-43, FUS, OPTN, TBK, GRN, NEK1, and C210RF2 have
also been linked to ALS[115,116]. Current evidence suggests that many of these mutations result in the aggregation of
misfolded proteins, which then causes ALS[110,112]. Furthermore, knockout models tested on mice have shown that the
removal of these genes typically does not result in symptoms of ALS, suggesting that these mutations result in a gain of
function[112,116,117].

Current ALS treatments in clinical trials focus on gene therapy as opposed to treatment of the symptoms of ALS. These
treatments attempt to replace the mutated gene, inactivate the mutated gene, or introduce a new gene to fight ALS[117].
Tofersen, an ASO, is currently in clinical trials for individuals suffering from ALS because of a SOD1 mutation. Tofersen
causes the degradation of SOD1 mRNA, decreasing the amount of SOD1 protein[118]. However, ASOs such as Tofersen
are unable to cross the blood-brain barrier and must be injected into the cerebrospinal fluid[117,118]. This can cause many
unwanted side effects, such as inflammation, infection, and long and repeated injections[117]. As a result, nanoparticles,
such as calcium phosphate lipid nanoparticles, are being developed to reduce the need for direct injection of ASOs into
the CSF[117]. Additional research is being conducted on AAV vectors for the modification of genes. The major advantage
of AAV vectors is that only one injection is necessary[116]. AAV vectors have the potential to deliver gene-silencing
material, such as antisense sequences, to mutated genes such as the SOD1 gene[116]. However, immunoreactivity to AAV
has been documented in both animal and human studies presenting future challenges to the use of AAV vectors for ALS
treatment[116].

Huntington’s disease

Huntington’s disease (HD) is a neurodegenerative disorder resulting from the expansion of a CAG trinucleotide sequence
on the HTT gene which encodes the huntingtin protein[119-121]. For an individual to be at risk for HD, they must have
greater than 36 glutamine repeats, and as the number of repeats increases the age of onset typically decreases[120]. HD is
inherited in an autosomal dominant manner, with symptoms first appearing in mid-life[121,122]. Individuals with HD
experience cognitive, motor, and psychiatric symptoms that are progressive over time[119]. Current treatments for HD
focus on treating symptoms but often have limited benefits, and there is no available disease-modifying treatment[121,
123].

The HTT gene encodes the huntingtin protein, which is involved in a variety of cellular functions including cell
division, vesicle transportation, and transcription regulation[120]. Repeat CAG trinucleotide sequences found on exon 1
of the HTT gene cause the formation of mutant huntingtin protein aggregates within neurons[124,125]. Individuals who
possess 60 or more CAG repeats will develop HD before the age of 20[124,125]. However, the CAG repeat length explains
less than 50% of the HD age of onset[124]. Other factors such as glutamic acid polymorphisms and glutamate and N-
methyl-D-aspartate receptor polymorphisms also play a role in the onset of HD[124]. These genetic modifiers all present
potential targets for genetic treatment for HD.

As a result of the many functions of the huntingtin protein, the embryonic knockout of the HTT gene in mice was lethal
[120,121]. Furthermore, the inactivation of the HTT gene after birth has been linked to neurological deterioration in mice
[121]. Because of this, many HD disease-modifying treatments being researched focus on gene editing as opposed to gene
silencing[125]. In a phase 1-2a clinical trial conducted between 2015-2017, an ASO known as IONIS-HTT;, was studied for
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its safety, ability to remain in the CSF, and ability to reduce mutant HTT in the CSF[126]. Upon completion of this trial, it
was found that IONIS-HTT,, did not increase the number of adverse effects and resulted in a dose-dependent reduction
of the mutant HTT concentration[126]. However, phase three trials show that IONIS-HTT,, may cause worse motor and
cognitive function[127]. Along with ASOs, RNA interference (RNAi) technology is being developed to treat HD. RNAi
technology attempts to decrease the amount of mutant HTT being translated using small non-coding RNAs[127]. This
RNAi technology is typically delivered through an AAV. However, this technology is in the early stages of development,
with significant testing still needed.

TUMORS

Neurofibromatosis-1

Neurofibromatosis-1 (NF-1), also known as Von Recklinghausen disease, is an autosomal dominant disorder charac-
terized by changes in the nervous system, bones, and skin[128]. Risks associated with NF-1 include bone abnormalities,
vasculopathy, and cognitive impairment[128]. NF-1 is also the common type of hamartoma neoplastic syndrome, which
is the formation of benign tumorlike malformations consisting of abnormal cells and tissues[128]. Neurofibromatosis also
consists of neurofibromatosis type 2 (NF-2) and Schwannmatosis[128]. NF-2 presents with similar cutaneous manifest-
ations as NF-1 but mainly exhibits schwannomas (tumors of the nervous system), meningiomas (tumors of the meninges),
and ependymomas (brain and spinal cord tumors)[129]. Of the three kinds of NF, NF-1 accounts for 96% of all cases, NF-2
accounts for 3% and Schwannomatosis accounts for less than 1%[130].

NF-1 is known as an autosomal dominant disorder that affects 1 in 2600 to 3000 individuals. All generations are
included. The expression of this disease differs between individuals of the same family and from one affected family to
another[128]. The NF-1 gene is located on chromosome 17 and is a tumor suppressor gene. The NF-1 gene produces a
product called neurofibromin, which catalyzes the hydrolysis of guanosine triphosphate (GTP)-bound Ras to guanosine
diphosphate-bound Ras, ultimately inactivating Ras GTPase[131]. Neurofibromin is expressed in various tissues
throughout the body and the function of NF-1 is to modulate the activity of the RAS pathway[132]. This pathway in turn
delivers signals from the granulocyte-monocyte colony-stimulating factor to proliferating cells[132]. In turn, the NF-1
protein promotes the conversion of the activated complex, Ras-GTP, to Ras-GDP, the inactivated form[133]. When the
NF-1 gene is mutated or deleted, the typical phenotype of NF-1 results due to activation of the Ras-GTP, ultimately
resulting in cell growth and prolferation[128]. With this disorder, penetrance is complete[134]. NF-1 has a high degree of
variability in clinical presentation, which may include cutaneous, bony, vascular, and cognitive features along with
multiple neoplasms. Due to these manifestations overlapping with other genetic conditions, accurate diagnosis of NF1 is
important for clinical care and genetic counseling[135]. The mechanism of neurofibromatosis-1 is summarized in Figure 5
below.

New gene techniques were shown to help with NF-1-related pain. A study conducted on this rare autosomal disease
suggested that collapsing response mediator protein 2 (CRMP2) is a key target for therapeutic intervention[136]. Moutal
et al[136] highlighted there is a direct connection between the amount of neurofibromin expressed and pain. CRMP2
regulates the activity of calcium channels and increases the Ca* current and release in sensory neurons[137].
Additionally, CRMP2 binds to the C-terminus of neurofibromin, suggesting a possible correlation between CRMP2 and
the pain experienced by patients with NF-1[136]. In the study, they used clustered regularly interspaced short
palindromic repeats of the CRISPR-associated 9 (CAS9 genome), a commonly used DNA editing device[136]. With this,
the researchers created a novel rat model of NF-1-related pain[136]. The delivery guide of Cas9 nuclease plasmid was
used to generate allele-specific C-terminal truncation of neurofibromin[136]. Additionally, researchers used (S)-LCM, an
inactive enantiomer of the drug Vimpat to inhibit CRMP2 phosphorylation, uncoupling CRMP2 from the NF-1 protein
[136]. The rats with truncation of neurofibromin showed increases in voltage-gated calcium and sodium resulting in
increased nociceptor excitability and behavioral hyperalgesia[136]. As the protein CRMP2 regulates these channels and
binds to the C-terminus of neurofibromin, this indicated a possible mechanism underlying NF1 pain[136]. Targeting
CRMP2 phosphorylation offers a new therapeutic way to manage the pain associated with NF-1. However, future
research is needed in human trials to further investigate the link between CRMP2 and the NF-1 protein.

In children with neurofibromatosis 1, low-grade gliomas are the most common tumor and often result in significant
visual loss due to tumor progression along with motor deficits[138]. The current therapeutical agent used for the
management of tumor progression is vincristine/carboplatin, or vinblastine, a chemotherapeutic agent[139]. Although
this agent prevents tumor progression, restoration of vision or motor function is rare[140]. A new type of therapeutic
approach involves the use of mTOR inhibitors[140]. When mTOR is activated, abnormal cell growth results leading to cell
proliferation and the formation of new blood vessels through angiogenesis[140]. Everolimus is derived from rapamycin
and inhibits angiogenesis, hypoxia-inducible factor 1, and vascular endothelial growth factor production, and ultimately
prevents the proliferation of cells[141]. When Everolimus was given to patients with NF-1, the tumor progression was
significantly halted and demonstrated sufficient penetration of the blood-brain barrier[141]. This offers a promising
therapeutic for children with low-grade gliomas as it is available orally and has minimal toxicities. However, further
researcher is needed on Everolimus in combination with other agents to determine if it is the superior therapeutic agent
or if a combination offers better results.

Tuberous sclerosis
Tuberous sclerosis is an inherited autosomal dominant neurocutaneous genetic disorder[142]. This genetic disorder
affects multiple systems and often presents in children with skin lesions, seizures, and hamartomas of the brain, kidney,
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Figure 5 Mechanism of neurofibromatosis-1. If the neurofibromatosis-1 gene on chromosome 17 is either mutated or deleted, either no protein product is
formed, or a mutated protein is made. This mutation or deletion then results in the inhibition of the conversion of Ras-GTP to Ras-GDP, ultimately resulting in the
increased signaling of Ras-GTP and leading to cell growth and proliferation, producing the neurofibromatosis phenotype. GTP: Guanosine triphosphate; GDP:
Guanosine 5'-diphosphate; NF-1: Neurofibromatosis-1.

and heart[142]. Additionally, tuberous sclerosis impacts 1 in 5500 individuals. Affected individuals may also present with
developmental delays[142]. Cardiac rhabdomyomas of cortical tubers may also be present prenatally[142]. Adulthood
signs show osseous, renal, or pulmonary lesions[142]. Skin lesions are found in 90% of patients of all ages whilst,
hypopigmented macules are found in early childhood[142]. Ungual fibromas appear during puberty and facial
angiofibromas are more commonly found towards adolescence[143].

Tuberous sclerosis disorder arises from four mutations in tuberous sclerosis complex 1 (TSC1) (9q34) and tuberous
sclerosis complex 2 (TSC2) (16p13.3) genes which respectively encode hamartin and tuberin[144,145]. This disorder has
been known to have a broad spectrum of mutations in both genes[144]. No regions seem more liable to mutations and the
frequency is consistently higher in TSC2 rather than in TSC1[144]. 15% of patients admitted who meet clinical criteria for
tuberous sclerosis demonstrated no identifiable genetic mutations[143]. The disease itself is caused by a mutation of these
genes and causes dysfunction of proteins hamartin or tuberin[143]. Hamartin’s role helps control the proliferation of cell
growth, division, and cell size[143]. Tuberin functions to regulate cell growth and protein synthesis through the
downstream inhibition of mTOR[146]. Therefore, the loss of either of these proteins can lead to the overgrowth of lesions
in many vital organs[146].

Gene therapy for tuberous sclerosis type 2 was conducted on a mouse model by delivering an adeno-associated virus
(AAv9) which encoded a condensed form of tuberin[147]. A mouse model of TSC2 was generated by AAV-Cre
recombinase disruption of Tsc2-floxed alleles at birth, leading to a shortened lifespan (mean 58 d) and brain pathology
consistent with TSC[147]. When these mice were injected intravenously on day 21 with AAV9-cTuberin, the mean
survival was extended to 462 d with a reduction in brain pathology[147]. This study demonstrated the potential of
treating life-threatening TSC2 Lesions with a single intravenous injection of AAV9-cTuberin[147]. Preventions for this
disease will vary depending on the developmental stage of the specific individual as tuberous sclerosis has a highly
variable clinical course and the prognosis may be uncertain[147]. Options pertaining to tuberous sclerosis are limited to
surgery for treating symptoms of tuberous sclerosis related to the growth of hamartomas[148]. Therefore, to better
understand the genetic causation for this disease, clinical trials of mammalian target of rapamycin inhibitors, including
sirolimus and Everolimus have been conducted[149]. mTOR is an evolutionary conserved serine-threonine kinase that
regulates cell growth and cell survival[149]. The connection between TSC and mTOR led to the clinical use of mTOR
allosteric inhibitors, Sirolimus and Everolimus[149]. Both sirolimus and Everolimus inhibit mTOR selectively with similar
molecular mechanisms but distinct clinical profiles[149]. Everolimus has been approved for subependymal giant cell
astrocytomas and renal angiomyolipomas in TSC patients[149]. However, sirolimus is not approved for TSC and has
undergone considerable investigation to treat various aspects of TSC. However, the use of sirolimus has been studied in
older children and adults with TSC[150-153]. One study published in 2023 investigated the use of sirolimus in children
under the age of 2 with tuberous sclerosis complex and found that sirolimus was safe to use in children[154]. The study
reported that the most common adverse events due to sirolimus use included anemia, hyperlipidemia, and thrombo-
cytosis, which were able to be managed well[154]. Despite proving its safety through this study, further research is
needed into sirolimus to demonstrate safety and efficacy through larger studies and clinical trials, but it offers a
promising therapeutic option for patients with tuberous sclerosis.

CONCLUSION

Neurologic orphan diseases impact less than 200000 individuals within the United States and because they’re rare,
diagnosis and treatment are often difficult. However, in recent years, data has suggested that the use of whole genome
sequencing has increased the diagnosis of neurologic orphan diseases, allowing patients who have these conditions to be
more easily identified. With new advances in technology, more research is being devoted to developing therapeutic
options for patients with neurologic orphan diseases. Such advances in research include the use of AAV vectors which
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have shown positive results in SMA, ALS, Friedreich Ataxia, and NF-1. Additionally, the use of CRISPR/Cas has
demonstrated promising results in DMD, Dravet syndrome, Friedreich Ataxia, NF-1, and Tuberous Sclerosis. The use of
therapeutics that can cross the blood-brain barrier, such as Risdiplam and Branaplam, has increased the number of
treatment options available for patients with SMA. Additionally, research into mTOR inhibitors offers a promising option
for patients with NF-1 and tuberous sclerosis. Although further research is needed, these treatment options can
significantly impact the quality of life and survival of patients with neurologic orphan diseases.
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Abstract

BACKGROUND

Since an initial diagnosis of Alzheimer disease (AD) in 1907, early detection, was
unavailable through 116 years. Up-regulation of V-Ets erythroblastosis virus E26
oncogene homolog 2 (Ets2) is capable to enhance neuronal susceptibility and
degeneration. Protein expression (PE) of Ets2 has functional impact on AD and
Down'’s syndrome, with diverse intensity. PE of Ets2 has an influential pathogenic
impact on AD. Clinical aspects of neurological disorders directly interact with
psychological maladies. However, deterioration requires an early management
including programmed based protection.

AIM

To include cell biology in neuro-genetics; personalized, prognostics, predictive,
preventive, predisposing (5xP) platform, accompanied by stratifying brain chan-
nels behavior pre- and post-intervention by light music in the AD-patients.

METHODS

Include exploration of PE assay and electroencephalography of brain channels.
The processes are applied according to: (1) Triangle style, by application of
cellular network; and (2) PE assay of Ets2 in the peripheral blood of the patients
with AD, by Manual single cell based analysis, and Flow-cytometry. (1) Applying
the Genetic counselling and pedigree analysis; (2) considering the psychological
status of the referral cases; (3) considering the macro-and/or micro-environmental
factors; (4) performing the required Genetics’ analysis; and (5) applying the
required complementary test(s).
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RESULTS

PE of Ets2 has pathogenic role in AD. PE unmasked the nature of heterogeneity/diversity/course of evolution by
exploring Ets2, D1853N polymorphism in Ataxia Telangiectasia mutated gene (ATM), vascular endothelial growth
factor (VEGF), epidermal growth factor (EGF) and course of evolution at the single cell level of the brain. Ets2
revealed different cellular behavior in the blood and suggested the strategy as ‘Gene Product-Based Therapy” and
the personalized managements for the patients. PE reflected weak expression of ATM, mosaic pattern of Ets2;
remarkable expression of VEGF and EGF by highlighting an early detective platform, considering circulating
neural cells (CNCs) and the required molecular investigation, for the target individual(s) predisposed to AD or
other neural disease including brain neoplasia. Brain channels-cooperation with diverse/interactive-ratios lead to
strategic balancing for improving the life-quality in AD.

CONCLUSION

We highlighted application of the single CNCs and correlated Ratio based between Brain channels by providing
the 5xP personalized clinical management model for an early detection and therapy of the patients with AD and
their targeted/predisposed relatives. Novel-evolutionary/hypothetic/heterogenic-results in brain-channels offer
personalizd/ constructive markers with unlimited cooperation in health and disease.

Key Words: Alzheimer; Protein expression; Brain channels; Predictive/early detection

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The provided outcomes emphasize on the personalized/classified/functional/single cell based/complementary
insights, and systematic strategy in Neuro-Science. The successful bridging approach between Neuro-Science and Medicine
requires: (1) The combination of the molecular and functional insights at single cell level; (2) by emphasizing on the course
of evolution; and (3) to expedite towards unmasking the functional modifications in the blood stream of the patients with
neurological disorders including Alzheimer disease (AD). However, exploration of the circulating neural cells accelerate to
unmask the course of evolution by providing the personalized and translatable model to the target based therapy. Let’s
improve the life quality of the patients with neurological disorders including AD with simply the light music which
corresponds with 40 Hz in gamma sensory stimulation therapy. It is essential to differentiate between neurological- and
neuro-psychiatric diseases. Surprisingly, we offer an early detection of the stem cells, including the neural CD133 at fetal
period, i.e., as early as 8-9 wk, or later through the circulating fetal cells in the maternal blood stream.

Citation: Mehdipour P, Fathi N, Nosratabadi M. Personalized clinical managements through exploring circulating neural cells and
electroencephalography. World J Exp Med 2023; 13(4): 75-94

URL: https://www.wjgnet.com/2220-315x/full/v13/i4/75.htm

DOI: https://dx.doi.org/10.5493/wjem.v13.i4.75

INTRODUCTION

Present introduction provides the multi-directional insights towards the Alzheimer disease (AD), including the function
of involved protein expression (PE) at single cell level; and electroencephalography (EEG), to observe the role of light
music (LM) on the brain channels, and the interaction between different brain channels. It was also aimed to provide the
personalized periodic chart for the predisposed individual and/or patients affected with AD. In addition, an initial
description of the histopathology of AD has been provided by Alois Alzheimer[1] in 1907, which is categorized by brain
atrophy, an extracellular, cumulated of AP peptide (amyloid plaques), loss of neuron and synapse, composition of tau
protein, as neurofibrillary ingredient[1]. Regulation of the Human Presenilin-1 Gene by V-Ets erythroblastosis virus E26
oncogene homolog 2 (Ets2) Transcription Factors and p53 play key role in AD-pathogenesis[2]. The decisive role of DNA
by controlling 90% of the expression of presenilin 1 gene located in chromosome 21 (-35 to +6) is highlighted. This region
harbors an Ets transcription factor-binding motif, and a 2-base pair alteration within the sequence of (GGAA to TTAA) of
the Ets2 territory leading to the 90% transcriptional reduction. It was also reported that Ets1/2 transcription factors
activate PS1 transcription.

The pathological diagnosis in AD, and accumulation of amyloid, occur almost decades before an initial sign of clinical
symptoms|[3]. Besides, functional aspect of brain network could be unmasked by magnetoencephalography. Most
importantly, application of the non-invasive strategy, as an early detection of the symptom(s) of neuropathology at pre-
developmental period of the AD is essential.

Initially, the micro- and macro-environmental factors, including nutrition play, partly, the influential roles in initiation
and progression of AD. The most challenging panel in this topic is the late diagnosis and the risky procedures through
the exploration of AD and therapy. In addition, EEG is the non-invasive and trustable method to detect synaptic
dysfunction and the course of the disease. However, performance of EEG is helpful, but very late.
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In addition, the combined strategy to classify the EEG-data, by applying an early functional assay of the target
protein(s), at single cell level, and as the personalized analytical procedures in AD is, currently, our ongoing process.

Brain function could be, routinely, examined by EEG in AD with significant resolution[4]. EEG is revealed to be: (1)
Non-invasive; (2) unmasks the alphabetic informative codes of the neural territory; (3) recording many required targets;
(4) unmasking the health conditions related to the patients” age; and (5) deals with the pharmacological modeling[5,6].
Actually, EEG is capable to unmask the basic prognostic mechanisms in AD. Furthermore, it is proposed that the
progression in AD is supposed to be associated to the “functional disconnection”[7].

In the resting phase, the increased and decreased functional connection is indicative of activity for the prefrontal and
posterior regions through the alpha band[8,9]. Besides, by considering the decreased function in EEG exploration, its
consequences on the connectivity is remarkable which depends on the individuals and technology.

Regarding the genetic test, the Ets2 up-regulation may lead to an increased neuronal degeneration, apoptosis and
susceptibility[10]. The Ets2 gene is involved in two different group of patients, affected at totally diverse age of onset
including AD and Down’s syndrome (DS)[11].

The primary predisposing/predictive/early detective strategy is the pedigree-based analysis of the proband affected
with nervous system/brain disorder(s) including AD. Such approach will cover the candidate relatives of the proband(s)
for the screening program. This strategy will unmask: (1) The predisposing factor through the pedigree; and (2) the target
and candidate relatives for an early and non-invasive screening.

Circulating neural cells (CNCs) offer: (1) The non-invasive screening; (2) at single cell level; and (3) unmasking the
heterogeneity / diversity and evolution.

Ethics play fundamental and supportive role in Genetics and Psychiatry. It facilitates, care and guarantee the benefit of
patients in different stages including sampling, research, and clinical managements. Through such platforms, the chain of
events including predisposition, prognosis, prediction, prevention (as 4xP aim), diagnosis and personalized therapy are
required to be considered. In cell biology, the single cell level play the key role in unmasking the brain’s behavior and
have complimentary role and functional impact on the neurological system.

The personalized, prognostics, predictive, preventive, predisposing (5xP) strategy would be achievable through the
systematic exploration with an early-detection and personalized therapeutic management. Besides, the pedigree-based
analysis provides the predictive stage for the relatives of proband, affected with AD at any age.

Personalized screening, at single cell level, with adequate cell analysis, as early as possible, is scientifically trustable.
Therefore, it is an urgent aim for both Scientific and Medical platforms to consider an early detection of the neural
disorders.

Brain is a sophisticated and transmittable organ. The pathology of the brain is classified and available[3]. By
considering Genetics and cell biology, the specific factors in the neural cells play key role in the neural territory. As a
result, the manner of current systems have the influential and functional roles on the specific neurological mechanisms at
single cell level. Therefore, to unmask the alterations, it requires the most comprehensive exploration at somatic- and
genomics level[11].

Brain harbors the multi-channels, which is characterized with the miscellaneous and essential proteins.

Conclusively, neural cells are derived from the pool of homogeneous progenitor cells. Furthermore, environmental
factors, affect the genetic variations and predisposing factors. Concerning the required techniques and the essential
therapeutic aspects of the neurological disorders, the informative panel including the histo-pathologic, PE at single cell
level and the molecular techniques are required.

As the routine manner, the most puzzling information achieved at the global level, which does not provide the
essential Information on the diversity and heterogeneity. Furthermore, the single cell based analysis of PE, is capable to
unmask the architecture of the expression and co-expression at the final cellular procedure and production.

The routine and global molecular based analysis are, rapidly, used in the neuroscience research and diagnosis, but are
not informative to unmask the heterogeneity and diversity of the functional single cell based which has key role on the
occurrence of evolution.

As the matter of fact, the roots of different diseases including cancer and non-cancerous are either related to their
ancestral lines and sides through the pedigrees, or the rules and natural events at embryonic, and/or fetal, adulthood and
elderly durations (Figure 1). However, micro- and macro-environmental factors play the influential role to initiate and
developing disorders. Finally, the complicated periodic chart is required to be considered in the management of health
and diseases for the index case and their targeted relatives through their pedigrees.

Cancer and Alzheimer are the historical diseases and have, their roots, hidden at the single cells and brain territory.

The physicians and scientists need to take their valuable action as the experienced archeologists, to trace the roots of
both diseases, one by one at single cell level and not at global dimension.

Figure 1 presents the flow-chart which may assist the medical team, including clinicians, pharmacologists, nurses, and
scientists to achieve the required complementary data, as early as possible. The prompt therapy requires an early
diagnosis. At a glance, the matter of fact includes the occurrence and diagnosis of diversity, heterogeneity and evolution.
Such a triangle, will direct the medical, pharmaceutics and scientific teams to: (1) The translatable platform; and (2) to
plan the personalized clinical management including an early-therapy (Figure 1).

MATERIALS AND METHODS

Ten patients, including six females and four males, affected with AD; and ten healthy individuals are participated in our
previous study[11]. The lymphocytes were cultured in RPMI media (Sigma Aldrich, St Louis, MO, United States) for 35
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Figure 1 The required managements for early detection and therapy: A Journey from embryonic and fetal periods to elderly.

min at 37 °C. Then the cells were treated with the hypertonic solution, and were fixed. The lymphocytes were stained
with the polyclonal Ets2 antibody (Avivasysbio, CA, United States), washed by Phosphate buffer solution, and then
stained with secondary antibody (FITC-conjugated goat-anti-rabbit). Flow-cytometry (FC) assay was performed by BD
FACS Calibur FC (BD FACSCALIBUR™ FC-System, United States) and the results were analyzed by Flowjo-7.6. software.

Data was analyzed by SPSS 18 (SPSS Inc, IL, United States) The Spearman and Pearson Correlation Coefficients were
also performed. The, P value less than 0.05 was considered as significant[11].

The single cell based assay is an essential channel to unmask heterogeneity, diversity, and evolution. Besides, the high
cell enumeration is required. There are apparatus; capable to automate, cell analysis, but very few cells is enumerated.
Besides, through the manual analysis, broad exploration of multi thousand single cells are analyzable to unmask the new
cellular function and their interaction.

PE has been assayed by

Manual single cell based analysis by immunofluorescence (IF), also based on high enumeration, with different magni-
fication, which provides the classified intensity of the PE. However, FC is totally machinery based and non- classified
cellular screening according to the degree of intensity of the whole cell population with manual IF, and FC.

Visions and visualization: PE assay and EEG

The applied processes are performed according to the triangle style, by highlighting the power of cellular network, which
reflects the association between the PE of Ets2 is also performed in the peripheral blood of the patients with AD,
according to the standard flow cytometry technique[11]. The PE assay was capable to unveil the nature of heterogeneity/
diversity/course of evolution by exploring D1853N polymorphism in ATM gene, and PE assay of vascular endothelial
growth factor (VEGF), epidermal growth factor (EGF) at the single cell level of the brain and through the course of
evolution[12,13].

However, there are challenges regarding the CNCs in neurological disorders[14]. Furthermore, an innovative and
complementary insight is required for an intensive exploring of the brain channels as well. Buzsaki et al[14] have focused
on “The origin of extracellular fields and currents-EEG, ECoG, LFP and spikes”[14]. Briefly, the challenges and achieved
data in circulating tumor cells, and EEG highlights the involvement of two diverse territories and the related machinery
in AD[14,15].

By considering the presence of family history of AD in the related pedigree; CNCs is offered as an applicable
biomarker based test: (1) At any age, by only 2 mL of the pregnant maternal peripheral blood to screen the status of target
embryo and/or fetus for Ets2 gene and the CNCs; and (2) screening the same test by buccal mucosa or buccal smear of
the born child at different stages of his or her life.

RESULTS
PE assay

Analysis of PE was performed in the embryonic and chorionic villus samples; and patients affected with AD. PE is
assayed by IF in the peripheral blood samples and 1000-3000 cells were analyzed at single cell level, by the manual
exploration. An aborted embryonic sample at the early gestational week has been explored to assay the mode of PE,
including neural marker (NE), neural stem cell (CD133) and VEGF (Figure 2A-C). PE at early stage of embryonic period
revealed to be high for NE (Figure 2A) and VEGF (Figure 2C). But, the Neural stem cell marker (CD133) is characterized
with an absolutely lack of PE, which reflects no sign of stem cell function at early stage of embryo in this aborted sample
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Figure 2 Circulating neural cells in embryonic and chorionic villus samples. A: Circulated neural cells (CNCs) conjugated with
Dapi/Ne/CD133/vascular endothelial growth (VEG); B: Same cells conjugated with fluorescein isothiocyanate (FITC) (Ne) reflecting high protein expression in the
limited cells; C: Same cells conjugated with Rpe (CD133), totally lacks expression in stem cells; D: Same cells conjugated with Pe-Cy5, reflecting high protein
expression, accompanied by few cells with low expression; E-H: Reflect protein expression in chorionic villus sample including; E: CNCs conjugated with
Dapi/Ne/CD133/VEG; F: Same cells conjugated with FITC (Ne) reflecting high protein expression; G: Same cells conjugated with Rpe (CD133), lack of expression is
observable, accompanied by few cells with positive CD133; H: Same cells conjugated with Cy5 (VEGF), reflecting high protein expression and remarkable
angiogenesis. Bars = 20 um.

(Figure 2A-D).

Regarding the chorionic villus, sample, the behavior of PE seems to be diverse, the highest PE is traced for VEGF with
high angiogenesis in the whole sample (Figure 2E-H); mosaic pattern of PE for the NE is more remarkable (Figure 2B)
than VEGF, the stem cell CD133, reveals a notable, low expression, accompanied by few cells with high expression
(Figure 2E-H) which reflect the initiative step for activation of CD133 stem cell, and significantly differs from the
embryonic sample, lacking any expression of CD133. This is the course of evolution, which could be influenced by micro-
and macro environmental factor during the fetal growth. Such behavior could occur for any other involved marker(s) for
cancer initiation and/or progression. By projecting the impact of early detection, the initial target to unmask any sign of
functional alteration related to the neurological disorders including AD by circulating fetal cells (CFCs), is available. In
this regard, we offer an extremely early detection of neural stem cell (CD133), Ets2, and any related key proteins,
involved in the initiation and progression of neurological disorders including AD at 8-9 gestational week (Figure 2E-H).
Furthermore, screening the evolutionary course of the molecular and functional alteration(s) is possible by the follow-up
strategy and only 2-3 mL maternal peripheral blood as often as, is essential. In addition, we provide an early detective
platform including the stem cells (CD133) at fetal period, i.e., as early as 8-9 wk through the CFCs/chorionic villus in the
maternal blood stream. Besides the key proteins including cyclins B, D, E, EGFs and VEGF could be also analysed. The
benefit of such an extremely early screening is to deliberate the preliminary and preventive strategy including micro- and
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Figure 3 Flow-cytometry results of erythroblastosis virus E26 oncogene homolog 2 protein expression in a patient affected with

Alzheimer disease. A: R1: 78.1 % (7812/10000 cells); B: Erythroblastosis virus E26 oncogene homolog 2: 2.59 % (202/7812 cells). Ets2: Erythroblastosis virus
E26 oncogene homolog 2; SSC: Side scatter reflects the internal complexity. Adapted from Reference[11].

macro-environmental factors, counting nutrition. Besides, planning the essential and non-invasive screening, such as EEG
at the right time through the offspring’s life, under the guide and care of physician could be planned to detect any sign of
AD manifestation(s) for applying any essential 5xP aims.

Besides the manual detection by immunofluorescence, automated analysis of PE by FC, is performed for Ets2 protein

Figure 3).

( %hree )proteins including ATM, Ets2 and VEGF are reflective of: (1) Weak expression of ATM as a tumor suppressor
gene; (2) mosaic pattern of PE for Ets2; and (3) remarkable expression of VEGF which is indicative of angiogenesis in the
neural cells (Figure 4).

The CNCs were explored by IF method for combination of NE, neural stem cell and angiogenesis (NE/CD133/VEGF
(Figures 5 and 6); and for Ne/CD133 (Figure 7). The PE of NE/VEGEF/Ets2 is also provided (Figure 8). The migrated
neural cells with high or low expression are shown with arrows. The micro-vesicle and the vascular section harboring the
migrated neural cells are detectable. The CNCs were explored by IF method for combination of NE and neural stem cell
(NE/CD133) (Figure 7). The PE of NE/VEGF/Ets2 is also provided (Figure 8). Lower expression of this triangle (NE/
VEGEF/Ets2) is a reliable predictive/early and non-invasive platform for exploring the status of AD at any stage of life.
The CNCs’ ratio, between pre- and post- intervention were analyzed based on the PE-screening of cytokeratin 19 (CK19),
and leukocyte common antigen (CD45) and EGF. The cells conjugated with VEGF (Rpe), having lower expression
(Figure 8), the CNCs’ ratio, between pre- and post- intervention were analyzed based on the PE-screening of CK19, and
leukocyte common antigen (CD45) and EGF. The personalized insight is considered/and the ratio value is estimated for
the cases. The Ratios are characterized as <1 and > 1 between different channels within the horizontal and vertical axes.
Finally, the diverse patterns were classified according to the distribution including clusters or sporadically forms. The
CNCs' ratio, between pre- and post- intervention were analyzed based on the PE- screening of CK19, leukocyte common
antigen (CD45) and EGF (Figure 9). The confirmation of CNCs was based on the mode of positive CK19* and negative
CD45. The personalized insight is considered. The ratio value is estimated in cases. The Ratios are characterized as <1
and > 1 between different channels within the horizontal and vertical axes. Finally, the diverse patterns were classified
according to the distribution including clusters or sporadically forms.

Conclusively, by aiming an early clinical management, including diagnosis and therapy, the application of an available
multi-panels based on: (1) Non-Invasive; (2) repeatable; (3) cost benefit; and (4) safe CNCs sample, in only 2 mL
peripheral blood or buccal smear, for an early detection of the target proteins expression in the brain cells could be
considered. Let’s Revise Alzheimer disease, based on single cell based vocabulary (Figure 10).

Applicability at a glance

The combination of neurology/genetics/cell biology/psychology/ethics is required for the research and clinical
management for the neurological disorders. Moreover, the following items harmonize the 5xP by: (1) Applying the
Genetic counselling by documenting the patients” pedigree, including the family history of the related diseases, up to 3-4
or more generations; (2) organization of the accustomed plan according to the psychological status of the referral cases;
(3) considering the macro-and/or micro-environmental factors in the patients” pedigrees; (4) performing the required
Genetics’ analysis according to the information, based on the pedigree study; (5) focusing on the apparently normal
relatives, having the family history of the relatives affected with the diseases through generations in the pedigree; (6)
applying the required complementary test(s); and (7) application of the predictive and early detective strategy for the
target suspicious patients with AD and their target relatives.

Genetics/cell biology organize and play the most fundamental roles, by considering a triangle model to unmask the
heterogeneity/ diversity /evolution. Through such manner, the personalized diagnosis and therapy could be developed.
AD as a major aim is selected to explore Ets2. This gene has been explored in two different group of patients affected with
neuro-degenerative disorder including AD and DS[11]. Ets2 with its pathogenic role, revealed different cellular behavior
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Figure 4 Protein expression of Ataxia Telangiectasia mutated gene, erythroblastosis virus E26 oncogene homolog 2, and vascular
endothelial growth factor in the circulated neural cells from the neural system to the blood stream in a patient with Alzheimer disease. A:
Circulated neural cells (CNCs) with dapi; B: CNCs conjugated with Ataxia Telangiectasia mutated (Rpe), reflecting lack or very low expression; C: The same cells
conjugated with Ets2 (Fluorescein isothiocyanate) with a mosaic pattern of expression; D: Same cells conjugated with vascular endothelial growth factor (Rpe),
reflecting mosaic angiogenesis.

in two different diseases. The results have suggested the strategy as ‘Gene Product-Based Therapy’ and the personalized
managements for both diseases.

DISCUSSION

The information of patients” and controls are provided in Tables 1 and 2. Total cells of 10000 in AD patients were
analyzed by FC, but without providing any heterogeneity. The FC-results of Ets2, is provided (Figure 3). PE assay
unmasked the nature of heterogeneity/diversity/course of evolution by exploring Ets2, D1853N polymorphism in ATM
gene, VEGF, EGF and course of evolution at the single cell level of the brain. The arrangement of Genetics/Cell biology/
Psychology/Ethics is essential quadrat-radial format for programming the research and clinical management. The
required steps in the Genetics and cell biological programs include: (1) Genetic counselling/pedigree documentation; (2)
considering the macro-and/or micro-environmental factors; (3) performing the required Genetics” analysis, based on the
pedigree-information; (4) considering the target proband’s relatives for the required screening; and (5) applying the
required Genetic test(s). Besides, harmonizing the 5xP insights are the essential target in the clinics.

Complementary and comparative insights between different panels of PE assay is the key aim in the patients with AD.
PE of Ets2 by IF at analyzable single cell level of the AD patients are provided (Figures 4 and 9). However, PE is a
challenging assay and the cells with high magnification are required to: (1) Reflect the clear panorama of the PE; and (2)
most importantly, to echo the cellular heterogeneity clearly. The PE of Ets2 is also assayed for ten control individuals
(Table 2). Two different single cell- based platforms are indicative of diverse conclusions. In fact, the most diagnostic and
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Table 1 Erythroblastosis virus E26 oncogene homolog 2 protein expressions status and clinical features of Alzheimer's disease

patients

CaseNo  Gender Raelyr " Clinicallfeatra Family History of AD Ets2 pro_tein Total cells evaluated by
(years old) expression (%) flow-cytometry

1 F 69 ML - 146 (3.47) 4207

2 F 57 ML, tremble Cousin of paternal father 155 (2.13) 7276

(hands) (65)

3 F 92 ML, MD - 121 (1.11) 10900

4 M 76 ML Half brother (70) 607 (15.8) 3841

5 M 79 ML - 810 (11) 7363

6 M 67 ML (severe) - 166 (2.43) 6831

7 M 4 ML (severe) - 1100 (6.75) 16296

8 F 54 ML = 228 (3) 7600

9 F 81 ML, HC, BP Maternal aunt (95) 98 (5.12) 1914

10 F 79 ML - 541 (18.9) 2862

M: Male; F: Female; ML: Memorial loss; MD: Movement disorder; HC: Heart complication, BP: High blood pressure; AD: Alzheimer disease; Ets2:
Erythroblastosis virus E26 oncogene homolog 2; Total cells analyzed in 10 patients: 69090[11].

Table 2 Erythroblastosis virus E26 oncogene homolog 2 protein expressions status in healthy individuals as control for the patients

with Alzheimer disease

ID Age, yr Ets2 protein expression (%) Total cells analyzed
Cc1 65 2 (0.066) 3025
C2 56 10 (0.19) 5214
C3 79 0 (0) 1546
C-4 74 3 (0.065) 4587
C5 79 6 (0.48) 1232
C-6 62 3(0.38) 783
Cc7 42 0 (0) 923
C8 54 4(0.10) 9823
Cc9 81 7 (004) 874
C-10 79 3(0.19) 1542
Total 38 (0.12) 29549

The cells were analysed by flow cytometry: All controls (C) had no family history of Alzheimer disease. C: Control; Ets2: Erythroblastosis virus E26
oncogene homolog 2.

visibility of cellular diversity is achievable by IF through which the territory of the migrated cells from the brain domain
is detectable (Figures 3 and 8). The provided figure by IF, clearly, reflect heterogeneity at single cell level.

An extra copy of Ets2 gene in the DNA of brain cells is reported by quantitative densitometry[16] and the provided
guidlines[17,18]. Based on this valuable finding, the possible correlation of an extra chromosome 21 in DS as the cause of
AD was also reported. In this regard, the expression of Ets2 was also high in DS by: (1) A segmental trisomy model for
transcriptome during postnatal development of DS in a mouse model[19]; (2) leading to induction of neural apoptosis
[20]; and (3) high-expression of Ets2 led to amplification of the APP gene expression and raising f-amyloid proteins, with
consequential brain anomaly in AD and DS[21]. The Most interesting report was related to the beta amyloid gene
duplication in both Alzheimer's disease and the case of DS with normal karyotype[21]. It has been, also, emphasized that
through the mechanism of an imbalance process for gene dosage, the mental disorder could be evolved through the
molecular/cellular machinery in DS[22]. Conclusively, the PE of Ets2, as a remarkable pathogenic factor, has the
fundamental role at single cell level of two different disease including AD and DS.
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Figure 5 Protein expression of neural marker, CD133, and vascular endothelial growth factor in the circulated neural cells from the neural
system to the blood stream in a patient with Alzheimer disease. A: Merged of dapi/fluorescein isothiocyanate/CD133/vascular endothelial growth factor
(VEGF); B: Neural cells, conjugated with FITC with low expression, accompanied by the cells with high expression; C: Neural cells conjugated with Pe-cy5 also with
low expression, accompanied by the cells with high expression; D: Cells conjugated with R-phycoerythrin and VEGF, majority of cells reflecting low expression,
accompanied with a minor cells with lack of expression.

It is reported that application of “Sensory-Evoked 40-Hz Gamma” facilitates and improves sleeping process and the
quality of life in the patients affected with Alzheimer's Disease[23]. Similarly, the light music has also the same impact on
the individuals affected with AD as well.

Frontal lobe functions and AD

As a major component of the cerebral cortex, the frontal lobe serves a variety of functions. It is believed that the orbito-
frontal cortex (PFC) is involved in the cognitive process of decision-making and other ventromedial prefrontal cortex
regions of frontal lobe; it plays a significant role in the regulation of motivation and emotion as well[24,25]. The ventro-
medial PFC plays a more specialized function in pleasure, happiness, and reward conditioning[26]. Executive function,
however, is one of the most significant frontal lobe-related functional groups. Executive functions are typically cognitive
processes that help people tackle challenging, unique, and complicated tasks by choosing and fusing actions or thoughts
with internal goals and mediating activities over time[27-29]. Working memory, cognitive flexibility, and inhibition are all
components of executive function, which is reliant on top-down (i.e., goal-driven) control of distributed processes taking
place across the brain. The nature of the processes being controlled determines the precise behavioral output[30]. Key
cognitive processes relating to social, emotional, and motivational elements of conduct are carried out by prefrontal
cortical areas. Working memory, goal-driven attention, task switching, planning, problem-solving, and the need for
novelty are all functions of the dorsal lateral prefrontal cortex. The medial prefrontal cortex is involved in self-awareness,
motivation, emotional regulation, and updating goal-directed behavior; the orbitofrontal cortex is involved in personality,
inhibition, and emotional and social reasoning. The ventral lateral prefrontal cortex is involved in inhibition, response
selection, and monitoring[27]. Dysexecutive syndromes have historically been linked to dorsolateral prefrontal cortex
damage, but it is now understood that they can also be caused by a parietal-temporal-frontal system impairment, which is
the focus of a specific type of atypical AD. Simple daily tasks requiring executive control and a variety of neuropsycho-
logical tests are among the tasks that this dysexecutive Alzheimer phenotype performs poorly on. Disrupted executive
control over social, emotional, and motivational elements of behavior characterizes dysexecutive syndromes, which are
more closely associated with the frontal lobe[31].

EEG findings in AD

It is crucial to take into account both the rhythms' location in the brain during EEG analysis in addition to the rhythms
themselves. For instance, because alpha rhythms represent the activity of several neuronal populations, they have
different neurological correlations when they are observed in the occipital, temporal, or frontal cortexes[32].

The majority of EEG studies used to diagnose AD have been based on spectral decomposition of scalp signals in both
the resting state with closed eyes and open eyes. We now understand that healthy aging causes changes in brain activity,
which are consequently recorded in EEG recordings. They include an increase in delta (1-4 Hz) and theta (4-8 Hz) power,
a decrease in background activity, and a slowing of alpha activity (8-13 Hz)[33]. During physiological aging, the
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Figure 6 Protein expression of neural marker/CD133/vascular endothelial growth factor in the circulated neural cells from the neural
system to the blood stream in a patient with Alzheimer disease. A: Merged of dapi/Ne (Ne: Neural cells conjugated with dapi/Ne); B: Merged of dapi/Pe-
cy5, CD133, Same cells conjugated with fluorescein isothiocyanate reflecting high expression; C: Neural cells, conjugated with fluorescein isothiocyanate (FITC)/Ne;
D: Neural stem cells, conjugated with Pe-cy5 with mosaic pattern including the cells with high, very low-, and lacking-expression; E: Conjugated with Pe-cy5/neural
cells; F: Co-expression of Dapi/Ne/CD133/VEGF; G: Neural cells conjugated with FITC; H: Vascular endothelial growth factor conjugated with Rpe; I: CD133
conjugated with Pe-cy5. The migrated neural cells with high or low expression are shown with arrows. The micro-vesicle and the vascular section harboring the
migrated neural cells are detectable. The micro-vesicle and the vascular section harboring the migrated neural cells are detectable. Ne: Neural cells conjugated with
FITC; CD133: Neural stem cells, conjugated with Pe-cy5; VEGF: Vascular endothelial growth factor, conjugated with RPe; The CNCs were explored by IF method for
combination of neural marker, neural stem cell for Ne/CD133 (Figure 7).

magnitude of the alpha rhythm reduces in posterior cortical regions, and this is related to the level of general cognitive
function[34]. However, numerous studies indicate that compared to age-matched controls, both mild cognitive
impairment (MCI) and AD suffer from changes in the pattern of their EEG recordings: Alpha and beta rhythms typically
decline, whereas delta and theta oscillations generally increase[35-37]. Such evidences highlight the key application of
EEG through the course of disease.

At the AD-initiation, there is an increase in slow waves, notably in the theta rhythm. The earliest indicators of cognitive
deterioration and the theta power rise are related[38]. Theta relative power, (which is expressed as the percentage of theta
band power to all other bands), is higher in AD than in MCI and higher in MCI than in healthy controls and is associated
with worsening performance across all cognitive domains[39]. alpha power is lower in AD than in MCI, and in MCI than
in normal people[40]. There is a correlation between the decline in alpha activity and the severity of the illness and the
cognitive abnormalities[40]. In addition to spectrum features, EEG also has synchronization features. EEG synchron-
ization also describes how various brain oscillations are adjusted. When two distinct signals lock in phase, become phase-
amplitude coupling, or modulate their amplitudes simultaneously (amplitude-amplitude coupling), they are said to be
coupled[41]. One of these is spectral coherence measurement, which measures the spectral covariance of activity between
two electrode locations. When compared to healthy controls, EEG coherence in AD participants exhibited statistically
significant changes[42-44]. Alpha wave coherence in the temporo-parieto-occipital regions decreased in AD patients,
although delta wave coherence between the frontal and posterior regions increased[45]. Considering the previously
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Figure 7 Protein expression of neural marker, and CD133 in the circulated neural cells from the neural system to the blood stream in a
patient with Alzheimer disease. A: Merged of phase contrast/dapi/neural marker (NE)/CD133, in which the presence of beta-Amyloid is remarkable in the
background of this image; B: Merged dapi/NE/CD133, reflects the co-expression between NE and CD133; C: Diverse expression of NE, reflects the dissected of only
upper section of image with low expression of NE; accompanied by an isolated section with low expression of NE; including group of cells with positive expression; D:
Diverse protein function including high and low expression of CD133. The protein expression of NE/vascular endothelial growth factor/erythroblastosis virus E26
oncogene homolog 2 is also provided (Figure 8).

mentioned theory that basal forebrain neurons are severely impaired, all EEG characteristics associated with AD, such as
changes in frequency patterns and synchrony measurements, may be caused by the loss of neurons, altered anatomical
structure of the neuronal tracts, as well as altered release of neurotransmitters, all of which lead to impairments in neural
activity[44].

Highlighted points of view

Neurological disorders are extremely complicated with an influential impact on the whole society including the patients’
family and close friends. Therefore, the educational packages are required to create the cooperative surrounded living
atmosphere between the patients, family and the friend.

Regarding the muti-dimentional approach of the neurological disorders, including AD, the following facts and
directive points of view in the recent review article provided by Tanaka and Vécsei[46]: Differentiating the “neuropro-
tective and neurodegenerative modules of neurological and neuropsychiatric diseases”, highlighting the etiology,
available techniques, diagnostic and therapeutic approaches of neurodegenerative diseases.

As the whole, neural engagements can be stabilized by the” neuroplasticity” which is characterized by: (1) The nervous
system capabilities to convert other components; (2) based on the status of functions, structural format, and constructive
ability; and (3) being malleable, tolerated and adaptive against the non-desirable event and challenges[46].

Brain EEG

Regarding the traditional brain technology for AD- patients, and by focusing on the psychological disorders, the neuro-
developmental aspects of the brain, have not been much unmasked. Indeed, EEG, as a globally trusted screening system,
applied to measure the brain motion for a century. EEG affords the brain’s electrical motion and measure the electro
cortical rhythms[6,7,9,14].

The EEG reports are skillful in: (1) Resting status; and (2) closed eyes using a Delta-med digital EEG acquisition system
for 20 min. Scalp electrodes were adjusted according to “the modified International 10 + 20 system plus 11 additional
electrodes by 256 Hz sampling rate”. Thirty electrodes were positioned on the scalp include Fp1, Fp2, F7, F3, Fz, F4, F§,
F17,FC3, FC7, FC4, FT8, T3, C3, Cz, C4, T4, TP7, CP3, CPz, CP4, TPS, T5, P3, Pz, P4, T6, O1, Oz, and O2.

Furthermore, by considering especial care about the patients affected with AD at preclinical zone, information
including classification up to the diagnostic principles requires the complementary attention[17].

Ratio was calculated between different brain- channels to achieve the manner of motions between different channels at
pre- and post-mediation with the LM. Therefore, the LM as a balancing and relaxing the neural targets mediated the
Volunteers.
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Figure 8 Protein expression of neural marker/vascular endothelial growth factor/erythroblastosis virus E26 oncogene homolog 2 in the
circulated neural cells from the neural system to the blood stream in a patient with Alzheimer disease. A: Circulated neural cells (CNCs) with
dapi/neural marker/vascular endothelial growth factor (VEGF)/erythroblastosis virus E26 oncogene homolog 2 (Ets2) reflecting remarkable co-epression between 3
proteins; B: Few CNCs with Ne (conjugated with fluorescein isothiocyanate), reflecting high expression; C: The cells are conjugated with RPe and reflects VEGF with
diverse high-, low- expression; D: Cells are conjugated with Pe-cy5 reflects Ets2 with diverse, mostly low-, accompanied by cells with high- and lack of expression.

Complementary notes, challenges and highlights on EEG in brain: Focusing on AD

The history and the benefit of EEG in research and clinics are, approximately, related to the 120 years ago (since 1930s).
However, the scientific knowledge lacks the course of evolution through the brain channels. Whatever the Scientists
unmask, is required to reflect: (1) The initial/fundamental event(s) through the brain channels; (2) priority of the events;
(3) the cascade manner of the alterations; (4) interaction between the channels; (5) stability of the alteration(s); (6)
unmasking the resting state of EEG; and (7) unveiling the course of evolution in the human brain channels.

The function and role of Broadman’s areas including 64 channels of EEG are directive to unmask the complementary/
paralleled function of the brain territory. However, the interaction between the channels requires to be personalized and
classified. Any kind of mediation may increase or decrease the activity of alpha and gamma waves, respectively, and
affect the brain metabolism and anxiety.

Mediation by LM led us to provide a brain channel based and personalized model, and to unmask the nature of
process through the brain channels, including a significant increase in Alpha and Beta bands at frontal, central and
occipital lobes of the brain.

Ratio between different brain channels unveil the diverse signal pattern at the pre- and post-mediation with the LM.

As a question, whether any mechanism relies on an interactive system between the brain’s channels or not. So, 63
channels were investigated in 5 cases, at pre- and post-mediation with LM.

Based on the f-test, a significant increased pattern in alpha wave- and decreased in gamma wave activity, and
reduction in the brain metabolism and anxiety were observed in the candidates” EEG (P < 0.05). As the result, a significant
increase in Alpha and Beta bands of the frontal, central and occipital lobes of the brain were observed. The waves
including Alpha 1,2; Beta 1-3, in both eye conditions, either open or close, the power is found between 1 to 1.6. Diversity
is remarkable with close eyes than in open eyes condition.

By considering the power ratio of brain signals, the post- vs pre-mediation of LM was explored in the candidates. The
outcomes of mediation with LM commanded to significant escalation of the power of alpha band wave at Fz, F4, FC2 sites
(frontal lobe), Cz (central lobe) and O1 (occipital lobe). The increased activity of Alpha waves in Centro-frontal regions
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Figure 9 Protein expression of cytokeratin-19/CD45/endothelial growth factor in circulating neural cells in the blood stream of an
apparently healthy individual under mediation with light music. A: The circulating neural cells (CNCs), conjugated with fluorescein isothiocyanate for
cytokeratin 19 (CK19); B: Same image with Cy5 for endothelial growth factor (EGF); presenting less cells expressing than CK19; C: Same image with R-phycoerythrin
for CD45, and expressing less than CK19; D: Co-expression of dapi/CK19/EGF/CD45. The arrow refers to the CNCs cells with remarkable expression. Presence of
CNCs was confirmed by the mode of cytokeratin 19+/CD45.

represents edited brain activity, metabolism, and reduced anxiety. Conclusively, the brain requires fewer properties for
managing its cognitive task. Data of EEG revealed that the mediation, has significantly led to: (1) Increasing the Alpha
and Beta bands of the frontal, central and occipital lobes of the brain; (2) reduction of the brain metabolism and anxiety;
and (3) declining the activity of gamma wave in the EEG.

Remarkable diverse pattern was observable between absolute pattern for Gamma 1 and 2 at open eye- (characterized
with <1 absolute power) than close eye-condition (characterized with > 1, ranging between 1-7).

Status of the absolute power ratio in all brain channels sounds as an Informative panel in the brain research and with
possible translational impact on personalized classification in Medical Neurology. Exploring of the absolute power ratio
in all brain channels could be performed upon the physician’s authorization, at different periods of life, including
childhood, adulthood and elderly, by issuing the ‘Brain ID card’. Such preliminary and three complementary ID-card pave
the way towards tracing the course of evolution at brain channels, and the probable connective pathways to the certain
disorders. Such Information provides the 5xP package for any preventive, and/or the clinical recommendations to the
target patients (Figures 10, 11, 12, and 13).

Conclusively

The provided Ratios are considered as the reliable indices for organizing the behavioral status of brain channels (Figures
10, 11, 12, and 13) to: (1) Guarantee an early detection; (2) being accompanied by performance of PE in the non-invasive
tissues, including 2-3 mL peripheral blood, buccal smear and/or mucosa, nail, urine, stool, and/or through performing
circulating cells from the target organs/tissues; (3) considering as the personalized, predictive, preventive, and prognostic
panel for the patient’s relatives within the pedigree; (4) cooperation between different channels with diverse interactive
ratios lead to the balancing strategy for improving the life-quality and quantity of the patients with neurological
disorders and an apparently normal individuals, by light nusic and any other safe, non-invasive and beneficial
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Figure 10 Circulating neural cells. A: Co-expression of Dapi/NE/CD133/vascular endothelial growth (VEG); B: Neural marker, conjugated with fluorescein
isothiocyanate; C: CD133: Neural stem cell, conjugated with R-phycoerythrin; D: Vascular endothelial growth factor, conjugated with Pe-cy5. A-D images present
circulating neural cells within the blood stream. Neural marker (B) reflects high expression; neural stem cell (C) and VEGF (D) are characterized with the harmonic
and higher protein expression.

intervention(s); and (5) by considering the provided hypothetic based data, heterogenic/diverse results presented the
occurrence of evolutionary course within the brain channels. Multi-interaction between different channels, are suggested
as the personalized and constructive markers with unlimited cooperation in health and disease.

The influence of the light music on the brain channels reflected the diverse patterns in the absolute power ratio at pre-
to post-intervention (Figures 10, 11, 12, and 13).

Power of the brain channels

Mean Power of Delta (HZ) before and 20 min after mediation with LM revealed the significant differences, in the
following brain channels: Mean Power of the Delta waves frequency (Hz) at before and after mediation with LM is found
to be significant with p-value ranging between 0.013-0.031 for the channels including Fz-, F44, FC2-,Cz- and O1-LE.
Furthermore, the mean power of Beta- gamma before and after mediation ranged between 0.001-and 0.048 for the
channels Fz-Le; F4-Le; FC2-Le; Cz-Le; and O1-Le of Alpha wave.

It is not documented that whether status of the delta-wave frequency, between the closed and opened eyes in different
brain channels is diverse or not. Therefore, we aimed to explore the ratio-pattern between absolute powers in different
channels (Figures 10, 11, 12, and 13).

Interaction between different brain channels, either balanced or imbalanced, is a personalized pattern, leading to the
new classification in the brain. Exploration of EEG according to the following results and discussion reflect the
remarkable diversity between different channels, which could be classified as the unique/personalized classification for
the brain behavioral Science (Figures 10, 11, 12, and 13).

Amongst the current diverse status of the delta-wave frequency, 8/9 ratios are characterized with the higher frequency
for the closed eyes than in the opened eyes’ condition including F8, F7, FP1, T7, C4, F3, and F4. Besides, the diverse status
includes the ratio with higher values in the opened eyes including Cz, F3, Fz, Pz, P4, P8, P3, O1 and O2 with less
remarkable diversity, but still diversity is notable.

By considering the wave frequency of Delta, the ratio of closed eyes to the open eyes is reflective of: The most stable

targets are traced in the C3 (12.23392/12.9445), T8 (CE: 6.965104/6.241952); and P7 (CE: 7.173759/OE: 7.919045)
(Figure 11).

The indices as discordance based grouping with <1 ratio, at post mediation by LM: The F3, Fz, Cz, P3, Pz, P4, P§, O1,
O2 are classified as discordance grouping with ratio < 1. With the current diverse status of the Delta-wave frequencies, 8/
9 ratios are characterized with the higher frequency for the closed eyes than in the opened eyes’ condition including FS8,
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Figure 11 Power ratio at pre- to post applied condition of closed/open eyes in an apparently healthy individual. By considering the applied
condition- model as closed/opened eyes, evaluation was performed by considering the ratio of FP1 to other channels: (1) Minor group: Cooperation from polar section
of brain, i.e., between FP1/Fp2 = 0.888; FP1/F8 = 0.5918; FP1/02 = 0.2633; FP1/01 = 0.8145; FP1/P7 = 0.6686. All ratio < 1. Range of ratio: 0.2633-0.8145; (2)
major group: have diverse destinations including FP1/T8 = 1.2647; FP1/P8 = 1.2137; FP1/F4=1.4017; FP1/C4 = 1.7180; FP1/P4 = 1.0706; FP1/F3 = 1.4605; FP1/C3
=1.7861; FP1/F7 = 1.2240; FP1/P3 = 1.2306; and FP1/T7 = 1.0558. All ratio > 1. Range of ratio: 1.0558-1.7861. In this image, FP1 is the unique station as the
primary initiating action within the brian channels, as octopods. There is a uique pattern as one direction from the upper to lower-section of the brain, including 10
indices less than 1 ratio (the blue lines) and 10 indices higher than 1 (brown lines). Such remarkable diversity is indicative of the well defined as two opposite
directions from a unique central station towards 20 destinations. By defining the status of closed- to open eyes including > 1 as relaxation and < 1 as stressful
conditions, then the challenging points are related to two distinct-outcomes. But as the matter of fact, the imposed rule is the unique major initiator, as the main station
towards two categorized destinations. This regulation is considered as: (1) The correlative/single station, as major initiator/hypothesis; and (2) two distinct Ratio based
categories, including > 1 and < 1 (Figure 11). The question is related to the diverse impact on the behavioral, emotional and other related physical and/or mental
behaviors. Keeping the stable behavioral balances is the major aim with the reliable, harmless, and available tools such as light music and/or any relaxation method.
This data reflects: (1) An EEG, personalized based and reliable categorized hypothesis; (2) with aim of detecting the behavioral characteristics of both group of
individuals including an apparently healthy and individuals with either affected with Alzheimer disease, or at primary stages of AD; (3) considering an early detective
strategy; and (4) organizing the prognostic, predictive, and preventive management as early as possible. F: Frontal; O: Occipital; C: Central; FC: Between F and C;
AF: Between Fp and F; C3,4: Central Lobe; F3,4,7,8,z: Frontal lobe; FP1,2: Pre frontal cortex; PF3,4,7,8: Partial Lobe; 0O1,2: Occipital lobe; T7,8: Temporal 7,8.

F7, FP1, T7, C4, F3, and F4. Besides, the diverse status includes the ratio with higher values in the opened eyes including
Cz, F3, Fz, Pz, P4, P8, P3, O1, and O2 with less remarkable diversity (Figure 11).

By considering the wave frequency of Delta, the ratio of closed eyes to the open eyes is reflective of: The most stable
targets are traced in the C3 (12.23392/12.9445), T8 (CE: 6.965104/6.241952), and P7 (CE: 7.3759/OE: 7.919045) (Figures 11
and 12).

Diverse grouping with discordance index: The indices as discordance based grouping with > 1 ratio, at post mediation
by LM: F7, Fp2, F8, FP1, T7 in > 1 category, of those F8, and F7, reflect remarkable high ratio than others in this classified
group (Figure 12).

Conclusively, remarkable diversity is detectable for the Ratio between closed eye/open eyes after the post mediation
by LM.

Descriptive data includes before and after mediation with the LM, at the significant level of the alpha band. Mediation
by LM, significantly decreases the power of Beta-Gamma band wave at points Fz, F4, FC2 (forehead areas), Cz (central
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Figure 12 Status of the absolute power Ratio by considering closed eye to open eye, based on the mediation of light music on the
selected brain channels of a healthy individual. This figure includes 19 brain channels. (1) Mean power of delta (HZ) 20 min post mediation with light music;
(2) channel’s names represent locations of brain including Frontal (F), Occipital, central (C), between F and C, between Fp and F; and (3) the significant value: P <
0.05. Figure 12 is indicative of the cooperative/multi-centers/and two distinct categorized correlations including 6 and 8 destinations include: (1) Indices > 1,
characterized with diverse degrees of ratio as > 1; and (2) the cooperative cluster involed 8 channels, including F3, Fz, F4, Cz, P3, Pz, P4, O1, nd O2 all with ratio <
1. These channels have impact through the middle section of brain brain from up-to down-destination. Channel C3 is characterized with almost ratio = 1, and it seems
that the cooperative manner with other channels, is considered as an independent chanel. Catagories: Closed eyes (CE), opened eyes (OE); CE < OE; CE > OE; CE
remarkably > OE; Almost equal CE and OE. This figure includes 19 brain channels. F: Frontal; O: Occipital; C: Central; FC: Between F and C; AF: Between Fp and F;
CE: Closed eyes; OE: Opened eyes. By considering 19 channels, the absolute power ratio in all brain channels by considering close eye to open eye, based on the
mediation of light music in the brain channels of a healthy individual provided the following results (Figure 13): Diverse grouping with discordance index includes: The
indices as discordance based grouping with < 1 ratio, at post mediation by light music, and includes: F3, Fz, Cz, P3, Pz, P4, P8, 01, 02 which are classified as
discordance grouping. The indices as concordance based grouping and includes: (1) HZ Pre- and 20 min post mediation with light music; (2) channels’ names
represent locations of 19 channels in the brain including: C3,4,z: Central Lobe; F3,4,7,8,z: Frontal lobe; FP1,2: Pre frontal cortex; PF3,4,7,8,z: Partial Lobe; (3) the
results, based on the ratio of closed eyes to the open eyes is classified as concordance and discordance; and (4) closed eyes, and opened eyes (P value: P < 0.05).
In upper frame, except F3 with ratio of < 1, the other 9 channels present ratio of > 1. The blue-line group, are reflective of mosaicism including P7, C3 and T8 with
equal ratio; Cz with < 1, and C4 with > 1. Interestingly, the most harmonic channels are traced within the middle region (red line includes the cooperative panel) which
are characterized with the < 1 ratio between 9 different channels through the horizontal and vertical distributed channels (Figure 13).

region) and O1 (occipital region of the brain). Such a decreased power of beta-gamma reflects the reduced activity and
connectivity of brain between frontal/central regions.

Concisely, an increased alpha power and decreased beta-gamma power after mediation of the LM is remarkable. This
link between neural oscillations in diverse frequency bands proposed to harmonize neural processing.

Furthermore, concordance and discordance between different channels of brain is the 5xP model after mediation with
LM or any selected mediated factor, upon the specialists/physician’s recommendation for further planned clinical
management(s).

CONCLUSION

Application of CNCs and correlated Ratio based between brain channels by providing the 5xP personalized clinical
management model for early detection and therapy of the patients with AD and their targeted/predisposed relatives.
Highlights offer an early detective platform by considering neuro-genetics/ cell biology, CNCs; molecular investigation,
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Figure 13 Status of the absolute power Ratio in all brain channels by considering close eye to open eye, based on the mediation of light
music in the brain channels of a healthy individual. This figure includes 19 brain channels. The absolute power ratio in all channels are an Informative
frame in the brain research with target based translational impact on personalized classification in Medicine/Neulogy. The cooperative strategy between different
channels is rather complicated in which 3 diverse, unique and cooperative platforms are established which could optimize the status of the mental behavior and
health status of the target individuals. Brain is governed by multi-centered channels, being capable of influential cooperation.

for the predisposed individuals to AD- or other neural disease. The initiation and functional stage of triangle PE
including neural-marker, stem cell (CD133), and VEGF is unmasked not only at the embryonic phase, but through the
beginning of chorionic villus period around 8"-10" of gestational weeks. The mediation with LM resulted to remarkable
escalation of the power of alpha band wave at frontal lobe including Fz, F4, FC2 sites, Cz in central lobe and O1 in
occipital lobe and the increased activity of Alpha waves in Centro-frontal regions.

ARTICLE HIGHLIGHTS

Research background

Circulating neural cells (CNCs) is an essential strategy which offers the pentagonal application including the Personalized,
Prognostics, Predictive, Preventive, predisposing (5xP) panel in the clinical neurology and Neuro-Science. Therefore, it
was aimed to explore the developing picture of CNCs’ behavior of the brain cells in the blood stream. CNCs are an
available approach for the preventive Medicine and the personalized/target-based therapy.

Research motivation

This strategy includes and offers: (1) Routinizing the CNCs assay through the high and reliable enumeration of the CNCs;
(2) providing the required information’s of CNCs to the neurological clinics for the patients affected with neurological
disorders including Alzheimer disease (AD); (3) providing adequate Information on the application of CNCs for the
protocol to the target clinical centers for either their referral patients affected with, or predisposed to AD as promptly as
possible; (4) highlighting the safety, rapidness of the process, non-invasiveness of the CNCs exploration; and an early/
preventive strategic detection of the AD in the probands and the relatives through their pedigree; and (5) considering the
pedigree-based analysis for tracing of any micro- and macro-environmental predisposing factors, including nutrition and
the history of the neurological based diseases including AD.
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Research objectives
In the Alzheimer-prone families, the history of any related clinical sign of the neurological symptoms including light
and/or progressive through different generations of the referral suspicious case, could be candidate for exploring CNCs.

If there is any persuasive micro-and/or macro-environmental risks, the target of the proband’s offspring may be
candidate for the CNCs.

Research methods

The originality of the provided research is based on the Manuel performance and exploration of the single cell based
analysis with high enumeration. This strategy is capable to unmask the heterogeneity, diversity and highlights the
specific role of the target proteins, and identification of the novel involvement of additional protein through the develop-
mental stages of AD. Furthermore, by respecting the bridging system between Medicine and Science, and according to
the primary results of Electroencephalography, as a golden performance, an innovative, complementary and predictive
model is provided in this paper. Finally, based on an early detection, and the developmental process through the passed
progressive period of AD, the personalized detection, hopefully, leads to the personalized therapy.

Research results

The novel results of the provided manuscript are characterized with: Personalized data; Single cell based strategy; and
translatable data for the index case and their relatives; an early detection of the protein expression (PE) and brain
channels bridging systems, the personalized therapy, could be translated, either for Alzheimer or the related psycho-
logical related to the brain disorders. Hypothetic/heterogenic/diverse results highlight evolutionary course within the
brain channels.

Research conclusions

Unmasking the diverse pattern of PE of the migrated cells from brain to the blood stream, by an adequate enumeration of
the CNCs based on the Manuel analytical approach. Unveil the heterogenic pattern of the analyzed target proteins’
expression. Multi-interaction between brain channels, are considered as the personalizd/constructive markers with
unlimited cooperation in health and disease.

Research perspectives

Unmasking the role of other candidate protein(s). Considering the informative publication(s) as the complementary
educational package. Bridging between Science and Medicine by considering the pedigree based translational system for
neuro-model, as an early detective platform. Suggesting for stablishing the Neuro-clinic with the aims including ‘Person-
alized-Predictive/Early detection/Preventive clinic for the families with ‘Alzheimer disease’ and in future with neuro-
genetics disorders’.
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Abstract

As the world continues to grapple with the novel coronavirus [coronavirus dise-
ase 2019 (COVID-19)], many treatments have been proposed to help alleviate the
symptoms and reduce the mortality rate. Hydroxychloroquine (HCQ) is an
antimalarial drug that is typically used for several autoimmune, rheumatic, and
dermatological conditions. It has also been considered to treat and prevent
COVID-19 and subsequent arthritis associated with the infection. This drug is
known to cause retinal toxicity, which can lead to vision impairment or loss.
While the exact mechanism is not yet fully understood, it is thought to be due to
the accumulation of the drug in the retinal pigment epithelium. The risk of
toxicity increases with long-term use or with high doses of the drug and is more
likely to occur in patients with pre-existing retinal diseases or those who are
predisposed to retinal diseases. In this context, several steps can be taken to
monitor and minimize the risk of ophthalmological adverse events when using
HCQ to treat patients with COVID-19.

Key Words: COVID-19; Hydroxychloroquine; SARS-CoV-2; Retinopathy; Maculopathy;
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Core Tip: Hydroxychloroquine (HCQ) is typically considered when treating rheumatic and autoimmune diseases. It has been
currently considered to help treat symptoms of coronavirus disease 2019 and to help alleviate several clinical manifestations
after infection. In this letter, several ophthalmological implications that should be taken into consideration when using this
drug are discussed. While the drug may be beneficial in treating symptoms, ophthalmological manifestations can be of
clinical importance. Proper diagnoses, periodic testing, and correct management of patients in chronic treatment with HCQ
can ensure that any potential ophthalmological side effects are minimized.
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TO THE EDITOR

The paper by Bajpai et al[1] reports an interesting thorough review of the use of hydroxychloroquine (HCQ) and
azithromycin therapy to treat and prevent coronavirus disease 2019 (COVID-19). HCQ is a synthetic derivative of
quinine. The drug works by inhibiting the growth of the virus, thus reducing the severity of clinical manifestations of the
disease. HCQ binds to the viral protein responsible for replica-ting the virus and preventing the virus from replicating[?2].
It has been found to be effective in treating the symptoms of COVID-19, including fever, cough, and difficulty breathing
[3]. In addition, HCQ also has anti-inflammatory properties, which can help reduce inflammation caused by the virus. A
recent commentary by Swarnakar et al[4] based on the review by Bajpai et al[1] presented the possible interesting use of
HCQ to treat arthritis induced after viral infection. Numerous studies in the literature have shown the benefits offered by
HCQ in alleviating debilitating symptoms. The aim of this letter article is to summarize the important ophthalmologic
considerations when HCQ is considered in the treatment of COVID-19. The issues regarding whether or not HCQ is
effective in treating COVID-19, which was reported in the papers recently published in this journal[1,4], will not be
considered in this article. Here, the important potential risk factors and ophthalmological side effects are briefly men-
tioned, with the aim of reminding clinicians about the ophthalmological considerations and best practices to monitor,
diagnose, and manage patients using HCQ. This is imperative to ensure that any potential ophthalmological side effects
and toxic damage are minimized.

HCQ is a drug traditionally used to treat and prevent a variety of different conditions. In brief, it is an antimalarial and
anti-inflammatory medication that works by inhibiting the growth and spread of certain parasites, bacteria, and viruses.
At the molecular level, HCQ works by inhibiting the activity of certain enzymes known as heme polymerases[5]. These
enzymes are responsible for the synthesis of heme, a molecule that is essential for the development of some parasites,
bacteria, and viruses. By blocking the activity of heme polymerases, HCQ prevents the growth and spread of certain
parasites, bacteria, and viruses. HCQ is used to treat a variety of conditions, including malaria, lupus, and rheu-matoid
arthritis[6]. In malaria, it is used to prevent and treat the disease, while in lupus and rheumatoid arthritis, it is used to
reduce inflammation and relieve symptoms. In addition, HCQ is also used to treat and prevent certain types of malaria.

HCQ is generally considered to be safe and well tolerated, but some people may experience systemic side effects such
as nausea, dizziness, and headache. Studies have shown that HCQ can sometimes cause glucose abnormalities,
cardiotoxicity (conduction abnormalities, cardiovascular collapse, cardio-myopathy, etc.), gastrointestinal effects,
neuromyotoxicity, neuropsychiatric events, and dermatologic reactions[7].

There are several important ophthalmologic effects of HCQ[8]. This drug has been shown to influence cellular
autophagy and lysosomal activity. HCQ can also interact with membrane stability and alter transcriptional activity and
signaling pathways[9]. The ocular side effects include corneal deposits, retinal pigmentary changes, maculopathy, and
optic neuritis. These complications need to be closely monitored and managed in patients using high doses and long-term
therapy with HCQ. Differential diagnosis, alternative therapies for underlying disorders, proper periodic testing for
functional and anatomical toxicity, and treatment options are imperative to limit drug toxicity in patients under chronic
HCQ medication.

Corneal deposits are usually seen in patients taking HCQ for more than 5 years and are generally considered benign.
Corneal deposits and damage induced by HCQ can vary depending on the dosage and duration of treatment. Damage to
the cornea can manifest in the form of corneal opacity and corneal deposits. These deposits are typically referred to as
corneal verticillata and are comprised of amor-phous, yellow-white deposits scattered throughout the cornea[10]. Corneal
verticillata can cause significant visual impairment if they are dense enough to obscure vision. The mechanism of action
by which HCQ induces corneal deposits is not fully understood. It is believed that HCQ accumulates in the corneal
epithelium and forms a complex with proteins and lipids, resulting in the formation of deposits[11]. This could also
possibly be due to reduced tear turnover and accumulation of the drug in the tear film. Additionally, it is thought that
HCQ can interfere with the normal metabolism of the cornea, resulting in the accumulation of lipids and other deposits.
The effects of HCQ on the cornea can be severe and can lead to permanent vision loss. Therefore, it is important to
monitor patients taking HCQ for the development of corneal deposits and damage. If corneal deposits are found, HCQ
should be discontinued and other treatments can be considered.
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Retinal pigmentary changes are characterized by granular deposits at the level of the retinal pigment epithelium (RPE)
and can lead to decreased visual acuity and progressive visual field loss[12]. Maculo-pathy is a form of retinopathy that is
characterized by a bull’s eye maculopathy, which is a specific pattern of retinal damage that specifically affects the
circular area of damage to the macula. This small area is the central part of the retina responsible for sharp, central vision
[13]. The mechanism of bull's eye maculopathy due to HCQ toxicity is not completely understood, but it is thought to
involve the drug’s effects on the RPE cells due to the accumulation of the drug in the RPE, leading to the formation of
pigmentary changes. These RPE cells play a key role in supporting the function of the photoreceptor cells in the retina,
and HCQ may disrupt this support system, leading to damage to the photoreceptor cells and the characteristic bull’s eye
pattern of damage. This can lead to decreased visual acuity and pro-gressive visual field loss.

Diagnosis of bull’s eye maculopathy due to HCQ toxicity can be challenging, as it can be difficult to distinguish from
other retinal disorders. Differential diagnosis includes other forms of macular degeneration, such as age-related macular
degeneration and Stargardt disease, as well as other retinal disorders such as cone dystrophy and macular dystrophy[14].
Testing for HCQ toxicity includes complete ophthalmologic examination with vision testing and dilated fundus
assessment, visual field testing, spectral domain optical coherence tomography, fundus autofluorescence imaging, and
multi-focal electroretinography[15].

Optic neuritis is an inflammatory disorder of the optic nerve, which can lead to reduced visual acuity, decreased color
vision, and decreased peripheral vision. This complication due to HCQ is very rare. Differential diagnosis can be made by
magnetic resonance imaging, angiography, blood tests, visual field testing, and visual evoked responses[16]. The
mechanism of action is thought to be due to an autoimmune response to the drug, leading to inflammation of the optic
nerve[l17].

The incidence of HCQ toxicity is dose-dependent, with higher doses and longer duration of treatment increasing the
risk of toxicity[18]. The recommended daily dose of HCQ that is generally considered safe is up to 6.5 mg/kg/d, but at
higher doses, the risk of toxicity increases. Risk factors include a cumula-tive dose of > 1000 g of HCQ, treatment duration
of more than 5 years, preexisting liver or renal dysfunction, being very elderly, and preexisting retinopathy[19].

It is yet unclear how HCQ can cause retinal damage. According to studies, the medication impacts the metabolism of
retinal cells and binds to melanin in the RPE, which may help to explain why some people continue to experience side
effects even after stopping the prescription. With regards to dysfunction related to toxicity, it is thought that HCQ binds
to melanin in the RPE, blocking its function, which can lead to irreversible photoreceptor loss and resulting visual field
defects over the afflicted sector of the retina. In some cases, bull’s eye configuration can be seen as a ring scotoma on a
visual field test when RPE malfunction leading to atrophy occurs across the perifoveal ring when the central fovea is
spared. The half-life of HCQ is about 1 mo, with a washout period of about 6 mo. Early diagnosis of HCQ retinal toxicity
is crucial to prevent maculopathy from progressing after HCQ use is stopped[20]. Besides retinopathy, the other ocular
side effects, which tend to be benign or infrequent with low doses of HCQ, include keratopathy, corneal deposits,
punctate/linear corneal opacities, infiltrates, ciliary body deposits, ocular muscular imbalance, lens opacities,
papilledema, etc[21].

Treatment for HCQ toxicity involves cessation of the drug and monitoring for further progression of retinal damage.
The prognosis for patients with bull’s eye maculopathy due to HCQ toxicity is variable, with some patients experiencing
improvement in visual function after cessation of the drug, while others may experience permanent vision loss[20-22]. In
some cases, the damage caused by the drug may be delayed and irreversible, resulting in permanent vision loss. There
are currently no Food and Drug Administration-approved treatments for bull’s eye maculopathy due to HCQ toxicity
[22].

In closing, it is important to remember that HCQ can cause several systemic and ophthalmological side effects, most of
which are minor and reversible. The prognosis for patients receiving treatment with HCQ for COVID-19 and associated
arthritis is generally good. Further research is needed to evaluate the potential long-term ophthalmological side effects
associated with the use of the drug to treat and prevent COVID-19 and associated arthritis. Ophthalmological consider-
ations should be evaluated prior to initiating the therapy, including baseline visual acuity, fundus examination, and
visual field testing to exclude the presence of underlying preexisting ophthalmic retinal disorders. HCQ should be
avoided in patients with ophthalmopathies, including any form of retinopathy. Patients receiving HCQ should be period-
ically monitored for potential ophthalmological side effects, including retinopathy, corneal deposits, and papilledema.
Immediate termination of HCQ and alternative treatment regimens need to be considered in patients that develop HCQ
toxicity.
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Abstract

It is well-known that hydroxychloroquine (HCQ) treats malaria, systemic lupus
erythematosus, and rheumatoid arthritis in women for its immunomodulatory
and anti-inflammatory action. Additionally, HCQ was used in cases with re-
fractory antiphospholipid syndrome. HCQ safety was reinforced in pregnant
women owing to insignificant reports of adverse pregnancy outcomes and major
congenital malformation. Recently, HCQ was tested in cases with chronic
placental inflammation with a promising result of increased life birth; however, its
benefit needs further validation. We aimed to highlight the recent updates for
HCQ use in various conditions in pregnancy.

Key Words: Pregnancy; Hydroxychloroquine; Preeclampsia; Antiphospholipid syndrome;
Chronic placental inflammation; COVID-19
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Core Tip: The immunomodulatory, anti-inflammatory, and anti-thrombotic activity of
hydroxychloroquine (HCQ), an anti-malarial drug, made it recommendable for
rheumatoid arthritis and systemic lupus erythematosus. HCQ was also implemented in
refractory antiphospholipid syndrome showing a successful outcome. Recent evidence
supports the benefits of its use to outweigh the risk during pregnancy as it reduces the
disease activity and the associated adverse pregnancy outcome. Chronic placental
inflammation is another condition for which HCQ proved to be helpful. Further invest-
igations are required to verify HCQ’s efficacy in chronic placental inflammation as well
as its action in reducing the severity of coronavirus disease 2019 in pregnant women.
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TO THE EDITOR

With interest, we read the Bajpai et al[1] study published in the World Journal of Experimental Medicine (issue 3, volume 12,
2022) that discussed the role of hydroxychloroquine (HCQ) in treating high-risk groups with coronavirus disease 2019
(COVID-19). Indeed, HCQ gained much interest during the current pandemic owing to its anti-inflammatory and
immunomodulatory effects[1].

HCQ had an update regarding its use among pregnant, first in autoimmune diseases and its safety profile-second, its
therapeutic role in cases with chronic placental inflammation. Finally, we discuss its potential use in pregnant with
COVID-19, which is worth mentioning and was not discussed by Bajpai et al’s study[1].

HCQ was already used for treating women suffering from malaria, systemic lupus erythematosus (SLE), and
rheumatoid arthritis (RA)[2]. In 2020, the American College for Managing SLE, RA for women of reproductive age,
advised that those cases should receive HCQ before and throughout pregnancy[3]. In addition, pregnant women with
refractory antiphospholipid syndrome may consider HCQ in addition to standard treatment (aspirin and low molecular
weight heparin)[4].

HCQ was used as an adjunctive therapy for cases with refractory antiphospholipid syndromel[5]. It is a beneficial role
proposed to be mediated via anti-thrombotic, antiplatelet, and immunomodulatory properties[6]. Others suggested that
HCQ reduces endothelial dysfunction and improves vascular elasticity, thus improving blood flow[7].

Bérard et al’s study addressed pregnancy outcomes related to HCQ use in a cohort study that recruited 233748
pregnant women([8]. Interestingly the study showed that HCQ had a good safety profile. There was no increased risk of
preterm labor among drug users; the adjusted odd ratio was 1.39, with respective 95% confidence interval (CI): 0.83 to 2.3.
As for the low birth weight, the adjusted odd ratio was 1.12, 95%CI: 0.59 to 2.07. Finally, the adjusted odd ratio for major
congenital malformation was 1.02, 95%ClI: 0.68 to 1.53[8].

Another study confirmed no substantial rise in significant congenital malformations in newborns exposed to HCQ
during the first trimester of pregnancy[9]. In line with earlier work[10,11]. These results reinforce that therapy advantage
during pregnancy is likely to exceed the risks for the majority of patients with rheumatic disease.

Ye et al[12] discussed that HCQ application might alleviate the risk of high lupus activity during pregnancy and the
incidence of preeclampsia. However, in their meta-analysis, Hu et al[13] found no value of HCQs in reducing
preeclampsia in antiphospholipid syndrome. Moreover, HCQ had no value in reducing fetal growth defects in SLE and/
or antiphospholipid cases.

The promising results observed with the use of HCQ to treat autoimmunity in pregnancy have laid the foundation for
its use in chronic placental inflammation, a condition characterized by the disruption of healthy placental tissue. They can
only be confirmed by a post-delivery histopathological examination[14]. Chronic placental inflammation has been linked
to severe complications of pregnancy, such as fetal growth restriction, premature labor, and miscarriage[15].

Brady et al’s study examined the value of adding HCQ to pregnant women with a positive history of chronic placental
inflammation, showing a decrease in disease severity and a trend for a higher live birth rate[16]. There are currently no
prospective, informatively constructed, controlled trials on the efficacy of HCQs in these settings, which emphasizes the
need for such work. Since some forms of chronic placental inflammation are recurrent, determining the cause is crucial
for future pregnancies care.

The use of HCQ in COVID-19 cases will depend upon if the ongoing clinical trials demonstrate significant benefits of
HCQ in reducing the incidence or severity of COVID-19[9,17,18]. Even though initial trials utilizing HCQ to treat COVID-
19 failed to demonstrate efficacy, pre-exposure preventative trials are yet to be reported[9].

In conclusion, HCQ has demonstrated efficacy in mitigating the activity of autoimmune diseases and some of their
adverse pregnancy outcomes while maintaining a favorable safety profile. HCQ has emerged as a potential therapeutic
option for cases with chronic placental inflammation, as it enhances live birth rates while decreasing the severity of the
associated disease. Nevertheless, the efficacy and safety of HCQ in pregnant individuals with COVID-19 have not been
thoroughly assessed. Further research is needed to unveil more applications in practice.
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Abstract

BACKGROUND

Systemic lupus erythematosus (SLE) is a chronic autoimmune disorder impacting
multiple organs, influenced by genetic factors, especially those related to the
immune system. However, there is a need for new biomarkers in SLE. MicroRNA-
125a (miR-125a) levels are decreased in T cells, B cells, and dendritic cells of SLE
patients. MiR-125a plays a regulatory role in controlling the levels of tumor
necrosis factor-alpha (TNF-a) and interleukin 12 (IL-12), which are crucial pro-
inflammatory cytokines in SLE pathogenesis.
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AIM
To assess the levels of miR-125a, IL-12, and TNF-a in SLE patients’ plasma, evaluating their diagnostic and
prognostic value.

METHODS

The study included 100 healthy individuals, 50 newly diagnosed (ND), and 50 SLE patients undergoing treatment.
The patients were monitored for a duration of 24 wk to observe and record instances of relapses. MiR-125a
expression was measured using real-time reverse transcription polymerase chain reaction, while ELISA kits were
used to assess IL-12 and TNF-a production.

RESULTS

The results showed significantly reduced miR-125a expression in SLE patients compared to healthy individuals,
with the lowest levels in ND patients. TNF-a and IL-12 expression levels were significantly elevated in SLE
patients, especially in the early stages of the disease. Receiver operating characteristic curve analyses, and Cox-
Mantel Log-rank tests indicated miR-125a, TNF-0, and IL-12 as proper diagnostic biomarkers for SLE. A negative
correlation was found between plasma miR-125a expression and IL-12/TNF-a levels in SLE patients.

CONCLUSION

Decreased miR-125a levels may be involved in the development of SLE, while elevated levels of IL-12 and TNF-a
contribute to immune dysregulation. These findings offer new diagnostic and prognostic markers for SLE.
Moreover, the negative correlation observed suggests an interaction between miR-125a, TNF-o, and IL-12. Further
research is necessary to uncover the underlying mechanisms that govern these relationships.

Key Words: Systemic lupus erythematosus; microRNA-125a; Interleukin-12; Tumor necrosis factor alpha; Biomarker

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The aim of this study was to investigate the levels of microRNA-125a (miR-125a), interleukin 12 (IL-12), and
tumor necrosis factor-alpha (TNF-a) in the plasma of systemic lupus erythematosus (SLE) patients, and assess the diagnostic
and prognostic value of these biomarkers in SLE. The study included healthy individuals, newly diagnosed SLE patients,
and SLE patients undergoing treatment. The results revealed decreased levels of miR-125a in SLE patients, particularly in
newly diagnosed cases. On the other hand, elevated levels of IL-12 and TNF-o were observed in SLE patients, especially in
the early stages of the disease. The study also identified miR-125a, TNF-a, and IL-12 as potential diagnostic biomarkers for
SLE. The negative correlation observed between miR-125a and IL-12/TNF-a suggests an interaction between these factors.
These findings provide insights into new diagnostic and prognostic markers for SLE, highlighting the importance of immune
dysregulation in the disease.

Citation: Alsbihawi TQ, Zare Ebrahimabad M, Seyedhosseini FS, Davoodi H, Abdolahi N, Nazari A, Mohammadi S, Yazdani Y.
Altered expression of miR-125a and dysregulated cytokines in systemic lupus erythematosus: Unveiling diagnostic and prognostic
markers. World J Exp Med 2023; 13(5): 102-114

URL: https://www.wjgnet.com/2220-315x/full/v13/i5/102.htm

DOI: https://dx.doi.org/10.5493/wjem.v13.i5.102

INTRODUCTION

Systemic lupus erythematosus (SLE) involves an overactive immune system causing organ damage and posing sig-
nificant health risks[1]. SLE significantly reduces quality of life, increases susceptibility to premature death, and imposes
substantial financial burdens[2]. Both genetic and environmental factors contribute to the development of SLE, leading to
the production of autoantibodies that attack and harm the body’s own tissues and organs|[3,4]. Epigenetic changes like
deoxyribonucleic acid methylation, histone modifications, non-coding RNAs, and chromatin remodeling are associated
with SLE development([5,6].

MicroRNAs (miRNAs) are small non-coding RNA molecules that regulate gene expression and play a significant role
in various biological processes, impacting disease development and progression[7,8]. miRNAs are crucial in regulating
immune function and their imbalance is linked to autoimmunity in SLE. Specific miRNAs like miR-146a, miR-155, miR-
148a, miR-21, and miR-125a are implicated in SLE[6,9,10]. The imbalance of these miRNAs may contribute to SLE
mechanisms by fostering autoreactivity, where the immune system reacts against the body’s own cells and tissues[11].

Research suggests reduced miR-125a levels in SLE patients” T cells, B cells, and dendritic cells, leading to increased
activation, proliferation, and inflammatory cytokine production[12]. Restoring miR-125a levels shows potential as a
treatment target, suppressing abnormal activation[13]. It directly regulates key SLE-related cytokines and serves as a
diagnostic and prognostic marker, correlating with disease activity and organ damage[14,15]. Adjusting miR-125a
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expression in animal models has shown promise in reducing autoantibody production and improving outcomes[16],
although further research is crucial for human application and personalized treatment strategies[11].

Imbalanced and dysfunctional cytokine production and signaling significantly contribute to SLE onset. Dysregulation
of cytokines like interleukin (IL)-6, interferon alpha (IFN-a), tumour necrosis factor alpha (TNF-a), IL-17, and IL-12 is
linked to SLE development and progression[17]. IL-12, essential in Th1 cell differentiation and immune responses, is
linked to SLE severity and lupus nephritis, exerting both pro-inflammatory and immune-regulatory effects. Therapeutic
targeting of IL-12 in SLE yields mixed results, reflecting disease complexity and diverse signaling pathways[18-24]. TNF-
a, a pro-inflammatory cytokine, exhibits disrupted regulation in SLE, promoting abnormal immune function and
autoantibody production. Its role in inflammation includes immune cell recruitment, cytokine and chemokine
production, and endothelial cell activation, potentially leading to tissue damage and fibrosis in affected organs. While
TNF-a inhibitors hold promise for SLE therapy, identifying responsive patient subsets and optimizing treatment
strategies remain essential for improving outcomes[25-29].

Common molecular biomarkers for diagnosing and monitoring SLE include antinuclear antibodies, anti-dsDNA
antibodies, complement levels, C-reactive protein, erythrocyte sedimentation rate, IFN-a, and B-cell activating factor. Yet,
these markers have limitations such as lack of specificity, sensitivity, and predictability, high costs, and invasive testing,
prompting the search for more reliable alternatives[30,31]. MiR-125a regulates TNF-a and IL-12 by targeting their mRNA
and influencing related signaling molecules like NF-xB, mitogen activated protein kinases, and signal transducer and
activator of transcription proteins. Given the association of TNF-a and IL-12 dysregulation with inflammation, miR-125a
holds potential as a therapeutic target. Adjusting miR-125a expression could restore cytokine balance and mitigate
inflammation in conditions like rheumatoid arthritis and inflammatory bowel disease, although challenges persist in
understanding its regulation[32-35].

To the best of our knowledge, no study has comprehensively examined the expressions of miR-125a, IL-12, and TNF-a
in SLE patients collectively and evaluated their diagnostic and prognostic significance. Hence, the aim of this study was
to analyze the levels of miR-125a, TNF-a, and IL-12 in the plasma of both SLE patients and healthy individuals, explore
their potential correlations, and investigate their usefulness as diagnostic and prognostic biomarkers for SLE.

MATERIALS AND METHODS

Study participants and samplings

A total of 200 participants were enrolled in this study, including 50 newly diagnosed (ND) and 50 under-treatment (UT)
SLE patients from the Rheumatology Clinic at Sayyad Shirazi Hospital in Gorgan. Additionally, 100 healthy individuals
were included as controls. SLE cases were diagnosed based on the ACR criteria and UT group were receiving standard
treatment for SLE without any immunomodulatory or immunosuppressive therapies that could impact the variables
under investigation. The control group consisted of age, sex, and ethnicity-matched individuals with no history of
autoimmune diseases. All participants were within the age range of 18-65 years and were excluded if they had other
autoimmune diseases, active infections, or were pregnant. Under-treatment cases had a minimum disease duration of 6
mo, and their disease activity was recorded at the time of serum collection to minimize the influence of disease activity on
the variables of interest. The study received ethical approval from the Committee of Ethics at Golestan University of
Medical Sciences (GoUMS), Gorgan, Iran, and adhered to the principles of the Declaration of Helsinki. Informed consent
was obtained from all participants prior to their inclusion. Blood samples (5 per participant) were collected and sent to
the Research Central Laboratory at GoUMS. Plasma was isolated from the whole blood through centrifugation and stored
at -80°C to ensure sample integrity and prevent contamination. Table 1 presents the levels of miR-125a, IL-12, and TNF-a
in relation to various clinical characteristics of SLE patients.

ELISA cytokine assay

The expression of cytokines was examined using commercially available ELISA kits from ZellBio (ZellBio GmbH,
Germany; IL-12 Cat.NO. RK00072-96; TNF-a Cat.NO. RK00030-96). We strictly adhered to the manufacturer’s instructions
provided in the kit datasheet to ensure precise and reliable results. The optical density values from the samples and
standards were measured using a StatFax 3300 ELISA reader (Awareness Technology, Inc., United States)[36]. Non-linear
regression analysis was employed to generate standard curves and calculate the concentrations of IL-12, and TNF-o in
each sample, measured in picograms per milliliter (pg/mL) for IL-12 and pg/dL for TNF- a[37].

RNA isolation, cDNA synthesis and real time reverse transcription polymerase chain reaction

Total RNA was extracted from the plasma samples using TRIzol reagent (Invitrogen, United States) following a
previously described protocol[38]. The RNA concentration and purity were measured using a Nanodrop 2000 spectro-
photometer (Thermo Fisher Scientific, United States). The RNA was either stored at -80°C or used immediately for
subsequent applications, ensuring the use of RNase-free reagents and equipment throughout the process. For cDNA
synthesis, the Sinnaclon First Strand cDNA Synthesis Kit (Cinnagen, Iran; Cat. NO. RT5201) was employed. To convert
mature miRNA molecules into cDNA for amplification and quantification through quantitative polymerase chain
reaction (qQPCR), the stem-loop method was utilized, along with a specific stem-loop primer and a common reverse
primer (as listed in Table 2). The expression levels of miRNA were quantitatively analyzed using Sina Green HS-qPCR
Mix (Cinnagen, Iran; Cat. NO. MM2042) along with specific primers. The qPCR reactions were conducted on a Step One
Plus cycler (Thermo Fisher Scientific, Iran). In this study, the cycle threshold (Ct) values of miR-125a plasma expression
levels were normalized using the internal control U6 (small nuclear RNA U6). The 2-dCt method, a commonly used
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Table 1 The association of microRNA-125a, tumor necrosis factor-alpha, and interleukin 12 with major clinical symptoms of systemic

lupus erythematosus patients

Characteristics miR-125a TNF-a IL-12

Lupus nephritis Yes 0.199 +0.07 P=0576 53.42 +14.44 P=0.153 122.37 + 22.36 P =0.104
No 0.205 + 0.09 45.60 +12.13 108.34 + 29.87

Malar rash Yes 0.180 + 0.06 P=0.017 54.60 +12.44 P=0360 128.45 + 20.28 P =0.065
No 0.216 + 0.09 43.37 +11.51 102.42 + 28.94

Hair loss Yes 0.188 + 0.06 P=0.022 52.63 +13.08 P =0401 126.87 +20.62 P =0.049
No 0.211 + 0.09 4434 +11.98 103.19 +29.48

SLEDAI <4 0.202 +0.08 P =0.005 44.00 +14.71 P =0.001 102.43 +23.38 P =0.000
5-12 0.280 + 0.08 30.49 +12.59 69.54 +32.43
>12 0.199 + 0.09 49.11 +13.51 113.26 + 28.54

Table 2 List of primers for microRNA-125a and U6 internal control

Primer Sequence (5>3')

miR-125a F: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCGT

R: GTCGTATCCAGTGCAGGGTCCGAGGTGCCGAGGATTTCCACCACCTG

U6 F: GCTTCGGCAGCACATATACTAAAAT

R: CGCTTCACGAATTTGCGTGTCAT

approach for normalizing gene and miRNA expression levels, was utilized for data analysis[39].

Statistical analysis

Statistical analyses were performed using SPSS 22.0 (IBM Corporation, United States) and Prism 8.0 (GraphPad Software
Inc, United States). The Shapiro-Wilk test was used to assess the normality of the data, and parametric or non-parametric
tests were chosen accordingly. Independent Samples t-test or Mann-Whitney U test was employed for comparisons
between two groups, while one-way ANOVA with Tukey’s post-test or Kruskal-Wallis with Dunn-Bonferroni post-test
was used for comparisons involving more than two groups. Pearson/Spearman tests were utilized for correlation
analyses based on the distribution of the data. Receiver operating characteristic (ROC) curve analyses were conducted to
evaluate the diagnostic utility of each variable, and logistic regression was employed for combined ROC curve analysis
and prediction of variable performance. The Mantel-Haenszel (Mantel-Cox) log-rank test was utilized to assess the
prognostic value of variables in predicting flare occurrence after a 24-wk follow-up. All experiments were performed in

triplicates. The significance level for all statistical tests was set at 0.05, with a 95% confidence interval and a test power of
80%.

RESULTS

Expression levels of miR-125a, TNF-a, and IL-12 in SLE patients

This study analyzed the expression levels of miR125a, TNF-a, and IL-12 in SLE patients and normal subjects. The results
indicated that the expression level of miR-125a was significantly decreased in SLE patients compared to normal subjects (
P value < 0.0001) (Figure 1A). However, it was shown that miR-125a expression was lowest in ND SLE patients compared
to those UT (P value < 0.01) (Figure 1B). TNF-a was significantly elevated in SLE patients compared to normal subjects (P
value < 0.0001) (Figure 1C). The expression level of TNF-a was compared among SLE patients with different disease
states (under treatment and newly diagnosed). The results showed that TNF-o expression was highest in ND SLE patients
compared to UT patients (P value < 0.01) (Figure 1D). Independent samples t-test indicated that the expression level of IL-
12 was significantly elevated in SLE patients compared to normal subjects (P value < 0.0001) (Figure 1E). The expression

level of IL-12 was highest in ND SLE patients compared to those with longer disease durations (P value < 0.01)
(Figure 1F).

The diagnostic utilities of miR-125a, TNF-a and IL-12

ROC curve analysis was conducted to evaluate the diagnostic utility of miR-125a, TNF-a and IL-12 to distinguish SLE
patients from normal subjects, and ND SLE patients from UT. The area under the curve (AUC) for the expression of miR-
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Figure 1 The expression levels of microRNA-125a, tumor necrosis factor-alpha, and interleukin 12 in systemic lupus erythematosus
patients and normal subjects. This study examined the expression levels of microRNA-125a (miR-125a), tumor necrosis factor-alpha (TNF-o), and interleukin
12 (IL-12) in systemic lupus erythematosus (SLE) patients and normal subjects. A: The findings revealed that miR-125a expression was significantly lower in SLE
patients compared to normal subjects; B: With the lowest levels observed in newly diagnosed patients; C: TNF-o expression was higher in SLE patients compared to
normal subjects; D: Its levels were highest in newly diagnosed patients; E: Similarly, the expression of IL-12 was significantly elevated in SLE patients compared to
normal subjects; F: It was highest in newly diagnosed patients. The Independent Samples t-test or Mann-Whitney U test were employed for comparing two groups,
while one-way ANOVA with Tukey’s post-test or Kruskal-Wallis with Dunn-Bonferroni post-test were used for comparing more than two groups. The error bars
represent means + SD. Significance levels are denoted as °P < 0.01 and °P < 0.0001. HS: Humic subjects; PAT: Patients; UT: Under-treatment; ND: Newly
diagnosed.

125a [humic subjects (HS) vs Patients (PAT)] (Figure 2A) was 0.8370 (95%CI: 0.7803 to 0.8936; P < 0.0001). The cut-off
point was set at the fold change level of 0.2365 with the sensitivity of 72.00% (95%CI: 62.51% to 79.86%), the specificity of
88.00% (95%CI: 80.19% to 93.00%), and likelihood ratio (LR) of 6.0. The calculated AUC for miR-125a (ND vs UT)
(Figure 2B) was 0.8102 (95%CI: 0.7279 to 0.8925; P < 0.0001). The cut-off value was set at the FC level of 0.1849 with the
sensitivity of 70.0% (95%ClI: 56.25% to 80.90%), the specificity of 78.0% (95%CI: 64.76% to 87.25%), and LR of 3.182.

The AUC for the expression of TNF-a (HS vs PAT) (Figure 2C) was 0.9668 (95%Cl: 0.9476 to 0.9860; P < 0.0001). The cut-
off point was set at the level of 34.50 with the sensitivity of 84.00% (95%CI: 75.58% to 89.90%), the specificity of 92.00%
(95%ClI: 85.00% to 95.89%), and LR of 10.50. Similarly, the calculated AUC for TNF-a (ND vs UT) (Figure 2D) was 0.9748
(95%ClI: 0.9513 to 0.9983; P < 0.0001). The cut-off value was set at the level of 44.50 with the sensitivity of 88.00% (95%ClI:
76.20% to 94.38%), the specificity of 92.00% (95%CI: 81.16% to 96.85%), and LR of 11.00. The AUC for the expression of IL-
12 (HS vs PAT) (Figure 2E) was 0.9778 (95%CI: 0.9599 to 0.9957; P < 0.0001). The cut-off point was set at the level of 69.50
pg/mL with the sensitivity of 91.00% (95%CI: 83.77% to 95.19%), the specificity of 98.00% (95%CI: 93.00% to 99.64%), and
LR of 45.5. Similarly, the calculated AUC for IL-12 (ND vs UT) (Figure 2F) was 0.9600 (95%CI: 0.9289 to 0.9911; P <
0.0001). The cut-off value was set at the level of 119.50 pg/mL with the sensitivity of 72% (95%CI: 58.33% to 82.53%), the
specificity of 98% (95%CI: 89.50% to 99.90%), and LR of 36.0.

The correlations of miR-125a with TNF-a and IL-12

We examined the relationship between plasma levels of miR-125a and IL-12 as well as miR-125a and TNF-o. The results
of a Pearson correlation analysis revealed a negative correlation between IL-12 and miR-125a (r = -0.569, P < 0.0001)

(Figure 3A). Similarly, a negative correlation was observed between TNF-a and miR-125a (r = -0.570, P < 0.0001)
(Figure 3B).
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Figure 2 Diagnostic utilities of microRNA-125a, tumor necrosis factor-alpha, and interleukin 12 in systemic lupus erythematosus
patients. Receiver operating characteristic curve analysis was performed to assess the diagnostic accuracy of microRNA-125a (miR-125a), tumor necrosis factor-
alpha (TNF-a), and interleukin 12 (IL-12) in distinguishing systemic lupus erythematosus (SLE) patients from normal subjects and newly diagnosed SLE patients from
those under treatment. A: The area under the curve (AUC) values for miR-125a were 0.8370 (95%CI: 0.7803 to 0.8936; P < 0.0001) in SLE patients vs normal
subjects; B: 0.8102 (95%Cl: 0.7279 to 0.8925; P < 0.0001) in newly diagnosed vs under treatment SLE patients; C: For TNF-o,, the AUC values were 0.9668 (95%Cl:
0.9476 to 0.9860; P < 0.0001) in SLE patients vs normal subjects; D: 0.9748 (95%Cl: 0.9513 to 0.9983; P < 0.0001) in newly diagnosed vs. under treatment SLE
patients; E: Regarding IL-12, the AUC values were 0.9778 (95%Cl: 0.9599 to 0.9957; P < 0.0001) in SLE patients vs normal subjects; F: 0.9600 (95%Cl: 0.9289 to
0.9911; P < 0.0001) in newly diagnosed vs under treatment SLE patients. HS: Humic subjects; PAT: Patients; UT: Under-treatment; ND: Newly diagnosed.

The prognostic utilities of miR-125a, TNF-a and IL-12

The levels of miR-125a, TNF-0, and IL-12 were categorized as low or high based on the optimal cut-off points determined
from ROC curve analyses. The predictive ability of these biomarkers for the outcome (Flare) of SLE patients was assessed
using the log-rank test. The results showed that miR-125a did not significantly predict the outcome of SLE patients (P <
0.7151) (Figure 4A). TNF-a, on the other hand, had a predictive potential for the outcome of SLE patients, but the
association was not statistically significant (P = 0.4828) (Figure 4B). In contrast, IL-12 demonstrated a significant
predictive ability for the outcome of SLE patients (P = 0.0508) (Figure 4C) according to the log-rank test.

DISCUSSION

Recent research has focused on exploring the diagnostic and prognostic potential of various biomarkers in SLE. Our
study investigated the levels of miR-125a, IL-12, and TNF-a in the plasma of individuals with SLE. The main objective
was to evaluate the usefulness of these biomarkers in predicting SLE flares after 24 wk. By analyzing their diagnostic
utilities and prognostic power, this study aimed to improve the detection and management of SLE.

Our study found a significant decrease in miR125a expression in SLE patients compared to normal individuals.
Furthermore, miR125a expression was observed to be lowest in newly diagnosed SLE patients as compared to those who
were already under treatment. These results are consistent with the findings of Zhao et al[15], who showed reduced
expression of miR-125a and increased expression of its predicted target gene KLF13 in SLE patients. The study by Zhao et
al[15] had limited samples, while our study had a larger sample size. Furthermore, while Zhao et al[15] did not categorize
their SLE patients based on disease duration, our study did so and revealed that miR-125a expression is more reduced in
newly-diagnosed SLE patients. Consequently, our findings suggest that treatment may have an impact on miR-125a
expression levels in SLE patients. A study conducted by Zhang et al[40] also aimed to investigate the roles of circRNAs in
SLE and their findings were consistent with ours. They utilized microarray analysis, which was verified by qPCR, to
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Figure 3 The correlations of microRNA-125a with tumor necrosis factor-alpha and tumor necrosis factor-alpha. A: The relationship between
plasma levels of microRNA-125a (miR-125a) and interleukin 12 was assessed, revealing a significant negative correlation (r=-0.569, P < 0.0001) as demonstrated by
Pearson correlation analysis; B: Similarly, the plasma levels of miR-125a and tumor necrosis factor-alpha showed a significant negative correlation (r = -0.570, P <
0.0001) based on the Pearson correlation study.
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Figure 4 The prognostic utilities of microRNA-125a, tumor necrosis factor-alpha, and interleukin 12 to predict flare in systemic lupus
erythematosus patients. Based on the optimal cut-off points obtained from receiver operating characteristic curve analyses, the levels of microRNA-125a (miR-
125a), tumor necrosis factor-alpha (TNF-a), and interleukin 12 (IL-12) were categorized as low or high. The predictive ability of these biomarkers for the outcome
(Flare) in systemic lupus erythematosus (SLE) patients was assessed using the log-rank test. A: The results showed that miR-125a was not significantly predictive of
the outcome (P < 0.7151); B: TNF-a. showed a potential for predicting the outcome, but the association was not statistically significant (P = 0.4828); C: In contrast, IL-
12 demonstrated a significant predictive capability for the outcome in SLE patients (P = 0.0508) based on the log-rank test results.

demonstrate that miR-125a was downregulated in SLE patients as compared to healthy controls, and this reduction was
linked to SLE characteristics. However, their sample size was limited (1 = 3), which may have affected the generalizability
of their results. Our results were consistent with those reported by Nascimento et al[41], who observed downregulation of
miR-125 in peripheral blood mononuclear cells (PBMCs) of childhood-onset systemic lupus erythematosus (cSLE)
patients. However, their study was limited to cSLE patients and PBMC samples, while our investigation focused on adult
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females and plasma samples. While our findings regarding reduced miR-125a expression in SLE patients are similar to
those reported by Eissa et al[42], there is a difference in the focus of our studies. Eissa et al[42] evaluated the plasma
expression of miR-125a specifically in juvenile SLE patients, whereas our study did not differentiate between adult and
juvenile SLE patients. In summary, our study provides additional evidence to support the idea that levels of miR-125a are
lower in patients with SLE and decrease further in more severe cases of the disease.

The expression of miR-125a was found to be significantly different between individuals with SLE and those without
the disease. To determine whether miR-125a could be a useful diagnostic tool for detecting SLE and distinguishing
between newly diagnosed patients and those already undergoing treatment, we analyzed ROC curves. The results
showed that miR-125a has an AUC of 0.8370 and 0.8102 for distinguishing SLE patients from normal individuals and
newly diagnosed patients from those already under treatment, respectively. This suggests that miR-125a is effective in
identifying SLE patients and differentiating them from healthy individuals or those at different stages of treatment.
Biomarkers used for diagnosis can be classified based on their AUC values, which determine how accurately they can
differentiate between two groups, such as healthy and diseased individuals. An AUC value of 0.9-1.0 indicates an
excellent biomarker, meaning that it is highly dependable in identifying the presence or absence of a target condition. A
biomarker with an AUC value between 0.8-0.9 is considered good, indicating reasonably accurate diagnostic ability. An
AUC value of 0.7-0.8 is classified as fair, meaning that it has moderate diagnostic accuracy but may not be as reliable.
Biomarkers with an AUC value below 0.7 should be considered poor and should not be relied upon for diagnoses[43].
Therefore, miR-125a is classified as an effective diagnostic biomarker for SLE. While Zhang et al[40] have suggested that
miR-125a could serve as a diagnostic biomarker for SLE based on its significant reduction in SLE patients, and several
studies have introduced miR-125a as diagnostic biomarkers for malignancies such as Pancreatic Cancer[44], and Cervical
Cancer[45], our study is, to the best of our knowledge, the first to propose miR-125a as an effective diagnostic biomarker
for both discriminating between SLE patients and healthy subjects, as well as distinguishing under-treatment patients
from newly diagnosed ones. In this study, patients were also divided into high and low expression groups based on the
suggested miR-125a cut-off point. These individuals were then monitored for 24 wk to determine if they experienced a
flare or not. Based on the results of the log-rank test, it was concluded that miR-125a is not a predictor of SLE patient
outcomes after 24 wk. It should be noted that, to date, no other research has explored the utility of miR-125a as a
prognostic marker for SLE flare outcome. Further research is required to confirm these findings.

Regarding the function of miR-125a in SLE pathogenesis, Zhang and his colleagues suggested that miR-125a may play
a role in the development of SLE. They speculated that miR-125a could help maintain self-tolerance by limiting the
activity of T cells that promote inflammation, but they found that its expression is lower in T cells from individuals with
SLE. Based on these findings, they proposed that increasing levels of miR-125a might be a promising strategy for treating
SLE[46]. In their study, Zhao and colleagues discovered that the expression of miR-125a was lower in individuals with
SLE. They also observed an increase in KLF13, a gene that miR-125a is predicted to target. When miR-125a was overex-
pressed, it led to a significant decrease in the expression of RANTES and KLF13. The researchers found that miR-125a
inhibited KLF13 expression in a dose-dependent manner using gain- and loss-of-function methods. Additionally,
introducing miR-125a into T cells from SLE patients reduced the high levels of RANTES expression. Notably, the
expression of miR-125a in T cells increased in a dose- and time-dependent manner[15]. However, further research is
needed.

Our study analyzed the expression level of TNF-o in SLE patients and normal subjects. The results showed that the
expression level of TNF-a was significantly elevated in SLE patients compared to normal subjects. Additionally, TNF-a
expression was highest in newly diagnosed SLE patients compared to those with longer disease durations. ROC curve
analysis was used to assess the diagnostic accuracy of TNF-a in distinguishing SLE patients from normal subjects and
newly diagnosed SLE patients from those under treatment. The AUC for TNF-a expression was high in both cases,
indicating excellent diagnostic utility. However, Log-rank test results revealed that TNF-a was not capable of predicting
the outcome (Flare) of SLE patients, after 24 wk. The role of TNF-o in the pathogenesis of SLE is well established, and our
findings are supported by several confirmatory studies, further strengthening their significance. According to the results
of their research, Idborg and colleagues carried out a study aimed at determining potential biomarkers for identifying
disease activity in patients with SLE by evaluating a large group of cytokines and basic laboratory tests. They discovered
that TNF-a had the most significant ability to differentiate between SLE patients and healthy individuals, with higher
levels detected in SLE patients. The researchers also observed a strong association between TNF-a and measures of
disease activity, particularly in the subgroup of patients with nephritis[47]. In research conducted by Ma and colleagues,
it was observed that SLE patients had higher levels of plasma TNF-a than healthy individuals, which is consistent with
our own results. Additionally, the study found that TNF-a levels were elevated in SLE patients who were experiencing
active symptoms compared to those who were not, as well as compared to healthy controls, which agrees with previous
findings of increased TNF-o expression in patients who have recently been diagnosed with SLE[48]. In addition to their
other findings, Rana and colleagues discovered that the TNF-o gene was highly expressed in most patients with SLE.
Furthermore, they observed a strong association between these expression levels and both renal involvement and disease
activity as measured by SLE Disease Activity Index (SLEDAI) scores[49]. According to Sabry and colleagues, SLE patients
with active hematological disease exhibited elevated levels of TNF-a as compared to those with inactive disease or
healthy individuals. Additionally, they found a strong positive correlation between the TNF-o levels and the SLEDAI
score. The results of their study indicated that increased levels of TNF-a may contribute to the onset of anemia among
Egyptian patients with Lupus Nephritis[50]. According to our research, a study conducted by Sabry et al[27] came up
with similar results. They found that patients who had active SLE had significantly higher levels of TNF-a compared to
those who had inactive SLE or were healthy. They concluded that measuring the levels of TNF-a in the blood could be a
useful way to predict disease activity and distinguish between individuals with SLE and those without. The elevated
levels of TNF-a and its possible role as a diagnostic marker was also confirmed in other studies by Aringer et al[51],
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Umare et al[52], and Zhu et al[53].

Regarding the association between TNF-a and diverse clinical manifestations in SLE, notably, patients with CNS
involvement exhibit markedly elevated TNF-a levels in contrast to those without CNS involvement. Furthermore, TNF-a
levels are significantly heightened in lupus patients overall, particularly in those with NPLE. Additionally, a substantial
TNEF-a level increase is observed in patients presenting with multiple focal pattern hypoperfusion, the predominant
SPECT pattern in individuals with NPLE[54]. Diffusion tensor imaging (DTI) relies on assessing water diffusion within
cellular compartments. In this context, DTI holds the potential to serve as an imaging biomarker for neuropsychiatric
systemic lupus erythematosus and a valuable tool for correlation with TNF-a levels[55].

We also analyzed the expression level of IL-12 in SLE patients and normal subjects. The results revealed that the
expression level of IL-12 was significantly higher in SLE patients than in normal subjects. Additionally, among SLE
patients, those who were newly diagnosed had the highest levels of IL-12 expression compared to those who had been
under treatment for longer periods. The diagnostic ability of IL-12 to distinguish SLE patients from normal subjects and
newly diagnosed SLE patients from those under treatment was evaluated through ROC curve analysis, suggesting that
IL-12 may be a useful diagnostic marker for SLE, particularly in distinguishing between newly diagnosed and under-
treated patients. Following the patients for 24 wk, Log-rank test results revealed that IL-12 was capable of predicting the
outcome (Flare) of SLE patients. Similarly, the role of IL-12 in SLE pathogenesis is established in previous studies, and
there are several studies highlighting the elevation of IL-12 in SLE patients. According to our discoveries, Capper and
colleagues demonstrated that the levels of IL-12 were noticeably elevated in individuals with SLE when compared to
those who did not have the condition. This difference was observed irrespective of whether the SLE patients were having
an active episode of the disease or not[56]. Lauwerys and colleagues also noted similar results, where they observed an
increase in IL-12 p40 levels in the blood of SLE patients. They further demonstrated that the administration of
immunosuppressive therapy resulted in a significant decrease in serum IL-12 levels, which verified the lower levels of IL-
12 found in individuals without SLE in our study[20], supported in the studies conducted by Qiu et al[57], and, Uzrail et al
[58].

Despite the significant role of IL-12 in SLE pathogenesis, few studies assessed its diagnostic and prognostic accuracy
for SLE. In a study by Ye et al[22] SLE patients had significantly higher plasma levels of IL-12, and the area under the
curve (AUC) for IL-12 was 0.756, indicating its potential as biomarkers for SLE diagnosis. Through our study on a larger
sample size, we have discovered that IL-12 can serve as an excellent biomarker for SLE. While Ye et al[22] identified it as a
fair biomarker, our findings indicate its potential as a stronger indicator of the disease. Additionally, our study is the first
to evaluate the occurrence of flares in SLE patients after 24 wk of follow-up. Thus, our results provide valuable insights
into the long-term management and prognosis of SLE.

While our study yielded promising results regarding the potential diagnostic and prognostic utilities of miR-125a,
TNF-0, and IL-12 in SLE patients, we acknowledge that there were limitations to our research. Despite having a larger
sample size compared to previous studies, the generalizability of our findings could be further improved by increasing
the sample size even more. Furthermore, as our study only assessed the plasma levels of these molecules, it may be
worthwhile to explore their expression in different types of cells or tissues to gain a more comprehensive understanding
of their role in SLE pathogenesis. Moreover, it is important to note that our study had a cross-sectional design which
limits our ability to establish a cause-and-effect relationship between the levels of these molecules and disease
progression. Therefore, we suggest conducting a longitudinal cohort study to further investigate the potential causal
relationships between miR-125a, TNF-q, and IL-12 levels and SLE progression.

CONCLUSION

Our study has shed light on the potential of miR-125a, TNF-a, and IL-12 as biomarkers for SLE diagnosis and
management. We found that the downregulation of miR-125a is an effective diagnostic tool for distinguishing between
SLE patients and healthy individuals, as well as newly diagnosed patients from those under treatment. Furthermore,
TNF-a and IL-12 levels were elevated in SLE patients, with TNF-a serving as a useful diagnostic marker and IL-12 being
both a diagnostic and prognostic marker for SLE flare outcome. These findings could contribute to improved patient
outcomes and better management of SLE. However, further research is needed to fully understand the mechanisms by
which these biomarkers are involved in SLE pathogenesis and their potential as therapeutic targets.

ARTICLE HIGHLIGHTS

Research background

Systemic lupus erythematosus (SLE) is a long-lasting autoimmune disorder that impacts multiple organs and
significantly increases the risk of morbidity and mortality. MicroRNA-125a (miR-125a) levels are decreased in T cells, B
cells, and dendritic cells of SLE patients. MiR-125a plays a regulatory role in controlling the levels of tumor necrosis
factor-alpha (TNF-a) and interleukin 12 (IL-12), which are crucial pro-inflammatory cytokines in SLE pathogenesis.

Research motivation
Recent research has focused on exploring the diagnostic and prognostic potential of various biomarkers in SLE. Since the
levels of miR-125a, TNF-a, and IL-12 are altered in SLE, these molecules could be introduced as novel biomarkers.
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Research objectives

The aim of this study was to analyze the levels of miR-125a, TNF-0, and IL-12 in the plasma of both SLE patients and
healthy individuals, explore their potential correlations, and investigate their usefulness as diagnostic and prognostic
biomarkers for SLE.

Research methods
The study included 100 healthy individuals, 50 newly diagnosed (ND), and 50 SLE patients undergoing treatment. The
patients were monitored for a duration of 24 wk to observe and record instances of relapses. MiR-125a expression was
measured using real-time reverse transcription polymerase chain reaction, while ELISA kits were used to assess IL-12 and
TNF-a production.

Research results

The results showed significantly reduced miR-125a expression in SLE patients compared to healthy individuals, with the
lowest levels in ND patients. TNF-a and IL-12 expression levels were significantly elevated in SLE patients, especially in
the early stages of the disease. Receiver operating characteristic curve analyses, and Cox-Mantel Log-rank tests indicated
miR-125a, PDCD4, and IL-10 as proper diagnostic biomarkers for SLE. A negative correlation was found between plasma
miR-125a expression and IL-12/TNF-a levels in SLE patients.

Research conclusions

Decreased miR-125a levels may be involved in the development of SLE, while elevated levels of IL-12 and TNF-a
contribute to immune dysregulation. These findings offer new diagnostic and prognostic markers for SLE. Moreover, the
negative correlation observed suggests an interaction between miR-125a, TNF-a, and IL-12.

Research perspectives
Further research is necessary to uncover the underlying mechanisms that govern the relationships between miR-125a,
TNF-a, and IL-12 in SLE pathogenesis.
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Abstract

BACKGROUND

Compared with patients with other causes of acute pancreatitis, those with
hypertriglyceridemia-induced acute pancreatitis (HTG-AP) are more likely to
develop persistent organ failure (POF). Therefore, recognizing the individuals at
risk of developing POF early in the HTG-AP process is a vital for improving
outcomes. Bedside index for severity in acute pancreatitis (BISAP), a simple
parameter that is obtained 24 h after admission, is an ideal index to predict HTG-
AP severity; however, the suboptimal sensitivity limits its clinical application.
Hence, current clinical scoring systems and biochemical parameters are not
sufficient for predicting HTG-AP severity.

AIM

To elucidate the early predictive value of red cell distribution width (RDW) for
POF in HTG-AP.

METHODS
In total, 102 patients with HTG-AP were retrospectively enrolled. Demographic
and clinical data, including RDW, were collected from all patients on admission.

RESULTS

Based on the Revised Atlanta Classification, 37 (33%) of 102 patients with HTG-
AP were diagnosed with POF. On admission, RDW was significantly higher in
patients with HTG-AP and POF than in those without POF (14.4% vs 12.5%, P <
0.001). The receiver operating characteristic curve demonstrated a good discrim-
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inative power of RDW for POF with a cutoff of 13.1%, where the area under the curve (AUC), sensitivity, and
specificity were 0.85, 82.4%, and 77.9%, respectively. When the RDW was > 13.1% and one point was added to the
original BISAP to obtain a new BISAP score, we achieved a higher AUC, sensitivity, and specificity of 0.89, 91.2%,
and 67.6%, respectively.

CONCLUSION
RDW is a promising predictor of POF in patients with HTG-AP, and the addition of RDW can promote the
sensitivity of BISAP.

Key Words: Red cell distribution width; Bedside index for severity in acute pancreatitis; Persistent organ failure;
Hypertriglyceridemia-induced acute pancreatitis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Red cell distribution width (RDW) reflects systemic inflammation, which is significantly associated with the
severity of acute pancreatitis. However, the relationship between RDW and hypertriglyceridemia-induced acute pancreatitis
(HTG-AP) remains unclear. Herein, RDW exhibited a potent discriminatory power for predicting persistent organ failure in
patients with HTG-AP. Furthermore, the addition of RDW is able to promote the sensitivity of bedside index for severity in
acute pancreatitis.

Citation: Lv YC, Yao YH, Zhang J, Wang Y]J, Lei JJ. Red cell distribution width: A predictor of the severity of hypertriglyceridemia-
induced acute pancreatitis. World J Exp Med 2023; 13(5): 115-122

URL: https://www.wjgnet.com/2220-315x/full/v13/i5/115.htm

DOI: https://dx.doi.org/10.5493/wjem.v13.i5.115

INTRODUCTION

Hypertriglyceridemia is the most common etiology of acute pancreatitis (AP)[1-3]. Compared with patients with other
causes of AP, those with hypertriglyceridemia-induced AP (HTG-AP) are more likely to suffer from persistent organ
failure (POF)[4,5]. POF is a major determinant of mortality in early HTG-AP and correlates with the magnitude of inflam-
matory responses[1], thereby indicating the prognosis of patients. Given this, early recognition of HTG-AP patients at risk
of POF is necessary for improving patients” outcomes.

Red cell distribution width (RDW) reflects the size of circulating erythrocytes[6]. Studies[7,8] have reported that high
RDW is significantly associated with AP severity. The mechanism underlying this association may be attributed to the
following: (1) Inflammation blocks anti-apoptosis or promotes erythrocyte death[9]; (2) inflammatory cytokines can
desensitize bone marrow erythroid progenitors to erythropoiesis, thereby inhibiting erythrocyte maturation[10]; and (3)
during AP, erythrocytes cannot absorb vital materials, including vitamin B12, iron, and folic acid[11].

However, the relationship between RDW and HTG-AP was not well elucidated in previous studies; therefore, our
study aimed to evaluate the predictive value of RDW for POF in patients with HTG-AP.

MATERIALS AND METHODS

Patient selection
In this retrospective study, consecutive patients with HTG-AP who were hospitalized at the Affiliated Baiyun Hospital of
Guizhou Medical University from January 2017 to February 2021 were enrolled. AP and POF (lasting > 48 h) were
diagnosed based on the Revised Atlanta Classification[12]. This study was reviewed and approved by the Science and
Research Office of the Affiliated Baiyun Hospital of Guizhou Medical University. Patients” consent for inclusion was
waived owing to the retrospective nature of the study.

HTG-AP was diagnosed if serum triglyceride levels were > 11.3 mmol/L or between 5.56 and 11.30 mmol/L
accompanied by chylous effusion, with the exclusion of other etiologies[13,14].

The exclusion criteria were as follows: (1) Patients who were admitted > 24 h after AP onset, (2) those who were <18
years of age; and (3) those with other etiology-induced AP, recurrent AP, gestational AP, AP with anemia (woman < 110
g/L, man <120 g/L), chronic pancreatitis, and cancer history. The primary endpoint was in-hospital POF.

Data collection

All data were collected from our hospital’s electronic medical database. For each patient, age, sex, and medical history
were collected as baseline demographic data. Furthermore, information on vital signs was collected from all patients on
admission, and the results of laboratory tests, radiological imaging, and clinical outcomes were collected within 24 h of
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admission. The bedside index for severity in acute pancreatitis (BISAP)[15] and the Acute Physiology and Chronic Health
Evaluation II (APACHE II) score[16] were calculated within 24 h of admission.

The measurement of RDW

On admission, 2-3 mL of blood was collected, placed in EDTA-K2 anticoagulation tubes, and stored at 4-8°C. The whole
blood samples were directly loaded into a hematology analyzer (XN-2000, Japan Sysmex) for detection. RDW (%) = SD of
red blood cell volume/mean corpuscular volume x 100. The reference range of RDW was 11.0%-16.0%.

Statistical analysis

Data were presented as median (interquartile range) or mean * SD. Categorical data were presented as percentages (%).
Univariate analysis was performed using the Student’s t-test, Mann-Whitney U test, and chi-squared test, as appropriate.
Admission variables that were significant in univariate analysis were subjected to multivariate regression analysis.

A receiver-operating characteristic (ROC) curve was used to estimate predictive accuracy. The sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), and area under the curve (AUC) were calculated.
Pearson’s analysis was performed to determine the correlations between two variables. GraphPad Prism 9.0 (GraphPad
Software, San Diego, CA, United States) and SPSS 25.0 (IBM Corp., Armonk, NY, United States) were used to perform
statistical analyses. A P value < 0.05 was considered statistically significant.

RESULTS

Patient demographics and clinical characteristics

Table 1 summarizes the demographic, laboratory, and clinical characteristics of patients with and without POF. In total,
102 patients were included in this retrospective study. The age range was 20-58 years and 34 (33%) of 102 patients
developed POF; no patients died.

Clinical outcomes

Univariate analysis identified several risk factors of POF on admission (P < 0.05). Multivariate analysis revealed that
RDW (P = 0.002) and BISAP (P = 0.001) were associated with POF (Table 1). RDW was positively correlated with BISAP (r
=0.457, P < 0.001) and APACHEII (r = 0.440, P < 0.001) (Figure 1).

ROC analysis indicated that the optimal cutoff value for RDW was 13.1%. The sensitivity, specificity, PPV, and NPV
were 82.4%, 77.9%, 65.1%, and 89.8%, respectively. Using the cutoff for RDW, the 102 patients with HTG-AP were divided
into two groups: RDW <1 3.1% and RDW 213.1% groups. More POF patients were presents in the RDW >13.1% group (
P <0.001) (Figure 2 and Table 2).

When RDW was > 13.1%, one point was added to the BISAP score to obtain a new BISAP score (BISAP plus RDW: BR
score). When the cutoff value of BR score was set as 2 points, the AUC, sensitivity, specificity, PPV, and NPV for
predicting POF was 0.89, 91.2%, 67.6%, 58.5%, and 93.9%, respectively (Figure 3 and Table 2). Compared with BISAP
alone (AUC = 0.82, sensitivity = 64.7%, specificity = 82.4%, PPV = 64.7%, and NPV = 82.4%) and APACHE II (AUC = 0.74,
sensitivity = 73.5%, specificity = 60.3%, PPV = 48.1%, and NPV = 82.0%), BR score exhibited a higher predictive accuracy
(Figure 3 and Table 2).

DISCUSSION

Herein, our study suggested that RDW on admission was a promising indicator for POF and that the BR score could
efficiently predict POF in patients with HTG-AP. This is the first study to uncover the association between RDW and POF
in patients with HTG-AP.

Compared with other AP etiologies, HTG-AP is more likely to causes POF, which results in an unfavorable prognosis
for patients[12,17,18]. Therefore, the predictive value of RDW is of significance because the application of this biomarker
can facilitate the discrimination of patients who have a high risk of developing POF and the design of treatment
regimens. Moreover, RDW examination is reproducible, inexpensive, and convenient, and thus can be widely
implemented in almost every hospital.

The production of inflammatory cytokines and corresponding inflammatory cascade have long been considered a
critical pathogenic mechanism of POF in AP patients[1,8]. RDW reflects systemic inflammation, and several studies[6-8]
have proposed the RDW can predict in-hospital mortality and severity in AP. However, these studies only included
gallstones- and alcohol-induced AP but not HTG-AP. Consequently, our study focused on the association between RDW
and POF in patients with HTG-AP. The results indicated that RDW was positively correlated with BISAP and APACHE II
scores, which were commonly used indicators of POF. Meanwhile, RDW exhibited a promising value in predicting POF.

Although the mechanism underlying increased RDW in HTG-AP patients developing POF, it may be attributed to
factors as follows: inflammatory cascade triggers triglyceride-mediated lipotoxicity; in turn, increased triglyceride levels
augment the intensity of the inflammatory cascade, which contributes to the elevation of RDW[17,18]. Notably, we
excluded patients with anemia, which would affect RDW; this might promote the predictive value of RDW|6,9,19].
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Table 1 Demographic and clinical characteristics of the patients, N (%)

Variable Non-POF (n = 68) POF (n = 34) Univariate P Multivariate P
Age (yr) 40+8 40+9 0.967

Sex (M/F) 56/12 29/5 0.785

Hypertension 16 (24) 7 (21) 0.876

Diabetes 33 (49) 22 (65) 0.144

Fatty liver disease 39 (57) 16 (47) 0.679

Alcohol 28 (41) 15 (44) 0.833

Smoking 45 (66) 21 (62) 0.667

WBC (x10°/L) 12.4 (10.9, 15.9) 14.9 (13.2,17.1) 0.009 0.172
MPV (fL) 1042 £1.76 11.54 £ 2.06 0.012 0.085
RDW (%) 12.5 (12.0, 13.0) 14.4 (13.4,14.9) <0.001 0.002
Amylase (U/L) 124 (66, 258) 239 (83, 917) 0.036 0.383
Calcium (mmol/L) 235 (2.25, 2.42) 2.29 (2.10, 2.95) 0.064

Triglyceride (mmol/L) 16.42 (11.58, 20.31) 19.57 (15.23, 24.70) 0.010 0.101
ALT (U/L) 36.0 (25.0, 47.4) 35.2 (20.8, 46.6) 0412

AST (U/L) 25.9 (19.1,31.7) 25.4 (17.9, 33.6) 0.879

Albumin (g/L) 46.1 (4.1, 48.4) 44.8 (42.1,48.3) 0.078

BUN (mmol/L) 4.30 (3.60, 5.18) 3.85 (2.90, 5.00) 0.057

Creatinine (umol/1) 60.50 (47.50, 76.55) 54.90 (41.70, 71.05) 0.158

C-reaction protein (mg/L) 24.89 (11.14, 57.54) 63.10 (23.57, 99.91) 0.008 0.185
BISAP 1(0,1) 2(1,2) <0.001 0.001
APACHEII 4(2,5) 5 (4, 8) <0.001 0.119

Data are presented as n (%) prevalence, and mean + SD or median (interquartile range). WBC: White blood cells; MPV: Mean platelet volume; RDW: Red
cell distribution width; ALT: Alanine aminotransferase; AST: Aspartate transaminase; BUN: Blood urea nitrogen; BISAP: Bedside index for severity in

acute pancreatitis; APACHE II: Acute Physiology and Chronic Health Evaluation II; POF: Persistent organ failure.

Table 2 Overall accuracy of red cell distribution width (RDW), bedside index for severity in acute pancreatitis (BISAP), acute physiology

and chronic health evaluation Il, and BISAP plus RDW score for predicting persistent organ failure in patients with
hypertriglyceridemia-induced acute pancreatitis on admission

Variable AUC Cut-off Sensitivity (%) Specificity (%) PPV (%) NPV (%)
RDW 0.85 13.1 824 779 65.1 89.8
BISAP 0.82 2 64.7 824 64.7 824
APACHE II 0.74 5 785 60.3 481 82.0
BR 0.89 2 91.2 67.6 58.5 93.9

HTG-AP: Hypertriglyceridemia-induced acute pancreatitis; AUC: Area under the curve; PPV: Positive predictive value; PPV: Negative predictive value;
RDW: Red cell distribution width; BISAP: Bedside index for severity in acute pancreatitis; APACHE II: Acute Physiology and Chronic Health Evaluation II;
BR: BISAP plus RDW.

Several multiparameter predictors, including Ranson criteria, BISAP, and APACHE II, have been adopted to evaluate
POF in HTG-AP patients[20-22]. However, Ranson criteria can only be used after 48 h of hospitalization and the
calculation of APACHE II is complicated[16]. Although BISAP is widely used because of its simplicity of calculation, its
low sensitivity limits its clinical application[16]. Li ef al[21] compared the differences in scoring systems for predicting the
prognosis of HTG-AP patients. They suggested that BISAP was the best indicator for predicting the HTG-AP severity.
However, BISAP had a suboptimal sensitivity (66.7%) for predicting POF. Similarly, Yang et al[20] reported that BISAP
exhibited low sensitivity (54%) for predicting HTG-AP severity. Consistent with previous findings, our results revealed

WJEM | https://www.wjgnet.com 118 December 20,2023 | Volume13 | Issue5 |

JBaishideng®



Lv YC et al. RDW for the severity of HTG-AP

A r=0.457 P <0.001 B r=0.440 P <0.001
2.5 = 15 =
2.0 — [} e oo ocomm oo0 °
10 — . ° ]
o w
< T
%) (@]
@ &
<
5 —
1 0 1
18 10 12 14 16 18
RDW RDW

DOI: 10.5493/wjem.v13.i5.115 Copyright ©The Author(s) 2023.

Figure 1 Correlation between red cell distribution width and bedside index for severity in acute pancreatitis and acute physiology and
chronic health evaluation Il. A: Positive correlation between red cell distribution width (RDW) and bedside index for severity in acute pancreatitis; B: Positive
correlation between RDW and acute physiology and chronic health evaluation 1. RDW: Red cell distribution width; BISAP: Bedside index for severity in acute
pancreatitis; APACHE-II: Acute Physiology and Chronic Health Evaluation II.
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Figure 2 Percentage of patients with hypertriglyceridemia-induced acute pancreatitis between the red cell distribution width (RDW) <
13.1% group and the RDW 2 13.1% group. POF: Persistent organ failure; RDW: Red cell distribution width.

that BISAP also exhibited a low sensitivity (64.7%) for predicting POF.

Several studies have demonstrated the improved predictive value by combining BISAP and other biomarkers. Zheng et
al[22] found that BISAP plus C-reactive protein levels for predicting POF in AP had increased AUC, sensitivity, and
specificity compared with using BISAP alone (0.873, 81.6%, and 85.2% vs 0.856, 80.8%, and 84.1%, respectively). Zhou et al
[19] (BISAP plus RDW) also suggested that while the addition of RDW promoted the predictive value of BISAP, it
decreased the sensitivity. In the present study, the results indicated that the BR score exhibited higher AUC (0.89 vs 0.82)
and sensitivity (91.2% vs 64.7%) than BISAP alone for predicting POF in HTG-AP patients, whereas the specificity (67.6%
vs 82.4%) dropped.

Fluid therapy is a long-established cornerstone to prevent organ hypoperfusion within 24 h of AP onset[16,23]. Recent
studies[17,23] have indicated that aggressive fluid therapy in AP may result in poor outcomes, particularly in older
patients. Since HTG-AP patients tend to have a younger age, aggressive fluid therapy is a relatively safe treatment.
However, our results suggested that more attention should be paid to patients with RDW =13.1%.

Our study has some limitations. First, no patient died in our cohort; therefore, the ability of RDW to predict mortality
could not be investigated. However, considering the intimate association between POF development and unfavorable
prognosis at the early stage of AP[12], we inferred that the mortality prediction performance of RDW might be superior
in HTG-AP than in POF. Second, this study was limited by its retrospective design and small sample size, making it
impossible to draw definitive conclusions regarding the diagnostic value of evaluated biomarkers for predicting POF in
HTG-AP. Third, the definition of HTG-AP differed between countries[17], which limited the extension of our findings to
other countries. Moreover, we did not perform a subgroup analysis to exclude the influence of metabolic disorders on
RDW. Furthermore, BR score had a high false positive rate, indicating that the BR score was not an optimal indicator for
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Figure 3 Receiver operating characteristic curves for red cell distribution width (RDW), bedside index for severity in acute pancreatitis
(BISAP), Acute Physiology and Chronic Health Evaluation II, and BISAP plus RDW score for predicting persistent organ failure in
hypertriglyceridemia-induced acute pancreatitis. HTG-AP: Hypertriglyceridemia-induced acute pancreatitis; RDW: Red cell distribution width; BISAP:
Bedside index for severity in acute pancreatitis; APACHE II: Acute Physiology and Chronic Health Evaluation II; BR: BISAP plus RDW; POF: Persistent organ failure.

predicting POF. Nevertheless, the BR score had a relatively high sensitivity, so it could be a screening indicator for POF in
HTG-AP patients. Additional new biomarkers and scoring systems should be developed to better predict POF.

CONCLUSION

RDW on admission is an independent predictor of POF in patients with HTG-AP. The addition of RDW improves the low
sensitivity of BISAP. Large-scale, multicenter prospective studies are required to verify the results.

ARTICLE HIGHLIGHTS

Research background

In clinical settings, compared with patients with other causes of acute pancreatitis (AP), those with hypertriglyceridemia-
induced acute pancreatitis (HTG-AP) commonly suffer from severe acute pancreatitis; therefore, it is critical to identify
severe HTG-AP early. However, current clinical scoring systems and biochemical parameters are not efficient for
predicting HTG-AP severity.

Research motivation

Red cell distribution width (RDW) may be closely associated with the mortality of patients with AP. Meanwhile, clinical
application of the bedside index for severity in acute pancreatitis (BISAP) is limited by its low sensitivity. Therefore, new
parameters or scoring systems are warranted for determining HTG-AP severity early.

Research objectives
To determine whether RDW can be used as a potential biomarker for predicting POF in HTG-AP.

Research methods

We explored the relationship between RDW and POF in patients with HTG-AP and determined the cutoff value of RDW
using ROC analysis. BISAP plus RDW improved the suboptimal sensitivity of BISAP when RDW was > 13.1% and one
point was added to the BISAP.

Research results
On admission, RDW was significantly higher in patients with HTG-AP and POF. Compared with BISAP and Ranson
criteria, BISAP plus RDW had a higher accuracy for predicting POF in HTG-AP patients.

Research conclusions
BISAP plus RDW exhibited a promising predictive value for POF in HTG-AP patients, despite its low specificity.
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Research perspectives
The combination of BISAP and other indicators may better predict HTG-AP severity. However, additional large-scale,
multicenter prospective studies are required to verify the results.
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Abstract

BACKGROUND

The overuse and misuse of antimicrobials contribute significantly to antimicrobial
resistance (AMR), which is a global public health concern. India has particularly
high rates of AMR, posing a threat to effective treatment. The World Health Or-
ganization (WHO) Access, Watch, Reserve (AWaRe) classification system was
introduced to address this issue and guide appropriate antibiotic prescribing.
However, there is a lack of studies examining the prescribing patterns of antimi-
crobials using the AWaRe classification, especially in North India. Therefore, this
study aimed to assess the prescribing patterns of antimicrobials using the WHO
AWaRe classification in a tertiary care centre in North India.

AIM
To study the prescribing patterns of antimicrobials using WHO AWaRe classi-

fication through a cross-sectional study in All India Institute of Medical Sciences
Rishikesh.

METHODS

A descriptive, cross-sectional study was conducted from July 2022 to August 2022
at a tertiary care hospital. Prescriptions containing at least one antimicrobial were
included in the study. Data on prescriptions, including patient demographics, de-
partments, types of antimicrobials prescribed, and duration of treatment, were
collected. A questionnaire-based survey was also conducted to assess the know-
ledge and practices of prescribing doctors regarding the utility of AWaRe classi-
fication.

RESULTS

The study involved a total of 123 patients, each of whom received at least one
antimicrobial prescription. Most prescriptions were for inpatients, evenly dis-
tributed between Medicine (Internal medicine, Pediatrics, Dermatology) and
Surgical departments (General surgery and specialties, Otorhinolaryngology,

December 20,2023 | Volume13 | Issue5 |


https://www.f6publishing.com
https://dx.doi.org/10.5493/wjem.v13.i5.123
mailto:motherprasanna@rediffmail.com

Negi G et al. Ground level utility of AWaRe classification

Ophthalmology, Obstetrics and Gynecology). Metronidazole and ceftriaxone were the most prescribed antibiotics.
According to the AWaRe classification, 57.61% of antibiotics fell under the Access category, 38.27% in Watch, and
4.11% in Reserve. Most Access antibiotics were prescribed within the Medicine department, and the same
department also exhibited a higher frequency of Watch antibiotics prescriptions. The questionnaire survey showed
that only a third of participants were aware of the AWaRe classification, and there was a lack of knowledge
regarding AMR and the potential impact of AWaRe usage.

CONCLUSION

This study highlights the need for better antimicrobial prescribing practices and increased awareness of the WHO
AWaRe classification and AMR among healthcare professionals. The findings indicate a high proportion of pre-
scriptions falling under the Access category, suggesting appropriate antibiotic selection. However, there is a
significant difference between the WHO Defined Daily Dose and the prescribed daily dose in the analysed
prescriptions suggesting overuse and underuse of antibiotics. There is room for improvement and educational
interventions and antimicrobial stewardship programs should be implemented to enhance knowledge and
adherence to guidelines, ultimately contributing to the containment of AMR.

Key Words: Antimicrobial resistance; AWaRe classification; Access; Watch; Reserve; Daily defined dose; Questionnaire based
survey
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adopt better prescribing practices. It is important to raise knowledge and awareness about AMR and improve adherence to
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INTRODUCTION

The discovery of antimicrobials is regarded as one of the most crucial advancements of the 20* century. It is imperative to
prescribe antimicrobials judiciously, emphasizing their use in circumstances where they can offer significant advantages
to patients with maximum efficiency, all the while mitigating the potential for exacerbating antimicrobial resistance
(AMR)[1]. However, there is mounting evidence indicating that the overuse and misuse of antimicrobials have become
leading factors in the complex causative web of AMR][2]. It poses a global public health problem, capable of spreading
and causing significant human and economic burdens[3]. The situation in India is particularly concerning, as the country
experiences some of the highest rates of AMR among bacteria commonly causing infections in both community and
healthcare settings[4].

It is imperative to address the emergence of Multi-drug resistant organisms (MDR), which threaten the progress made
in medical advancements over the past century. Conversely, in many parts of the world, there is not only overuse and
misuse of antimicrobials but also inadequate access. Pneumonia remains a leading cause of childhood deaths globally,
with over 2 million estimated deaths per year, primarily due to limited access to antimicrobials[5]. Thus, promoting
access to these life-saving medicines for those in need should also be a priority[1].

Antimicrobial stewardship aims to bridge the gap between excessive and inadequate antimicrobial use[6]. However,
assessing the impact of antimicrobial stewardship programs has proven challenging, as the commonly used metrics, such
as defined daily doses (DDD) per 1000 inhabitants per day and days of therapy, provide limited information about the
quality of antibiotic use[7]. The existing defined daily dose method used in adult antibiotic surveillance is unsuitable for
neonates and children due to their widely variable bodyweights[8].

To address these issues, the World Health Organization (WHO) updated its Model List of Essential Medicines in 2017,
introducing the Access, Watch, Reserve (AWaRe) classification system[9]. The AWaRe system categorizes antimicrobials
based on their appropriateness, safety, and potential impact on AMR. The Access group includes antibiotics of choice for
the 25 most common infections, with favourable safety profiles and a low likelihood of exacerbating AMR. These antimi-
crobials should be consistently available, affordable, and quality-assured. The Watch group comprises critically important
antimicrobials that require strict monitoring and limited use due to their higher potential for negatively impacting AMR.
The Reserve group includes last-resort antimicrobials effective against MDR bacteria, and their use should be minimized
as they represent a valuable, non-renewable resource. The fourth category is of the discouraged antimicrobials which
mostly includes antimicrobial combinations. Some fixed dose combinations of antibiotics, do not have any reasonable
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indications for the treatment of infectious diseases in humans and may negatively impact AMR and patient safety[1]. The
AWaRe system is also represented as a traffic-light approach: Access = green, Watch = orange and Reserve = red. The
overall goal was to reduce the use of Watch Group and Reserve Group, and to increase the use of Access antibiotics to >
60% by 2023[5].

Unlike previous measures of antibiotic consumption, the AWaRe classification allows for the quantification of anti-
biotic use in each category, providing insights into the overall quality of antibiotic use within a country[8]. For instance, A
10-Year Study on urinary tract infections, their Epidemiology and Antibiotic Resistance Based on the WHO AWaRe
classification was done[10]. Therefore, the WHO AWaRe categories can serve as a valuable tool for monitoring antibiotic
consumption and optimizing antibiotic use, complementing antibiotic stewardship efforts at the national level.

Given the ongoing struggle to identify appropriate measures for hospitals and their antimicrobial stewardship
programs, this study aims to audit antimicrobial prescriptions and compare the utility of the AWaRe classification with
other process measurements of antimicrobial utilization. Additionally, the study seeks to assess the knowledge and
attitudes of prescribing physicians regarding AMR and the AWaRe classification. This study is particularly important in
the context of North India, where the burden of resistance is increasing, and limited research has been conducted in this
region. Furthermore, the study aims to examine the prescribing practices of antibiotics in a tertiary care center and
compare them with the WHO Defined Daily Dosage to determine whether common antibiotics are being under or over-
dosed.

MATERIALS AND METHODS
Study design

Cross sectional study conducted on patient’s prescriptions of various departments in a tertiary care hospital from July
2022 to August 2022.

Setting

This study was carried out in a tertiary care centre in North India after approval by the Institutional Ethics Committee
[All India Institute of Medical Sciences, Rishikesh, India (Reference number -AIIMS/IEC/22/252)].

Study population
Consenting treating physicians (faculty, junior and senior residents) and their prescriptions having at least one antimi-
crobial were studied. Universal sampling was used to select prescriptions for a duration of 2 mo.

Inclusion criteria
Prescriptions containing at least one antimicrobial in both outpatient and inpatient settings and the physician prescribing
it.

Exclusion criteria
Treating physician not giving consent.

Observations

After obtaining an informed consent from the prescribing doctor, a questionnaire about their knowledge and practices on
AWaRe classification was asked through online or offline modes. The questionnaire was self-structured after searching
medical literature for comparable studies and adapting questions designed in other physicians’ surveys previously
carried out[1,11]. The questionnaire consisted of two sets of questions: one designed to assess the knowledge of
physicians and the other intended to gauge their attitudes towards AMR and the AWaRe classification. Pre-validation of
questionnaire for its contents and relevance was done by experts (one clinician, one pharmacologist, one biostatistician).
Data on prescriptions, including patient demographics, departments, types of antimicrobials prescribed, and duration of
treatment, were collected.

Comparator

The relevance of antimicrobial prescriptions was checked by measuring appropriateness (right drug, right dose and right
duration) according to WHO guidelines, Infectious Disease Society of America guidelines and disease specific guidelines
if needed. Simultaneously sub-group comparison on AWaRE classification was also performed.

Outcome

Proportion of prescribed antimicrobials based on AWaRe classification was calculated. Then the knowledge and practices
of prescribing doctor about the utility of AWaRe was determined. The appropriateness of AWaRe classification with days
of therapy and defined daily doses of antimicrobial utilization was also estimated.

Statistical analysis
Data was collected on predefined proforma, google form, and excel sheet (Microsoft excel spreadsheet software, office
2016) and analysed by estimating the proportion of various variables including antimicrobial utilizations as per AWaRe
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classification. Univariate analysis was performed and the data was arranged as percentages of total. Mean daily dosing
for a particular antimicrobial was determined and compared with WHO DDD using the Students T test. P value less than
0.05 was considered statistical significant.

RESULTS

The research was carried out in accordance with the methodology presented in Figure 1. A total of n = 123 patients were
enrolled in this study, with each of them receiving antibiotic prescriptions. The majority of these prescriptions were
issued to inpatients (75.4%), and both the Medicine and Surgical departments were equally represented, accounting for
49.6% and 50.4%, respectively. Among the healthcare providers responsible for prescribing antibiotics, 72% were Junior
Residents, 18.7% were Senior Residents, and 9.3% were Consultants. These findings have been summarized in Table 1.

The prescriptions included 27 different antibiotics, with metronidazole being the most prescribed (19%) followed by
ceftriaxone (17%). The mean number of antibiotics used per patient was 1.84 + 0.83. The mean duration of antibiotics
prescribed was 6.63 + 3.83 days. The maximum number of antibiotics prescribed per patient was five. According to the
AWaRe classification, 57.61% of antibiotics fell under the Access, 38.27% in Watch, and 4.11% in Reserve categories,
suggesting appropriate antibiotic selection according to these criteria. The distribution of antibiotics prescribed according
to the WHO AWaRe categories is presented in Figure 2. The difference in prescribing frequencies amongst departments
can be noted. Most of the antibiotics prescribed in the Access category were from the Medicine department (75.4%),
followed by Surgery (24.6%). For Watch antibiotics, Medicine had a higher proportion (63.4%) compared to Surgery
(36.6%). In terms of seniority, Junior Residents prescribed the highest number of antibiotics for both Access and Watch
categories in Medicine and Surgery departments. Senior residents and Consultants prescribed a lower number of
antibiotics in all categories and departments. Only a few antibiotics were prescribed in the Reserve category, with most
prescriptions being from the Medicine department.

The study also evaluated the Knowledge and Awareness of Healthcare professionals towards the WHO AWaRe classi-
fication through a questionnaire survey. A total of 93 participants responded to the survey. Among them, most parti-
cipants were Junior Residents (69.9%), followed by Senior Residents (25.8%) and Faculty (4.3%). When enquired if they
knew about the WHO AWaRe classification only 33.3% of the participants responded positively. Of those who were
aware of the AWaRe classification, the most common source of information was the internet (31.2%), followed by the
antimicrobial policy of their institution (15.1%) as seen in Table 2.

The survey results on the knowledge and awareness of AMR among healthcare professionals are also presented in
Tables 3 and 4. Out of the 93 participants, 68 (73.1%) agreed that the emergence of AMR is inevitable, while only 13
(14.0%) disagreed that AWaRe usage will result in the inability to treat serious infections. Additionally, 58 (62.4%) agreed
that it will lead to lengthier hospital stays, 43 (46.2%) agreed that the success of chemotherapy and major surgery will be
hampered, and the majority also agreed that its use will lead to increased cost of treatment and increased mortality rates.
Regarding the utilization of AWaRe in the hospital summarized in Tables 4 and 5, 35.5% of the participants agreed that it
should be used, while only 2.2% disagreed. Additionally, 34.4% agreed that AWaRe reduces adverse effects of inappro-
priate prescription. However, 37.6% of the participants considered that AWaRe threatens a clinician's autonomy and
30.1% thought that its use can delay treatment.

Additionally, the DDD of each drug was also evaluated. The usage of various antimicrobial drugs in a hospital setting,
along with their daily doses and DDD according to the WHO's Anatomical Therapeutic Chemical classification system
was calculated. Some of the important findings include high usage rates of ceftriaxone and metronidazole, and relatively
low usage rates of drugs like colistin and clindamycin. Additionally, some drugs had wider ranges than others.
Comparison of WHO defined DDD with Daily Drug dose (Mean) in the studied prescriptions is represented in the
Clustered Bar chart in Figure 3.

Finally, the Mean Daily Drug Dose for prescribed drugs was compared with WHO defined DDD for each drug using a
Student’s T test. The mean daily drug dose of amoxy/clav was significantly higher than the WHO DDD (1.8 vs 1.50, P =
0.014), while the mean daily drug dose of metronidazole and doxycycline were significantly lower than the WHO DDD (P
<0.001 and P = 0.008, respectively). The mean daily drug dose of piperacillin/tazobactam, amikacin, clindamycin, and
levofloxacin did not show significant differences compared to the WHO DDD (P > 0.05).

DISCUSSION

The findings of this study highlight several important issues related to antimicrobial prescribing practices and awareness
among healthcare professionals. This study, conducted in a tertiary care institute in North India included prescriptions
having at least one antibiotic in both inpatient (75.4%) and outpatient (24.6%) settings collected over a duration of 2
months by universal sampling. A total of 123 patient prescriptions were included which included 243 individual
antibiotics. The mean number of antibiotics used per patient was 1.84 + 0.83 which coincides with a study conducted in
Brazil[9] with a mean of 2.4 antibiotics per patient. This finding is in line with the WHO prescribing indicators which state
that each prescription should contain an average of 1.6-1.8 antibiotics[7]. The use of multiple antibiotics can increase the
risk of adverse effects, drug interactions, and development of AMR. The mean duration of antibiotics prescribed was 6.63
+3.83 d. A study conducted in a tertiary care hospital in India reported a mean duration of 5.7 + 3.1 d[12], while another
in Ethiopia reported a mean duration of 10.2 d[13].These variations could be attributed to differences in patient demo-
graphics, disease prevalence, prescribing habits, and hospital policies.
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Table 1 Descriptive data representing the antibiotic usage patterns categorized according to the designation of prescriber, department,

outpatient vs inpatient and AWaRe classification

Category Counts % of total
Total number of patients 123

Total prescriptions 123

No. of different antibiotics used 27

Most common antibiotic Metronidazole 19
Designation

Senior resident 42 18.7
Junior resident 162 72.0
Consultant 21 9.3
OPD/IPD

OPD 55 24.6
IPD 169 754
Department

Medicine 112 49.6
Surgery 114 50.4

WHO AWaRe classification

Access 140 57.61
Watch 93 38.27
Reserve 10 411
Antibiotics used in a patient Duration of antibiotics
Mean 1.84 6.63
Median 2 6.00
Standard deviation 0.833 3.83
Minimum 1 1.00
Maximum 5 19.0

Second half of the table represents the descriptive analysis of antibiotics used and duration of individual antibiotics. OPD: Outpatient; IPD: Inpatient;
WHO: World Health Organization.

In the present study, prescriptions included 27 different antibiotics of which Metronidazole was the most prescribed
antibiotic, which could be due to its activity against anaerobic bacteria, which are commonly implicated in infections of
the gastrointestinal tract, genitourinary tract, and skin. It is prescribed mostly in combination with amoxicillin in
obstetrics and gynaecological care (mainly in post-delivery prophylaxis), and occasionally in caesarean section. Similar
results were found study at Ghana Police Hospital[14]. This was followed by Ceftriaxone, a third-generation cepha-
losporin from the Watch group. The high proportion of cephalosporins in the prescriptions is consistent with the WHO
analysis of South-East Asian countries which also found a very high level of consumption of the same in all states in India
[15].

The WHO AWaRe classification system was used to analyse the antibiotics prescribed in this study, and the results
showed that most antibiotics fell under the Access (57.61%) category. These antibiotics have a narrow spectrum of
activity, lower cost, a good safety profile and generally low resistance potential and should be widely available and
affordable. While this is a positive finding, it is also important to note that a significant proportion of antibiotics
prescribed were from the Watch category (38.27%), which includes antibiotics that are at risk of becoming ineffective due
to overuse and misuse. The small percentage of antibiotics prescribed in the Reserve category (4.11%) is reassuring, as
these antibiotics are reserved for use as a last resort and should only be used in highly specific circumstances. The overall
prescribing of antibiotics in our study is lower than the WHO recommendations, which state that more than 60% of all
prescribed antibiotics must be from the Access group by 2023. Figures in our study are consistent with another Indian
study which had Access (53.31%), Watch (40.09%) from, and Reserve (3.40%) category[16], and study done in Zambia
with (n = 384) which had Access (55.5%), Watch (43.1%) and Reserve (1.4%)[7]. Our findings differ from another study in
India[17] in which Watch group antibiotics accounted for 53.19 % of the total antibiotics and a Bangladesh study in which
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Table 2 Representation of knowledge of World Health Organization Access, Watch, Reserve classification among healthcare

professionals

Category Counts % of total
Position

Junior resident 65 69.9
Senior resident 24 25.8
Faculty 4 43

Do you know about WHO AWaRe classification

No details 22 23.7
Yes Bl 33.3
Never heard 21 22.6
Little Idea 19 20.4

How did you hear about AWaRe?

The internet 29 31.2
The WHO website 10 10.8
The antimicrobial policy of our institution 14 15.1
Other sources 19 20.4
No idea about it 21 22.6

AWaRe: Access, Watch, Reserve; WHO: World Health Organization.

Table 3 Knowledge (Score) on World Health Organization Access, Watch, Reserve classification

Total score Junior resident (n=21) Senior resident (n=9) Consultant (n=3) Medicine (n=24) Surgery (n=9)

n 33 - - - = =
Mean 3.91 3.81 4.22 3.67 3.79 4.22
Standard deviation 2.17 2.25 233 1.53 2.08 249
Minimum 1 1 1 2 1 1
Maximum 8 8 8 5 8 8

WHO: World Health Organization.

64.0% of the patients were treated with antibiotics from the Watch group, 35.6% were treated with antibiotics from the
Access group, and only 0.1% were treated with antibiotics from the Reserve group. The higher proportion of Access
category antibiotics prescribed in our study could be attributed to the fact that these antibiotics are commonly used for
the treatment of common infections encountered in the hospital, such as urinary tract infections, respiratory tract
infections, and skin and soft tissue infections. The low proportion of Reserve category antibiotics prescribed in our study
is consistent with the recommended sparing use of these antibiotics by WHO and other guidelines, which recommend
their use only as a last resort in the treatment of severe infections[18]. In terms of departments and designations, our
study found that the Medicine department prescribed the majority of antibiotics in both the Access and Watch categories,
followed by the Surgery department. This finding is consistent with previous studies conducted in India and other low-
and middle-income countries, where the Medicine department was found to be the highest prescriber of antibiotics[19].

To assess knowledge and attitude of prescribing doctor about the utility of AWaRe a Questionnaire based survey was
carried out. Although (73.1%) agreed that the emergence of AMR is inevitable the lack of awareness about the pro-
grammes and measures being taken to curb it is concerning. In contrast to this study, a study conducted in the United
States found that healthcare professionals had a high level of knowledge about AMR and the appropriate use of anti-
biotics[20]. This difference could be attributed to variations in healthcare systems and education programs in different
countries. Moreover, in a study conducted in Germany, the majority of physicians agreed that the rational use of antibi-
otics is important for the prevention of AMR[21].

Despite the WHO AWaRe classification being included in the antibiotic policy of our institution only 33.3% of the
responders knew about it which shines a light on the gap between the measures being taken and their implementation.
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Table 4 Representation of awareness towards World Health Organization Access, Watch, Reserve classification among healthcare

professionals

Statement False True No idea n

Emergence of Antimicrobial Resistance is inevitable 24 68 1 93
It will result in inability to treat serious infections 13 80 0 93
Lengthier hospital stays will be a result 55 58 0 93
Success of chemotherapy and major surgery will be hampered 50 43 0 93
Cost of treatment will be increased 52 41 0 93
MMR and IMR will increase 62 31 0 93

AWaRe: Access, Watch, Reserve; WHO: World Health Organization; MMR: Maternal mortality rate; IMR: Infant Mortality Rate

Table 5 Representation of attitude towards World Health Organization Access, Watch, Reserve classification among healthcare

professionals

Question Strongly disagree  Disagree Neutral Agree Strongly agree
Should AWaRe be used in the hospital? 18 (19.4%) 2(2.2%) 21 (22.6%) 33 (35.5%) 19 (20.4%)
AWaRe reduces adverse effects of inappropriate prescription 12 (12.9%) 5(5.4%) 25 (26.9%) 32 (34.4%) 19 (20.4%)
AWaRe threatens a clinician's autonomy 9(9.7%) 35 (37.6%) 35 (37.6%) 11 (11.8%) 3(3.2%)

It can delay treatment 16 (17.2%) 37 (39.8%) 28 (30.1%) 8 (8.6%) 4 (4.3%)

AWaRe: Access, Watch, Reserve.

Review of
prescriptions of both
inpatients and
outpatients

Antibiotic prescribed

Questionaire based
survey of prescibing

physicians

Assessment of

adherence with

respect to WHO
AWaRe classification

Data analysis

DOI: 10.5493/wjem.v13.i5.123 Copyright ©The Author(s) 2023.

Figure 1 Representation of the study flow. WHO: World Health Organization.

The institute antibiotic policy authorizes only the Senior Residents and Consultants to prescribe antibiotics from Watch
and Reserve groups but in this study Junior Residents prescribed the highest number of antibiotics for both Access and
Watch categories which coincides with previous studies conducted in India and other countries. In a study conducted in a
tertiary care hospital in India, junior residents prescribed the majority (68.7%) of antibiotics[19]. The higher proportion of
antibiotics prescribed by Junior Residents in our study could be attributed to their relatively higher workload and less
clinical experience compared to Senior Residents and Consultants. Overall, the findings of this study suggest that there is
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Figure 2 Frequencies of World Health Organization Access, Watch, Reserve category by designation and department.

a moderate level of awareness among healthcare professionals about AMR, there is a need for further education and
awareness programs to ensure the appropriate use of antibiotics in the hospital setting. It must be noted that most of the
responders of the survey were also Junior Residents and hence education programmes can hence play a vital role in
improving the results by working at grassroot levels.

Another analysis of the study depicts that there is a significant difference between the WHO DDD and the prescribed
daily dose in the analysed prescriptions. Several studies conducted in the West have compared the mean daily drug dose
of prescribed drugs with the WHO defined DDD. In a study conducted in a hospital in Italy found that the mean daily
dose of antibiotics was generally lower than the WHO DDD for most antibiotics[22]. These findings are similar to the
present study, which found higher mean daily doses of amoxicillin/clavulanic acid and piperacillin/tazobactam, and a
lower mean daily dose of levofloxacin. The WHO DDD is a standardized measure of drug consumption used to compare
the drug consumption between different countries and regions. It represents the assumed average maintenance dose per
day for a drug used for its main indication in adults. On the other hand, the prescribed daily dose refers to the actual dose
that a physician prescribes to a patient.

The difference between the WHO DDD and the prescribed daily dose can have several implications. Firstly, it can lead
to overuse or underuse of medications, which can affect the therapeutic outcomes of patients. For example, if the
prescribed daily dose is lower than the WHO DDD, the patient may not receive the optimal therapeutic effect of the
medication. Conversely, if the prescribed daily dose is higher than the WHO DDD, the patient may be at risk of adverse
effects or toxicity. Secondly, the difference between the WHO DDD and the prescribed daily dose can affect the compar-
ability of drug consumption data between different regions and countries. If different regions or countries use different
prescribed daily doses, it can be difficult to compare their drug consumption patterns. Therefore, adherence to the WHO
DDD is important to ensure that drug consumption data are standardized and comparable across different regions and
countries. In conclusion, the difference between the WHO DDD and the prescribed daily dose is an important issue that
needs to be addressed in the prescribing practices of physicians. Adherence to the WHO DDD can help to ensure optimal
therapeutic outcomes for patients and comparability of drug consumption data between different regions and countries.

Overall, the findings of this study emphasize the importance of improving antimicrobial prescribing practices and
increasing awareness among healthcare professionals regarding the WHO AWaRe classification system and the threat of
AMR. Effective antimicrobial stewardship programs that promote appropriate antibiotic use can help reduce the risk of
AMR and improve patient outcomes. Future research should focus on implementing such programs in hospital settings
and evaluating their effectiveness in reducing inappropriate prescribing practices.
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Figure 3 Comparison of drug utilization to World Health Organization defined daily doses.

CONCLUSION

This research indicates an appropriate proportion of prescriptions falling under the Access category (57.61%), suggesting
appropriate antibiotic selection, a significant proportion also belongs to the Watch category (38.27%), emphasizing the
need for greater caution to prevent the escalation of AMR. There is a moderate level of awareness among healthcare
professionals about AMR and the steps being taken to tackle it, highlighting the gap in implementation of policies and
need for more steps to be taken in spreading the knowledge about the subject. However, there is a significant difference
between the WHO DDD and the prescribed daily dose in the analysed prescriptions suggesting overuse and underuse of
antibiotics.

ARTICLE HIGHLIGHTS

Research background

India has particularly high rates of antimicrobial resistance (AMR), posing a threat to effective treatment. The World
Health Organization (WHO) Access, Watch, Reserve classification system was introduced to address this issue and guide
appropriate antibiotic prescribing. However, there is a lack of studies examining the prescribing patterns of antimi-
crobials using the AWaRe classification, especially in North India.

Research motivation
This study aimed to assess the prescribing patterns of antimicrobials using the WHO AWaRe classification in a tertiary
care centre in North India.

Research objectives

(1) To audit the prescribing patterns of antimicrobials among clinicians using WHO’s AWaRe classification in a tertiary
care centre; (2) To assess knowledge and practices of prescribing doctor about the utility of AWaRe by Questionnaire
based assessment; and (3) To compare the appropriateness of AWaRe classification with days of therapy and defined
daily doses of antimicrobial utilization.
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Research methods

A descriptive, cross-sectional study was conducted from July 2022 to August 2022 at a tertiary care hospital. Prescriptions
containing at least one antimicrobial were included in the study. A questionnaire-based survey was also conducted to
assess the knowledge and practices of prescribing doctors regarding the utility of AWaRe classification.

Research results

The study involved a total of 123 patients, each of whom received at least one antimicrobial prescription. Most prescri-
ptions were for inpatients, metronidazole and ceftriaxone were the most prescribed antibiotics. According to the AWaRe
classification, 57.61% of antibiotics fell under the Access category, 38.27% in Watch, and 4.11% in Reserve. The
questionnaire survey showed that only a third of participants were aware of the AWaRe classification, and there was a
lack of knowledge regarding AMR and the potential impact of AWaRe usage.

Research conclusions
This study highlights the need for better antimicrobial prescribing practices and increased awareness of the WHO AWaRe
classification and AMR among healthcare professionals.

Research perspectives

The findings indicate a high proportion of prescriptions falling under the Access category, suggesting appropriate
antibiotic selection. There is room for improvement and educational interventions and antimicrobial stewardship
programs should be implemented to enhance knowledge and adherence to guidelines, ultimately contributing to the
containment of AMR.
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Abstract

BACKGROUND

The survival of microorganisms on textiles and specifically on healthcare profes-
sionals” (HCP) attire has been demonstrated in several studies. The ability of
microorganisms to adhere and remain on textiles for up to hours or days raises
questions as to their possible role in transmission from textile to skin via HCP to
patients.

AIM
To evaluate the presence, survival and transmission of different multidrug-
resistant bacteria (MDRB) from HCP attire onto skin.

METHODS

Three MDRB [methicillin-resistant Staphylococcus aureus (MRSA); vancomycin-
resistant Enterococcus faecium (VRE); carbapenem-resistant Klebsiella pneumoniae,
CRKP)] were inoculated on textiles from scrubs (60% cotton-40% polyester) and
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white coat (100% cotton) at concentrations of 10° colony-forming units (CFU), 10° CFU, and 10° CFU per mL. The
inoculation of swatches was divided in time intervals of 1 min, 5 min, 15 min, 30 min, 1 h,2h,3 h,4 h, 5 h, and 6 h.
At the end of each period, textiles were imprinted onto pig skins and each skin square was inverted onto three
different selective chromogenic media. Growth from the pig skin squares was recorded for the 3 MDRB at the three
above concentrations, for the whole length of the 6-h experiment.

RESULTS

MRSA was recovered from pig skins at all concentrations for the whole duration of the 6-h study. VRE was
recovered from the concentration of 10* CFU/mL for 6 h and from 10° CFU/mL for up to 3 h, while showing no
growth at 10° CFU/mL. CRKP was recovered from 10° CFU/mL for 6 h, up to 30 min from 10° CFU/mL and for 1
min from the concentration of 10°* CFU/mL.

CONCLUSION

Evidence from the current study shows that MRSA can persist on textiles and transmit to skin for 6 h even at low
concentrations. The fact that all MDRB can be sustained and transferred to skin even at lower concentrations,
supports that textiles are implicated as vectors of bacterial spread.

Key Words: Textiles; Attire; Multidrug-resistant bacteria; Methicillin-resistant Staphylococcus aureus; Vancomycin-resistant
Enterococcus faecium; Extended-spectrum b-lactamase; Pig skin; Skin; Transmission

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The current study aimed to evaluate the transmission of multidrug-resistant bacteria (MDRB) from attire (scrubs,
white coats) onto skin. Three MDRB types [methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant
Enterococcus faecium, carbapenem-resistant Klebsiella pneumoniae] were inoculated on textiles over various time intervals
for up to 6 h and then imprinted onto pig skin. All MDRB were able to be sustained and transferred to skin, but at different
concentrations and time. MRSA had the longest presence on textile and highest transmission potential even at lower concen-
trations. Evidence suggests that textiles can be implicated as vectors of MDRB spread in the healthcare setting.

Citation: Lena P, Karageorgos S, Liatsou M, Agouridis AP, Spernovasilis N, Lamnisos D, Papageorgis P, Tsioutis C. In vitro study on
the transmission of multidrug-resistant bacteria from textiles to pig skin. World J Exp Med 2023; 13(5): 134-141

URL: https://www.wjgnet.com/2220-315x/full/v13/i5/134.htm

DOI: https://dx.doi.org/10.5493/wjem.v13.i5.134

INTRODUCTION

It is well established that textiles can carry micro-organisms, a fact with raises concerns for their ability to transmit them
either onto skin or to other textiles[1]. Previous studies and systematic reviews have demonstrated the ability of
pathogens, including multidrug-resistant bacteria (MDRB), to survive on healthcare professionals’” (HCP) attire, devices
and surfaces in hospitals and long-term care facilities, thus raising the need to study their potential to contribute to
transmission[1-4].

Cyprus is considered a high-prevalence country for MDRB. In fact, in healthcare-associated infections in Cyprus
hospitals in 2020, methicillin-resistant Staphylococcus aureus (S. aureus) (MRSA) was detected in 49.1% of invasive
infections by S. aureus, vancomycin-resistant Enterococcus faecium (E. faecium) (VRE) accounted for 44.1% of enterococci,
and isolates of Klebsiella pneumoniae (K. pneumoniae) exhibited multidrug resistance in 18.2% and carbapenem resistance in
19.8%[5]. Further to this, in a previous study, our group demonstrated the presence of several different MDRB on HCP
uniforms in hospitals and long-term care facilities in Cyprus, including MRSA, VRE, extended-spectrum b-lactamase
(ESBL)-producing bacteria and carbapenem-resistant bacteria[1]. These findings suggest that MDRB may be transmitted
in different ways within healthcare settings, thus raising the need to identify additional areas for targeted interventions
and improvement.

A demonstrable means to evaluate the role of attire and textiles in the transmission cycle, is by studying the degree of
transmission of micro-organisms from fabrics to skin. To achieve this, it is necessary to use an alternative to human skin
with similar properties, such as pig skin, in order to allow accurate in-vitro experimentation[6]. The similarities between
human and pig skin lie in the structure of epidermis and thickness ratios between dermis and epidermis, as well as in
hair follicle and blood vessel patterns. In contrast to the skin of other animals used in laboratory studies, the dermal
collagen and elastic content of the pig skin are more similar to the skin of humans. Furthermore, Schmook et al[7]
demonstrated in an in-vitro study of percutaneous absorption, that in the absence of human tissue, pig skin was the most
suitable model.
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Based on current literature, including experimental and observational studies, we hypothesize that MDRB can carry
the ability to survive on textiles to a considerable extent to be isolated and to transmit onto skin. Our aim was to evaluate
the survival potential of different MDRB on different types of textiles and to evaluate their potential for transmission onto
skin, using representative strains such as MRSA, VRE and carbapenem-resistant K. pneumoniae (CRKP).

MATERIALS AND METHODS

Aims

The aim of the current study was to determine the viability of MDRB over a 6-h period, which mimics the usual duration
of a hospital shift, on two types of textiles and to evaluate whether these inoculated textiles can colonize pig skin using
three MDRB (MRSA, VRE and CRKP) at different concentrations. Study approval was not required as it did not involve
human subjects or animals. The strains were retrieved from a previous study that was approved by the Cyprus National
Bioethics Committee (decision number “EEBK EIT 2018.01.155”).

Materials

Fresh MRSA, VRE and CRKP cultures were grown from previously isolated organisms from HCP uniforms from a
previous study, that were stored in -20 °C. After 24 h of incubation, the organisms were prepared at 0.5 MacFarland
standard each. Their precise concentrations were calculated: 1.18 x 10°* CFU/mL MRSA, 1.6 x 10® CFU/mL for E. faecium,
and 1.14 x 10* CFU/mL for K. pneumoniae. All 3 organisms were serially diluted from 10®* CFU down to 10 CFU. The
concentrations of 10°, 10°, and 10° CFU per mL were used during the process.

Textile swatches were cut in squares of 1.5 cm x 1.5 cm and sterilised in 100 °C in dry oven for 2 h. The swatches were
taken from uniforms and scrubs used in healthcare settings in order to mimic txextiles used in real-life conditions, with a
composition of 60% cotton and 40% polyester (T1, taken from a used scrub uniform of a nurse, who had worn it for 6 mo),
and 100% cotton (T2, taken from a white coat used by a physician for 6 mo). Aluminium foil squares of 1.5 cm x 1.5 cm
were cut and heat sterilised in the same manner as the cloth swathes. These would be used as a barrier when pressure
would be applied on cloth or skin.

Fresh pig skin (commercially retrieved 24 h after slaughtering), cleared from most of the fat under the dermis, was
scrubbed and washed with chlorhexidine soap and then with alcohol. The cleaned skin was then dried in examination
paper and kept covered to avoid drying. When the experiment was ready to begin, square pieces of 1.5 cm x 1.5 cm of
skin were cut using sterilized blades. Negative control skin samples were incubated on the 3 chromogenic media to
ensure the absence of the 3 microorganisms used. The specialized chromogenic media used were CHROMO agar, MRSA
medium, chromo VRE, and chromo ESBL.

Experimental design

The current experimental study was designed in duration and environmental conditions that mimic the working
conditions within a 6-h HCP shift. Temperature of the laboratory room was kept constant at 22.9-23.5 °C and humidity of
49%-53% and the experiment was conducted on the bench.

Each microbial concentration had 10 stations allocated at time intervals of 1 min, 5 min, 15 min, 30 min, 1 h, and then
every hour for a total of 6 h and at three different concentrations. Each station had in place: 2 cloth swatches (T1 & T2), 2
respective skin squares (S1 & S2) and chromogenic plates, for each of the 3 dilutions of the microorganisms (Figure 1).

Firstly, 2 cloth swatches in each station were inoculated with 50 puL of each dilution in each column. The inoculation
started from 6 h up to 1 min, guided by stopwatches. At the end of each time slot, each cloth swatch was placed on top of
the skin square. The cloth was applied onto skin with a pressure of 100 Gr (friction asset) for 5 s and foil was placed over
it for protection. Afterwards and following the same technique, each skin square was pressed onto the chromogenic agar.
The plates were then incubated at 37 °C. After 24 h, the incubated plates were checked and incubated for an additional 24
h. When the 48-h incubation period ended, the chromogenic plates were inspected, and the presence of growth was
recorded. We did not perform a concentration count at each station; the results indicated presence or not. Thus, the
experiment was performed based on the assumption that even a small amount of bacteria could be transmitted and
possibly cause infection.

RESULTS

Over a period of 6 h and at different time points, a total of 3 MDRB (MRSA, VRE, CRKP) were inoculated in 3 different
concentrations (10° CFU/mL, 10° CFU/mL, 10° CFU/mL) on 2 different cloth textiles (T1, T2) and then each cloth was
applied on a pig skin square (S1, S2 respectively). The skin inoculates were then cultured on special medium for 48 h and
MDRB growth was recorded.

All findings demonstrating the recovery of the 3 MDRB from skin and textiles are presented in Table 1. Recovery times
for all 3 MDRB were the same in both skin swatches S1 and S2 that were in contact with T1 (60% cotton and 40%
polyester) and T2 (100% cotton), respectively. Overall, no differences were observed in terms of growth for each MDRB
between the two types of textiles. MRSA exhibited the highest recovery. In specific, recovery of MRSA was successful at
all time intervals and for all 3 concentrations (10* CFU/mL, 10° CFU/mL and 10° CFU/mL). MRSA remained detectable
and could be transmitted throughout the 6-h experiment duration. VRE was recovered from the highest concentration of
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Table 1 Growth indicated in skin swatches S1 from textile T1 (cotton-polyester cloth) and S2 from T2 (100% cotton cloth), when

imprinted on chromogenic agars at three concentrations

MRSA (CFU/mL) VRE (CFU/mL) CRKP (CFU/mL)

Time ¢4 s2 1 S2 S1 S2 S1 S2 S1 S22 S1 S22 S1 S22 S1 S22 S1 82
(10% (109 (10° (109 (10°) (109 (10%) (10 (10°) (109 (10°) (109 (10°) (10 (10° (109 (10°) (109)

1min G © G G @ @ © G G @ / / G G @ @ © G
5min G © G G © € © G G © / / G G © € / /
15 G © G G @ € © G G @ / / G G @ € / /
min

0 G © G G © © © G G © / / G G © © / /
min

60 G € G G © € € G G © / / G G / / / /
min

2h G © G G © € © G G © / / G G / / / /
3h G © G G @ @ © G G @ / / G G / / / /
4h G © G G © € © G / / / / G G / / / /
5h G © G G @ € © G / / / / G G / / / /
6h G © G G © € © G / / / / G G / / / /

CFU: Colony-forming units; CRKP: Carbapenem-resistant Klebsiella pneumoniae; G: Growth; MRSA: Methicillin-resistant Staphylococcus aureus; VRE:

Vancomycin-resistant Enterococcus faecium.

10® CFU/mL for the whole duration of the 6-h period and for up to 3 h from the 10° CFU/mL concentration. No recovery
of VRE was recorded from the lowest concentration of 10° CFU/mL. CRKP was also recovered from the highest concen-
tration of 10° CFU/mL for the total duration of 6 h (duration of the experiment) and for 30 min from the second highest
concentration (10° CFU/mL), whereas it was recovered for only up to 1 min from the lowest concentration of 10° CFU/
mL.

Conclusively, our results support the sustainability of MRSA for the maximum of the duration of the study in all
concentrations. The other gram-positive coccus (VRE) also remained for the whole duration of the study but only in the
highest concentration, whereas VRE was not isolated for the lowest concentration. In contrast, the gram-negative
bacterium (CRKP) remained for less time in the concentration of 10° CFU/mL and for only 1 min at the lowest concen-
tration.

DISCUSSION

In our study, involving the transfer and presence of MDRB as a result of contact between textiles and pig skin, MRSA
exhibited the longest persistence out of the 3 studied MDRB and over the duration of 6 h of the experiment. VRE and
CRKP were both detected at the highest concentration of 10° CFU/mL, for up to 3 h and 30 min, respectively. The
presence of MDRB, as recorded on both textile types that were used in the study, was also confirmed on pig skin, which
provides evidence of potential for transfer of bacteria and MDRB onto skin from contaminated textiles and furthermore,
suggesting this as a transmission mode to patients. The study results show that gram-positive cocci, such as staphylococci
and enterococci, are more resilient on textiles and in the environment over time, whereas CRKP also showed prolonged
presence at higher concentrations.

To our knowledge, only few previous studies have evaluated the transferability of bacteria onto skin. Butler et al[8]
conducted a study on the transfer of bacteria onto pigskin by use of white coats. Specifically, MRSA, VRE and Acineto-
bacter baumannii (A. baumannii) (reported as pan-resistant) were inoculated on cloth swatches and rubbed on sanitized
pigskin. All 3 MDRB exhibited ability to transfer from cloth to pig skin at time intervals of 1, 5 and 30 min, whereas A.
baumannii was transferred up to a dilution of 1:1000. Desai et al[9] also confirmed sustainability and transmission of
MRSA from cotton towels and bedsheets to pig skin for long periods reaching up to 14 d, whereas Sattar et al[10] reported
transfer of MRSA from textiles (cotton and polycotton) to other textiles and to finger skin. The transfer was fivefold
higher when the textile was moist and when there was friction. Varshney et al[11] in a study transfer between textiles of
Acinetobacter calcoaceticus, Escherichia coli (E. coli) and S. aureus, also reported that cell transfer varied between 5%-61%
when friction was applied compared to non-friction, which suggested the importance of the role of rubbing between
same textiles. Malnick et al[12] examined the transfer of bacteria between fabric and surrogate skin taking into consid-
eration the effect of surface energy and surface roughness of fabrics, while using E. coli and S. aureus against 100% cotton,
100% polyester and a 50-50 blend of both. Their conclusion was that the 100% polyester attracted the highest number of
bacteria.
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Figure 1 Experimental set up: Each station contains 2 cloth swatches (T1 & T2), 2 pig skins (S1 & S2), and one chromogenic agar.

The survival ability of microorganisms on textiles has been previously addressed by several studies. Koca et al[13] used
different fabrics, such as cotton, cotton-polyester, silk, and wool. To assess persistence of a variety micro-organisms,
including yeasts, fungi, MRSA, VRE and ESBL-producing bacteria. Results showed that VRE had its longest survival on
cotton-polyester fabrics (51 d, and 49 d on 100% cotton, silk and wool). MRSA had the longest survival period of 41 d on
wool and 37 d on cotton silk and cotton-polyester. Respectively E. coli showed its longest survival for 45 d on cotton, silk
and wool, and on cotton-polyester 37 d. These findings were confirmed by Malnick et al[12] who showed that 50% of
VRE-swabbed pyjamas and bed sheets yielded micro-organisms overnight. Similarly, Neely and Maley[3] studied the
survival of strains of MRSA and VRE on five different types of materials used commonly in hospitals: 100% cotton (which
represented cloths and towels), cotton-polyester, 100% polyester, and 100% polypropylene plastic (represented which
splash aprons). MRSA had the longest survival on polypropylene plastic (> 51 d), followed by 40 d (polyester), and 21 d
(cotton). VRE exhibited long survival periods of > 80 d on polypropylene plastic and polyester, and 22 d on the other
materials.

In agreement with the above findings, a literature review supported that contaminated textiles can harbour bacteria
and consequently transmit infection for weeks[14]. Current evidence supports survival and persistence on textiles not
only of bacteria, but also mycobacteria, fungi and viruses. Specifically, VRE can survive for more than 90 d, MRSA for up
to 56 d and K. pneumoniae for 11 d. Survival at room temperature favoured polyester against cotton. Even though there is
only a limited number of reported healthcare-associated infection outbreaks associated with contaminated textiles[15-19],
their involvement may be undermined, and not sought out during incidences or as part of the general infection control
process.

Taken cumulatively, the findings of our study add insight to the literature and clearly suggest that staff attire,
including uniforms and scrubs, when contaminated, can transmit pathogenic micro-organisms onto patients’ skin, thus
acting as bacterial vectors. It can also be assumed that contaminated hands can in turn contaminate uniforms[10]. Hence,
strict and targeted preventive measures targeting textile and attire are needed to break the chain of transmission. Current
evidence from various studies suggests against the use of white coats and ties in healthcare settings, as they are more
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frequently contaminated compared to other HCP attire[4]. On the other hand, short-sleeved uniforms can be more
beneficial as regards to lower transmission of pathogenic micro-organisms[20]. However, these measures alone seem
insufficient to control MDRB spread and support the need for additional control measures, such as ensuring application
of appropriate home laundering practices, use of a hospital laundry service, wearing single-use protective aprons or
gowns wherever applicable, promoting hand hygiene before and after patient interaction, daily uniform change, and
application of contact precautions particularly in high-prevalence settings[21,22]. Our experimental study was performed
under the same environmental conditions for all 3 studied MDRB. Therefore, the different observations in regard to time
intervals and concentrations among the 3 studied MDRB in our study, probably reflect the properties of these bacterial
strains.

The strength of the current study lies in its design, which aimed to resemble as much as possible a real-life situation.
Specifically, in addition to evaluating the possibility of textile inoculation and transfer onto pig skin, we confirmed the
viability of clinically important MDRB over time, in an attempt to mimic the environmental conditions in healthcare
settings during HCP shifts. Our findings demonstrate that 6 h after MDRB inoculation of textiles, transfer from a dry
textile surface on pig skin was possible. Simulation of real-life conditions showed that MDRB can survive, grow and
transmit from textiles of two different compositions onto pig skin, which is the closest parallel to human skin.

Limitations of our study include the small spectrum of micro-organisms used and the fact that we used only two types
of fabrics. We also acknowledge the fact that during our experiment, we didn’t quantify the bacterial colony concen-
trations after inoculation. However, we performed the experiment under the hypothesis that bacterial persistence through
time and transmission is evidence that textiles can be infectious, regardless of the growth amount. In addressing the
current research gaps in the literature and the limitations of our study, future studies can include inoculation of textiles
not solely with pure bacterial cultures, but also mixed with organic matter such as bodily fluids, to better emulate real-life
conditions. Furthermore, the role of skin flora could be investigated in the survival of microorganisms on textiles and to
evaluate their effect on MDRB binding capacity and replication.

Of note, only few similar studies have attempted to associate textiles with the transmission and survival of microor-
ganisms. In line with the general perception that the risk of transmission from textiles is low, there is not enough
empbhasis given to the importance of cleaning and decontamination of textiles, compared to other inanimate surfaces[22,
23]. However, our findings are supportive that textiles can be responsible for the transmission of pathogens in healthcare
settings and thus, they should be managed accordingly. Moreover, our study strongly suggests that textiles should be
included in the transmission triad “patient - healthcare professional - environment”. To this end, healthcare settings
should opt to analyse all possible steps in the chain of transmission and introduce appropriate action plans that include
reduction of transmission risk through textiles and HCP attire. In the absence of protocols for testing uniform cleanliness
and compliance, our findings provide evidence towards enforcing appropriate measures to reduce bacterial reservoirs in
healthcare settings.

CONCLUSION

In conclusion, the current experimental study using 3 types of MDRB, provides evidence of their sustainability and
transmission from textiles to skin. MRSA exhibited maximum sustainability for the whole duration of the 6-h study in all
concentrations, VRE also remained for the whole duration of the study but only in the highest concentration, whereas
CRKP remained for less time overall. Cumulatively, our data adds support to increasing evidence that textiles should be
considered as vehicles of transmission in the healthcare setting.

ARTICLE HIGHLIGHTS

Research background
The isolation of microorganisms from textiles, including healthcare professionals” (HCP) attire, has been previously
demonstrated in several studies.

Research motivation
The ability of microorganisms to adhere and survive on textiles, raises questions as to their possible role in transmission
from textile to skin in healthcare environments.

Research objectives
The present experimental study aimed to evaluate the presence, survival and transmission of different multidrug-
resistant bacteria (MDRB) from HCP attire onto skin.

Research methods

Inoculation of 3 MDRB [methicillin-resistant Staphylococcus aureus (MRSA); vancomycin-resistant Enterococcus faecium
(VRE); carbapenem-resistant Klebsiella pneumoniae, CRKP)] on textiles from two types of textiles (60% cotton-40%
polyester and 100% cotton) at 3 different concentrations (10®° CFU, 10° CFU and 10° CFU per mL) and at different time
intervals ranging from 1 min to 6 h. At the end of each time period, textiles were imprinted onto pig skins and each skin
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square was inverted onto selective chromogenic media. Growth from the pig skins was recorded for the 3 MDRB at the
three above concentrations, for the whole length of the 6-h experiment.

Research results

Recovery of MDRB from pig skins differed for each strain, with MRSA recording the longest and most sustained recovery
at all concentrations and for up to 6 h. VRE showed no growth from 10*° CFU/mL and was recovered from 10®* CFU/mL
for 6 h and from at 10° CFU/mL for up to 3 h. CRKP was recovered from 10° CFU/mL for 6 h, up to 30 min from 10°
CFU/mL and for only 1 min from 10* CFU/mL.

Research conclusions
Evidence from the current study shows that all 3 studied MDRB can be sustained and transferred onto skin, with MRSA
showing the highest level of persistence on textiles and transmission to skin even at low concentrations.

Research perspectives
Our findings support that textiles can be implicated as vectors of bacterial spread.
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Abstract

BACKGROUND
Bitter melon has been used to stop the growth of breast cancer (BRCA) cells.
However, the underlying mechanism is still unclear.

AIM
To predict the therapeutic effect of bitter melon against BRCA using network
pharmacology and to explore the underlying pharmacological mechanisms.

METHODS

The active ingredients of bitter melon and the related protein targets were taken
from the Indian Medicinal Plants, Phytochemistry and Therapeutics and
SuperPred databases, respectively. The GeneCards database has been searched for
BRCA-related targets. Through an intersection of the drug’s targets and the
disease’s objectives, prospective bitter melon anti-BRCA targets were discovered.
Gene ontology and kyoto encyclopedia of genes and genomes enrichment
analyses were carried out to comprehend the biological roles of the target
proteins. The binding relationship between bitter melon’s active ingredients and
the suggested target proteins was verified using molecular docking techniques.

RESULTS

Three key substances, momordicoside K, kaempferol, and quercetin, were
identified as being important in mediating the putative anti-BRCA effects of bitter
melon through the active ingredient-anti-BRCA target network study. Heat shock
protein 90 AA, proto-oncogene tyrosine-protein kinase, and signal transducer and
activator of transcription 3 were found to be the top three proteins in the protein-
protein interaction network study. The several pathways implicated in the anti-
BRCA strategy for an active component include phosphatidylinositol 3-
kinase/protein kinase B signaling, transcriptional dysregulation, axon guidance,
calcium signaling, focal adhesion, janus kinase-signal transducer and activator of
transcription signaling, cyclic adenosine monophosphate signaling, mammalian
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target of rapamycin signaling, and phospholipase D signaling.

CONCLUSION

Overall, the integration of network pharmacology, molecular docking, and functional enrichment analyses shed
light on potential mechanisms underlying bitter melon’s ability to fight BRCA, implicating active ingredients and
protein targets, as well as highlighting the major signaling pathways that may be altered by this natural product for
therapeutic benefit.

Key Words: Bitter melon; Momordica charantia; Network pharmacology; Molecular docking; Breast cancer; Indian Medicinal
Plants, Phytochemistry and Therapeutics
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Core Tip: The phytochemicals and molecular processes in bitter melon that are thought to be involved in the therapy of breast
cancer (BRCA) were investigated using network Pharmacology. Our research demonstrated that the anti-BRCA benefits of
bitter melon are likely caused by negative regulation of transcription, cell differentiation, apoptosis, proteolysis, negative
control of neuron apoptosis, and cell migration. Further discovered nine important pathways like phosphatidylinositol 3-
kinase/protein kinase B signaling, transcriptional dysregulation, axon guidance, calcium signaling, focal adhesion, janus
kinase-signal transducer and activator of transcription signaling, cyclic adenosine monophosphate signaling, mammalian
target of rapamycin signaling, and phospholipase D signaling, are likely to be involved in the mechanism of action of bitter
melon for the treatment of BRCA.
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INTRODUCTION

Breast cancer (BRCA) is the highest-escalation cancer in women with incidence rates rising at a rate of 3% annually in
recent years around the world[1]. BRCA is the most prevalent cancer in women, with more than 2.3 million cases
diagnosed each year[2]. BRCA is the top or second cause of death from cancer in women in 95% of the world’s nations[3].
The age at which BRCA symptoms first appear is also decreasing, which has a severe psychological impact on patients,
puts a large amount of financial and life burden on patients and their families, and lowers happiness levels dramatically.
BRCA is currently treated with a combination of chemotherapy, radiotherapy, and surgery which have several
shortcomings. The psychological and physical side effects include slow wound healing, changes in body shape, liver and
kidney damage, changes in metabolism, and severe alopecia[4,5]. As a result, it is important to create medicines that have
a wide range of applications and few negative effects. Herbal medicine has a lot of potential because it has few adverse
effects and a powerful healing effect. Emergence, expansion, invasion, and metastasis of BRCA are complex processes.
Herbal medicine is a useful technique for treating BRCA regardless of stage[6,7].

Bitter melon, also known as momordica charantia, is a member of the Cucurbitaceae family that exhibits anti-inflam-
matory, potential antibacterial, and antiviral activities[3-10]. bitter melon extracts are also effective against tumors[11] and
were also found to be effective for the treatment of ulcers, malaria, pain, psoriasis, hyperlipidemia, and hypertension[12-
17]. It includes several different active ingredients, including polysaccharides, anthrone, peptides, proteins, terpenoids,
phenolics, and many more. bitter melon anticancer potentials have become more widely known in recent years.
According to research, bitter melon suppresses the growth of several malignant tumors, including gastric, liver, and
BRCA[18].

According to Ray et al[19], the bitter melon extract reduces cell proliferation and induces apoptotic cell death. The fact
that bitter melon extract administration increased p53, p21, and pChk1/2 while inhibiting cyclin B1 and cyclin D1
production suggests yet another mechanism involved in controlling the cell cycle. Muhammad ef al[20] also noted that
bitter melon extract treatment enhances phospho-adenosine monophosphate activated protein kinase expression in BRCA
cells and suppresses the mammalian target of rapamycin (mTOR)/protein kinase B (Akt) signaling pathway.
Additionally, they showed that bitter melon extract feeding effectively slowed the development of BRCA in syngeneic
and xenograft animal models. Additionally, they noticed that tumors from animals fed bitter melon extract showed
enhanced p62 accumulation, autophagy activation, and apoptotic cell death[20]. Shim et al[21] have demonstrated a
therapy with bitter melon extract inhibiting the growth of triple-negative BRCA tumors in mouse models more effectively
than treatment with estrogen receptor-positive breast tumors. However, the anti-cancer mechanism of bitter melon
extract connecting lipid metabolism in BRCA growth is still unknown. They also showed that bitter melon extract feeding
reduces acyl-CoA: Cholesterol acyltransferase-1 expression and slows tumor growth in non-obese diabetic scid gamma
mice implanted with triple-negative BRCA mammospheres. Their presented study was the first study indicting bitter
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melon extract’s role in the inhibition of Acyl-CoA: Cholesterol acyltransferase-1 and the proliferation of triple-negative
BRCA cells, suggesting it to be beneficial in combination with other therapeutic agents to treat human BRCA[21].

A recently developed analytical technique is network pharmacology. It performs “multitarget and multi-pathway”
analysis of pharmaceuticals and diseases through the integration of various databases, and then creates a “drug active
ingredient disease” model to visually depict the investigated action mechanism and precisely forecast the targets[22,23].
Even though a significant number of studies have demonstrated bitter melon’s clinical effectiveness in the treatment of
BRCA, the exact mechanism by which it works is still unknown[24]. This study aimed to identify potential bitter melon
components, targets, and biological pathways against BRCA using network pharmacology. Furthermore, we validated
and provided a theoretical foundation for the possible mechanism using molecular docking studies (Figure 1).

MATERIALS AND METHODS

Collection and screening of active constituents of bitter melon

Chemical constituents were collected from the Indian Medicinal Plants, Phytochemistry and Therapeutics (IMPPAT) 2.0
database (https://cb.imsc.res.in/imppat/)[25]. The bioactive obtained were analyzed and only the chemical constituents
of the fruit part were taken by applying the filter. By typing the names of the constituents into the search box on
PubChem (https:/ /pubchem.ncbi.nlm.nih.gov/), the canonical smiles of the active constituents were acquired[26].
Moreover, the Molsoft database was used to obtain information regarding the molecular formula, molecular weight,
number of hydrogen bond acceptors, number of hydrogen bond donors, MolLogP, and drug-likeness (DL) (https://
www.molsoft.com/)[27] to get an idea of whether the compound is following the Lipinski rule. The bioactive violating
more than two rules of Lipinski were eliminated. Additionally, the DL and oral bioavailability (OB) thresholds of 0.18 and
30%, respectively, were used to identify the potential active phytochemicals in bitter melon. These two crucial
components greatly influence a substance’s potential to have pharmacological effects, and from that the final bioactives
were selected, and data were prepared and integrated.

Predicting the targets of the compounds

For identification of the potential targets of the bio-actives, the online platform SuperPred was used (https://prediction.
charite.de/subpages/target_prediction.php). The targets of the compound were obtained after entering the canonical
smiles[28]. The genes of strong binders and predicted targets were taken, and, on the latter, predicted targets with 75%
probability were chosen[29]. The gene’s names corresponding to the proteins were found in the string by putting all the
protein’s names, and obtaining the gene UniProt, or official symbol.

Screening for gene targets

The genes related to BRCA were sourced from GeneCards (http:/ /www.genecards.org), using the term “BRCA” as the
search query[30]. A Venn diagram was created using the online tool Venny (https://bioinfogp.cnb.csic.es/tools/venny/)
to compare the targets of bitter melon and BRCA[31]. The overlap diagram represents the anti-BRCA targets of bitter
melon.

Construction and analyses of the protein-protein interactions (PPI) network

The PPI network was constructed by uploading the anti-BRCA targets of bitter melon to the STRING platform (https://
string-db.org) with “Homo sapiens” chosen in the organism box[32]. After selecting “Medium Confidence (0.400)” in the
basic setting column and “Hide disconnected nodes in the network” in the advanced setting column, the tab-separated
values (TSV) format file was exported. The TSV format file was imported into the Cytoscape software to produce the

visual analysis of the PPI network[33].

Network construction of active phytoconstituents and anti-BRCA targets

The network of active ingredients in bitter melon and the corresponding targets was constructed and analyzed using the
software Cytoscape 3.7.2[34,35]. The nodes in the network represented molecules or genes, which were distinguished by
different shapes, and the line between one molecule and one gene meant they were related[36].

Gene ontology (GO) and kyoto encyclopedia of genes and genomes (KEGG) enrichment analysis

The biological role of bitter melon’s anti-BRCA targets was hypothesized using GO and KEGG pathway enrichment
analysis. The GO analysis included molecular function, biological processes, and cellular components[37]. The anti-BRCA
targets of bitter melon were uploaded to the DAVID platform (https://david.ncifcrf.gov/) to access the database of GO
functions and KEGG pathways[38]. Applying a p value of 0.01 and organising the gene count in descending order
allowed the top 10 data from the GO analysis to be sorted. The top 10 pathways were then displayed in the form of an
enrichment dot bubble by uploading the data to the Bioinformatics Platform (http:/ /www.bioinformatics.com.cn/)[39].

Verification by molecular docking stimulation

The network pharmacology identified possible bitter melon active components as well as the main BRCA-fighting targets
and pathways. The bitter melon active compounds with the highest edge counts and which interact the most with targets
were chosen as the ligands. Three bioactives were chosen as the ligands, and the Chem 3D program was used to create
their 3D structures after searches in the PubChem database (https://pubchem.ncbi.nlm.nih.gov). After adding
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Figure 1 Graphical abstract.

hydrogens, calculating Gasteiger charges, identifying the root, and selecting rotatable bonds with the help of AutoDock
Tools, the ligands were stored in the format of PDBQT. The targets chosen as the protein receptors were those with the
top three values in the PPI network, and the 3D structures were taken from the protein data bank (PDB) database (http://
www.rcsb.org/)[40]. The specifications of the grid box created around the ligand are shown below.

Hydrogen atoms were added to the receptor structure after the water molecules had been removed, and charges were
determined after assigning AD4-type atoms. Thus, prepared receptors were stored in the PDBQT format using the
AutoDock tool. All residues remained rigid for the duration of the molecular docking process. The outcomes were shown,
and the generation of the binding energy (docking score) was done[40].

RESULTS

Organizing the database of bitter melon

By using the keyword Momordica Charantia in the IMPPAT 2.0 database and reviewing the literature, 304 active
ingredients were obtained. By applying a filter from the aerial part of the plant to the fruit part, 43 chemical constituents
were obtained, and their canonical smiles were taken to the Molsoft database to demonstrate Lipinski properties and DL.
After that, the phytoconstituents that contain DL greater than 0.18, oral OB thresholds of more than 30%, and which do
not violate more than 2 Lipinski rules were chosen. So, at last, 14 phytoconstituents” remains were further analyzed for
results.

Active phytochemicals targets

The SuperPred database was used to identify possible protein targets for the bitter melon’s active phytochemicals.
Targeted genes for corresponding compounds were determined by taking strong binders, and 75% filtered probability
predicted targets were taken. After redundant information was removed, 133 putative protein targets of bitter melon’s
active phytochemicals were further examined.

Establishing a database of BRCA

In the GeneCards database, “BRCA” was used as the keyword, and around 15970 genes were obtained. So, to reduce the
no. of genes, GeneCards Inferred Functionality Scores filter of > 50 was applied, which resulted in BRCA genes to about
3601.

Acquisition of the venn diagram and construction of the component-target network
A Venn diagram was produced by submitting the bitter melon and BRCA targets to the Venny platform, respectively.
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The results conclusively showed that 112 instances of 133 genes connected to bitter melon were likewise linked to BRCA
(Figure 2).

Construction and analyses of the PPl network

By inputting 112 anti-BRCA targets into the STRING database and using the Cytoscape program to show them, the PPI
network of possible targets was created. There were 428 edges and 112 nodes in the PPI network. The size of map nodes
increases as the node degrees rise, and their color shifts from orange to blue. The map edge size increased and the color
changed from orange to blue as the total score rose (Figure 3A). On a bar graph, the top 10 genes were displayed in order
of their degree (Figure 3B). Each bar was plotted using the degree value associated with each gene. The top 3 potential
anti-BRCA targets, i.e., heat shock protein 90 (HSP90) AA1, proto-oncogene tyrosine-protein kinase (SRC), and signal
transducer and activator of transcription 3 (STAT3), were chosen for molecular docking studies, with key active
phytochemicals described in molecular docking section under result.

Network of active phytoconstituents and anti-BRCA targets

Using the network analysis program Cytoscape, the active ingredient and BRCA target network was created (Figure 4).
There are 369 edges and 126 nodes in the network. The 112 circular nodes surrounding the 14 active components of bitter
melon, which were represented by the network’s yellow diamond nodes in the centre, were anticancer targets. Red was
used to indicate 6 target nodes linked to more than 10 active compounds, green for 19 target nodes linked to in the range
of 5 to 10 corresponding chemicals, pink for 7 target nodes linked to 4 compounds, brown for 13 target nodes linked to 3
active molecules, dark blue for 24 target nodes linked to 2 compounds, and blue for 43 target nodes linked to only 1 active
compound. Amongst all, three phytoconstituents, quercetin, kaempferol, and momordicoside K are considered the most
important and key active phytochemicals found in bitter melon for BRCA treatment. The findings show that the majority
of bitter melon’s active compounds had several targets, and many of these targets related to different active ingredients,
demonstrating that bitter melon is a multicomponent, multitarget medication. These outcomes highlight the complex
nature of the interactions between many targets and active phytochemicals in bitter melon.

Enrichment analysis

To further analyze the BRCA targets of bitter melon, GO enrichment was performed on 112 intersecting targets using the
web-based DAVID program. The top 10 representative enrichment terms for cellular components, molecular processes,
and biological processes, sorted by count in descending order and P value < 0.01, are displayed in Figure 5. Orange bars
represent a biological process that mainly consisted of G-protein-coupled receptor activity (10/45) and protein kinase
binding (9/45). Bars with the green color represented the cellular component, which mainly included the nucleus (42/45),
membrane (28/45), and extracellular region (20/45); and lastly, blue colored bars signify the molecular function. Of all 45
potential genes, 9 genes were involved in negative regulation of transcription, DNA template, and cell differentiation.

KEGG pathway enrichment analysis

Using the DAVID web-based tool, KEGG pathway analysis was carried out on 112 overlapping targets to clarify the
molecular mechanism by which bitter melon treats BRCA. By uploading 112 anti-BRCA targets to the DAVID platform,
around 90 KEGG pathways were obtained, which were further filtered and sorted by P value < 0.01 and gene count in
descending order. The top 20 representative enrichment terms were plotted by an enrichment dot bubble in Figure 6.
Phosphatidylinositol 3-kinase/protein kinase B (PIK3-Akt) signaling, transcriptional misregulation, axon guidance,
calcium signaling, focal adhesion, janus kinase-signal transducer and activator of transcription (JAK-STAT) signaling,
cyclic adenosine monophosphate (cAMP) signaling, mTOR signaling, and phospholipase D signaling pathways may play
important roles in the mechanism of bitter melon against BRCA. These signaling pathways might work in concert to
provide the therapeutic benefits of bitter melon against BRCA.

Molecular docking

HSP90AA, SRC, and STAT3 were employed as the receptors because they have the top three greatest values in the PPI
network and the highest level of resolution, while quercetin, kaempferol, and momordicoside k were chosen as the
ligands since they each have more than ten gene targets. The PubChem, PDB, Open Babel, and AutoDock tools were used
to prepare the ligands and receptors. The three compounds were docked through AutoDock to three different targets to
validate the prediction. The result has been displayed as an affinity value (Table 1). Whereas 1041 had the weakest
capacity to attach to the ligands of the three, 10SF had the easiest time doing so. At a value of -4.47 kcal/mol, quercetin’s
affinity for 1041 was the lowest. Figures 7A and B display the docking interactions of kaempferol with 10SF and 6N]JS,
respectively, while Figures 8A and B display the docking interactions o momordicoside K with 10SF and 6NJS,
respectively.

Kaempferol showed many interactions with 1OSF. The hydroxyl group present on the chromen-4-one ring showed
hydrogen bonding with Asn106, Lys112, Gly135, and Phel38, while the hydroxyl group present on the phenyl ring
showed hydrogen bonding with Asp93. Phenyl ring is also involved in pi-sulfur and pi-alkyl interactions with Met98 and
Alab5, respectively. Similarly, the hydroxyl group present on chromen-4-one ring showed hydrogen bonding with
Glu638, and Lys658 on 6N]JS. The hydroxyl group attached to the phenyl ring showed interactions with Pro639, and
GIn644 through hydrogen bonding. Pi-alkyl interactions are observed between chromen-4-one ring and Val637.

Momordicoside K also showed many interactions with 10SF. Three hydroxyl groups present on the oxane ring form
hydrogen bonds with Asn106, Lys112, Gly135, Val136, and Phe138. While the sidechain oxygen atom is involved in
hydrogen bond interaction with Gly135. An alkyl interaction is observed between the phenanthrene ring and the alkyl
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Table 1 Affinities of compound to the targets (dock score)

Compound HSP90AA (10SF) SRC (1041) STAT3 (6NJS)
Quercetin -5.57 -4.47 -5.61
Kaempferol -6.15 -4.74 -5.78
Momordicoside K -6.07 -5.39 -6.46

HSP90: Heat shock protein 90; SRC: Proto-oncogene tyrosine-protein kinase; STAT3: Signal transducer and activator of transcription 3.

Bitter melon Breast cancer

3489

(96.3%)

DOI: 10.5493/wjem.v13.i5.142 Copyright ©The Author(s) 2023.

Figure 2 Venn diagram of targets of bitter melon and breast cancer where blue color indicates targets of bitter melon while yellow color
indicates targets of breast cancer.
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Figure 3 Potential targets. A: Protein-protein interaction network; B: Bar chart of the top 10 genes according to degree where X-axis is the degree value, and the
Y-axis is the gene name.
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Figure 4 Active ingredient-anti-breast cancer target network of bitter melon.

substituent present on the phenanthrene ring with Met98. As with 10SF, momordicoside K showed interactions with
6N]JS. A hydrogen bond interaction is observed between the phenanthrene ring containing the hydroxyl group and
Glu638. Three hydroxyl groups present on the oxane ring form hydrogen bonds with Tyr657, Met660, and Lys658. Also,
Van der Waal's interaction and pi-alkyl interaction are observed between the sidechain oxygen atom and methyl
substituent, respectively, with Tyr657. Similarly, pi-alkyl interactions between the sidechain and the methyl substituent
are present on the sidechain with Ile653 and Tyr640, respectively.

DISCUSSION

In Ayurveda medicine, bitter melon has numerous elements that have therapeutic effects against a variety of ailments. All
parts of the plant, including the fruit, are frequently eaten and prepared in many ways, such as stir-frying, stuffing, or
using a small amount to add a mildly bitter flavor to soups or beans. Antioxidant, anti-inflammatory, cancer-fighting,
anti-diabetic, anti-bacterial, anti-obesity, and immunomodulatory properties are said to be present in the plant. A
fascinating discovery showed that bitter melon extract appeared to be beneficial in halting the growth and spread of
cancer tumors in studies employing mice models[41]. By causing apoptosis, cell cycle arrest, autophagy, and blocking
cancer stem cells, the plant extract reduces the proliferation of cancer cells. The anticancer effects of bitter melon and its
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Figure 5 Gene ontology analysis of anti-breast cancer targets of bitter melon where Y-axis is the number of the targets involved in the
gene ontology analysis, and the X-axis is the molecular function, biological process, or cellular component.

active components have been studied; however, the underlying processes have not been comprehensively uncovered. In
this study, network pharmacology-an efficient and cost-effective method for conducting systematic therapeutic research-
was used to examine the mechanism by which bitter melon treats cancer.

The 133 relevant targets were found by gathering and screening the 14 active components from bitter melon that were
screened out from the IMPPAT 2.0 database. The Venn diagram revealed that 112 of the 133 targets connected to bitter
melon were also connected to targets for BRCA, indicating that the majority of the pertinent targets in bitter melon were
connected to effects that were anti-BRCA. The interactions between different bitter melon targets were visible in the PPI
network. The three targets with the top three greatest degree values, HSP90AA1 (43), SRC (42), and STAT3 (38) may be
the primary anti-BRCA targets. To further confirm the potential interaction between the important targets and the active
compounds, molecular docking was done.

aﬁs@’ WJEM | https://www.wjgnet.com 149 December 20,2023 | Volume13 | Issue5 |



Panchal K et al. Network pharmacology of bitter melon

Platelet activation - L
Estrogen signaling pathway -
Alcoholic liver disease
Phospholipase D signaling pathway - Count
mTOR signaling pathway - ® 6
CAMP signaling pathway o O o7
JAK- STAT signaling pathway ® s
Kaposi sarcoma- associated herpesvirus infection 4 ‘ 9
Human cytomegalovirus infection - ® ‘ 10

o

Focal adhesion

Epstein- Barr virus infection

Tuberculosis -Logu(P value)
Calcium signaling pathway - l 1.75
Human immunodeficiency virus 1 infection 4
Axon guidance 1.0
Human T- cell leukemia virus 1 infection - 1.25

Transcriptional misregulation in cancer -

PI3K- Akt signaling pathway

Pathogenic Escherichia coli infection

Alzheimer disease -

20 25 3.0 35
DOI: 10.5493/wjem.v13.i5.142 Copyright ©The Author(s) 2023.

Figure 6 Kyoto encyclopedia of genes and genomes enrichment analysis (top 20) where X-axis is the enrichment gene count, and the Y-
axis is the kyoto encyclopedia of genes and genomes pathway. Bubble size represents the number of genes involved in the kyoto encyclopedia of genes
and genomes enrichment while color represents -log 10 (P value). PIK3-Akt: Phosphatidylinositol 3-kinase/protein kinase B; JAK-STAT: Janus kinase-signal
transducer and activator of transcription; mTOR: Mammalian target of rapamycin.

One of the most prevalent proteins in mammalian cells, HSP90, together with the oestrogen receptor, progesterone
receptor, key HER?2 signaling molecules (HER2, AKT, c-SRC, RAF, and HIF-1), and epidermal growth factor receptor, are
crucial for the growth and survival of cancer. Moreover, HSP90 has an N-domain ATP binding site, and all its cellular
functions depend on its ATPase activity[11]. HSP90 activation may sustain the malignant phenotype, enhance metastasis,
and foster treatment resistance in a variety of BRCA subtypes because it functions as a key integrator of numerous
pathways. According to research findings, treating BRCA with up-regulated HSP90 may lessen the chance of fatal
recurrence and distant metastases. The transcriptional program that are triggered by various cytokines, growth factors,
and carcinogenic stimuli are mediated by the STAT3 protein, which is a signal transducer and transcription activator. Its
expression and activity are frequently associated with cellular transformation, tumor development, and tumor initiation.
The interleukin 6 (IL-6)/JAK/STAT3 signaling pathway is an actionable target with preclinical and clinical studies
demonstrating therapeutic potential in both primary and metastatic BRCA, according to recent findings elucidating the
role of IL-6 in BRCA progression, metastasis, and anti-cancer immunity. Importantly, direct targeting of IL-6, IL-6R,
gp130 receptor, JAKs, or STAT3 has been examined as a means of blocking the IL-6/JAK/STAT3 signaling axis.
Numerous cancers have dysregulated SRC, a non-receptor tyrosine kinase. SRC plays a significant role in a variety of
features of tumor formation, including growth, survival, adhesion, migration, invasion, and, most significantly,
metastasis in a variety of tumor forms. SRC boosts proliferation, diminishes apoptosis, and promotes metastasis.

The molecular docking results showed that the binding energies of kaempferol to STAT3 and HSP90AA are the
highest. Furthermore, momordicoside K and quercetin have good STAT3 and HSP90AA binding properties. The most
significant anti-BRCA targets of bitter melon may be STAT3 and HSP90AA. SRC, a member of the family of nonreceptor
protein tyrosine kinases, is important for many signaling pathways that are involved in cell growth, survival, motility,
and angiogenesis. Compared to STAT3 and HAP90AA, SRC had poor binding activity to kaempferol, momordicoside K,
and quercetin, which suggested that SRC may not be the direct target of bitter melon in BRCA treatment.

The findings of the KEGG pathway study identified bitter melon’s anti-BRCA pathways. Ten out of the top 20
pathways were directly linked to cancer. These pathways, which include PIK3-Akt signaling, transcriptional dysregu-
lation, axon guidance, calcium signaling, focal adhesion, JAK-STAT signaling, cAMP signaling, mTOR signaling, and
phospholipase D signaling, may be crucial in the bitter melon’s defense against BRCA. According to the findings, bitter
melon’s targets are crucial in the management of BRCA.

In the PIK3-Akt signaling pathway, which is involved in the control of numerous cellular physiological processes by
activating downstream matching effector molecules and is critical for the cell cycle, growth, and proliferation, bitter
melon has 11 anti-BRCA targets. Eight anti-BRCA targets in bitter melon are connected to the calcium and cAMP
signaling pathways. By the activation of cAMP-dependent protein kinase, the cAMP signaling pathway controls a wide
range of intracellular events that are connected to the regulation of cellular proliferation, differentiation, and apoptosis.
BRCA development and chemotherapy resistance are both influenced by essential processes regulated by Ca* signaling
pathways, ranging from inflammation to apoptosis. There are seven anti-BRCA targets in the focal adhesion pathway.
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Figure 7 Docking interactions of kaempferol. A: With protein 10SF; B: With protein 6NJS.
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Figure 8 Docking interactions of momordicoside K. A: With protein 10SF; B: With protein 6NJS.

bitter melon has six anti-BRCA targets that are involved in the mTOR, JAK-STAT, and phospholipase D signaling
pathways. A range of biological processes, including cellular proliferation, survival, metabolism, autophagy, and
immunity, are aided by the mTOR signaling pathway. While the phospholipase D signaling system has been linked to
survival signaling and the control of cell cycle progression, the JAK-STAT pathway plays critical roles in the carcino-
genesis, maintenance, and metastasis of BRCA. As a result, bitter melon has significant therapeutic potential in the
treatment of BRCA and functions in several ways.

CONCLUSION

We have successfully investigated the main phytochemicals and molecular processes in bitter melon that are thought to
be involved in the therapy of BRCA. This study found 14 major active phytoconstituents as well as 112 anti-BRCA targets
in bitter melon. Our research demonstrated that the anti-BRCA benefits of bitter melon are likely caused by negative
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regulation of transcription, cell differentiation, apoptosis, proteolysis, negative control of neuron apoptosis, and cell
migration. Further, we discovered that nine important pathways, including PIK3-Akt signaling, transcriptional dysregu-
lation, axon guidance, calcium signaling, focal adhesion, JAK-STAT signaling, cAMP signaling, mTOR signaling, and
phospholipase D signaling, are likely to be involved in the mechanism of action of bitter melon in the treatment of BRCA.
Our results support the hypothesis that bitter melon’s potential anti-BRCA properties may be a result of the direct or
indirect synergistic effects of multitarget and multi-pathway activities. According to molecular docking research, the
principal active phytochemicals in bitter melon may be able to bind to HAP90AA1, STAT3, and other BRCA-related
targets. The results of this study offer suggestions for additional investigation into the phytochemicals and mechanisms of
bitter melon’s anti-BRCA activity. This serves as a foundation for creating cutting-edge anti-BRCA medications based on
phytochemicals found in bitter melon but experimental validation is necessary to confirm the predicted therapeutic
effects of bitter melon on BRCA. Without experimental evidence, the clinical relevance of these findings remains
uncertain.

ARTICLE HIGHLIGHTS

Research background
Bitter melon has been used to stop the growth of breast cancer (BRCA) cells. However, the underlying mechanism is still
unclear.

Research motivation
The motivation of this research is to explore the underlying pharmacological mechanisms.

Research objectives
The goal of this study was to predict the therapeutic effect of bitter melon against BRCA using network pharmacology.

Research methods

The active ingredients of bitter melon and the related protein targets were taken from the Indian Medicinal Plants,
Phytochemistry and Therapeutics and SuperPred databases, respectively. The GeneCards database has been searched for
BRCA-related targets. Through an intersection of the drug’s targets and the disease’s objectives, prospective bitter melon
anti-BRCA targets were discovered. Gene ontology and kyoto encyclopedia of genes and genomes enrichment analyses
were carried out to comprehend the biological roles of the target proteins. The binding relationship between bitter
melon’s active ingredients and the suggested target proteins was verified using molecular docking techniques.

Research results

Through the active ingredient-anti-BRCA target network analysis, three major components were found to be important in
mediating the putative anti-BRCA actions of bitter melon: momordicoside K, kaempferol, and quercetin. In the protein-
protein interaction network analysis, the top three proteins were determined to be heat shock protein 90 AA, proto-
oncogene tyrosine-protein kinase, and signal transducer and activator of transcription 3 (STAT3). According to molecular
docking research, the principal active phytochemicals in bitter melon are able to bind to HAP90AA1, STAT3, and other
breast cancer-related targets.

Research conclusions

Overall, the integration of network pharmacology, molecular docking, and functional enrichment analyses shed light on
potential mechanisms underlying bitter melon’s ability to fight BRCA, implicating active ingredients and protein targets,
as well as highlighting the major signaling pathways that may be altered by this natural product for therapeutic benefit.

Research perspectives

Database resources were used to examine active compounds found in bitter melon. Network pharmacology and
molecular docking techniques were used to explore the mechanism through which bitter melon was used to treat BRCA.
Momordicoside K, kaempferol, and quercetin were identified as potentially important active ingredients of bitter melon
showing anti-BRCA actions. The study identified several possible molecular targets as well as signaling pathways
involved in bitter melon’s anti-BRCA actions, like phosphatidylinositol 3-kinase/protein kinase B signaling and janus
kinase-signal transducer and activator of transcription signaling. The study suggests further experimental verification to
confirm the potential findings of bitter melon in the treatment of BRCA.
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Inclusion of nanoscience in pharmaceutical education should be reinforced, in
order to match the demand of current pharmaceutical talent cultivation.
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Core Tip: Nanosciences have currently boosted the development of various disciplines,
including pharmaceutical sciences. Theoretically, nanosciences should be involved in
pharmaceutical education, in order to cultivate pharmaceutical talents familiar with
nanosciences. However, the current courses on nanoscience are insufficient in pharma-
ceutical curricula, and only a few studies on this topic are documented in databases. It
seems that this field is rarely exploited. We therefore urge investigators and educators to
perform more studies, and include nanosciences in pharmaceutical education.
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TO THE EDITOR

Since the 1990s, nanoscience has gained rapid momentum in research and develop-
ment. Although nanotoxicology is a rising concern worldwide[1], and the ethical
issues (so-called “nanoethics”)[2] and the ecological risks[3] of nanotechnology have
been identified, the application of nanomaterials and nanotechnologies is still a focus.
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Consequently, various nanomaterials and nanotechnologies have been developed and introduced into different fields,
including the chemical, biological, environmental, medical, and pharmaceutical sciences. In the chemistry field, it is
possible to apply nanotechnologies to various chemical compounds, including polymers, to modify their structure and
function. In a recent study, metal-organic framework based nano-adsorbents have made a number of noteworthy
advances in anti-chemical warfare reagents[4]. In the biology field, one of the most acclaimed achievements in nanotech-
nology in molecular biology is identification of the vaccination mechanism for coronavirus disease 2019 (COVID-19)
using nanoscale vector systems[5]. In the environment field, nanotechnology is utilized not only to enhance the
environment but also to produce renewable sources of energy. A paradigmatic example is the employment of nanofluids
in solar cells which can produce electricity at a competitive cost[6]. In the medical field, the successful application of
nanomedicine has helped to develop enhanced versions of diagnostics, treatment, prevention, and proactive healthcare
measures[7]. Recent research has shown that the controllability of nanorobots has advanced, allowing for efficient
remodeling of dense tumor stromal microenvironments to enable deep tumor penetration[8].

As pharmaceutical researchers, the authors of this paper consider that nanoscience is deeply involved in the field of
pharmaceutical sciences. The following are several key examples: (1) Pharmaceutical chemistry: One-component new
chemical entity nanomedicines are synthesized to enhance therapeutic efficacy[9]; (2) Pharmacology: Nanovesicles can be
used as analytical tools to investigate cellular signaling pathways[10]; (3) Pharmaceutics: Nanoparticles are effective
carriers for drug loading and delivery[11]; and (4) Pharmaceutical analysis: Nanotechnologies can facilitate the
separation, identification, and quantification of drug molecules[12]. This information is schematically illustrated in
Figure 1.

é)As nanoscience has become an ever more integral part in pharmaceutical sciences, individuals with pharmaceutical
interests (i.e., pharmaceutical scientists, pharmacists, staff in the pharmaceutical industry, and governors in drug adminis-
tration) should master the relevant knowledge and skills regarding nanoscience. Pharmaceutical education is the
fundamental and vital approach for cultivating pharmaceutical talent; hence, pharmaceutical curricula should involve
imparting knowledge and skills on nanoscience. However, for several pharmaceutical education systems worldwide, the
core courses in pharmaceutical curricula remain focused on the subdisciplines of pharmaceutical sciences (such as
pharmaceutical chemistry, pharmacology, pharmaceutics, and pharmaceutical analysis[13] and fundamental chemistry
(such as inorganic, organic, and physical chemistry and biochemistry[14], and courses focused on nanoscience are
insufficient or even absent. The reasons for this may include the following: Nanotechnology is a cutting-edge research
field; its novelty may present some challenges to the faculty. Even in a nanoscience or nanotechnology training program,
some teachers show a preference for teaching more familiar courses so that they can apply the knowledge into the
classroom in a timely manner[15]. It is documented that low self-confidence, associated with a lack of knowledge on the
new content, sometimes hinders the acceptance and the willingness to use it in the classroom[16]. Another aspect is that
the study of basic theoretical subjects is still generally considered necessary in pharmacy education. Some people
therefore reject the educational importance of nanoscience, believing that there is no room for a new science curriculum
like that[17].

Moreover, not only are current courses lacking in coverage of nanoscience, retrospective/progressive/prospective
studies on the inclusion of nanoscience in pharmaceutical education are also in their infancy. The authors consulted six
databases associated with Web of Science (Web of Science Core Collection, Chinese Science Citation Database, KCI-
Korean Journal Database, Medline, ProQuest Dissertations & Theses Citation Index, and SciELO Citation Index) using
various search sets (Table 1) on July 13, 2023. Documents published between 1965 and 2023 were searched, and all
document types and languages were included. Duplicate and irrelevant publications were manually excluded. However,
according to the results of the literature survey, only eight documents were retrieved, which was surprisingly low. For
comparison, the number of documents on pharmaceutical education and nanoscience were 50537 and 2985487,
respectively. These results are shown in a Venn diagram in Figure 2. From the authors’ perspective, characterized by
interdisciplinarity, nanoscience is a deeply interconnected discipline, encompassing diverse areas of modern science and
technology. When taking nanoscience into the classroom, it has been confronted with the dilemma of whether it should
be taught as a new or a subsidiary discipline. Accordingly, the intricate nature of nanoscience may be the possible reason
that has resulted in a scarcity of research exploring its intersection with a specialized field such as pharmacy education.

Overall, the current scenario is that insufficient attention has been paid to the inclusion of nanoscience into pharma-
ceutical education. Consequently, the cultivation of pharmaceutical talents mastering the required knowledge and skills
of nanoscience cannot be guaranteed. With the continuous development of nanoscience, its inclusion in pharmaceutical
science will become more comprehensive in the future. It is worth noting that the market for nanomedicines for disease
management has great potential. The global market for nanomedicine was estimated at $53 billion in 2009. It is expected
to grow by 13.5% to reach $100 billion in recent years[18]. These data demonstrate global interest in the nanoscience field.
Therapeutic formulations utilizing nanotechnology hold potential for improving clinical outcome. Engineered nanoma-
terials are rapidly evolving in drug development, and offer promise in overcoming biological barriers and achieving
precise drug delivery for precision medicine[19]. In addition, the potential of nanotechnology in pharmacy will be further
expanded with efforts to combine nanomaterials with some established formulations. Recent studies have pointed out
that the combined properties of hydrogels and nanoparticles in smart nanogels can improve drug loading capacity, drug
stability, target delivery and therapeutic efficacy[20]. Considering these factors, it is foreseeable that nanotechnology will
become more widely and tightly integrated into pharmaceuticals in the future. Thus, correspondingly, continued efforts
are required to promote the inclusion of nanoscience in pharmaceutical education.

To achieve this aim, the authors propose three suggestions:

Firstly, colleges and universities should establish scientific foundations for the educational reformation of nanoscience
courses; the role of foundations in support of the education process is essential. A positive example to be studied is the
National Science Foundation (NSF). The NSF is charged with funding basic research programs to maximize the
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Table 1 Search sets for literature retrieval

Step Search set Interpretation
#1 TS = pharmacy educat', TS = pharmaceutical educat', TS = pharmacy train', TS = pharmaceutical train', TS = Pharmaceutical education as
pharmacy curricul', TS = pharmaceutical curricul’ the topic
#2 TS = nano' Nano-related terms as the
topic
#3 #1 AND #2 Intersection of #1 and #2

1Is an infinite truncator, which allows the term to be infinitely expanded.

Pharmaceutical chemistry

Pharmacology

Pharmaceutical Nano-
sciences sciences

Pharmaceutics

Pharmaceutical analysis

DOI: 10.5493/wjem.v13.i5.156 Copyright ©The Author(s) 2023.

Figure 1 Main applications of nanoscience and nanotechnology in pharmaceutical sciences.
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Figure 2 Euler Venn diagram showing the intersection of the publications on pharmaceutical education (A) and nanoscience (B).

advancement of science in the United States through the development of scientific information. In the National Nanotech-
nology Initiative, NSF assumed responsibility for funding basic research and education in nanoscience and nanotech-
nology, leading to a healthy growth of nanotechnology in the United States[21]. Referring to the operation and
supporting model of NSF, sufficient attention from colleges and universities should be given to the investment of
adequate funding to meet the development of nanoscience in pharmacy education.

Secondly, faculties must initiate changes to their curricular systems and add nanoscience courses. In the post-pandemic
era, the rate of change in healthcare has rapidly accelerated. Consequently, healthcare professionals must dedicate
themselves to lifelong learning through continuing education and professional development programs, including those
associated with nanoscience[22]. For instance, teachers should learn about the applications of nanotechnology in COVID-
19 treatment, and pass this knowledge to the students in the classroom. Through these efforts, students can gain scientific
and technological literacy, which has a significant impact on curriculum design[15]. It can also serve as an effective means
of bridging the gap between workforce needs and cutting-edge fields[23].

Lastly, journals, such as the World Journal of Experimental Medicine, should encourage the submission of relevant studies
as a publishing platform. Currently, the evaluation of papers by impact factor is still the dominant approach used by
journals. However, this single-factor approach has led to much discussion about its update or revolution[24], and the
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actual implication of papers for the real world should be reconsidered. As a publishing platform, considering and
encouraging papers based on multiple factors may be a positive guide for the conduct of research focusing on a rare field
(the very scenario of nanoscience education in pharmacy). The authors envision that the degree of inclusion of
nanoscience in pharmaceutical education can be increased in the near future.

In summary, nanoscience is rapidly evolving in a number of disciplines and fields. It has been widely used in the fields
of chemistry, biology, environment, medicine, and pharmacy, and has attracted much attention. Especially in the field of
pharmacy, nanoscience and nanotechnology have played a significant role. However, at present, the coverage of
nanoscience in pharmaceutical courses and educational studies is lacking, which is detrimental to the cultivation of
talents in this field. The gaps in this area should be further addressed by all groups. We propose three suggestions to
boost the inclusion of nanoscience in pharmacy education: (1) Colleges and universities should establish scientific
foundations for the educational reformation of nanoscience courses; (2) faculties must initiate changes to their curricular
systems and add nanoscience courses; and (3) journals should encourage the submission of relevant studies as a
publishing platform. Similar to the situation in pharmacy education, clinical medicine training should also include more
courses on nanotechnology, and we will be conducting in-depth research on this topic in the future.
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