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Abstract

Diabetes, which can be defined as an inflammatory disease, is a common condition. While the presence of inflammation can cause diabetes,
in reverse it can also be caused by diabetes. Inflammation-related mechanisms can deteriorate the effect of insulin, causing hyperglycemia
and insulin resistance. Various factors such as nutrition, physical activity, medication, and insulin are involved in the management of diabetes.
The potential mechanisms regarding diabetes, inflammation, and nutrition were examined using the PubMed, ScienceDirect, Medline,
EBSCO, Google Scholar, Wiley Online Library, BioMed Central, SpringerLink, Taylor & Francis, and Web of Science databases. In particular, anti-
hyperglycemic and anti-inflammatory dietary recommendations are important in terms of maintaining homeostasis in the body. In this way,
in addition to body weight control, improvements in biochemical indicators related to diabetes and inflammation are attained. Furthermore,
with the improvement in inflammation, future diabetic complications can be prevented by providing glycemic control. Therefore, in this review,
the mechanisms underlying diabetes and inflammation are explained and the potential effects of nutritional components on diabetes and

inflammation are discussed.

Keywords: Diabetes, insulin, inflammation, cytokine, medical nutrition therapy

INTRODUCTION

Inflammation is a natural reaction of the immune system against
injury, infection, and fear. In other words, inflammation is a complex
biological response of vascular tissue to harmful stimuli (irritants etc.)
to eliminate them. In response of the immune system to physiological
and metabolic stress, pro-inflammatory molecules (such as adipokines
and cytokines) are produced. These cell signaling components take
part in cell-to-cell interaction, allowing cells to move to the site of
inflammation in the case of infection and injury. That is why the
immune system and inflammation are closely linked. Inflammation
can be local or systemic and acute or chronic.

In diabetes, certain changes occur in immune system components
(such as macrophages and T-cells). The most prominent changes occur
in leukocytes, which take part in the adipose tissue, liver, pancreas,

vascular system, and circulation. These immunological changes affect
the levels of certain cytokines. Thus, inflammation is contained in
diabetes pathogenesis.?

Diabetes is a chronic disease that causes low-grade inflammation. In
conditions such as heart diseases and metabolic syndrome, which
are closely related to diabetes, concentrations of cytokines in the
circulation increase. Inflammatory cytokines are generated by various
types of cells and released into the circulatory system. Cytokines have
regulatory functions by acting locally, centrally or peripherally in
various tissues such as adipose and muscle tissues. In the case of low-
grade systemic inflammation, there is a 2-to 3-fold increase in systemic
plasma tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), and
C-reactive protein (CRP) levels. These cytokines play important roles in
the development of diabetes.?
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Nutrition plays an essential role in diabetes in which inflammation
occurs. Omega-3 (n-3) polyunsaturated fatty acids with anti-
inflammatory properties, antioxidant vitamins in vegetables and fruits,
and whole grain or low glycemic index foods are among the nutritional
strategies against diabetes. In addition, it should be aimed to reach and
provide a healthy body weight by decreasing the saturated fat intake
and enhancing the intake of complex carbohydrates.*

Adipose tissue is an important endocrine organ that exhibits pro- or
anti-inflammatory effects and releases the bioactive substances known
as adipokines. Disruption of the balance between these anti- and pro-
inflammatory adipokines causes dysfunction in adipose tissue and is
critical in the pathogenesis of metabolic diseases (diabetes etc.).”

In this review, the mechanisms underlying diabetes and inflammation
are explained and the potential effects of nutritional components on
diabetes and inflammation are discussed.

MATERIALS AND METHODS

Literature research was carried out using selected websites containing
PubMed, ScienceDirect, Medline, EBSCO, Google Scholar, Wiley Online
Library, BioMed Central, SpringerLink, Taylor & Francis, and Web of
Science. The information in the article was obtained using keywords
such as “inflammation, diabetes, cytokine, pro-inflammatory, anti-
inflammatory, adipokine, insulin resistance, hyperglycemia, nutrition,
inflammation and diabetes, inflammation and nutrition, diabetes and
nutrition.” In studies on diabetes, inflammation, and nutrition, animal
studies and clinical human studies were reviewed. In addition, review,
randomized controlled, and meta-analysis studies were also examined.

Relationship of Pro- and Anti-inflammatory Adipokines with Diabetes

TNF-o: It is an inflammatory indicator greatly related with diabetes.
TNF-a, which is also related with obesity and insulin resistance, is
produced from adipose tissue and secreted from macrophages, T-cells,
and natural killer cells. Chronically increased TNF-a has deleterious
effects on glucose metabolism. TNF-a can vary the sensitivity of insulin
in various ways, such as reducing insulin receptor (IR) signal pathways,
reducing glucose transporter 4 (GLUT 4) function in adipocytes and
repressing adiponectin.? In a study conducted with diabetic individuals;
it was stated that TNF-a negatively affect the functioning of intracellular
GLUT and IR.

IL-6: IL-6 is a pro-inflammatory cytokine that can cause disruption
of the insulin-mediated phosphorylation process by acting on insulin
receptor substrate-1 and -2 (IRS-1 and -2) in liver and skeletal muscles.
Therefore, IL-6 can inhibit the action of insulin.” Atl et al.® reported
that IL-6 concentrations increased in individuals with diabetic and non-
diabetic retinopathy.

Adiponectin: Adiponectin, another cytokine related to insulin sensitivity
and produced by adipose tissue, also has an important place in relation
to diabetes. High adiponectin levels are related to increased insulin
sensitivity and lower cardiovascular disease risk. Adiponectin can reduce
glucose production (in liver) by suppressing gluconeogenic enzymes such
as phosphoenolpyruvate carboxykinase and glucose-6 phosphatase.
Therefore, it can improve glycemic control and insulin sensitivity. In
addition, TNF-a and IL-6 can diminish the adiponectin expression.
Furthermore, adiponectin exerts an anti-inflammatory effect by
repressing TNF-a-dependent nuclear factor kappa B (NF-kB) stimulation.?

In the study conducted in 154 newly diagnosed type 2 diabetic and 1077
newly diagnosed pre-diabetic individuals; adiponectin concentrations
were detected to be negatively related with pre-diabetes and diabetes.’

Visfatin: It is a cytokine responsible for regulating insulin sensitivity. In
addition, insulin resistance has a significant function in inflammation
and diabetes pathogenesis. Visfatin binds to the IR. It can also cause a
decrease in blood glucose by diminishing the release of glucose by liver
and stimulating the glucose utilization in adipose tissue and muscles."
According to Mir et al.'"; visfatin concentrations were detected to be
considerably higher in type 2 diabetic individuals.

Resistin: It is a hormone with the potential to cause insulin resistance.
It functions in glucose tolerance and glucose homeostasis. In a study
involving 124 individuals, serum resistin concentrations were detected
to be significantly higher in overweight or obese people with impaired
glucose tolerance compared with individuals with normal body weight.*?
Azab et al.” Showed that resistin levels were detected to be higher in
diabetic people than in those who were not. In addition, a relationship
was determined between resistin levels and diabetes-related risk factors
(insulin resistance and obesity, etc.). Furthermore, resistin levels were
found to be higher in individuals with retinopathy, a complication of
diabetes.”

IL-1B: It is a cytokine that can disrupt insulin secretion and induce
B-cell apoptosis. In addition to affecting B-cell function, it has an effect
on type 2 diabetes development by causing a decline in the mass of
B-cell.' Mojtaba et al.”™ Conducted a study in individuals with diabetes
(30 people) and without diabetes (36 people). In this study, insulin
resistance, fasting blood glucose, and serum IL-1B concentrations were
detected to be significantly greater in diabetic individuals; serum insulin
levels and B-cell function were detected to be significantly lower. In
individuals with diabetes, serum IL-1B concentrations were negatively
correlated with insulin levels and B-cell function, while positively
correlated to fasting blood glucose. Additionally, it was concluded that
IL-1B (inflammatory cytokine) has a crucial function in insulin secretion
by B-cells.”

IL-10: It is one of the anti-inflammatory cytokines secreted from
macrophages and lymphocytes. It also acts as a role in reducing
inflammation induced by TNF-q, IL-6, and IL-1. Additionally, IL-10 has
a potential effect to increase insulin sensitivity.'®'” In a study conducted
in Indian population, the association between IL-10 gene promoter
polymorphisms and type 2 diabetes risk was assessed and it was
concluded that the type 2 diabetes risk increased in those with 1L-10
gene promoter polymorphisms.’®

CRP: CRP, a cytokine produced by the liver, is an indicator responsible
for the development of inflammation. CRP concentration increases in
situations such as diabetes, obesity, coronary heart diseases, sedentary
lifestyle, and smoking. While there is an increase in CRP production
from the liver with the release of TNF-a and IL-6, CRP can also be
released from mature adipocytes via lipopolysaccharide, resistin, and
TNF-a.? The cut-off point of 3 mg/L for the CRP level is used to identify
high- and low-risk groups.” According to an 11-year prospective study;
individuals with a CRP value of >3 mg/L developed diabetes. Individuals
with high serum CRP levels were shown to have a higher risk of
developing type 2 diabetes within 5 years.?’ Regarding the CRP level as a
cardiovascular risk marker in individuals with diabetes; it is considered
that CRP concentrations 0 - <1 mg/L indicate low risk, 1-3 mg/L indicate
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moderate risk, >3-10 mg/L indicate high risk, and >10 mg/L indicate an
indeterminate increase.”'

The relationship of pro- and anti-inflammatory factors with diabetes is
shown in Table 1.3710:121416:17.22

Adipose Tissue and Insulin Resistance

The function of adipose tissue under normal conditions is to store
circulating free fatty acids as triglycerides in adipocytes. Adipose tissue
suppresses the negative effects of lipids in the insulin pathway. As a
result, glucose utilization by cells (especially skeletal muscle cells)
increases and lipolysis of stored triglycerides is inhibited. Having
enough intracellular glucose in peripheral tissues inhibits glucose
output from the liver. In the case of obesity; insulin resistance, chronic
inflammation, and dysfunction in adipose tissue occur. Disturbance in
adipokine secretion also occurs. As a result, lipolysis and the release of
free fatty acids by adipose tissue increase. The function of the insulin
pathway also decreases. However, the glucose output from liver is
stimulated.?

The increased reactive oxygen species (ROS) formation in adipose tissue
leads to an increase in oxidative stress in the blood. In the case of
increased oxidative stress, an enhancement in nicotinamide adenine
dinucleotide phosphate oxidase and a reduction in antioxidant enzymes
occur. Consequently, the production of adipokines (in adipose tissue)
is impaired. Plasminogen activator inhibitor-1, TNF-a, and monocyte
chemotactic protein-1 levels increase, whereas adiponectin levels
decrease. Therefore, decrease in insulin sensitivity can occur and insulin
resistance can develop.*

Mitochondrial dysfunction in white adipose tissue in humans adversely
affects insulin sensitivity in the liver and skeletal muscles. Because of
this dysfunction, there is a decline in lipogenesis and an enhancement
in lipolysis in white adipose tissue. Therefore, depending on the

Table 1. The relationship of pro- and anti-inflammatory factors with
diabete53,7,10,12,14,16,17,22

Factors

Potential effects

Insulin resistance 1
Insulin receptor signal |
GLUT 4 |

Adiponectin |

TNF-a

Insulin resistance 1
IL-6 Insulin action |

Adiponectin |,

Insulin sensitivity 1

. . Glucose production |
Adiponectin .
Gluconeogenic enzymes |,

TNF-a-mediated NF-kB |

- Blood glucose |
Visfatin o
Glucose utilization 1

Resistin Insulin resistance 1

Insulin secretion |,
IL-18
Beta cell mass |

IL-10 Insulin sensitivity 1

GLUT 4: Glucose transporter 4, IL-10: Interleukin-10, IL-1B: Interleukin-1B, IL-6:
Interleukin-6, NF-kB: Nuclear factor-kappa B, TNF-a: Tumor necrosis factor-alpha.
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increase in glycerol and fatty acids and the release of IL-18 and TNF-a,
glucose uptake in skeletal muscles and liver decreases and ectopic lipid
accumulation occurs.®

The Pathogenesis of Diabetes

Hyperglycemia can cause oxidative stress and endoplasmic reticulum
stress. Oxidative stress can stimulate the formation of numerous pro-
inflammatory mediators that can lead to inflammation in pancreatic
islet cells and peripheral tissues. Insulin resistance can develop in
peripheral tissues due to inflammation. With inflammation in pancreatic
islet cells, the normal function of beta cells is disrupted and diabetes
can occur. Some metabolic pathways causing insulin resistance can
cause inflammation and affect stress-induced kinases [JUN N-terminal
kinase and IKB kinase-B (IKK-B)]. These kinases are involved in diabetes
pathogenesis. In particular, IKK-B can stimulate the release of IL-1B
and TNF-a in the liver and adipose tissue by activating NF-kB. These
cytokines can also lead to insulin resistance.?®

The disruption of the balance between insulin action and secretion
plays a crucial role in the pathophysiology of diabetes. The disruption
of the balance results in hyperglycemia. Furthermore, when there is
B-cell dysfunction, insulin secretion is decreased. In this case, the
capacity to maintain glucose levels in the body is limited. In addition,
insulin resistance can lead to increased hepatic glucose production and
reduced glucose uptake in muscles, liver, and adipose tissue. Therefore,
hyperglycemia (due to insulin resistance and B-cell dysfunction) has a
critical place in diabetes progression.?’

Hyperglycemia, Insulin Resistance and Inflammation

Chronically elevated TNF-a and IL-6 levels are seen in metabolic
diseases. TNF-a and IL-6 can change the sensitivity of insulin through
activating various steps of the insulin signal pathway. These pro-
inflammatory components induce serine phosphorylation instead of
tyrosine in IRS-1. Therefore, insulin resistance can occur by inhibiting
insulin signal activation.?

Various stimuli such as hyperglycemia, increased free fatty acid levels,
and cytokines can cause oxidative stress by increasing the formation
of ROS. Oxidative stress and ROS activate the serine/threonine kinase
signaling cascades. These activated kinases target IRS proteins and IR in
the insulin signaling pathway. IRS-1 and IRS-2 enhance phosphorylation
of serine and reduce tyrosine phosphorylation. With the decrease in
the activity of signal molecules such as phosphatidylinositol-3-kinase,
the effect of insulin decreases and insulin resistance can develop. In
addition, serine kinase triggers inflammation by affecting the NF-«xB
pathway and thus the effect of insulin can be inhibited.?® Furthermore,
hyperglycemia is associated with inflammation by stimulating IL-6
production from endothelium and macrophages.?

High circulating glucose concentrations (hyperglycemia) activate
protein kinase C (PKC) by increasing the formation of diacylglycerol.
The increased PKC pathway causes the secretion of pro-inflammatory
components through increasing NF-kB.? Thus, it was emphasized that
there is a close connection between hyperglycemia and inflammation.

In hyperglycemia, the advanced glycation end products (AGEs)
production increases.> AGEs are heterogeneous compounds resulting
from the non-enzymatic reaction between the nitrogenous groups of
proteins, lipoproteins, and/or nucleic acids with the carbonyl groups
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of reducing sugars. Protein glycation begins when the carbonyl group
of the monosaccharides and the free amino group of the amino acids
form a Schiff base. While Schiff base is formed in hours, this structure
turns into Amadori products within days. Amadori products convert
to dicarbonyl compounds and then to AGEs within weeks. One of the
mechanisms in AGE formation is the polyol pathway. Hyperglycemia
caused by diabetes in the polyol pathway, some of the abundant
glucose is first converted to sorbitol and then to 3-deoxy-glucosone,
an AGE intermediate and produced in the creation of AGE.** The AGE
formed bind to relevant receptors, causing pro-inflammatory response.
Therefore, increased AGE can cause an increase in plasma CRP and
TNF-a concentrations.> Furthermore, the interplay between AGEs and
specific receptors accelerates oxidative stress, resulting in an increased
inflammatory signal. Activation of NF-kB and formation of ROS are
effective in increasing this inflammatory signal '

Diabetes, Inflammation and Medical Nutrition Therapy

The most studied nutritional component in relation to diabetes and
inflammation is omega-3 fatty acids. Furthermore, there is also evidence
for whole grains, foods with low glycemic index, antioxidant vitamins,
and polyphenolic compounds.**

Eicosanoids consisting of n-3 (prostaglandin-3 and leukotriene-5)
have a weaker inflammatory effect than those consisting of n-6
(prostaglandin-2, and leukotriene-4). Therefore, fish oil containing
n-3 has an inflammation-reducing effect and n-3 can show its anti-
inflammatory effect by directly affecting the cytokine production.
Fish oil can achieve this effect by suppressing NF-kB activation.*
Koopmans et al.** conducted a study on diabetic pigs and found that
CRP concentrations were significantly greater in the group fed rich in
saturated fat and cholesterol, while it was importantly lesser in the
group fed rich in unsaturated fat. It was concluded that the diet rich in
saturated fat and cholesterol stimulated inflammation by showing pro-
inflammatory effect. According to a meta-analysis study; type 2 diabetic
patients who took omega-3 supplements showed that triglyceride levels
significantly declined, while there were no significant differences in
hemoglobin Alc (HbA1c), total cholesterol, fasting and postprandial
plasma glucose levels. However, high (>1.5) eicosapentaenoic acid/
docosahexaenoic acid intake was found to cause a tendency in plasma
insulin, HbA1c, total cholesterol and triglyceride levels to decrease.®*

Consumption of fruits and vegetables has been related to inflammation.*
A study related to diabetes found that vegetable and fruit consumption
was adversely correlated to oxidative stress.®® According to a meta-
analysis study; vegetable and fruit consumption was found to reduce
CRP and TNF-a levels. They attributed that consumption of fruits
and vegetables can reduce pro-inflammatory markers due to their
nutritional components such as antioxidant vitamins (A-C-E), soluble
fiber, and flavonoids.*®

According to 28 randomized controlled studies; no relationship was
found among IL-6, TNF-a and CRP levels with the glycemic index or
load.>” However, there is also evidence in the literature showing that
there is a relationship between inflammation and glycemic index.
It was found that lower serum CRP concentrations in individuals on
low-glycemic diet.*® For this reason, care should be taken to provide
that the glycemic index or load is not too high and that the amount
of carbohydrates to be taken at meals is balanced. Wolever et al.*
carried out a study in individuals with diabetes and examined the

relationship between glycemic index and inflammation. They reported
that CRP levels were significantly lower by 30% in those who followed
a low glycemic index nutritional therapy in comparison with those
who followed a high glycemic index nutritional therapy. It was stated
that hyperglycemia, which is seen as a result of high glycemic index
nutritional therapy, stimulates the release of inflammatory cytokines
from monocytes.*

Dietary AGE proteins can cause inflammation in individuals with
diabetes. Animal-based foods such as red meat, cheese, and egg yolk
contain high levels of protein and fat. Consuming large amounts of
these foods can cause high levels of AGE intake.* In an intervention
study on diabetics; it was observed that the TNF-a, CRP, and
intercellular adhesion molecule-1 levels increased in those fed a diet
containing high AGE (16.343.7 x10° AGE units per day) compared to
those fed a diet containing low AGE (3.6741.2 x10° AGE units per day).*
By preventing the accumulation of AGEs, the progression of diabetes-
associated atherosclerosis can be slowed. Methylglyoxal, formed via
a non-enzymatic reaction, is the precursor of most AGEs formed in
diabetes. It was also shown in mice with diabetes that increased plasma
methylglyoxal levels cause endothelial inflammation.*

Magnesium is an essential cofactor for more than 300 enzymes in
carbohydrate metabolism (including all enzymes of glycolysis).*>*
Magnesium is involved in the regulation of insulin signaling, in the
insulin-mediated glucose utilization and in the phosphorylation of
IR kinase.® The lack of dietary magnesium can cause impaired IR
signaling and insulin resistance. Additionally, there was a reverse
relation between magnesium intake and fasting insulin levels. In the
study conducted in a Japanese population for the incidence of diabetes;
increased magnesium intake was found to be a significant protective
element, especially in those with insulin resistance and low-grade
inflammation.*

Vitamin B, shows potential antioxidant properties because it can
trigger the methionine synthase activity. In addition, it directly reacts
with reactive oxygen and/or nitrogen species and can reduce oxidative
stress by affecting signal molecules. At the same time, vitamin B, , shows
potential anti-inflammatory properties by inhibiting NF-kB. Vitamin
B, is also involved in the use of carbohydrates. Low levels of vitamin
B,, can cause hyperglycemia.* Furthermore, a relationship among
vitamin B,, deficiency with glucose intolerance and insulin resistance
was reported by Madhu.* Lee et al.* carried out a study in individuals
with diabetes and reported that blood glucose and CRP concentrations
were significantly greater in individuals with low vitamin B,, levels.
In addition, it was stated that the risk of vitamin B,, deficiency and
inflammation was higher in diabetic vegetarians.*

The Mediterranean diet is a diet rich-olive oil, whole grains, vegetables,
fruits, legumes, and nuts with moderate consumption-poultry and fish,
low consumption-whole-fat dairy products and red meat and moderate
wine consumption.*® Esposito et al.*’ reported that the Mediterranean
diet is a suitable diet for diabetes management.*” Maiorino et
al.*® carried out a randomized controlled study and detected that
diabetic patients with a higher score (6-9 points) on adherence to
the Mediterranean diet were detected to have lower CRP and higher
adiponectin levels than those who scored <3.* In order to improve
glycemic control in diabetic individuals; vegetarian diets, the Dietary
Approaches to Stop Hypertension diet, the German Food Pyramid Index,
and the Alternative Healthy Eating Index can be used as alternatives
besides the Mediterranean diet.*
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In adults with diabetes, the percentages of total energy from
macronutrients should be 45-60% for carbohydrates, 15-20% for
proteins, 20-35% for fats, and each should be evaluated individually. In
addition, the percentage of total daily energy from saturated fats should
not exceed 7% and trans-fat intake should be kept to a minimum. To
adequately control blood glucose, the percentage of energy from added
sucrose or fructose should not exceed 10% of total daily energy.*® The
recommended amount for fiber intake should be a minimum of 14
g/1000 kcal. Furthermore, the average daily protein intake for diabetics
(without kidney diseases) should be 1-1.5 g/kg body weight/day. At the
same time, it is recommended for individuals with diabetes to consume
1 portion of fish at least 2 times a week for omega-3 fatty acid intake
due to its anti-inflammatory properties. In addition, while 5% weight
loss is recommended for clinical benefit in individuals with diabetes,
7-10% weight loss should be targeted to inhibit development to type 2
diabetes in people with pre-diabetes.*

The importance of nutrition in the reciprocal relationship between
inflammation and diabetes is shown in Figure 1. Furthermore, the
effects of cytokines and the factors affecting the levels of cytokines are
shown in Figure 2.

~High glycemic
load
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CONCLUSION

Since diabetes is a disease characterized by chronic hyperglycemia and
low-grade inflammation, anti-hyperglycemic and anti-inflammatory
strategies in diabetes should be included in national and international
dietary guidelines. Therefore, in order to keep blood glucose and
inflammatory markers levels within normal ranges, achieving a
healthy body weight should be targeted and body weight maintenance
should be ensured. Energy, macro- and micronutrient intakes should
be taken at recommended levels. Intakes of saturated fats, trans fats,
and refined carbohydrates should be reduced. The consumption of
fruits and vegetables should be increased, paying attention to the low
glycemic index or load. Meal times and the numbers of macronutrients
(especially carbohydrates) in the meal should be adjusted in accordance
with the medicine or insulin therapy used. It should not be forgotten
that medical nutrition therapy should be planned specifically for the
individual to provide homeostasis in metabolism. Thus, complications
that may occur due to diabetes and inflammation will be prevented.

MAIN POINTS

* Diabetes is a disease characterized by chronic hyperglycemia and
low-grade inflammation.
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Figure 1. The importance of nutrition in the reciprocal relationship between inflammation and diabetes. Providing adequate and balanced
individual nutrition within the scope of anti-hyperglycemic and anti-inflammatory nutritional strategies is effective in reducing the risk of

diabetes and inflammation.

AGEs: Advanced glycation end products, AHEI: Alternative Healthy Eating Index, DASH: Dietary Approaches to Stop Hypertension.

Diabetes ~ Inflammation

Factors with anti-diabetic and

anti-inflammatory effects:

* Omega-3

* Whole grains, fruits and
vegetables, fiber

« Polyphenolic compounds

* Magnesium, vitamin B,,

+ Antioxidant vitamins (A-C-E)

Figure 2. Effects of cytokines and factors affecting the levels of cytokines.
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CRP: C-reactive protein, IL-10: Interleukin-10, IL-1B: Interleukin-1B, IL-6: Interleukin-6, TNF-a:: Tumor necrosis factor-alpha.
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Inflammation-related mechanisms can cause hyperglycemia,
insulin resistance, and diabetes.

Diabetes-related mechanisms can cause inflammation.

Anti-hyperglycemicand anti-inflammatory dietary recommendations
are important for maintaining homeostasis.

Medical nutrition therapy should be planned specifically for the
person to provide homeostasis in metabolism.
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Abstract

BACKGROUND/AIMS: Investigation of new potential treatments is important today to increase the power of cervical carcinoma treatment.
Although chemotherapeutic drugs are widely used for clinical tumor treatment, their severe toxicity limits their therapeutic efficacy. Irinotecan
(CPT-11) is an agent with therapeutic activity against various cancers including cervical cancer. Ellagic acid (EA) is a phenolic natural substance
that can be found in various fruits and has chemopreventive and chemotherapeutic effects. In this work, we looked into EA as an alternative

agent to improve the therapeutic effect of CPT-11 in vitro.

MATERIALS AND METHODS: The effects of the two agents and their combination on 2 and 3D Hela cultures at different time periods were
evaluated by real-time-polymerase chain reaction and intraclass correlation coefficient analyses. In cultures, MMP-2 and -9 were used to
determine the basis of cancer cell metastasis, HIF1a and TGF-B1 were used to evaluate the mechanism of angiogenesis and epithelial-
mesenchymal change, and Bax and Bcl-2 were used to evaluate the apoptotic mechanism.

RESULTS: In comparison to the DMSO (Dimethyl Sulfoxide) group, Hela cells treated with EA and its combination showed considerable
suppression of MMPs, TGF-B1, and HIF1a. In addition, the increase in proapoptotic Bax level with treatment and the suppression of
antiapoptotic Bcl-2 expression were revealed as another important finding of EA and combined treatment.

CONCLUSION: We propose that EA would be a good candidate for additional preclinical studies for the management of human cervical cancer.

Keywords: Cervical cancer, CPT-11, ellagic acid, Hela

INTRODUCTION

With a 13.3% incidence rate, cervical cancer is the third most prevalent
disease in women worldwide and a significant public health issue.
In terms of mortality, it ranks third with a rate of 73%." Although
postoperative radiation therapy and chemotherapy are used for treating
cervical cancer, chemotherapeutic agents have many side effects.

Therefore, research for new drugs with less side effects that selectively
show greater cytotoxic effects on cancer cells at low doses continues.??

A semi-synthetic plant alkaloid derived from camptothecin is called
irinotecan (CPT-11). Clinical trials in the 1990s and 2000s revealed
that CPT-11 is therapeutically effective against several malignancies,
including cervical carcinoma.* Toxic effects are seen in a significant
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number of patients using the CPT-11 drug, which is used to treat
cancer patients. This makes it difficult for this drug to be used in
chemotherapy.®

A naturally occurring phenolic substance called ellagic acid (EA) is
present in berries such as red and black currants, red and black
raspberries, blackberries, blueberries, and strawberries. Studies both
in vivo and in vitro have established that it has chemopreventive and
chemotherapeutic effects by inhibiting the proliferation of different
cancer cells at low doses.® EA reduces tumor development, angiogenesis,
and metastasis, although the exact biochemical pathways by which it
does so are still poorly known.

Based on the aboveobservations, it is hypothesized in this study that
human cervical cancer cells can be inhibited by EA and CPT-11, and the
inhibition mechanism may play a role in the control of angiogenetic,
proliferative, and metastatic signals. In this study, we developed an
alternative treatment for cervical cancer. For this purpose, we used 2
and 3D Hela cell cultures exposed to CPT-11, EA and its combination at
different times in our study. In the study, MMP-2 and MMP-9 to reveal
metastatic findings with real-time PCR and immunocytochemical
analyzes, TGF-B1 and HIF1a to determine angiogenesis, and Bax and
Bcl-2 genes and proteins to evaluate apoptosis were used as targets.

MATERIALS AND METHODS
2D Cell Culture

Cervical cancer cell lines (Hela) were purchased from ATCC (USA). A
consent form was not required for this study as the cells were purchased
commercially. Cervical cancer (HeLa) cells were cultured in RPMI-1640
media with 10% fetal bovine serum, 1% gentamicin, and 1% penicillin
antibiotic added in 75 cm? flasks at 37 °C and 5% CO,. Cells were
passaged using trypsin as 80% of the flask surface was covered by cells.

3D Cell Culture

Cell lines were propagated spherically using the three-dimensional
hanging drop method. For this, 96-well cell seeding plates without
scaffolds were used. Suspended cells were dropped into the wells with
the help of pipette into a volume of 40-45 uL. Then, cells were grown
at 37 °Cand in an incubator with 5% carbon dioxide. To the wells, 4 uL
of fresh medium was introduced every day to ensure effective growth
of cell lines globally in the hanging drop method. Cell groups were
expected to take a spherical shape and reach a size of 300-500 uL at the
end of approximately 4 days.

Cytotoxicity Analysis

The cytotoxic impact of metabolites on Hela cells was assessed using XTT
assay kit (Biological Industries, USA). For the analysis of 2D cultures, 8x10°
cells were seeded in each well of a 96-well plate. The cells were given
drugs after incubation for 24 h. For 3D cultures, the drug was applied
after the 3D structure had already been created. The solutions from
XTT kit were applied to the cells after 48 h of incubation. Then, using a
microplate reader (BIOTEK ELX808, USA), cell viability was evaluated at a
wavelength of 450 nm. Briefly, IC, values were determined by applying
certain doses of CPT-11 (Irinocam-Irinotecan Hydrochloride Trihydrate,
Kocak, Tiirkiye) and EA (EA, Cat. No: sc-202598A, Santa Cruz Biotech,
Dallas, ABD) to Hela cells. Real-time PCR and immunocytochemical
experiments were performed at these concentrations.
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Total RNA Isolation and qRT-PCR

Total RNA isolation was carried out using the WizPrep Total RNA Mini Kit
(WizBio, Korea) in accordance with the instructions using cells that had
been grown in 2D and 3D. RNA concentrations were determined using
a Genova Nano Micro-volume Spectrophotometer (Jenway, UK). cDNA
synthesis was performed using the HyperScript™ First strand Synthesis
cDNA Synthesis Kit (GeneAll, Korea) for real-time PCR. A thermal cycler
was used to perform the reaction. Real-time quantitative polymerase
chain reaction (RT-qPCR) was then used to assess the change in gene
expression. The Applied Biosystems™ 7500 Fast Real-Time PCR apparatus
was used to perform the real-time qPCR reaction. The internal reference
control and housekeeping gene beta-actin was used. The gene-specific
primers used in the study are shown in Table 1. The formula 2% was
used to determine the mRNA expression fold change.

Immunocytochemical Method

Samples that were previously seeded on glass coverslips coated with
poly-D-lysine in 24-well dishes were used. The samples were divided
into groups with different durations. When the cells in the culture
medium reached a sufficient density and after the agent applications,
the cells were fixed in the well with 3% paraformaldehyde. TBS +
2.5% triton X solution was filled to the wells. Then, with cold PBS,
cells were cleaned and incubated with block solution (PBST +1% BSA).
The block solution was removed from the wells and rabbit polyclonal
primary antibodies MMP-2 (bs-41146R, Bioss), MMP-9 (bs-41146R,
Bioss), TGF-B1 (bs-20411R, Bioss), HIF1a (bs-20399R, Bioss), Bax (PA5-
86062, Thermo Fisher) and Bcl-2 (PA5-27094, Thermo Fisher) were
used for immunolabeling of cells. Primary antibodies were added to
different wells at 1:200 dilution and incubated at 4 °C overnight. The
secondary antibody with biotin was applied to them for 10 min. After,
the streptavidin peroxidase enzyme complex was activated for 10 min.
Finally chromogen containing aminoethyl carbazole was added and
visible immune reaction was achieved. Mayer’s hematoxylin was used
as a background marker. The stained samples were evaluated with a
computer assisted imaging system. While the blue-violet parts in the
images express the cell nuclei; red-pink areas mark immune-positive
areas.

Statistical Analysis

The Shapiro-Wilk test was used to assess the distribution of the data.
Post-hoc paired ANOVA test was used to evaluate normally distributed
data. Independent data that did not show a normal distribution were
evaluated with the Kruskal-Wallis test. If there was a statistically

Table 1. RT-PCR primer sequences

Primer sequences
Gene

Forward Reverse
Beta actin | 5'-CACCAACTGGGACGACAT-3’ 5-ACAGCCTGGATAGCAACG-3’
HIFTa 5-AGACCTTCCTTAGCCGTCAC-3’ 5-GTCTCCACCCACACAAAACC-3’
TGF-B1 5-TTGAGACTTTTCCGTTGCCG-3" | 5-CGAGGTCTGGGGAAAAGTCT-3’
MMP-2 5-AATCCCACCAACCCTCAGAG-3" | 5-GTGCCCTCTTGAGACAGTCT-3'
MMP-9 5-GAGTTCCCGGAGTGAGTTGA-3" | 5-AAAGGTGAGAAGAGAGGGCC-3’
Bax 5-CATCATGGGCTGGACATTGG-3" | 5™-CCTCAGCCCATCTTCTTCCA-3’
Bcl-2 5-CTCCTTCATCGTCCCCTCTC-3 5-CGGCGGCAGATGAATTACAA-3
RT-PCR: Real-time-polymerase chain reaction.
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significant distinction between the groups, Bonferroni correction
post-hoc pairwise comparisons were used to identify the different
groups. Statistical analyzes were carried out using IBM SPSS Statistics
21 (IBM Corp. Armonk, NY). Statistics were considered significant at
p<0.05.

RESULTS

Cytotoxicity Effects of CPT-11, Ellagic Acid and Combination of both
(CPT-11 + EA) on HeLa Cells in 2D and 3D Culture

Because of XTT analysis, it was found that the cell viability in Hela
cell lines decreased as the concentration of CPT-11 and EA increased.
The IC, for CPT-11 in 2D cultures was 57.8 uM; the IC value for EA
was determined as 45.4 uM (Figure 1A, B). In 3D cultures, the IC
value for CPT-11 is 94 uM; the IC, value for EA was determined as 120
UM (Figure 2A, B). When the two agents were applied in combination
with IC, doses, it was determined that the viability of the 2D and 3D
cultures was statistically significantly decreased (p<0.05) (Figure 1C,
20).

Alteration of MMP Expression on HeLa Cells in 2D and 3D Culture

When MMP-2 gene expressions were evaluated in the 2D culture
experiment, it was determined that the expression levels of EA, CPT-
11 and EA + CPT-11 groups were statistically significantly decreased
compared to the DMSO (Dimethyl Sulfoxide) group after 12 and 48 h
of application (for 12 hours: p=0.021; 0.017; 0.031, respectively, for
48 hours: p<0.001; <0.001; <0.001, respectively). This decrease in
the 24-hour application was insignificant (p>0.05) (Figure 3A). When
MMP-9 gene expressions were evaluated in the 2D culture experiment
at 12, 24 and 48 hours, it was determined that the expression levels of
EA, CPT-11 and EA + CPT-11 groups decreased compared to the DMSO
group after 12, 24 and 48 h of applications. This decrease was found
to be statistically significant in the 24-h and 48-h EA + CPT-11 groups
(p=0.014; 0.005, respectively). This decrease was not statistically
significant in the 12-hour application (p>0.05) (Figure 3B). Statistical
data for all groups are presented in Table 2.

When MMP-2 gene expressions were evaluated in 12, 24 and 48 hours
applications in 3D culture experiment, it was seen that the expression
levels of all groups decreased compared to the DMSO group. According
to our findings, the expression levels of the EA, CPT-11, and EA + CPT-11
groups were found to be statistically significantly decreased compared
with the DMSO group after 12 h of administration (p=0.002; 0.016;
<0.001, respectively). Expression levels of the EA and EA + CPT-11
groups were statistically significantly decreased compared to the DMSO
group in 24-hour application (p<0.001; <0.001, respectively). In the 48-
hour application, only the expression level of the EA + CPT-11 group
was found to be statistically significantly decreased compared with the
DMSO group (p=0.010) (Figure 4A).

When MMP-9 gene expressions were evaluated in 12, 24 and 48 hours
applications in 3D culture experiment, it was seen that the expression
levels of all groups decreased compared to the DMSO group. According
to our findings, it was determined that the expression level of the EA
+ CPT-11 group was statistically significantly decreased compared with
the DMSO group in only 12 h of application (p=0.003) (Figure 4B).
Statistical data for all groups are presented in Table 3.

When protein expressions of MMPs in 2D and 3D cultures were
evaluated by immunocytochemical analysis, it was seen that they were
compatible with gene expression levels (Figure 5, 6). Briefly, MMP-2 and
-9 levels were found to be highest in the DMSO group at 12, 24 and
48 h of treatment. In addition, it was determined that the expression
of MMPs, which are metastasis markers, decreased in the treatment
groups (EA and Irino) and especially in the combined group (EA + CPT-
11) compared to the DMSO group.

Alteration of TGF-B1 Expression on HeLa Cells in 2D and 3D Cultures

When TGF-BT1 gene expressions were evaluated in the 2D culture
experiment, it was seen that the expression levels of all groups
decreased compared to the DMSO group. Our data indicate that after,
and 48 h of treatment, TGF-B1 expression levels in the EA, CPT-11, and
EA + CPT-11 groups were statistically substantially lower than in the
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Figure 3. Relative gene expression of MMP-2 (A), MMP-9 (B), TGF-B1 (C), HIF1a (D), Bax (E), and Bcl-2 (F) of all groups at different times in 2D
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The DMSO group (One-Way ANOVA with Bonferroni correction). *: p<0.05, vs. The DMSO group (Kruskal-Wallis test with Bonferroni correction
pos-hoc test). All experiments were conducted four times.
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DMSO group (for 12 hours: p=0.039; 0.005; 0.001, respectively, for 24
hours: p<0.001; <0.001; <0.001, respectively, for 48 hours: p=0.001;
<0.001; <0.001, respectively) (Figure 3C). Statistical data for all groups
are presented in Table 2.

When TGF-B1 gene expressions were evaluated at 12, 24 and 48 h in
the 3D culture experiment, it was seen that the expression levels of
all groups decreased compared to the DMSO group. According to our
data, the expression level of the EA + CPT-11 group was found to be
statistically significantly decreased compared to the DMSO group in the
12 and 24 h applications (p=0.002; 0.045, respectively). In the 48-hour
application, this reduction was statistically insignificant (p>0.05) (Figure
4(). Statistical data for all groups are presented in Table 3.

TGF-B1 protein expressions in 2D and 3D cultures was also found
to be compatible with gene expression levels when evaluated by
immunocytochemical analysis (Figure 7). Briefly, TGF-B1 expression
levels were found to be highest in the DMSO group at 12, 24 and 48 h of
administration. In addition, it was determined that TGF-B1 expressions,
which are markers of angiogenesis and epithelial mesenchymal
transition (EMT), were decreased in the treatment groups and especially
in the combined group (EA + CPT-11) compared to the DMSO group.

Alteration of HIF1a Expressions on HeLa Cells in 2D and 3D Cultures

When HIF1a gene expressions were evaluated in the 2D culture
experiment, it was seen that the expression levels of all groups decreased
compared to the DMSO group. It was determined that the expression
level of the EA + CPT-11 group was statistically significantly decreased
compared with the DMSO group in only 12 h of application (p=0.008)
(Figure 3D). Statistical data for all groups are presented in Table 2.

When HIF1a gene expressions were evaluated in the 3D culture
experiment, it was seen that the expression levels of all groups
decreased compared to the DMSO group. It was determined that the
expression level of HIF1a in the EA + CPT-11 group was statistically
lowered compared to the DMSO group in all applications at different
times (p=0.031; 0.001; 0.001, respectively) (Figure 4D). Statistical data
for all groups are presented in Table 3.

When HIF1a protein expressions in 2D and 3D cultures were evaluated
by immunocytochemical analysis, it was found to be compatible
with gene expression levels (Figure 8). Briefly, HIF1a expression levels
were found to be decreased in all treatment groups compared to the
DMSO group in applications at different times. This decrease in HIF1a
expression, which promotes angiogenesis, was more pronounced in the
combination group than in the DMSO group, especially in 3D cells.

Elevated Expression of Bax and Decreased Expression of Bcl-2 in
Response to EA and CPT-11 + EA Treatment on HelLa Cells in 2D and
3D Culture

When the expression levels of the proapoptotic gene Bax were analyzed
in 2D culture experiments, it was seen that the Bax levels of all groups
increased compared to the DMSO group. In the 24 and 48 h applications,
it was found that the Bax level in the EA + CPT-11 group was statistically
important compared to the DMSO group (p=0.036; 0.045, respectively).
In addition, it was determined that the expression level of the lean
EA group increased statistically significantly compared with the DMSO
group in the 48-hour application (p=0.023) (Figure 3E). Statistical data
for all groups are presented in Table 2.

Table 2. Post-hoc pairwise comparisons for 2D cell culture

L Adjusted p-value

Pairwise groups :
MMP-2* MMP-9™ TGF-B1° HIF1a™ Bax™ Bcl-2"

DMSO vs. EA 0.021 0.321 0.039 0.270 0.105 1.000

12h DMSO vs. CPT-11 0.017 1.000 0.005 1.000 0.069 1.000
DMSO vs. EA + CPT-11 0.031 0.069 0.001 0.008 0.155 0.002

DMSO vs. EA 0.087 0.380 <0.001 1.000 0.069 0.535

24h DMSO vs. CPT-11 0.528 1.000 <0.001 1.000 1.000 1.000
DMSO vs. EA + CPT-11 1.000 0.014 <0.001 0.105 0.036 0.002

DMSO vs. EA <0.001 1.000 0.001 0.084 0.023 1.000

48 h DMSO vs. CPT-11 <0.001 0.056 <0.001 0.084 1.000 0.003
DMSO vs. EA + CPT-11 <0.001 0.005 <0.001 0.322 0.045 0.002

12hvs.24h 1.000 1.000 1.000 1.000 1.000 1.000

DMSO 12hvs. 48 h 1.000 1.000 1.000 1.000 1.000 1.000
24 hvs. 48 h 1.000 1.000 1.000 1.000 1.000 1.000

12hvs.24h 0.689 0.084 1.000 0.018 0.013 0.352

EA 12hvs. 48 h 1.000 0.992 0.809 0.150 0.187 1.000
24 hvs. 48 h 0.225 1.000 0.589 1.000 0.980 0.219

12hvs. 24 h 0.047 1.000 0.159 0.596 0.007 1.000

CPT-11 12hvs. 48 h 1.000 0.118 1.000 0.332 0.287 0.019
24 hvs. 48 h 0.076 0.024 0.482 0.332 0.509 0.092

12hvs.24h <0.001 0.013 <0.001 0.350 0.032 0.454

EA + CPT-11 12hvs.48h 0.471 0.187 <0.001 0.005 0.350 0.097
24 hvs. 48 h <0.001 0.980 <0.001 0.350 0.980 0.008

“ANOVA test, “Mann-Whitney U test, bolded values remain significant after correction for multiple comparisons (p<0.05)
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When Bax expression levels were analyzed in 3D culture experiments,
it was seen that the expression levels of all groups increased compared
to the DMSO group. In the 12- and 48-h applications, it was determined
that the EA + CPT-11 group expression level was statistically higher than
that of the DMSO group (p=0.006; 0.010, respectively). In addition, it
was determined that the expression level of the lean CPT-11 group
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increased statistically significantly compared with the DMSO group in
the 12-hour application (p=0.043) (Figure 4E). Statistical data for all
groups are presented in Table 3.

When the expression levels of anti-apoptotic gene Bcl-2 were analyzed
in 2D culture experiments, it was seen that the expression levels of all
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Figure 4. Relative gene expression of MMP-2 (A), MMP-9 (B), TGF-B1 (C), HIFT1a (D), Bax (E), and Bcl-2 (F) of all groups at different times in 3D Hela
cell cultures. Data (22 ratio to beta actin mRNA) are expressed as the mean relative to the DMSO group (mean: 1). *: p<0.05, vs. The DMSO

-

group (One-Way ANOVA with Bonferroni correction). *: p<0.05, vs. The DMSO group (Kruskal-Wallis test with Bonferroni correction post-hoc

test). All experiments were conducted four times.
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Table 3. Post-hoc pairwise comparisons for 3D cell culture

Pairwise groups

Adjusted p-value

MMP-2* MMP-9* TGF-B1" HIF1a" Bax™ Bcl-2"

DMSO vs. EA 0.002 0.128 0.259 1.000 1.000 0.006

12h DMSO vs. CPT-11 0.016 1.000 1.000 0.440 0.043 0.004
DMSO vs. EA + CPT-11 <0.001 0.003 0.002 0.031 0.006 <0.001

DMSO vs. EA <0.001 1.000 1.000 0.413 0.101 0.011

24 h DMSO vs. CPT-11 0.254 0.270 1.000 0.066 1.000 0.001
DMSO vs. EA + CPT-11 <0.001 0.128 0.045 0.001 0.101 <0.001

DMSO vs. EA 0.149 1.000 1.000 0.315 0.067 1.000

48 h DMSO vs. CPT-11 0.355 0.332 1.000 0.208 0.813 0.125

DMSO vs. EA + CPT-11 0.010 0.084 0.535 0.001 0.010 0.017

12hvs. 24 h 1.000 1.000 1.000 1.000 1.000 1.000

DMSO 12hvs. 48 h 1.000 1.000 1.000 1.000 1.000 1.000

24 hvs. 48 h 1.000 1.000 1.000 1.000 1.000 1.000

12hvs. 24 h 0.931 0.072 0.548 0.272 0.225 0.743
EA 12hvs. 48 h 0.122 0.043 0.484 0.139 0.053 <0.001
24 hvs. 48 h 0.664 1.000 1.000 1.000 1.000 <0.001

12hvs. 24 h 0.222 1.000 1.000 1.000 0.005 0.329

CPT-1 12hvs. 48 h 0.919 1.000 1.000 1.000 0.338 1.000

24 hvs. 48 h 1.000 1.000 1.000 1.000 0.338 0.166

12hvs. 24 h 0.013 0.043 0.413 0.001 0.234 1.000

EA + CPT-11 12hvs. 48 h 0.021 0.072 0.154 <0.001 0.720 0.217

24 hvs. 48 h 1.000 1.000 1.000 1.000 1.000 0.186

"ANOVA test, “Mann-Whitney U test, bolded values remain significant after correction for multiple comparisons (p<0.05).

EA CPT-11

EA+CPT-11

Figure 5. Representative images of MMP-2 immunoexpressions of
Hela cells in 2D planar culture (A) and 3D constructs (B) at 12, 24
and 48 h treatments (AEC & hematoxylin).

EA+CPT-11

Figure 6. Representative images of MMP-9 immunoexpressions of
Hela cells in 2D planar culture (A) and 3D constructs (B) at 12, 24

and 48 h treatments (AEC & hematoxylin).
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groups decreased compared to the DMSO group. The expression level of
the EA + CPT-11 group was found to be statistically significant compared
to the DMSO group in the 12, 24, and 48 h applications (p=0.002; 0.002;
0.002, respectively). In addition, it was determined that the expression
level of the lean CPT-11 group was statistically significantly decreased
compared with the DMSO group in the 48-hour application (p=0.003)
(Figure 3F). Statistical data for all groups are presented in Table 2.

When Bcl-2 expression levels were analyzed in 3D culture experiments,
it was seen that the expression levels of all groups decreased compared
to the DMSO group. It was determined that the expression level of the
EA, CPT-11, and EA + CPT-11 groups decreased statistically significantly
in 12 and 24 h applications compared to the DMSO group (for 12 hours:
p=0.006; 0.004; <0.001, respectively, for 24 hours: p=0.011; 0.001;
<0.001, respectively). In addition, the expression level of the EA + CPT-
11 group was found to be statistically significantly decreased compared
with the DMSO group in the 48-hour application (p=0.017) (Figure 4F).
Statistical data for all groups are presented in Table 3.

When Bax protein expressions in two- and three-dimensional cultures
were evaluated by immunocytochemical analysis, they were found
to be compatible with gene expression levels (Figure 9). Briefly, Bax
expression levels were found to be increased in all groups compared
with the DMSO group. Contrary to Bax protein, Bcl-2 protein expression
was found to be highest in the DMSO group (Figure 10). Especially in the
combined group (EA + CPT-11), the expression of anti-apoptotic gene
Bcl-2 was significantly decreased compared to the DMSO group.

DISCUSSION

Cancer is defined as a disease resulting from disruption of the balance
of cell death and proliferation. Today, with the increase of carcinogenic
agents, the incidence of cancer and the number of related deaths

CPT-11 EA+CPT-11

are also increasing.” The semi-synthetic camptothecin derivative CPT-
11 is obtained from Camptotheca acuminate. This drug has a great
antitumoral effect on many tumors such as lung, ovarian, colorectal,
and cervical cancer. In addition, toxicology studies have shown that
they have widespread toxic effects in the hematological system and
lymphoid organs. Myelotoxicity, neutropenia, thrombocytopenia, and
anemia are among the most serious toxic effects. Hematological side
effects are dose-dependent. In a study investigating cell proliferation,
cell migration, and cell cycle in Hela cells, researchers found the lethal
dose of CPT-11 to be 78.5 ug/mL.5"In our study, we determined the IC_|
dose of CPT-11 applied to 2D and 3D Hela cells as 57.8 uM, and 94 uM,
respectively.

Phytochemicals are useful in cancer prevention because they
simultaneously target multiple pathways active in cancer
progression. For improved cancer management and therapy,
combining phytochemicals with anticancer medications may be a
novel and very effective therapeutic approach. When taken alone,
commercial medications can be more successful when combined
with phytochemicals that are comparatively less harmful."'? Previous
research has shown that the phenolic component EA, which is generated
from plants and is present in raspberries and other plant foods, has
strong anticarcinogenic properties.”>'In a study, it was claimed that EA
caused human cervical cancer Ca Ski cells to go into GO/G1 arrest and
eventually die.” In vivo and in vitro studies, EA has been demonstrated
to be a potent antioxidant with free radical scavenging ability, anti-
aging, anti-proliferative, anti-fibrotic, anti-atherosclerotic, anti-cancer
and anti-mutagenic properties.”" In this study, we demonstrated the
time-dependent effects of EA and its combination with irinotecan on
Hela cells. In a study examining the effect of different doses of EA (5,
25 and 50 pM) on the cell cycle, histogram findings demonstrated that
EA mostly inhibited the cell cycle by dose-dependently arresting cells in

DMSO CPT-11 EA+CPT-11
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Figure 7. Representative images of TGF-B1 immunoexpressions of
Hela cells in 2D planar culture (A) and 3D constructs (B) at 12, 24
and 48 h treatments (AEC & hematoxylin).
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Figure 8. Representative images of HIF1a immunoexpressions of
Hela cells in 2D planar culture (A) and 3D constructs (B) at 12, 24
and 48 h treatments (AEC & hematoxylin).
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the GO/G1 phase."® Li et al.” used a variety of human cervical cancer cell
lines (Hela, SiHa and C33A) in their study, they showed that EA applied
to cell cultures at 10, 20 and 30 uM doses inhibited cell proliferation
at a statistically significant level. In our study, we determined the IC
dose of EA applied to 2-dimensional Hela cells as 45.4 uM, and 120 uM,
respectively.

Studies have demonstrated that EA suppresses angiogenesis-related
markers in tumor tissues, including COX-2, HIF1a, VEGF, VEGFR, and
IL-8, as well as inhibits the metastatic markers MMP-2 and MMP-9. In
studies, it has been shown that tumor metastasis and development can
be suppressed by the EMT mechanism in this way.?’ In a study, it was
shown that EA significantly inhibited the migration of human ovarian
carcinoma A2780 cells. In the same study, EA administered at doses
of 10 and 15 ug/mL significantly downregulated the expression levels
of MMP-2 and -9. In the in vivo part of the same study, it was stated
that EA caused a significant decrease in the weight and volume of the
tumor. The immunohistochemical findings of the study also showed
that by reducing the expression of MMPs, EA had anticancer properties.
In addition, the antitumor properties of EA were confirmed by serum
ELISA analysis.”'

A study with human and rat prostate cancer cell lines showed that EA
treatment slightly reduced MMP-2 secretion but did not affect the MMP-
9 expression.? In our study, it was determined that the levels of MMP-2
and -9 were highest in the DMSO group at 12, 24 and 48 h of treatment.
In addition, it was determined that the expression of MMPs, which are
markers of metastasis, decreased in the treatment groups and especially
in the combined group (EA + CPT-11) compared to the DMSO group.

The characteristics of the tumor microenvironment, such as the
synthesis of TGF-B, probably contribute to the induction of EMT even
though it is a multistep process with complicated mechanisms.

EA+CPT-11

In vitro results of a study revealed that partial inhibition of TGF-B1
must reduce the migration of cancer cells and induce apoptosis.?* In
a study, it was reported that EA induces cell cycle arrest in MCF-7 cells
through TGF-B/Smad3 signaling.?

Recent findings have shown the role of HIF1la and TGF-B1 in the
development in tumors.?2?® Even though research suggests that HIF1a
and TGF-B may cause EMT, further research is still needed to fully
understand how HIF1a and TGF-B interact and how this interacts
with EMT in cervical cancer. In our study, it was determined that
TGF-B1 expression levels were highest in the DMSO group in 2D and
3D cultures in applications with varying durations. In addition, it was
determined that TGF-B1 expressions, a marker of angiogenesis and
EMT, was decreased in the treatment groups and especially in the
combined group (EA + CPT-11) compared to the DMSO group.

Detecting intra-tumor oxygen tension, HIF1 promotes the activation
of hypoxia-related reactions implicated in cancer progression, such
as proliferation, metabolism, angiogenesis, invasion, metastasis, and
treatment resistance.?® The upregulation of HIF1a activity promotes
tumor-associated angiogenesis and thus tumor cell survival and
proliferation in solid tumors.?’2% In a study, it was shown that EA
decreased HIF1a in lung cancer cells and tumor tissues.? Numerous
studies link elevated levels of HIF1a expression to the emergence
and spread of various malignancies. Inhibiting HIF1a is therefore
a promising anticancer therapy.*®*' Since angiogenesis plays an
important role in tumor growth,** we tried to determine the effects
of EA, CPT-11, and their combination on angiogenesis by determining
HIF1a expression levels in cancer cells by RT-PCR and intraclass
correlation coefficient analyses. In our study, HIF1a expression levels
were decreased in all treatment groups compared with the DMSO
group in applications for varying durations. Although this decrease

EA+CPT-11

DMSO CPT-11

2D

3D

Figure 9. Representative images of Bax immunoexpressions of
HeLa cells in 2D planar culture (A) and 3D constructs (B) at 12, 24
and 48 h treatments (AEC & hematoxylin).

Figure 10. Representative images of Bcl-2 immunoexpressions of
Hela cells in 2D planar culture (A) and 3D constructs (B) at 12, 24
and 48 h treatments (AEC & hematoxylin).
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was not significant in 2D cultures, this decrease in HIF1a expression
level in 3D cultures was significantly higher in the combined group
than in the DMSO group.

Promoting the synthesis of pro-apoptotic members of the Bcl-2
family and suppressing the expression of anti-apoptotic members are
crucial in terms of increasing the effectiveness of chemotherapy and
radiotherapy. It has been shown that Bax, one of the pro-apoptotic
members of the Bcl-2 family, is suppressed in various cancers, and
that promoting Bax expression also creates susceptibility to apoptosis
in tumors.>3* According to studies, EA causes cancer tissue to express
less antiapoptotic protein Bcl-2 and more proapoptotic protein
Bax. Likewise, while EA increases the level of active caspase-3, it
decreases the expression of proliferation markers such as Ki67 and
PCNA. In this way, tumor development with apoptotic mechanisms
can be suppressed by EA.?° In the study of Li et al.”®, it was revealed
by flow cytometric and cell cycle analyzes that EA stopped the cell
cycle in G1 phase and induced cell apoptosis in Hela cells. In one
study, Hela cells were treated with 25 uM dose of curcumin and EA
for 24 hours. It has been demonstrated that the anticancer effects of
this combination are superior to those of either medication alone.
In the study, curcumin and EA restored p53, induce ROS generation
and DNA damage. Immunocytochemical analysis in the study showed
that EA and curcumin did not alter the expression of Bax. However,
it was stated that the combination of curcumin and EA showed
higher Bax expression in cells.®> In our study, it was determined that
Bax expression levels increased in all groups after 12, 24 and 48 h of
treatment compared with the DMSO group. Contrary to Bax protein,
Bcl-2 protein expression was found to be highest in the DMSO group.
Especially in the combined group (E+ CPT-11), the expression of
antiapoptotic gene Bcl-2 was significantly decreased compared to the
DMSO group.

CONCLUSION

In the study, it was shown that the expressions of MMPs, TGF-B1 and
HIF1a were significantly inhibited in Hela cells treated with EA and
treated with the combination of CPT-11. In addition, the increase
in proapoptotic Bax level with the treatment and suppression of
antiapoptotic Bcl-2 expression were revealed as another important
finding of EA and combined treatment. From these results, we can
conclude that EA can reduce the invasion of cervical cancer cell lines
and increase apoptosis through modulation of MMP activity, TGF-B1
and HIF1a levels. Therefore, EA can be used as an adjuvant therapy
for cervical cancer.

MAIN POINTS

* Cervical cancer is an important public health problem worldwide
with a high incidence rate.

Ellagic acid downregulated the expression of MMPs, TGF-B1 and
HIF1a in Hela cells.

While ellagic acid increased the proapoptotic Bax expression level in
Hela cells, it suppressed the antiapoptotic Bcl-2 expression.

These data indicate that ellagic acid would be a good candidate for
additional preclinical studies for the treatment of human cervical
cancer.
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Abstract

BACKGROUND/AIMS: Group A beta-hemolytic streptococcus (GAS) Streptococcus pyogenes can cause benign to life-threatening infections such
as pharyngitis, rheumatic fever, and acute glomerulonephritis. Asymptomatic carriers of GAS are a reservoir for transmission. The main aims of
this study were to ascertain rates of asymptomatic carriage in adults in North Cyprus to prevent outbreaks and fatal complications and to gain
insight into the risk factors for carriage in individuals with rheumatic and cardiovascular disease.

MATERIALS AND METHODS: This prospective study included 307 participants and was conducted from April 2019 to December 2019. The
pharyngeal samples were collected from five districts of North Cyprus. Throat cultures were performed followed by rapid strep A antigen tests,
catalase tests, gram staining, Lancefield latex agglutination, pyrrolidonyl arylamidase, bacitracin sensitivity, and trimethoprim-sulfamethoxazole
resistance tests on subcultures.

RESULTS: In 307 participants, an asymptomatic prevalence rate of 4.9% was found. A higher and statistically significant (p<0.05) risk of GAS
carriage was found in participants with rheumatoid and cardiovascular disease and in health care workers aged 18-29.

CONCLUSION: In North Cyprus, this is the first study to randomly sample a broad selection of the population for GAS pharyngeal carriage A
higher risk of GAS carriage was found among participants with rheumatic and cardiovascular disease, in healthcare workers, and in the 18-29
years old age group, indicating the possibility of GAS hospital outbreaks and emphasizing the importance for outbreak prevention of screening
of individuals with underlying diseases, and in school and healthcare settings.

Keywords: Streptococci, S. pyogenes, GAS, asymptomatic carriers

INTRODUCTION each year.! The transmission of GAS is exclusively human-to-human with
respiratory droplets from the oropharynx largely being responsible.>*
Asymptomatic carriers are a reservoir for GAS transmission; therefore, it
is crucial to identify carriers to prevent outbreaks and reduce the threat
of serious infections acquired from these carriers.

Group A beta-hemolytic streptococcus (GAS) (Streptococcus pyogenes)
colonizes the skin and oropharynx and can cause a significant illness
in humans. It is a coccoid Gram-positive bacterium capable of causing
illnesses ranging from self-limiting to life-threatening, making it an
important organism for research. The annual rate of mortality from GAS- The main virulence factor for GAS is the M protein, which is a major
related infections is 517,000 and the rate of new cases is 1.78 million antigen and is therefore a target for vaccine development. However, it

To cite this article: Kumsal R, Yilmaz S, Etikan I, Celik E. Asymptomatic Group A Beta Hemolytic Streptococcal Pharyngeal Carriage in North
Cyprus. Cyprus ] Med Sci 2023;8(3):184-189

ORCID IDs of the authors: R.K. 0000-0003-2060-5544; S.Y. 0000-0002-5985-7629; I.E. 0000-0001-9171-8269; E.C. 0000-0003-4962-9697.

= [®] Address for Correspondence: Esref Celik Received: 03.02.2022
. E-mail : esref.celik@neu.edu.tr Accepted: 13.12.2022
x ORCID ID: orcid.org/0000-0003-4962-9697

[=]t
Copyright 2023 by the Cyprus Turkish Medical Association / Cyprus Journal of Medical Sciences published by Galenos Publishing House.
orenaccess  Content of this journal is licensed under a Creative Commons Attribution 4.0 International License

I 184


https://orcid.org/0000-0003-2060-5544
https://orcid.org/0000-0002-5985-7629
https://orcid.org/0000-0001-9171-8269
https://orcid.org/0000-0003-4962-9697

Cyprus ] Med Sci 2023;8(3):184-189

Kumsal et al. Asymptomatic Group A Beta-Hemolytic Streptococcus Carriage in North Cyprus

has a highly variable structure, which complicates antigenic targeting.
The emm gene encodes M protein. The emm type is an important factor
in what kind of disease is produced, and the emm type distribution
varies by country according to geographical and economic position.>®
More than 200 emm types exist, which belong to two main divisions:
Class 1 and class 2. M proteins belonging to class 1 are associated with
acute rheumatic fever outbreaks. This is because antibodies targeting
certain regions of M proteins can crossreact with cardiac myosin
causing rheumatic heart disease (RHD). Specific M types are associated
with serious complications including necrotizing fasciitis, sepsis, and
rheumatic sequelae.>®

M protein plays an important role in the inhibition of phagocytosis
and opsonization of GAS. It can bind the Fc domain of antibodies and
block the complement cascade through a variety of other mechanisms
preventing complement C3b binding and formation of the membrane
attack complex. M protein is also important in mediating the adhesion
of GAS to the host cell.>*

GAS causes suppurative and nonsuppurative infections. Pharyngitis,
impetigo, scarlet fever, cellulitis, necrotizing fasciitis, toxic shock
syndrome, and sepsis are suppurative infections. Non-suppurative post-
sequelae include acute glomerulonephritis and rheumatic fever.”

Asymptomatic carriers were defined as having GAS in the posterior
pharynx without illness, i.e., throat culture shows a positive result
in the absence of symptoms. An additional criterion required in this
study for a carrier to be considered asymptomatic is a negative test
for the antibodies anti-deoxyribonuclease B, anti-streptolysin-0, and
anti-hyaluronidase.® It is important to differentiate asymptomatic
carriers from cases with symptomatic disease. This is crucial for correct
treatment. For asymptomatic carriers, treatment may be necessary in
special situations such as outbreaks in communities of GAS invasive
disease, pharyngitis, rheumatic fever, or glomerulonephritis and in
families with a history of rheumatic fever.

Several theories have been presented to explain the asymptomatic
carriage of GAS, including internalization of GAS into epithelial cells and
growth of GAS in biofilms.®'® All these theories suggest mechanisms by
which GAS can evade antibiotic treatment.

A total of 307 volunteers were selected from the five main districts of
North Cyprusforthis study and analyzed for GAS pharyngeal carriage. The
purpose of this research is to determine the rate of GAS asymptomatic
pharyngeal carriage in North Cyprus to better understand the risk of
outbreaks and to reduce the risk of serious complications.

MATERIALS AND METHODS
Ethical Approval

This study was approved by the Near East University Institution
Ethics Evaluation Board (approval number: YDU/2019/67-768 date:
28.03.2019).

Participants and Study Design

This study is a prospective study conducted from April 2019 to
December 2019. A total of 307 healthy adult participants were
randomly selected from the five districts of North Cyprus: Nicosia,
Famagusta, Kyrenia, Trigomo, and Lefke. Medical and non-medical
salaried workers aged 18 to 65 years located in regional hospitals or

medical faculties and long-term local residents of the five districts
(regardless of occupation) were included in this study. Pharyngeal
specimens were collected from all participants. Participants were
presented with a questionnaire that asked for information including
age, gender, nationality, area of residence, and occupation. Medical
information was also required including whether they smoked, used
alcohol, had any history of cardiovascular and rheumatic disease, had
any respiratory or sleeping disorders, presence of tonsillectomy surgery,
and had any usage of unprescribed antibiotics. All participants included
in the study also signed a consent form.

Laboratory Studies

Swab samples were taken from the posterior pharynx and tonsils of
the participants using sterile swabs. The collected specimens were
immediately transferred to the Baskent Private Hospital microbiology
laboratory for screening and analysis of GAS using several standard
microbiological and serological methods for detection of GAS carriage.
Collected specimens were inoculated into 5% defibrinated sheep blood
agar (SBA) (Condalab, Madrid, Spain) and incubated for 24-48 hours at
37 °C and tested with Vesrapido, an in vitro rapid immunochromato-
graphic strep A antigen test (Vesta medikal, istanbul, Tiirkiye). The
test was performed according to the manufacturer’s instructions. The
manufacturer claims a sensitivity of 94,3% and a specificity of 100% for
group bacteria in throat samples. After 24 h, the plates were examined
for beta hemolysis, and positive colonies were considered as potential
GAS and subjected to further analysis. Suspected colonies were subjected
to a catalase test and Gram-staining (Premed, istanbul, Tiirkiye).
The catalase test differentiates catalase-positive Staphylococcaceae
and  Micrococcaceae  from  catalase-negative  Streptococcaceae
and Enterococcus spp. GAS are catalase negative and their morphology is
gram positive with cocci arranged in chains. Catalase-negative colonies
confirmed by Gram-staining were subcultured into 5% SBA for 24 h at
37°C. The cultures were tested for sensitivity to the antibiotic bacitracin
to differentiate beta hemolytic group A streptococci (Streptococcus
pyogenes-susceptible) and susceptible micrococci  from  beta
hemolytic non-group A Streptococci. These were used together with a
sulfamethoxazole/trimethoprim (SXT) antibiotic disc susceptibility test
to detect group beta hemolytic streptococci, which are SXT resistant.

Bacitracin Susceptibility Test Discs (Bioanalyse, Ankara, Turkiye) and in
conjunction with it, SXT Susceptibility Test Discs (Bioanalyse, Ankara,
Tirkiye) were placed on subcultures growing on SBA and incubated
for 24 hours at 37 °C. Colonies that were both bacitracin sensitive
and SXT resistant were subsequently analyzed with a pyrrolidonyl
aminopeptidase (PYR) test kit (Bioanalyse, Ankara, Tirkiye). PYR is
used for the detection of PYR (also called PYR) activity in group A strep
Streptococcus pyogenes), Enterococcus spp., some coagulase-negative
Staphylococci, and some Enterobacteriaceae.

PYR-positive colonies were classified using the Lancefield latex
agglutination test (Strep Test Kit, Plasmatec, Bridport, UK) to assign
group A beta-hemolytic Streptococci to Lancefield groups.

Statistical Analysis

Statistical analysis was performed using the IBM Statistical Package for
the Social Sciences software demo version 26.0 (SPSS Inc, Chicago, USA).

Potential risk factors for GAS carriage were identified using a
questionnaire. Outcome measures were stratified using several
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characteristics: participants age/s, gender, nationality, medical history
of certain diseases such as cardiovascular and rheumatic diseases,
occupational risk factors such as nature of work, factors of influence
such as antibiotic usage, and the prevalence of asymptomatic GAS
carriage alongside sociodemographic data. Outcome measures were
expressed as summary point prevalence percentages (number of
subjects having the diseases at a time point/total number of subjects
in the population) with 95% confidence intervals (Cls). Chi-square test
was used for statistical analysis (2 * 2 layouts). If any of the expected
frequencies was less than 5, Fisher’s exact chi-square test was used
instead. Odds ratios related to variables were also calculated and given
with 95% Cls.

RESULTS

This study included 307 healthy adult individuals. Sample
collection and data analysis were performed from April 2019 to
December 2019. Participants were randomly selected from the
salaried personnel (medical and non-medical) in the regional hospitals
or medical schools and from long-term local residents regardless of
occupation living in the five main districts of North Cyprus and tested
for GAS pharyngeal carriage. Participants under 18 years were excluded
from the study, while hospital personnel were included only within the
age range from 18 to 65 years. Pharyngeal specimens were collected
from the participants and analyzed in the Baskent Private Hospital
microbiology laboratory for GAS.

All participants completed a questionnaire. Potential risk factors
for GAS carriage were identified, documented, and analyzed by the
questionnaire which included basic demographic data as well as
questions regarding medical history.

The overall rate of group A beta-hemolytic streptococci pharyngeal
carriage was found to be 4.9% (307/15) (Table 1). Among the
participants, 102 (33.2%) were males and 205 (66.8%) were females.
4.9% of males and 4.8% of females were GAS positive. There was no
significant correlation between gender and the rate of GAS carriage
p>0.05, t-test) (Table 2).

Participants were divided into the following age groups: 18-29 years
old (63, 20.5%), 30-39 years old (50, 16.3%), 40-49 years old (52, 16.9%),
50-59 years old (69, 22.5%), and >60 years old (73, 23.8%). GAS carriage
differences between age groups were not statistically significant
(p>0.05, t-test) (the groups are included in Table 2).

The majority of participants were of Cypriot nationality (268, 87.3%).
Other nationalities were also included (39, 12.7%). Row percentage
of GAS carriage for Cypriots was 4.1% and for other nationalities was
10.26%. Statistical analysis using a chi-square test showed that GAS
carriage did not differ significantly between nationalities (Cypriot vs.
other) (p>0.05). In contrast, the odds ratio [odd ratio (OR): 2.67] showed
that there was a higher risk of GAS carriage in other nationalities.

Participants were distributed between districts as follows: Nicosia (155,
50.5%) had the highest rate of GAS positivity, Famagusta and Trigomo
(54,17.6%), Kyrenia (47, 15.3%), Lefke and Omorfo (51, 16.6%). Chi-square
test results showed no statistical significance between the distribution
of GAS carriage between different districts (p>0.05) (Table 2).

222 (72.3%) participants used prescribed antibiotics, while 85 (27.7%)
participants used unprescribed antibiotics. The difference in rates of
GAS pharyngeal carriage between these groups was not statistically
significant (p>0.05) (chi-square test) (Table 2).

The risk of GAS carriage in participants with rheumatic disease (row
percent of GAS positivity was 21.4%) or cardiovascular disease (row
percent of GAS positivity was 15%) was found to be higher relative to
other participants and each one was individually statistically significant
(p<0.05) (Table 2). Participants with rheumatic disease were found to
have a 6 times higher risk (OR: 6.386) and with cardiovascular disease a 4
times risk (OR: 4.044) of GAS pharyngeal carriage than participants who
had neither rheumatic nor cardiovascular disease (Table 2). There were
no cases with the presence of both conditions in a single individual, so
the combined risk of GAS carriage could not be measured.

Participants were divided by occupation into healthcare workers
(79, 25.7%) and other occupational areas (228, 74.3%). There was no
statistical significance observed by the use of the chi-square test
between the occupational areas and GAS carriage of the participants
over the entire study group (p>0.05) (Table 2). However, there was a
statistical significance observed (p<0.05) between the occupational
status of the participants within the age group 18-29 years old and GAS
pharyngeal carriage (Table 3). The p-value was found to be 0.04 using
the Fisher’s exact chi-square test, a statistically significant result.

DISCUSSION

This study examined the rate of GAS asymptomatic carriage among 307
adult individuals living in North Cyprus. The overall carriage rate was
found to be 4.9% (Table 1). To our knowledge, this is the first large-
scale study conducted in North Cyprus to identify asymptomatic GAS
carriers. One study of GAS carriage was previously conducted in North
Cyprus. However, that study investigated the rate of GAS only among
140 pharmacy students from Iran, Syria, Iraq, and Nigeria in a particular
university." The carriage rate was found to be 4.6%, which was similar
to the current study that sampled a more representative population.

In the existing literature, there are only a limited number of studies of
GAS carriage in adults. In a meta-analysis study, membership status in
the National Organization for Economic Cooperation and Development
(OECD), which consists mostly of high-income countries, was used to
classify populations by socioeconomic position.* The prevalence rate
of GAS carriage among adults was compared at the country income
level between OECD and non-OECD studies. In OECD studies, the adult
prevalence of GAS was 2% and in non-OECD studies 4.6%. This study

Table 1. Rate of GAS carriers identified in 307 participants

GAS pharyngeal carriage

Frequency, (n)

Percentage, (%)

Negative 292 95.1
Positive 15 49
Total 307 100.0

GAS: Group A beta-hemolytic streptococcus.
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Table 2. Description of GAS pharyngeal carriage among participants

Variable N, =307, (n, %) GAS positive, N, =15, (n, %)* | p-value® 0dds ratio
Gender

Female 205 (66.8) 10 (4.9)

Male 102 (33.2) 5 (4.9) 0.993 10052
Age in years

18-29 63 (20.5) 4(6.3)

30-39 50 (16.3) 3(6.0)

40-49 52 (16.9) 2(3.8)

50-59 69 (22.5) 3(4.3) 0.953

>60 73(23.8) 3(4.1)

Nationality

Cypriot 268 (87.3) 11 (4.1)

Other nationality 39 (12.7) 4(10.3) 0.0% 26701
Region

Nicosia 155 (50.5) 10 (6.45)

Famagusta + trikomo 54 (17.6) 1(1.85)

Kyrenia 47 (15.3) 1(.13) 0429

Lefke + omorfo 51 (16.6) 3(5.88)

Rheumatoid disease 14 (4.6) 3(21.4) 0.003 6.384
Cardiovascular disease 20 (6.5) 3(15) 0.030 4.041
Occupation

Healthcare 79 (25.7) 7 (8.86)

Other 228 (74.3) 8 (3.50) 0.057 0374
Antibiotic usage

Prescribed 222 (72.3) 11 (4.95)

Unprescribed 85 (27.7) 4 (4.71) 0.928 106
aRow percent, "Comparison of GAS positive against negative tested variables, GAS: Group A beta-hemolytic streptococcus.

Table 3. Description of GAS pharyngeal carriage among occupational areas within the age group 18-29

Age range 18-29

Occupational area Frequency (n) Percentage (%) GAS frequency (n) GAS percentage (%) p/OR
Healthcare 16 4.8 3 20.6 p<0.05
Other 47 1.6 1 73.0 OR: 3.119
0dds of observing GASy e in other/healthcare=2.674, GAS: Group A beta-hemolytic streptococcus.

showed similarity with the GAS prevalence rate in studies conducted
in non-OECD countries.*

In this study, participants were consulted for the presence of
rheumatoid disease, cardiovascular disease, sleeping disorders, and
respiratory illnesses. We analyzed the risk factors for GAS carriage
in individuals with rheumatoid and cardiovascular diseases. Higher
risk and statistically significant GAS carriage was found among
participants with rheumatoid and cardiovascular diseases (Table 2).
GAS carriage is mainly known to cause pharyngitis.

Proper diagnosis and treatment of symptomatic pharyngitis caused
by GAS is important for prevention of post sequelae complications
including rheumatic fever and RHD. ARF causes damage to the
heart and is still a problem in low- and middle-income countries
worldwide."®'2 GAS carriage becomes important when there is a risk
of a carrier developing these or other nonsuppurative complications

such as acute glomerulonephritis or when there is a risk of the
carrier spreading GAS to other people. Out of 33.4 million patients
with RHD worldwide, 275,000 cases are fatal, while 9 million cases
result in disability, with most of these cases occurring in developing
countries." In the world, there are 33.4 million patients with RHD."

Therefore, it is important to carry out emm typing® to understand
emm prevalence in North Cyprus. A reduced number of participants
with clinical outcomes may have caused the lower accuracy in
statistical terms.

The skin and the nasopharyngeal mucosa are the primary reservoirs
for asymptomatic maintenance and transmission of GAS. GAS persists
in saliva for an extended period or can reside in the skin tissue of
an infected person. GAS is therefore transmitted from an infected
person or an asymptomatic carrier by respiratory droplets or skin-skin
contact.°Many participants in our study were identified as healthcare
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workers (79, 25.7%). The GAS carriage of healthcare workers within
the age range of 18-29 (4.8%) was statistically significantly different
from other occupations (p<0.05, OR: 3.119). Odds of observing GAS-
negative cases in other occupational groups were 2,674 times higher
than in the health care occupational group, suggesting that young
healthcare workers are at high risk of GAS carriage. The healthcare
workers, due to their occupation, were normally in close contact
with patients. Family members or patients admitted to hospitals
are in close contact with health workers in clinical settings, leading
to an increased risk of subsequent infection. Infection of health
workers, even if asymptomatic, would can drive hospital outbreaks.®
Eradication of GAS carriage in healthcare settings is therefore
needed to prevent transmission to patients.” More studies should be
conducted in healthcare occupations as the risk of outbreak is high.
The risk of GAS carriage is higher in individuals with rheumatoid or
cardiovascular diseases requiring additional precautions in these
groups.

CONCLUSION

We aim to gain insight into the high risk of GAS carriage in this
community-level study of adult subjects. There are not many
previous studies of adult asymptomatic GAS carriage. In contrast,
many previous studies have investigated the asymptomatic carriage
of GAS in children.? The asymptomatic carriage rate among adults
provides crucial information needed to prevent outbreaks along with
their potential for serious complications and for an epidemiologic
understanding of GAS carriage.

GAS is a global health problem that can cause self-limiting to serious
life-threatening complications. Mortality from GAS - related infections
is at a critically important rate (about 517,000 annually) and 1.78
million new cases of GAS infection are reported each year.! More
studies are needed, especially in healthcare settings and schools. To
gain better insights into disease outcome and to understand the risk
of GAS in North Cyprus, more studies including emm typing analysis
should be conducted. The extension of such screening programs
for GAS carriage to newcomers may serve as an effective preventive
measure to avoid GAS transmission.

MAIN POINTS

* The first large-scale study conducted in North Cyprus for
identification of adult asymptomatic carriers of GAS (4.9%).

» Showed the importance of screening especially for prevention of
outbreaks and fatal complications related to GAS.

* Analyzed the risk factors for GAS carriage in individuals who had
rheumatoid and cardiovascular disease.

* Our findings suggest that more studies are needed in North Cyprus,
especially in health institutions and schools to understand the
prevalence of asymptomatic GAS.
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Abstract

BACKGROUND/AIMS: The coronavirus disease-2019 (COVID-19) outbreak has taken its toll on individuals’ mental health and physical health
worldwide. Nurses, who play a key role in patient care, experience greater fear and anxiety due to their high-risk exposure to COVID-19 infection.
This also leads to anxiety among undergraduate nursing students. This study aimed to determine the validity and reliability of the “Fear of
COVID-19 Scale (FCV-19S)” for Turkish nursing students.

MATERIALS AND METHODS: The study was conducted with 351 nursing students from two different universities in Tirkiye between May and
June 2020. Participant characteristic form and the Turkish version of FCV-19S were utilized to gather the data. Psychometric tests including
language validity, content validity, and reliability analyses were performed.

RESULTS: The item total test correlation of all items varies between 0.537 and 0.637. The Explanatory Factor Analysis made to detect the factor
design of the scale found the threshold factor loading value as 0.40. The scale’s 7 items and single sub-dimension were related to the scale
structure to to the Confirmatory Factor Analysis. The scale Cronbach’s alpha value was determined as 0.833. The test-retest results, performed
to determine the time invariance, revealed a high level of correlation between the two measurements with the Pearson correlation coefficient
(r=0.734; p<0.05).

CONCLUSION: A valid and reliable measurement tool was provided to Tiirkiye to assess nursing students’ fears of COVID-19. The Turkish version
of the scale can be utilized as a substantial and reliable estimation device in detecting the fear of coronavirus in nursing students.

Keywords: Coronavirus, COVID-19 fear, scale, nursing, validity and reliability

INTRODUCTION the announcement of the outbreak as a pandemic by the “World Health

. . . o e Organization”."?
The infection, first appearing in “Wuhan”, “China” in December

2019 due to the new type of Coronavirus, was termed as coronavirus
disease-2019 (COVID-19) and rapidly spread all over the world." Ttirkiye
announced its first COVID-19 case on March 10, 2020, one day before

The speedy spread of the disease through respiratory droplets, mortality
rate, uncertainty of the treatment process, social distance, and hygiene
measures such as the use of surgical masks and handwashing have
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had significant impacts on social life. All these measures to control
the pandemic have caused negative feelings like fear, anxiety,
anger, boredom, disappointment, guilt, desperation, loneliness and
irritability among individuals.> The publication of alarming images
of COVID-19 patients (intensive care process, death cases, etc.) on
social media and the fact that most people can easily access these
images via their smartphones has caused Fear of COVID-19 in society.*
The uncertainty of when the pandemic will end, isolation, negative
economic impacts, change in daily living habits, and the prevalence
and diversity of news about the disease on social media are among
other factors leading to fear at the individual and social level 23>

Too much fear may result in negative consequences for the people
such as mental health issues and anxiety and social levels such
as panic exchange or xenophobia, whereas too little fear can also
be dangerous for the people and society (for example, failure to
comply with national precautions to decelerate the dissemination
of COVID-19 and neglect of risks). Moreover, fear triggers protective
behaviors that can reduce specific threats (for example, washing
dirty hands); however, paradoxically, it can also increase fear (e.g.
contamination worries and health anxiety).®

Healthcare professionals have an increased risk of infection due to
long working hours, increased workload, not getting enough rest,
lack of motivation, anxiety, and stress.” This is also an important
factor that triggers fear and anxiety among students studying in
health departments. “Cao et al.®” found that 21.3% of the participants
reported slight anxiety, 2.7% moderate anxiety, and 0.9% strong
anxiety in medical school students in China. Another study reported
that both nurses and nursing students experienced fear and anxiety
due to COVID-19, although the fear experienced was higher among
graduate/working nurses than among nursing students. However,
it was stated that the students developed more negative coping
strategies despite problems.® In a study of “Savitsky et al.’®” revealed
that 42.8% of the nursing students experienced moderate anxiety
and 13.1% experienced severe anxiety. It is important for nursing
students to adopt solution-oriented approaches in such crises
before starting their professional life. To achieve this, it is essential to
define the Fear of COVID-19 among nursing students with a suitable
assessment tool. The COVID-19 fear scale was translated into Turkish
by various studies. However, these studies included all individuals
aged 18 years and older in the sample group to cover the general
Turkish society. It is not specific to a particular group and these studies
suggest repeating the study in specific groups.2"" It is significant
to assess the Fear of COVID-19 in nurses and nurse candidates
who are in the highest risk group in the COVID-19 pandemic. This
situation reveals the need to assess the validity and reliability of
this scale for this group. Therefore, this study was applied to assess
the psychometric properties of Fear of COVID-19 Scale (FCV-199) in
Turkish nursing students.

MATERIALS
Sample and Participants

This study included 877 nursing students enrolled in two Turkish
universities between May and June 2020. Inclusion criteria were as
follows: (a) being a nursing student, (b) not having a communication
problem, (c) voluntary participation, and (d) having the means to fill
out the forms online (smart phone, internet, computer, etc.). The

validity and reliability studies recommend including 5-10 times the
number of scale items to calculate the sample size and 7-8 times the
number of variables to form two data sets for factor analysis."™ In this
study, the sample included 351 students considering the number of
scale items and the test-retest method was applied with 143 students
to define the consistency of the scale over time.

The approval of the was obtained from Kirklareli University Research
Ethics Board (Meeting Number: 54001588-199-E.7748, decision
number: P0211R00).

Measures

Participant Characteristics Data Collection Form: It was developed
by the researchers upon examining the appropriate literature
including 20 questions that question the sociodemographic features
(age, family type, gender, etc.) and about COVID-19 of nursing
students.27111415

The Fear of COVID-19 Scale: It was developed by “Ahorsu et al.’®”. It is
a one-dimensional 7-item 5-point Likert type. Higher scores indicate
greater fear of COVID-19. The total score on the scale goes from a
minimum of 7 to a maximum of 35. “Ahorsu et al.’” calculated the
Cronbach’s a value of the scale as 0.82. The Cronbach’s alpha internal
consistency value was calculated as 0.83 in this study.

Hospital Anxiety Depression (HAD) Scale: It was developed by
“Zigmond and Snaith”” and the Turkish version of the scale was
done by “Aydemir et al.’®”. Seven of the 14 items (even numbers)
assess anxiety, whereas the remaining seven (odd numbers) assess
the depression. The responses are graded on a four-point Likert scale
ranging from 0 to 3. The scale consists of two subscales as anxiety and
depression. The score that can be obtained from the scale is between
0 and 21."8 In this study, it was calculated as 0.79 for the HAD-A sub-
dimension and 0.75 for the HAD-D sub-dimension.

Health Anxiety Scale: The Turkish version of the scale was carried
out by “Aydemir et al."” which was before developed by “Salkovskis et
al.??”. The scale is a self-report scale consisting of 18 items. Responses
for each item were evaluated between 0 and 3 points. The scale score
ranges from 0 to 54. A high rating on the scale denotes a significant
amount of health concern. The Cronbach’s alpha of the scale was
determined to be 0.91 by “Aydemir et al."”. Cronbach’s alpha was
calculated to be 0.80 in this study.

Data Collection

Written permission, the original version of the FCV-19S, and
necessary information about the evaluation method were obtained
from the authors who developed the scale via e-mail before its
implementation on nursing students in Turkiye. The questionnaire
prepared using Google Documents was forwarded to the students by
the researchers responsible for each center, and data were collected
online.

The forms took about 10 min to complete. Before filling in the data
collection form, the participants were informed about the study to
the first page. In addition, an informed consent form was attached
informing the participants that no IP tracking would occur in the case
of participation in the study. If they complied with the study, they
were prompted to click the ‘I approve’ button on the screen with the
online questionnaire.
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The Translation of FCV-19S

Eight people, seven of whom were faculty members and one of whom
was an authority on the English language, translated the scale into the
Turkish. The researchers then evaluated eight translations, and after
selecting suitable expressions, one translation was formed.” Then,
the validity and reliability study of the Turkish form was started. Five
specialists were applied to assess the content validity of the scale. The
Davis?® method was used to assess expert opinions.?!

Psychometric Testing of FCV-19S

In this study, item analysis and Cronbach’s alpha test were used to
assess the reliability of the scale. Additionally, the test-retest method
was applied. The scale was implemented to the participants twice with
an interval of two weeks.” In the first stage, the scale was applied to
351 students. Two weeks after the initial implementation, the test was
repeated with 143 students. The results of the FCV-19S were compared
to those of the HAD Scale and the HAS to test concurrent and construct
validity.

Statistical Analysis

The data obtained were analysed utilizing “SPSS for Windows 25.0”
and “Amos 22.0” programs in the study. Data were stated within
definitive statistics. Data reliability is the most important condition for
the analysis of collected data with appropriate technique. Reliability
analysis was applied to test the reliability of the scales, on the other
hand, for testing the construct validity “Explanatory Factor Analysis
(EFA)” and “Confirmatory Factor Analysis (CFA)” were performed. Also,

the test-retest technique was used. Concurrent validity among the
FCV-19S, HAD Scale, and HAS was examined via Pearson correlation. A
statistically significant p-value of <0.05 was used.

RESULTS
Participant Features

The socio-demographic features of the students are given in Table 1.
Seventy-two-point nine percent of the students were male and 46.7%
were first year students. According to the income status, 64.4% of the
participants had equal income and expenditures, and most of them
did not smoke (85.5%) or drink alcohol (91.7%). Ninety-three point
two percent of the participants reported not having any chronic
disease, 98.3% were not diagnosed with COVID-19 infection, and 50.4%
expressed that their knowledge about COVID-19 infection was “partially
adequate”.

Psychometric Features of FCV-19S
Results of the Content Validity of the Scale

The content validity rate and scale validity index for the scale items
were calculated as 1.0 regarding the Davis Technique.

Results of the Iltem Analysis of the Scale

Table 2 shows 27% lower-upper independent group t-test results
showing the discriminatory power of all items and item-total
correlation. According to Table 2, the item total test correlation for all
items varies between 0.537 and 0.637.

Table 1. Participants characteristics (n=351)
Characteristics n %
Female 95 271
Gender
Male 256 72.9
1 164 46.7
2 92 26.2
Year
3 64 18.2
4 31 8.8
Income exceeds expenditure 55 15.7
Income status Income equal to expenditure 226 64.4
Income less than expenditure 70 19.9
] Yes 51 14.5
Smoking
No 300 85.5
Yes 29 8.3
Alcohol
No 322 91.7
Employed 6 1.7
The status of employment
Unemployed 345 98.3
o Yes 24 6.8
Chronic disease
No 327 93.2
) ) Yes 6 17
COVID-19 diagnosis
No 345 98.3
Partly 177 50.4
Adequate knowledge about COVID-19 infection Adequate 163 46.4
Inadequate 1" 3.1
COVID-19: Coronavirus disease-2019.
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Results of the Construct Validity of the Scale

EFA was conducted to show the factor design of the scale. EFA of the
scale are given in Table 3. The scale, which originally consisted of 7
items, was developed as a single subdimension. After the adaptation,
it was determined that the scale was still unidimensional. No
overlapping items were detected in the EFA. The EFA made to detect
the factor design of the scale found the threshold factor loading value
as 0.40 (Table 3). The analysis revealed a KMO value of 0.855 (Table 3).
Moreover, the evaluation of the Bartlett sphericity test results exposed
a chi-square value of 809.888; p<0.01. The Principal Components
Analysis demonstrated that there was only one component for 7 items
(Table 3).

The Scree Plot of the scale is revealed in Figure 1. The evaluation in
the graph in Figure 1 with the number of factors on the horizontal
axis and the eigenvalues on the vertical axis shows that the high
accelerated decline decreases after the first point. After the first point,
the contribution of every factor to the variance decreases and the
contributions of the variances to be added are observed to be quite
similar. A one-factor structure was deemed appropriate based on the
eigenvalue and variance percentages as well as the data taken from the
graph in line with the EFA (Table 3).

The confirmatory factor fit indices for the pre- and post-modification
scales are given in Table 4. The scale’s structural equation modeling
results were important at the p=0.001 level, and the scale’s 7 items
and single sub-dimension had a relation with the scale structure,

Table 2. Results of the item analysis of the Fear of COVID-19 Scale

according to the CFA. The model underwent some improvements.
Variables reducing consent were defined during the adjustments, and
new covariances were formed for the ones with significant equivalence
among residual values (e1-e5; e6-e7). Renewed calculations of fit
indices are given in Table 4.

The t-statistics regarding the significance of the factors after the CFA
shows that all factors were significant (p<0.05) (Table 5). The outcomes
of the first-order CFA are revealed in Figure 2. As a result, the scale
consists of seven elements, the lowest of which has a factor load of
0.56 and the greatest of which has a factor load of 0.77 (Figure 2). Also,

the “composite reliability (CR)” value computed to test the reliability of
the measurement model was 0.85.

Scree Plot

Eigenvalue

=
iy, P

1 2 3 4 5 5 7

Component Number

Figure 1. Scree Plot of the Fear of COVID-19 Scale.
COVID-19: Coronavirus disease-2019.

Table 4. Confirmatory factor fit indices for the pre- and post-modification
Fear of COVID-19 Scale

RMSEA | NFI CFI IF1 GFI TLI AGFI | CMIN/df

0.084 0.795 | 0.840 0.845 0.960 | 0.760 | 0.919 | 3.491

t (Lower p-value,
Item Item-total score B (Lower
. 27% -Upper R
number | correlation 27%) 27% -Upper
’ 27%)
Item 1 0.637 18.094 0.001"
The Fearof .5 0600 18.488 0.001"
COVID-19
scale ltem3 | 0.612 16.069 0.001*
Item 4 0.551 15.836 0.001"
Item 5 0.602 17.551 0.001"
Item 6 0.537 13.022 0.001"
Item 7 0.591 18.238 0.013"

0.075 0.850 | 0.891 0.895 | 0.970 | 0.809  0.931  2.983

n=351, 'n,= n,=95, “Significant values for p<0.05. COVID-19: Coronavirus disease-2019.

Table 3. Results of Explanatory Factor Analysis for the Fear of COVID-19
Scale

RMSEA: Root-mean-square error of approximation, NFI: Normed Fit Index, CFl:
Comparative fit index, IFI: Incremental Fit Index, GFI: Goodness of Fit Index, TLI:
Tucker-Lewis Index, AGFI: Adjusted goodness of fit index, CMIN/df: chi-square/degree of
freedom, COVID-19: Coronavirus disease-2019.

Items Explained Eigenvalue Factor Table 5. Confirmatory Factor Analysis results of the Fear of COVID-19
variance (N load Scale
= . S
Items Compf)s[te reliability Factor load
Item 3 0744 (t-statistics)
Item 1 0.743 Item 1 0.773
Item 2 0725 Item 2 12,382 0.736
ltem 7 51.010 3.571 0.720 5 2 U7 —
Item 5 0718 Item 4 11,031 0.619
Item 6 0677 Item 5 12,808 0.750
Item 4 0.669 Item 6 9,323 0.558
Kaiser-Meyer-0lkin: 0.855; x*= 809.888; Bartlett’s test of Sphericity p=0.001. COVID-19: ltem 7 10,423 0.584
Coronavirus disease-2019. “p<0.05, COVID-19: Coronavirus disease-2019.
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Results of the Concurrent Validity of the Scale

The correlation between the FCV-19S to be adapted and the other scales
were determined to determine the reliability of parallel forms (Table 6).
We can observe that there is a positive and weak correlation between
FCV-19S and HAD-A in Table 6 (r=0.396; p<0.01). It was observed that a
positive and very weak correlation between the FCV-19S were observed
and the HAD-D (r=0.196; p<0.01). There was a positive and moderate
correlation (r=0.436; p<0.01) between FCV-19S and HAS. There was a
positive and moderate correlation between FCV-19S and hypersensitivity
to physical symptoms and anxiety sub-dimension (r=0.414; p<0.01);
a positive and weak correlation was observed between the negative
outcomes of the disease sub-dimension (r=0.288; p<0.01) (Table 6).

Results of the Reliability of FCV-198

Cronbach’s alpha was determined as 0.833. The test-retest results,
performed to determine the time invariance, revealed a high level
of correlation between the two measurements with the Pearson
correlation coefficient (r=0.734; p<0.05). This shows that the scale is
consistent over time. In addition, the reliability of both measurements
was sufficient and above 0.70 (a=0.819, a1=0.844).

Item1

Item 2

Item 3

Item 4
’

ltem 5

Item 6

Iltem 7

Figure 2. Results of the first-order Confirmatory Factor Analysis
of the Scale.

FCV: Fear of COVID-19 Scale.

Table 6. Correlation analysis between scales

Scales 1 2 3 4 5 6
1 COVID-19 Fear Scale 1

2 Hospital Anxiety Scale 0.396" | 1

3 Hospital Depression Scale 0.196" | 0.574" | 1

4 Health Anxiety Scale 0.436" | 0.418™ | 0.290" | 1

5 Sub-Dimension of
Hypersensitivity to Physical 0.414" | 0.359" | 0.172" | 0.924
Symptoms and Anxiety

N

6 Sub-dimension of adverse

. 0.288" | 0.332" | 039" | 0.643" 0344 |1
consequences of the disease

“p<0.01, COVID-19: Coronavirus disease-2019.
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DISCUSSION

The scale was a viable and trustworthy measurement tool for Turkish
nursing students in the study. Five experts evaluated the scale items
depending on the Davis Technique to determine the content validity.?!
This technique involves the classification of expert opinions as
“appropriate” (4 points), “appropriate but needs minor revision” (3
points), “appropriate but needs major revision (2 points)”, and “not
appropriate” (1 point). Instead of using a statistical criterion, the
number of experts who state “suitable” and “appropriate but requires
minor revision” is divided by the total number of experts to generate
the “Content Validity Index (CVI)” for the item, which is then compared
to the recognized value of 0.80." The CVI value was calculated as 1.0.
The result reveals that FCV-19S is suitable for Turkish society.

The validity and distinctiveness of the items on the COVID-19 scale
were determined using item-total correlation and 27% upper-lower
group comparisons. ltem-total test correlation values of all items vary
between 0.537 and 0.637 (Table 2). The minimum value for sufficient
item total test is specified as 0.30.% The item-total test correlation
values of the participants’ responses to the questions were examined
and no items below 0.30 were detected. According to the item total
test correlation table, all remaining items were correlated with each
other. The scale raw scores were sorted in descending order to measure
item uniqueness, and the mean scores of the 27% lower-upper groups
were analyzed using an independent group t-test. It was statistically
significant that the means of the lower and upper group item scores
differed. In this sense, the scale stands out in terms of determining the
necessary level of quality (Table 2).%2

The KMO value of 0.855 in the EFA managed to define the construct
validity of FCV-19S, revealing that the factor analysis sample size was
“perfectly sufficient”.? Also, the evaluation for the test results of Bartlett’s
sphericity showed that the obtained chi-square value was significant [x
(21)=809.888; p<0.01] (Table 3). As a result, it was presumed that the
data was formed by a multivariate normal distribution. The Principal
Components Analysis managed to examine the scale factor structure
after accepting the fitness of the data for factor analysis, revealing only
one component for 7 items. This component contributed 51.01% of the
overall variance (Table 3). In a measurement tool, at least 40% explained
variation is required for construct validity.” This indicates that the level
of explained variation by the adapted scale is above the desired level
of explained variation. The Scree Plot of the FCV-19S, which includes
the number of factors on the horizontal axis and eigenvalues on the
vertical axis, demonstrates the contribution of the tendency of the
descents from the first point to the variance (Figure 1).2 After the first
point, the contribution of every factor to the variance decreases and
the contributions of the variances to be added are observed to be quite
similar. A one-factor structure was confirmed based on the eigenvalue
and variance percentages as well as the data gathered from the graph
and the results of EFA (Figure 1) (Table 3).

GFI index above 0.80, AGFI value above 0.85, CMIN/df below 5, and
RMSEA value below 0.08 are required for good fit.2** The fit indices in
accordance with the results of the first-level multifactorial CFA analysis
show that the index values are sufficient (Table 4).

After CFA, the t-statistics used to determine the significance of the
factors revealed that all of them were significant statistically (p<0.05)
(Table 5). The outcomes of the first level CFA shows that the factor load
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values for the 7-item scale range from 0.56 to 0.77 (Figure 2). The CFA
results in our investigation supported Turkish FCV-19S unidimensional
structure. When compared to different versions of the scale (0.68 to
0.90 for the Italian version; 0.72 to 0.80 for the Bangla version; 0.48
to 0.72 for the Turkish version and 0.52 to 0.81 for another Turkish
version; 0.62 to 0.84 for the Arabic version; 0.64 to 0.66 for the original
Iran version), each study produced different results.>'16.2628

In our study, the CR value for testing the reliability of the measurement
model was 0.85. The CR of latent variables in the measurement model
must be greater than 0.70," which supports the test reliability in our
study.

A significant positive correlation was observed with anxiety and
depression as examined by the HAD Scale and HAS (Table 6), and this
result is consistent with other results in the literature."®228 This finding
demonstrates that the translated scale has contemporaneous validity.
COVID-19 fear has revealed a relationship related to mental problems.
In the later stages of infectious epidemics that cause pandemics such
as COVID-19, negative psychological processes (e.g. anxiety, depression)
also affect individuals psychologically.

The Cronbach alpha value for the entire scale and each individual item
can be computed.” According to Bayram*, the Cronbach’s alpha value
determined for all elements shows the scale’s overall reliability, with
0.70 being widely acknowledged as the minimal number. According
to our study, the Cronbach’s alpha (0.83), similar to the original scale
(2=0.82), were slightly lower than the lItalian (a=0.87) Bangladesh
(@=0.87), Arab (2=0.88), Israel (a=0.86) and Turkish (a=0.85, a=0.86

and a=0.89) versions and higher than the Eastern European («¢=0.80)
Version'2,5,11,12,16,26—28,31

The similarity of two measures taken at different periods determines
the coherence of a test or scale.® The test-retest procedure was
applied to establish the scale’s invariance over time in our study,
The evaluation of the Pearson correlation coefficiency between two
measurements revealed a high level of correlation (r=0.734; p<0.05).
This demonstrates that the scale is stable over time. Furthermore,
both readings were sufficiently reliable and above 0.70 (a?=0.819,
a1=0.844).

CONCLUSION

Finally, the current research with nursing students revealed that the
Turkish version of the scale is a valid and accurate measurement tool.
This measurement tool can be applied in studies to assess COVID-19
fear. The use of an objective assessment method to assess COVID-19
fear is vital for comprehending the association between COVID-19 fear
and other mental problems, including anxiety and depression, as well
as for preventing these problems. Although the scale’s validity and
reliability were previously tested with several groups in the Turkish
community, it is asserted that the study be repeated with other health
professionals and risk groups, in addition to nursing students.

MAIN POINTS

 Fear and concern were sparked by the rapid spread of COVID-19
infection in a brief period of time, which resulted in deaths.
COVID-19 infection is particularly dangerous for nurses and nursing
candidates who are responsible for patient care.

* It is critical to assess the COVID-19 concerns of nursing students,
who will be future nurses. FCV-19S can be utilized in studies to
assess COVID-19-related fear.

* The use of an objective assessment method to assess COVID-19 fear
is vital for apprehending the relationship between COVID-19 fear
and other mental problems, including anxiety and depression, as
well as preventing these problems.
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Abstract

BACKGROUND/AIMS: This study was conducted to examine the prevalence of dermal and respiratory symptoms among workers in greenhouse
agriculture.

MATERIAL AND METHODS: This cross-sectional study was conducted with 529 greenhouse workers in a district center between March and
September 2020. The data collection form was developed by researchers to collect the research data. Descriptive statistics and logistic regression
analysis were used in the analysis.

RESULTS: 41.8% of the participants stated that they used gloves and 25.8% of them used masks while working, but 7.0% of them reported that
they did not use any personal protective equipment. It was found that working for 8 h or more per day was associated with respiratory distress,
itching-rashing on skin, and nose-eye problems, while working for 25 days or more per month was associated with respiratory distress and
cough complaints (p<0.05). Working in the tasks of seed sowing, pesticide application/spraying, and grafting was found to be associated with
wheezing, coughing, itching-rashing on skin, and nose-eye problems (p<0.05). Those who did not wear protective equipment suffered from
wheezing, and those who did not use a mask had bronchitis, cough, wheezing, itching-rashing on skin, and nose-eye problems (p<0.05).
CONCLUSION: Working conditions, a type of work done in greenhouse agriculture, and failure to use personal protective equipment increase
the prevalence of dermal and respiratory symptoms.

Keywords: Greenhouse agriculture, skin, respiratory, symptoms, surveillance

supervision control in recent years. Chemical drugs used on the crop to
obtain efficient and good quality crops and to offer them to buyers can
cause various health problems among greenhouse agricultural workers.
Since the primary exposure is through the respiration and skin, these

INTRODUCTION

Greenhouse agriculture gains intensity in the Mediterranean Region
in our country. While the control of chemicals used in greenhouse

agriculture was mostly up to the producer’s choice in previous years,
the usage dosage, prevalence, and interval of chemicals have been
implemented under the principles determined by the ministry and strict

areas are the most affected areas of the body." When the data on health
problems of workers in greenhouse agriculture was analyzed, it was
seen that pesticides triggered the inflammatory response and caused

*This study was presented as an oral report in the International Symposium on Multidisciplinary Approach toward the Disadvantaged Groups

between the dates of 22 and 24 October 2020.
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reactions by changing the esterase level in the cell membrane of
immunocytes.>*In a study on the health problems of women working
in agriculture, it was found that the dermal diseases, asthma and other
respiratory problems were common among them and their children,*
and that the chemicals used in agriculture suppressed the immune
system and increased the susceptibility to allergic reactions>®and that
the risk of autoimmune diseases such as rheumatoid arthritis, systemic
lupus erythematosus could increase.”® Similarly, it was shown in the
studies that exposure to pesticides reduced cholinesterase levels®'® and
caused neurological and respiratory symptoms and skin reactions, and
that low cholinesterase levels increased the asthma-related pulmonary
inflammation.”

The most obvious effects of greenhouse cultivation on workers are
asthma, allergic alveolitis, and dermatitis. Although the most common
way of pesticide exposure is the skin,’*™ especially the hand and face
areas are affected.™ Pesticides can be absorbed directly through the
skin due to their physicochemical properties. Clothing that does not
completely cover the body or has a permeable structure also leads
to exposure through the skin. Since pesticides also contain respirable
components,'® the second most frequent way of exposure is the
respiratory tract. After pesticide application, which is generally done
indoors by spraying, the lack of ventilation and high temperature and
humidity as well as failure to use protective equipment increase the
level of exposure.””'® Furthermore, it is recommended not to apply
pesticides when the ambient temperature is above 30 °C."7 In studies
examining the respiratory functions of greenhouse workers, it was
reported that chronic cough, respiratory distress, rhinitis, bronchial
hyperreactivity, and asthma-related symptoms were seen at a high
rate'®*22 and that even non-occupational exposure caused respiratory
problems.?

Public health nurses and their field studies have a great role in
determining the health problems in the community and the prevalence
and level of health problems developing among the working people.
In this context, one of the important tasks of public health nursing is
surveillance. Greenhouse agriculture is the main source of income for
the people of the district in the region where the study was conducted
and its use is high. Due to the observation of dermal and respiratory
symptoms among those working in this field, the study was planned
to examine the dermal and respiratory problems of those working in
greenhouse agriculture. The following research questions were sought:

1. What are the working conditions of the workers in the greenhouse
(daily and monthly working hours, work they do, use of personal
protective equipment, ...)?

2. Did workers experience skin and respiratory problems while working
in the greenhouse?

3. Do working conditions impact skin and respiratory symptoms?

MATERIALS AND METHODS
Population and Sample

This cross-sectional study was conducted with individuals working
in greenhouse agriculture in a district center between March and
September 2020. The population of the research consists of 3210
people (Kumluca District Directorate of Agriculture, 2019 data) located
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in the Kumluca district center and registered as working in greenhouse
agriculture. The sample of the research consists of people working in
greenhouse agriculture over the age of 18 living in the district center
and accepting to participate in the study. It was aimed to includeat least
344 workers in greenhouse agriculture according to the calculation of
the number of sample whose population was known, and the study
was completed with 529 people who could be reached. When the
square of 0.30 is taken as 0.09 as the medium effect size for the zeroth
order correlation coefficient (R?),2* it is seen that the sample size has
90% power at 95% confidence interval (post-hoc) (G'Power 3.1.9).

Data Collection and Tools

The data of this study, which is a field study, was collected by face-
to-face interview in the greenhouses where individuals worked (data
collection was suspended upon starting the pandemic process and the
data collection continued when the normalization process started. In
this process, in accordance with the coronavirus measures, absolute
attention was paid to social distance, use of masks, and hygiene. The
workers’ breaks and lunch times were preferred as the data collection
time. A data collection form developed by the researchers in line with
the literature was used to collect research data.”? Before the main data
of the study were collected, a preliminary study was conducted with
17 people and the comprehensibility of the questions was examined.

Data Collection Form: It consists of three parts as sociodemographic
characteristics, professional characteristics, and health status and 24
questions (Professional questions: “At what age did you start working
in the greenhouse?”, “How many hours do you work in the greenhouse
per day?”, “How many days do you work in the greenhouse monthly?”,
“What work do you do in the greenhouse?”, “What protective
equipment do you use while working in the greenhouse? ”, “What do
you do with the emptied boxes of pesticides?”, “What do you think
causes your health problems?” Health-related questions: “Have you
experienced/are you experiencing any of the problems of respiratory
distress, bronchitis, cough, wheezing, itching/rashing on hands/face, or
itching, watering, pain on nose/eyes?”, “Did your health problem begin
after you started working in the greenhouse?”, “Does working in the
greenhouse increase the severity of your health problem?”, “Do other
people with whom you work in the same place have similar diseases/
problems?”, “Do your complaints decrease when you do not work in
the greenhouse?”). In the literature review conducted within the scope
of the research subject, a standardized measurement tool related to
dermal symptoms was not found, and a respiratory questionnaire
about respiratory problems was obtained (Saint George Respiratory
Questionnaire). When the scope and content of the questionnaire were
examined, it was seen that it was mostly aimed at patients with COPD,
and therefore it could not be used as a data collection tool in this study.

The data collection form used in the study was examined by three
academicians, other than researchers, who were experts in public
health nursing, before the study in terms of content validity, and
the results were examined using the Davis technique. In the Davis
technique, expert opinions are analyzed as follows: a) appropriate, b)
needs minor revision, ¢) needs major revision, d) not appropriate The
Content Validity Index (CVI) is obtained by dividing the sum of A and B
in all expert forms by the total number of experts. If the CVI is greater
than 80%, the question is sufficient in terms of content validity.?® The
average CVI score of the form was found to be 98.1%.
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Ethical Approval

Informed consent was obtained from the participants. The study was
conducted in accordance with the Declaration of Helsinki principles
(revised in Brazil in 2013). The approval of the Akdeniz University
Faculty of Medicine Clinical Research Ethics Committee was obtained to
conduct the study (approval number: KAEK-282).

Statistical Analysis

The data were evaluated in the Statistical Package for Social Science
25.0 (IBM Corp.; Armonk, NY, USA) program, and descriptive statistics
and logistic regression analysis were used in the analysis of the data.
The cases where the type 1 error level is below 5% was considered as
statistical significance.

RESULTS

A total of 529 people working in greenhouse agriculture participated
in the study. 51.0% of the participants were women, 44.2% were
primary school graduates, and the average age is 36.03+14.03. More
than half of the participants (54.3%) are working in their family/own
business and their monthly income is averagely 569.67+397.54 dolars.
25.5% of the participants said they smoked and 19.1% said they drank
alcohol.

The average age for the participants to start working in the greenhouse
was found as 16.86+7.62, the number of working days per month as
21.48+7.75 and the number of working hours per day as 7.75+1.99.
It was observed that they mostly worked in April (11.6%), May (11.9%),
and June (11.2%) in the greenhouse and were mostly engaged in
harvesting/gathering crops (22.9%), pesticide application (19.4%),
and weeding (19.3%). 41.8% of the participants stated that they used
gloves and 25.8% of them used masks while working, but 7.0% of them
reported that they did not use any personal protective equipment. It
was seen that the reasons for the failure to use protective materials
included the unavailability of such materials (39.3%), and considering
them uncomfortable (23.2%) and unnecessary (23.2%). It was
determined that the emptied pesticide boxes were mostly thrown into
garbage bins on the streets (34.0%) and sent for recycling (31.6%). 6.6%
of the participants reported that they wore the clothes used while
working in the greenhouse also in their daily life and 53.5% of them
consumed food and beverages in the greenhouse (Table 1).

Information on the health problems experienced by the participants
in the study is given in Figure 1, and the problems of itching, rashing,
swelling, etc. one hands/face (open areas of the body) were found
to be experienced the most by a 48.8% rate. It is followed by nose
or eye problems (itching, watering, burning, pain, etc.) with a 45.7%
rate, cough with a 39.1% rate, and wheezing/shortness of breath with
a 22.1% rate (Figure 1). The participants stated that dermal problems
were mostly caused by contact with products (38.9%) and respiratory
problems were due to dust/dirt (31.9%), while both dermal and
respiratory problems were reported to result from pesticides (21.4%),
chemical fertilizers (19.3%) and hot working environment (17.0%)
(Figure 2).

In the logistic regression analysis, working for 8 h or more per day was
found to be associated with respiratory distress [odd ratio: (OR): 2.04,
p=0.02], itching-rashing on skin (OR: 15.27, p=0.01) and nose-eye
problems (OR: 5.93, p=0.003), while working for 25 days or more per

Table 1. Certain professional characteristics of participants (n=529)
Characteristics Min.-Max. | M £ SD
Age to start working in greenhouse 7-55 16.8617.62
The number of working hours in greenhouse per day | 2-12 7.75+£1.99
The number of working days in greenhouse per month | 3-30 21.48+7.75
n %
Working months in greenhouse (n=2343)"
Winter (December-January-February) 584 25.0
Spring (March-April-May) 740 31.6
Summer (June -July -August) 534 22.8
Autumn (September-October-November) 485 20.8
Type of work in greenhouse
Family business/own business 287 54.3
Land tenure/annual renting 77 14.6
Seasonal worker 44 83
Daily wage 88 16.6
Partner 33 6.2
Works in greenhouse (n=1907)"
Seed sowing 272 14.3
Weeding 369 19.3
Pesticide application/spraying 370 19.4
Grafting 154 8.1
Harvesting/gathering crop 437 229
Product packaging 237 124
Other (uprooting, irrigation) 68 3.6
Protective equipment used during work (n=1033)"
I do not use personal protective equipment 72 7.0
Apron 100 9.7
Boots 87 8.4
Gloves 432 41.8
Mask 266 258
Safety goggles 56 5.4
All 20 1.9
Reason for not using protective equipment (n=328)
The unavailability of equipment 129 393
Considering them uncomfortable 76 232
I do not think they are protective 21 6.4
Considering them unnecessary 76 232
Considering them expensive 26 7.9
Emptied boxes of pesticides
| leave them in the greenhouse where | work 30 5.7
| throw them into the garbage bins on the streets 180 34.0
| bury them in the ground 16 3.0
I send them for recycling 167 31.6
I burn them in fire 91 17.2
| wash them and use for other purposes 34 6.4
I sell them for scrap 1 2.1
Wearing work clothes in daily life
Yes 35 6.6
No 494 93.4
Food consumption in greenhouse
Yes 283 53.5
No 246 46.5
“Multiple options were checked. Min.: Minimum, Max.: Maximum, SD: Standard
deviation.
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month was found to be associated with respiratory distress (OR: 0.27,
p=0.04) and cough complaints (OR: 6.80, p=0.02) (Table 2).

In the multivariate analysis examining the relationship between the
type of work done in greenhouse agriculture and health problems,
the seed sowing work was found to be associated with respiratory
distress (OR: 1.69, p=0.01), wheezing (OR: 1.71, p=0.01), itching-
rashing on skin (OR: 2.93, p=0.001) and nose-eye problems (OR: 2.15,
p=0.001). Pesticide application/spraying was found to be associated
with bronchitis (OR: 8.04, p=0.04) and nose-eye problems (OR: 1.66,
p=0.02), while grafting was found to be associated with cough (OR:
0.62, p=0.02), itching-rashing on skin (OR: 0.34, p=0.001) and nose-eye
problems (OR: 0.29, p=0.001). Considering the relationship between
the use of personal protective equipment and health problems, it
was discovered that wheezing (OR: 0.32, p=0.005) was experienced
by those not wearing protective equipment; and bronchitis (OR: 0.48,
p=0.03), cough (OR: 0.48, p=0.001), wheezing (OR: 0.50, p=0.005),
itching-rashing on skin (OR: 0.42, p=0.001) and nose-eye problems
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Figure 1. Health problems experienced by the participants.
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Figure 2. Factors that cause health problems for the participants
dermal and respiratory tract.

(OR: 0.51, p=0.001) were experienced by those not wearing mask
(Table 3).

Forty-four point eight percent of the individuals participating in the
study stated that their health problems occurred after they started
working in the greenhouse, and 42.3% of them reported an increase
in the severity of their problems while working in the greenhouse, and
39.1% of them said similar health problems were seen among other
people working in the same place, and 45.9% had a decrease in their
complaints on the days when they did not work in the greenhouse.

DISCUSSION

The results of this study report the dermal and respiratory symptoms
experienced by those working in greenhouse agriculture and the
variables associated with them. It is seen that the average age at which
the participants started working in greenhouse agriculture is less than
18 years. Workers work in greenhouse agriculture approximately 3/4 of
the month and 1/3 of the day. Similarly, in a study, the age of starting
to work in greenhouse agriculture was found to be 15.5." In this study,
some participants reported a much earlier age to start greenhouse
agriculture as family business. Greenhouse agriculture is one of the
most dangerous lines of business for child labour.?” In cases where
greenhouse agriculture is done as a family business, the child may
be exposed to this environment at a very early age, including infancy,
and chemical exposure may predispose to respiratory and dermal
symptoms.

It was seen that the participants mostly worked in the greenhouse in
spring and early summer, and they mostly did the work of gathering
crops, applying pesticides, and weeding. About half of the participants
stated that they used gloves and one quarter of them used masks
while working, but some of them reported that they did not use any
personal protective equipment. It was seen that the failure to use
protective materials resulted from the unavailability of such materials
and considered them uncomfortable and unnecessary. The application
interval of pesticides varies seasonally. While pesticides are applied at the
lowest rate in May-June, the highest usage is in October-November.® In a
study conducted with agricultural workers, it was stated that female and
male workers working in the greenhouse used gloves the most, and when
they did not, they were not provided with them, and they could not use
personal protective equipment because of their high cost. Huyen et al.?®
found that all workers used masks and could not use other equipment
(gloves, boots, goggles...) due to their insufficiency. The fact that
protective equipment is considered uncomfortable and unnecessary by
the workers besides the reasons of high cost and unavailability of them
indicates a lack of awareness among the workers. Creating this awareness
and raising the awareness of workers about the use of equipment should
be one of the priority initiatives in terms of agricultural health.

Table 2. Logistic regression analysis for the relationship between working time and health problems in greenhouse agriculture (n=529)
. 0dds’ ratios, (95% GA) i
Variables - : : . p
Respiratory distress Cough Itching-rashing Nose-eye problems
. » 0.023°
WSO I B 2.04 (0.40-14.60)° 15.27 (1.71-26.48)" 5.93 (1.83-19.20)¢ 0.015"
greenhouse per day
0.003¢
. - 0.044%
The number of working days in 027 (0.04-171) 6.80 (1.23-34 48)
greenhouse per month 0.028"
“p<0.05, 28 hours, >10 hours, *25-30 days, for the monthly working day variable, the reference category has been changed to “last”.
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Table 3. Logistic regression analysis for the relationship between work type and equipment usage and health problems in greenhouse agriculture (n=529)

0dds’ ratios (95% GA)
Variables R p
(I}iesst?érsastory Bronchitis Cough Wheezing Itching-rashing Nose-eye problems
0.015°
] 0.019°
Seed sowing 1.69 (1.11-2.58)" 1.71(1.09-2.68) | 2.93(1.97-4.37F | 2.15(1.45-3.19) 0.000¢
0.000°
ici icati 0.044*
Pesticide application/ 8.04 (2.36-27.40)" 1.66 (1.07-2.57)"

spraying 0.022°
0.028*
Grafting 0.62 (0.41-0.95) 0.34 (0.21-0.54) 0.29 (0.18-0.46) 0.000°
0.000¢
Personal protective | ) 0.054°
cauipment (PPE)™ not used 0.31(0.09-1.02) 032 (0.14-0.71) 0,005
0.030?
0.000°
Mask 0.48(0.24-0.93¢ | 0.48(0.32-0.72 | 0.50(0.31-0.80) | 0.42(0.28-0.63)' | 0.51(0.34-0.76) 0.005¢
0.000¢
0.001¢

"p<0.05, “Personal Protective Equipment, *><4¢No, for variables with an OR value less than 1, the reference category is changed to “last”.

It was determined in the study that the emptied pesticide boxes were
mostly thrown into garbage bins on the streets and sent for recycling.
Similarly, in a study, it was revealed that the majority of the workers
threw the emptied pesticide boxes in the nearby garbage bins, and 20%
of them dumped them anywhere.?® In the same study, when workers
were asked about the reasons for their behavior, they stated that the
municipal garbage container was too far from the agricultural areas
and it was difficult and time consuming to transport the emptied boxes
there.?® Nowadays, when waste management and plastic waste recycling
have become extremely important, it is seen that these plastic wastes
containing chemical residues are unconsciously left to nature and there
is a serious lack of awareness among agricultural workers.

A low percentage of the participants stated that they wore the clothes
used while working in the greenhouse in their daily life, and more than
half of them consumed food and beverages in the greenhouse. Avoiding
the use of the same clothes is very important in terms of preventing
the contamination of other family members and preventing secondary
exposure. Mouth is one of the ways of taking pesticides into the body,
and it makes us think that the participants of the research are either
unaware of or insensitive about the harmful effects of consuming food
and beverage in the greenhouse to human health.

Inthe research, itching, rashing, swelling, etc. on hands/face (open areas
of the body) were found to be experienced the most by the participants.
It is followed by nose or eye problems (itching, watering, burning, pain,
etc.) with a 45.7% rate, cough with a 39.1% rate, and wheezing/shortness
of breath with a 22.1% rate. In a study conducted with farmers, it
was reported that symptoms such as allergies, nasal congestion, and
wheezing were observed frequently after the use of pesticides.? In one
study, it was reported that pesticides used in agriculture can be absorbed
by eyes in amounts that can cause serious or even fatal disease.?
Granular pesticides can pose a special danger to the eyes depending
on the size and weight of the particles.>' If pesticides are applied with
electrical equipment, the granules can bounce off vegetation or other

surfaces at high speed, causing serious eye damage.>> Eye protection
is also needed when measuring or mixing concentrated or highly toxic
pesticides. Protective face shields or goggles should be worn when
spraying pesticides or to prevent eye contact with powders.

In the study, the workers think that dermal problems are mostly caused
by contact with products and respiratory problems are due to dust/
dirt, while both dermal and respiratory problems are reported to result
from pesticides, chemical fertilizers, and a hot working environment.
Pesticide exposure was reported to be commonly associated with eye
irritation, skin infection/rashing, and dry throat.* Fungicides, a type
of pesticide, have been reported to cause high rates of irritation and
dermal sensitivity on the skin and mucous membranes.* In a study, a
significant difference was found in terms of dermal symptoms between
the hand by which pesticide was applied and other parts of the body.>®
In some of the current literature information, it was determined that
agricultural workers had asthma,** chronic obstructive pulmonary
disease’”*® and pulmonary hypersensitivity.>® In studies performed
with workers working in flower cultivation in greenhouses, respiratory
symptoms were also reported to be common.**? Inhalation of pesticide
aerosols or vapors can directly damage the airways or interact with
irritant receptors in the airway mucosa, resulting in the release of
chemical mediators that trigger neurogenic inflammation.® Huyen et
al.%® reported that dermal symptoms were common among farmers due
to their constant contact with pesticides. Entering into the greenhouse
with daily clothes and using them while working, although at a low
rate, and failure to clean hands and face sufficiently after working in
the greenhouse may make workers sensitive in terms of dermal and
eye diseases.

In the study, daily and monthly working time was found to be associated
with dermal and respiratory symptoms. Similarly, a study conducted
in Spain found a positive correlation between working time in the
greenhouse and rhinitis.* Quansah et al.” discovered in their research
that the prevalence of chronic cough and wheezing was higher among
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agricultural workers who applied pesticides more than 30 days a year.
The length of the working period (hours and days) seems to trigger
dermal and respiratory symptoms by increasing the time of exposure
to chemical agents in the greenhouse.

In the study, it was determined that the tasks of seed sowing, pesticide
application/spraying, and grafting in the greenhouse were associated
with dermal and respiratory symptoms. A research performed in China
reported that pesticide exposure was mostly seen among workers
engaged in sowing, plant growing, and pesticide application.*
Another study found that respiratory and dermal symptoms were
mostly seen in female workers engaged in cutting and weeding tasks.
In the same study, it was discovered that the prevalence of respiratory
symptoms was high among male workers engaged in pesticide
spraying.” Research conducted with female agricultural workers in
Africa revealed that pesticide spraying had a positive relationship
with ocular-nasal symptoms.* The biological mechanism by which
some pesticides cause respiratory symptoms and asthma is not fully
understood. Exposure to high concentrations of pesticides is thought
to cause excessive mucus secretion and contraction of the smooth
muscle of the respiratory tract, resulting in shortness of breath,
wheezing, and cough.*

The study revealed that those not using any protective equipment
suffered from wheezing and those not wearing masks experienced
bronchitis, coughing, wheezing, itching-rashing on skin, and nose-eye
problems. Personal protective equipment is an important approach
to reducing respiratory exposure in agricultural activities.”” One study
reported that a large proportion of pesticide poisonings were caused
by the failure to use personal protective equipment.”® While many
workers are unaware of the risks associated with pesticide use, the lack
of training and equipment to safely use pesticides increases health
risk.* It has been reported that workers must use hand, head, eye,
foot, ear and respiratory protectors that are defined as appropriate
personal protective equipment while working with pesticides to
prevent their exposure to the harmful effects of pesticides, and that
skin exposure to pesticides can be prevented by 98% with the proper
use of these protective materials.® The use of protective equipment
among agricultural workers may vary by years and region. In a study,
it was found that 93% of workers used protective equipment during
pesticide applications and this use was preferred mostly by young
men,>" while Esechie and Ibiyato™ discovered that the use of personal
protective equipment by greenhouse workers was insufficient. The
research performed in our country revealed that the rate of using
personal protective equipment during pesticide applications varied
between 13-41%.%0°253 The awareness of the use of personal protective
equipment and the risks of pesticides varies by age and gender.>**
Reviewing the literature, the high rate of occupational diseases and
health problems among agricultural workers shows that personal
protection is inadequate or faulty, and those applying pesticides have
insufficient knowledge about storage, application, and disposal of
these products.>®®

Approximately half of the participants in the study stated that their
health problems occurred after they started working in the greenhouse,
that their problems increased while working in the greenhouse, and
that similar health problems were also seen among other people
working in the same place, and that their complaints decreased on
the days not when they did not work in the greenhouse. These findings
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suggest that the working environment triggers health problems among
workers. The data by the Turkish Statistical Institute show that 18.2%
of total employment is in the agricultural sector.® The results of this
study are important to guide workers rendering services in agricultural
activities, to elaborate plans for raising social awareness, and to form a
basis for the steps to be taken in this regard.

Study Limitations

The beginning of the pandemic process created a limitation in terms of
data collection. Because people with respiratory problems are thought
to be not working in the greenhouse due to the risk of contracting
coronavirus during the pandemic and normalization process, these
people may not have been reached during the data collection process.
Also, the findings obtained from the study are limited to the sample
of the research.

CONCLUSION

In conclusion, factors such as working conditions, type of work done
in greenhouse agriculture, and failure to use personal protective
equipment increase the prevalence of dermal and respiratory
symptoms among workers. Greenhouse agriculture should be paid
attention because it is a common line of business in our country and
the main source of income for a large part of the society, and hence
improvements should be made in working environments.

- Public health professionals should provide training on the use of
personal protective equipment and the impact of pesticides on human
health, environmental health, and the future to the workers; and
training on the health effects of working conditions to the employers
and agricultural companies; and training on the use of personal
protective equipment to the pesticide vendors.

- Working times can be standardized at the directorate or ministerial
level rather than individual decisions.

- Measures to reduce exposure to chemical and biological hazards
should be considered. Scientific research covering exposure
measurements and objective health examinations should be
conducted among greenhouse agricultural workers.

- Encouraging and guiding agricultural workers to use biological
agents to eradicate pests and plant diseases will help minimize
workersexposure to pesticides, reduce negative impacts on the
environment and save production costs.

- The use of machines in the application of pesticides can reduce the
direct contact of workers with these pesticides. Machines can also
reduce spraying time, labor and production costs.

MAIN POINTS

» Working for 8 h or more per day and working for 25 days or more per
month were associated with skin and respiratory problems.

» The type of work done in greenhouse agriculture increases the
prevalence of dermal and respiratory symptoms among workers.

 Failure to use personal protective equipment increases the
prevalence of dermal and respiratory symptoms among workers.
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Abstract

BACKGROUND/AIMS: To examine the informative features and qualities of YouTube videos on high tibial osteotomy (HTO) in terms of the
informative reliability of the videos.

MATERIALS AND METHODS: The included videos were evaluated individually using two orthopedic surgeons using modified DISCERN score and
JAMA Benchmark score. Videos were categorized according to publishing year, video type, video length, number of views, and view rates. Any
correlation between these categories and JAMA and modified DISCERN scores were analyzed.

RESULTS: Twenty-six videos were available for evaluation. Mean-modified DISCERN and JAMA scores were 2.6 and 2.0 for observer 1 and 2.5 and
1.9 for observer 2, respectively. Median view rates of the videos published between 2008-2011, 2012-2015, and 2015-2020 were 2559.00, 3314.0,
and 7458.00, respectively (p=0.003). Other variables showed no difference compared to the publishing year groups (p>0.05). JAMA scores by
both observers were positively correlated with video length. A weak positive correlation between mean JAMA score and view rate and a positive
correlation between modified DISCERN scores by both observers and video length were found. Mean-modified DISCERN scores and video length
values had a strong correlation (p=0.001; r=0.609). A significant correlation was found between JAMA and modified DISCERN scores. Mean-
modified DISCERN scores showed a moderate increase correlated with the mean JAMA score increase (p=0.017; r=0.463).

CONCLUSION: Although the view rate has increased over time, the informative quality and reliability of YouTube videos concerning HTO are low
and did not improve over the last decade.

Keywords: High tibial osteotomy, YouTube, JAMA Benchmark score, modified DISCERN score, osteoarthritis

INTRODUCTION surgery. HTO being a very technically detailed operation ® any patient

) - ) offered HTO should be informed in detail before surgery.
Medial compartment osteoarthritis (MCOA) of the knee is a common

and challenging pathology in young and active patients. High tibial YouTube is a global social network and an open source of information

osteotomy (HTO) was developed to restore the mechanical axis of the with over two billion monthly logged-in users in over 100 countries
around the world, across 80 languages, and is a rapidly growing visual

knee, decrease the load on the medial joint compartment, and delay the ) !
database with over 500 h of content uploaded every minute.’

progression of MCOA.™* Due to favorable outcomes®” in appropriately
indicated young and active patients and technical developments, HTO Although started as a recreational and entertainment platform;
has recently become more popular as a corrective and joint-preserving YouTube, due to patient interest, has become a platform for medical
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information for academicians and colleagues as well as patients. Many
studies have revealed that medical information on orthopaedic as well
as other medical fields found on YouTube is of low quality and liability,
misleading and poor.'%

The aim of this study was to examine the informative features and
qualities of the videos with a high number of views that were shared
on YouTube about HTO surgery as a treatment option in young patients
with medial knee osteoarthritis in terms of the informative efficiency of
the videos on disease and treatment options.

While YouTube is a very popular video platform with no supervision
by healthcare professionals, this study hypothesized that the videos on
YouTube were providing poor medical information on HTO.

MATERIALS AND METHODS

A search with the keywords “high tibial osteotomy”, “HTO”, “proximal
tibial osteotomy”, “tibia osteotomy” and “knee osteotomy” was
performed on YouTube on October 8, 2020. Non-English videos,
repeated videos, inhumane videos, videos without any audio or text
narration, and videos that were viewed less than 10,000 times were
excluded. As the primary results, the included videos were evaluated
individually by two orthopaedic surgeons using two different scoring
systems: modified DISCERN score and JAMA Benchmark score. For
secondary results, the videos were categorized according to publishing
year, video type (animation, live surgery, patient diary, etc.), video
length, number of views, and view rates. Any correlation between these
categories and JAMA and modified DISCERN scores were analyzed.

DISCERN is a scoring system developed at Oxford and used to evaluate
the quality of health care information, originally made up of 16
questions.” Establishing a scoring system for clarity, reliability, bias/
balance, providing additional information, and uncertainty criteria,
Singh et al.” modified DISCERN for the evaluation of YouTube. The
reliability of information was scored from 0 to 5 (reliability score) based
on 5 questions for the reliability and completeness of information. A
higher modified DISCERN score means higher reliability.

The JAMA benchmarks were published as a suggestion for basic quality
standards for internet information on health care.” It evaluates four
features that must be clearly visible on a website: authorship (writers
and contributors), attribution of references (references for all content
and copyright information), disclosure (potential conflict of interest
of the website), and currency (the dates on which the content was
uploaded and updated). Scores are between 0 and 4, in which a higher
score indicates higher video reliability.

The study was conducted in accordance with the Declaration of Helsinki
Principles.

Statistical Analysis

Data were analyzed with IBM" SPSS® Statistics 23 (IBM®, Armonk, NY,
United States). The conformity to normal distribution was examined
using the Shapiro-Wilk test. The Kruskal-Wallis test was used to compare
quantitative data that were not normally distributed to groups of three
or more. Spearman’s rho correlation coefficient was used to examine
the relationship between non-normally distributed quantitative
variables. The in-class correlation coefficient was used to examine the
agreement between the first and second experts. Analysis results are
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mean + standard deviation for quantitative data presented as deviation
and median (minimum-maximum). The significance level was taken as
p<0.05.

RESULTS

When the exclusion criteria were applied, 26 videos were available
for evaluation. 19.2% of the videos were uploaded in 2011 and 42.3%
of the videos were live surgery recordings. Descriptive statistics for
categorical variables are given in Table 1. Mean-modified DISCERN and
JAMA Benchmark scores were 2.6 and 2.0 for observer 1 and 2.5 and 1.9
for observer 2, respectively. The mean length of the videos was 538.2
sec., whereas the shortest was 16.0 sec. and the longest was 3131.0
sec. The maximum view rate of the videos was 18979.0 views per year
(v/yr), minimum was 928.0 v/yr, and the mean view rate was 6198.2
v/yr. (Table 2). Video types and median value of video lengths had
significant difference (p=0.013). The median values of animated videos,
live surgery recordings, and other types were 187.00 sec., 606.00 sec.,
and 301.50 s, respectively. Video type and other variablesmedian values
showed no difference (p>0.050) (Table 3).

Video publishing year groups and view rate variables showed a
statistically significant difference (p=0.003). The median view rates of
the videos published between 2008-2011, 2012-2015 and 2015-2020
was 2559.00, 3314.0, and 7458.00, respectively. Other variables showed
no significant difference compared to the publishing year groups
(p>0.050) (Table 4).

Total JAMA Benchmark scores by observer 1 (p=0.015; r=0.473) and
observer 2 (p=0.041; r=0.403) were significantly positively correlated
with video length values. A weak positive correlation between mean

Table 1. Descriptive statistics of categorical variables of videos
Frequency Percentage
(n) (%)
Year
2008 4 15.4
2011 5 19.2
2012 3 11.5
2013 1 3.8
2014 2 7.7
2015 1 3.8
2016 4 15.4
2017 4 15.4
2018 1 3.8
2019 1 3.8
Type
Live surgery 1 423
Animation 5 19.2
Clinical outcome 3 11.5
Specialist narrative 2 7.7
Digital planning tutorial (for-profit) 1 38
Explanation on bone model 1 38
Patient diary 1 38
Seminar 1 3.8
Webinar (mixed) 1 3.8
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JAMA benchmark and view rate values was found (p=0.047; r=0.393).
A positive correlation between modified DISCERN scores by observer
1 (p<0.007; r=0.639) and observer 2 (p=0.003; r=0.563) and video
length values was found. Mean-modified DISCERN scores and video
length values had a statistically significant strong correlation (p=0.001;
r=0.609) (Table 5).

The statistical analysis of JAMA (1CC=0,860) and DISCERN (ICC=0.867)
scores showed a strong correlation between both observers (Table 6).
A significant correlation was also found between the mean JAMA
Benchmark and mean-modified DISCERN scores. Mean-modified
DISCERN scores showed a moderate increase correlated with the mean
JAMA Benchmark score increase (r=0.463; p=0.017).

DISCUSSION

The most important finding of this study is that the informative quality
and reliability of YouTube videos concerning HTO are low and that they
did not improve over the last decade, which proves our hypothesis true.
In 2017, a study analyzing the quality of YouTube videos on anterior

cruciate ligament injury and reconstruction' showed that the videos
on YouTube were of low quality with a mean modified DISCERN score
between 2.2 and 2.3 and a mean JAMA score between 2.3 and 2.5.
Another study in 2016 analyzed the informative quality of YouTube
videos on the diagnosis and treatment of hip arthritis” and showed
that 86% of the videos provided poor information capacity, while only
3% provided excellent quality. The study concluded that YouTube is a
poor source of accurate information about the diagnosis and treatment
of hip arthritis. Several recent studies have researched the informative
quality of YouTube videos on several common orthopedic problems and
procedures, such as rehabilitation and return to sports after anterior
cruciate ligament reconstruction, developmental dysplasia of the hip,
total hip/knee arthroplasty, posterior cruciate ligament injuries, rotator
cuff injuries, and treatment of Bankart lesions. All referred studies
concluded that the informative/educational quality and reliability of
YouTube videos were poor.'* Among a large number of studies, we
did not find any study that analyzed YouTube content concerning HTO.
The results of our study were no exception to other studies mentioned
above. Similar to the results of other studies analyzing videos on other

Table 2. Descriptive statistics of quantitative variables
Mean Standard deviation Median Minimum Maximum
JAMA Benchmark-total (observer 1) 2.0 0.4 2.0 1.0 3.0
JAMA Benchmark-total (observer 2) 1.9 0.5 2.0 1.0 3.0
JAMA Benchmark-mean 2.0 0.4 2.0 1.0 3.0
Modified DISCERN (observer 1) 2.6 1.6 3.0 0.0 5.0
Modified DISCERN (observer 2) 2.5 1.4 3.0 0.0 5.0
Modified DISCERN mean 2.6 1.5 3.0 0.0 5.0
Views (n) 30224.2 21498.0 23681.0 11136.0 93933.0
Length (seconds) 538.2 646.9 343.0 16.0 3131.0
View Rate (view per year) 6198.2 5406.7 4361.0 928.0 18979.0
Table 3. The comparison of quantitative variables by video type
Animation Live surgery Others p*
1.80+0.84 2.09£0.30 2.10£0.32
JAMA Benchmark-total (observer 1) 0.441
2.00 (1.00-3.00) 2.00 (2.00-3.00) 2.00 (2.00-3.00)
1.60+0.55 2.00£0.45 2.00+0.47
JAMA Benchmark-total (observer 2) 0.244
2.00 (1.00-2.00) 2.00 (1.00-3.00) 2.00 (1.00-3.00)
1.70+0.67 2.05%0.35 2.05£0.37
JAMA Benchmark-mean 0.581
2.00 (1.00-2.50) 2.00 (1.50-3.00) 2.00 (1.50-3.00)
- 2.00+1.41 3.4510.82 2.00+1.89
Modified DISCERN (observer 1) 0.064
3.00 (0.00-3.00) 4.00 (2.00-4.00) 1.50 (0.00-5.00)
B 2.00+1.41 3.18+0.87 2.00+1.76
Modified DISCERN (observer 2) 0.136
3.00 (0.00-3.00) 3.00 (2.00-4.00) 2.00 (0.00-5.00)
B 2.00+1.41 3324078 2.00+1.76
Modified DISCERN-mean 0.068
3.00 (0.00-3.00) 3.50 (2.00-4.00) 2.00 (0.00-5.00)
. 27780.80+£15273.45 34356.00+27321.63 26900.80+17726.88
Views (n) 0.893
26835.00 (12547.00-52952.00) 24324.00 (11260.00-93933.00) 22758.00 (11136.00-72566.00)
156.60£90.22 671.641413.08 582.30+£929.65
Length (seconds) 0.013
187.00 (16.00-255.00)° 606.00 (73.00-1662.00)° 301.50 (20.00-3131.00)*
7139.601+6089.71 7611.55+6757.48 4172.70+2547.19
View rate (view per year) 0.559
4917.00 (2241.00-17650.00) 4540.00 (1462.00-18979.00) 3160.00 (928.00-8062.00)
“Kruskal-Wallis test. »°: There is no difference between the same letters, mean + standard deviation, median (minimum-maximum).
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Table 4. Comparison between video publishing years and quantitative variables
2008-2011 2012-2015 2015 and later p
1.89+0.33 2.00+0.00 2.20+0.63
JAMA Benchmark-total (observer 1) 0.291
2.00 (1.00-2.00) 2.00 (2.00-2.00) 2.00 (1.00-3.00)
1.67+0.50 2.00+0.00 2.10£0.57
JAMA Benchmark-total (observer 2) 0.133
2.00 (1.00-2.00) 2.00 (2.00-2.00) 2.00 (1.00-3.00)
1.78+0.36 2.00+0.00 2.15%0.58
JAMA Benchmark means 0.106
2.00 (1.00-2.00) 2.00 (2.00-2.00) 2.00 (1.00-3.00)
i 2.00+1.80 2.861+1.68 3.00£1.15
Modified DISCERN (observer 1) 0.453
2.00 (0.00-4.00) 4.00 (0.00-4.00) 3.00 (1.00-5.00)
i 1.89+1.54 2.57+1.62 3.00£1.15
Modified DISCERN (observer 2) 0.306
2.00 (0.00-4.00) 3.00 (0.00-4.00) 3.00 (1.00-5.00)
. 1.94+1.59 2.71£1.60 3.00£1.15
Modified DISCERN-mean 0.342
2.00 (0.00-4.00) 3.00 (0.00-4.00) 3.00 (1.00-5.00)
. 28323.00+£18528.14 33712.86+28539.39 29493.10+£20541.85
Views (n) 0.999
24324.00 (11136.00-72566.00) 26517.00 (11260.00-93933.00) 21074.00 (12547.00-75919.00)
318.221+302.62 617.57+538.18 680.70£901.07
Length (seconds) 0.330
277.00 (16.00-811.00) 396.00 (49.00-1662.00) 331.00 (130.00-3131.00)
. . 2855.11+£2099.26 5542.431£6054.25 9665.90+5289.12
View rate (view/year) 0.003
2559.00 (928.00-8062.00) 3314.00 (1875.00-18786.00)® 7458.00 (4182.00-18979.00)°
“Kruskal-Wallis test. #°: There is no difference between the same letters, mean + standard deviation, median (minimum-maximum).

Table 5. Relationship between scores, views, length and view rate values academmaﬁs had higher |nfqrmat|ve quality and reI|gb|I|ty. Astudy that
: analyzed video content quality on YouTube concerning Bankart lesion
Views z.st)ength :/a':" and its treatment showed that there was no difference in DISCERN or
JAMA scores according to video type.” Similarly, we found no significant
JAMA Benchmark-total (observer 1) ' 0265 ]03% | 0385 difference after the comparison of the scores of three different groups
p 0.190 | 0.074 0.052 of video types. The type of the video did not have any effect on the
r 0.050 0.473 0.321 scores, which means that animations, live surgery videos, and other
JAMA Benchmark-total (observer 2) D 0808 0.015 0110 type§ (webinar, §eminar, patient diarY etc.) had similgr low inform.ative
) P 0403 0303 quallty e.md r.ellablllty. Moreover, ammgtlons and Ilye surgerby v@eos
JAMA Benchmark-mean = 0041 0.047 had similar view rates. In contrast to live surgery videos, animations
s : : ’ were significantly shorter in time. A recent study analyzing YouTube
Modified DISCERN (observer 1) r -0.009 | 0.639 0123 vid.eos on arterioyenous malformations showed that videos fegturing
p 0.966 0.001 0.551 animations had higher popularity compared to other types of videos.?
diied ] : r 0.024 0.563 0.242 The practical translation of this may be that short animations may be
Modified DISCERN (observer 2) , 0909 | 0.003 | 0233 enough to inform patients instead of recording live surgery videos and

; 0.024 0.609 0193 not jeopardizing sterility and concentration during surgery.

Modified DISCERN-mean

P 0908 | 0.001 | 0.344 Another result of this study was that video length and view rate showed
r: Spearman’s rho correlation coefficient. positive correlations with both JAMA and modified DISCERN scores.
A study analyzing the quality of testicular cancer videos on YouTube
Table 6. The consistency of JAMA and DISCERN scores between observers revealed a positive correlation between video length and both JAMA and
1CC (95% Cl) p DISCERN scores.? Similarly, another study on the informative quality of
T 0.860 (0.688.0.937) 0001 YouTube videos on hallux valgus found a positive correlation between
: : . . video length and DISCERN score.?” This may be explained either by the
DISCERN 0.867 (0.973-16.805) <0001 fact that answers to questions that need answering for higher quality
Cl: Confidence interval. and reliability require more time; or that any information that comes

up incidentally as the video gets longer addresses the required answer

orthopedic issues, our results showed that YouTube videos concerning .
to a question.

HTO were poor with a mean JAMA score of 2 and a mean modified

DISCERN score of 2.6. Videos from three different time periods (2008-11, 2012-15 and 2015-

19) had similar poor JAMA and modified DISCERN scores. This may
Cassidy et al."” showed that neither the video quality or source, nor the be interpreted as that orthopaedic society failed to improve itself in
number of views had no correlation with the recorded scores. Other terms of self-expression and education on digital media in the last
studies?>** stated that video content uploaded by medical professionals/ decade. View rates, however, increased in time from 2559 views per
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year between 2008 and 2011 to 9666 between 2015 and 2019. This may
be explained by society’s increasing habit of using digital streaming
platforms and/or increasing use of the Internet by patients to research
health-related issues.?®

Moreover, the number of YouTube videos uploaded between 2015 and
2019 comprises 38% of all included videos, with this period having
the highest number of videos. Similarly, the view rate increased from
3314 per year between 2011 and 2015 to 7458 between 2015 and
2019. A search on PubMed with the keywords “HTO AND proximal tibial
osteotomy” between 2008 and 2019 resulted in 281 studies, where 182
(68%) of them were published between 2015 and 2019. The increase in
the number of videos, view rate, and number of studies published in
PubMed may be regarded as a confirmation of the “re-interest” in HTO
recently.

In addition, the consistency in the comparison of JAMA and DISCERN
scores indicates the reliability, precision, and value of these scales in
their evaluative qualities. Similarly, a recent study that evaluated the
quality of YouTube videos on spondylolisthesis showed that DISCERN,
JAMA, and Global Quality Score scores correlated among themselves.?

Study Limitations

There are several limitations to our study. First of all, this study evaluates
videos only on a single platform, namely YouTube. Videos on other
popular digital platforms might have provided different results. On the
other hand, because of the lack of validated tools specifically designed
to evaluate online video content, we used the JAMA Benchmark scoring
system that has been developed for written content, not for video
content and the modified DISCERN scoring system that was developed
for YouTube video content.” Another limitation of the scoring systems
used in this study is that both systems are the observer dependent.
Moreover, by selecting videos with a view number over 10.000, we may
have overlooked videos that may be probably of higher quality but with
a smaller number of views.

CONCLUSION

Although the view rate has increased over time, the informative quality
and reliability of YouTube videos concerning HTO are low and did not
improve over the last decade.

MAIN POINTS

 Although the view rate has increased over time, the informative
quality and reliability of YouTube videos concerning HTO are low
and did not improve over the last decade.

» Over time, the change in the social media usage habits of the
population is also seen in the field of health. It seems that the
increase in viewer demand for informative videos on this subject
has also increased the number of shared videos over time.

« JAMA or modified DISCERN sores can be used for the evaluation or
standardization of informative videos.
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Abstract

BACKGROUND/AIMS: In this study, we investigated how acute exercise affects bone element levels in resveratrol supplemented rats.

MATERIAL AND METHODS: The rats used in the study were divided into 4 groups with equal numbers (7 animals in each group). Control (group
1), swimming control (group 2), resveratrol (group 3), resveratrol + swimming (group 4). At the end of the four-week application, the animals
were sacrificed under general anesthesia and bone tissue samples were removed. Zinc, magnesium, copper, iron, lead, cobalt, molybdenum,
chromium, manganese, phosphorus, calcium and selenium levels were determined in bone tissue samples taken.

RESULTS: The bone zinc, iron, calcium, phosphorus, magnesium and boron levels of group 3 who received resveratrol supplementation were
higher than all other groups (p<0.05). The lowest magnesium, calcium, and phosphorus values were obtained in the swimming groups (groups
2 and 4) (p<0.05). The levels of other measured elements did not differ between the groups.

CONCLUSION: According to the findings of this study: 1) Both resveratrol supplementation and acute swimming exercise cause changes in bone
element metabolism. 2) Resveratrol supplementation changes bone element levels independent of exercise. 3) Resveratrol supplementation has

a protective and/or regulating effect on bone element metabolism.

Keywords: Resveratrol supplementation, acute exercise, bone tissue, elements, rat

INTRODUCTION

Along with nutritional behaviors, sports and physical activity are
considered as an important component in maintaining a healthy
lifestyle.’ Many studies have shown that moderate exercise may be
beneficial for primary and secondary diseases, especially heart diseases,?
disorders in carbohydrate metabolism, especially diabetes,> metabolic
syndrome* and diseases such as Alzheimer’s>® caused by hippocampal
degeneration.

Hormesis is a concept that has been proposed to explain the ability to
maintain life at low concentrations of toxic agents and the adaptive

cases developed against these agents.” The adaptation mechanism
exhibited by metabolism against physical exercise can also be
evaluated within the context of this concept. Sports and exercise are
recommended to maintain a healthy lifestyle. However, it has also been
shown that sports and physical exercise can cause oxidative stress and
thus tissue damage.” Therefore, intensive efforts are made to develop
dietary strategies for tissue damage caused by sports and exercise.” In
recent year, ability of resveratrol in modulation of physical performance
and prevention of oxidative damage has been studied.” Resveratrol
administration in elderly mice has been shown to prevent lipid
peroxidation.® Similar findings have been demonstrated by Dolinsky et
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al.? In a study on 14 athletes, resveratrol administration was reported
to prevented lipid peroxidation caused by exercise.’® It is mentioned
that resveratrol supplement may delay aging by improving health
and quality of life in the aging process, in addition to its performance
enhancing effect in athletes and physically active individuals."
Consistently, it was demonstrated in elderly mice model that resveratrol
increases strength in exercise® and may prolong lifetime.”>™ In the
mentioned events it is obvious that muscular function is likely to
be largely activated by resveratrol therapy.” The above reports of
researchers on the subject show that resveratrol administration is
beneficial in rodents with suppressed physical performance. But it is
also noteworthy that resveratrol supplementation increased exercise
capacity and physical performance not only in experimental animals
with chronic health problems but also in healthy young adult mice and
rats.'®'” Similarly, it has been demonstrated that resveratrol increased
muscle strength and functions in experimental animals specially raised
for exercise types requiring endurance.” More importantly, in addition
to the positive effects of resveratrol on exercise,” its important effects
on cardiac tissue have also been shown in two different rodent models.
In conclusion, administration of resveratrol with regular exercise'” has
sustainable positive effects not only on cardiovascular functions but
also on the muscle activity.

Contrary to the mentioned effects of resveratrol, studies on its effects on
element metabolism in exercise are scarce in the literature. Therefore,
the aim of this study how acute exercise affects bone element levels in
resveratrol-supplemented rats.

MATERIAL AND METHODS
Experimental Design

Adult male rats (Wistar) used in this study were obtained from Necmettin
Erbakan University Kombassan Experimental Medicine Research and
Application Center. This study was conducted in accordance with
the Declaration of Helsinki. The study protocol was approved by the
Experimental Animals Ethics Board of Necmettin Erbakan University’s
Kombassan Experimental Medicine Research and Application Center
(approval number: 2013-183).

Therats used in the study were divided into 4 groups with equal numbers
(7 animals in each group). Control (group 1), swimming control (group
2), resveratrol (group 3), resveratrol + swimming (group 4).

Ratsin group 1and 2 were fed standard rat chow. The ratsin groups 3 and
4 received resveratrol “Sigma R5010” (10 mg/kg/day) supplementation
in drinking water for 4 weeks in addition to the standard diet. The rats
in groups 2 and 4 were given 30 min of acute swimming exercise at the
end of the 4 weeks of practice.

The rats in the study groups were fed standard rat chow not less than
ten grams per hundred grams of their body weight. The food of the
experimental animals was obtained from the center where the study was

conducted as normal rat food (as pellets). All animals were maintained
at the same room temperature (21£1 °C) and on the same light/dark
cycle (12 h light and 12 h dark cycle) throughout the study.

Swimming Exercise

Swimming exercises in rats were performed in an 80 cm long and 50 cm
wide swimming pool made of heat-resistant polyethylene. To minimize
stress factors in animals, acute swimming exercises were performed as
30-minute swimming exercises in a single session. It is accepted that
swimming exercises between 30 and 60 min cause moderate stress in
rats.

Informed Consent

Following the four-week applications, 30-minute acute swimming
exercises were applied to the animals in a single session. All animals
were sacrificed 24 h after the acute swimming exercise and bone tissue
samples were taken. General anesthesia was administered to all animals
(with intramuscular administration of a combination of Ketalar, Parke-
Davis and xylazine “Rompun, Bayer”) to avoid animal suffering.

Elemental Analysis in Bone Tissue

At the end of the four-week practice, the animals were sacrificed under
general anesthesia 24 h after 30 min of acute swimming exercise, and
bone tissue samples were taken. Analysis of Zn, Pb, Co, Mo, Mg, Mn, P,
Cu, Fe, Ca, Se and B elements in bone tissue samples was performed
by the anomical emission method (inductively coupled plasma atomic-
emission spectrometer). Results were calculated as ug/gram tissue.
All elemental analysis in bone tissue were performed following the
National Institute of Standards and Technology 1547 procedure.”

Statistical Analysis

Statistical evaluation of the data obtained was carried out using SPSS v.
21.0 package software, and the arithmetic mean and standard deviation
of all parameters were calculated. Data were determined to show a
normal distribution with Shapiro-Wilk test. One-Way variance analysis
was used to determine differences between the groups, and the least
significant difference test was used to find the group causing difference.
P<0.05 values were considered statistically significant.

RESULTS

The highest bone zinc level was obtained in group 3, independent of
swimming exercise, who received resveratrol supplementation (p<0.05).
Acute swimming exercise led to the suppression of bone zinc levels in
swimming groups (group 2 and group 4) with and without resveratrol
supplementation (p<0.05). The lowest iron values in bone tissue were
obtained in the swimming groups (groups 2 and 4) (p<0.05). There was
no difference between the groups in terms of copper and selenium
values (Table 1).

Table 1. Zn, Fe, Cu and Se levels in bone tissue of experimental animals (ug/gram tissue)

Groups Zn Fe Cu Se

G1 (control) 38.08%6.05" 18.10£8.30° 0.42+0.10 1.6620.48
G2 (swimming control) 23.3742.52¢ 8.78+3.76" 0.64%0.40 2.17+1.84
G3 (resveratrol) 53.22+12.52° 17.72£7.99° 0.44%0.19 2.234+0.50
G4 (resveratrol + swimming) 17.8242.88¢ 8.8612.65 0.42+0.33 1.77+0.37
“Means with different superscripted letters in the same column are statistically significant a<b<c (p<0.05).
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Resveratrol supplementation (group 3) increased bone calcium,
phosphorus, and magnesium levels independent of swimming exercise
(p<0.05). When compared with the control group, acute exercise led
to a significant suppression of calcium, phosphorus, and magnesium
levels in the bone in the swimming groups (groups 2 and 4) with and
without resveratrol supplementation (p<0.05). There was no difference
between the groups in terms of lead values in bone tissue (Table 2).

Resveratrol supplementation increased bone boron levels in group 3
(p<0.05). There was no difference between the groups in terms of Co,
Cd, and Mo values in bone tissue (Table 3).

DISCUSSION

The highest levels of zinc, magnesium, calcium and phosphorus were
obtained from the resveratrol only group, and the lowest levels of
zinc, magnesium, calcium and phosphorus were obtained from the
swimming groups and resveratrol + swimming group. Regular and long-
term moderate exercise increase mineral content, and in conclusion
this type of exercise is beneficial for bone mineralization.???* On the
other hand, many researchers have shown that exhausting exercises
or the exercises performed until exhaustion negatively affect element
metabolism in bone tissues.?*?® In their study, Nielsen?® pointed out
that loss of bone minerals, especially zinc, occurred in rats that were
subjected to tiring and exhausting exercise, and that especially loss of
zinc in the bone tissue may cause osteopenia. Again, a single swimming
exercise performed until exhaustion was reported to increase the loss of
both magnesium and iron in the bone tissue.?*? In the present study,
our finding of decreased magnesium, calcium, zinc and iron levels (in
swimming control and resveratrol + swimming groups) is consistent
with the results of above mentioned studies. Interestingly, in this
study we found that levels of zinc, magnesium and calcium that were
decreased in the swimming groups (swimming control and resveratrol +
swimming groups) were increased in resveratrol alone group, and there
was no change in bone iron levels. This finding is important in terms of
indicating that resveratrol administration with a dose of 10 mg/kg for 4
weeks may lead to an increase in the mineral content of bones. In the
present study, boron levels in bone tissue were higher in the resveratrol
alone group compared to all other groups. Boron administration was
reported to decrease calcium excretion, increase estrogen levels, and
prevent bone loss in women in the menopausal period.?’? In a study,

3 mg/day boron was given to postmenopausal women, and it was
found that urinary spillage of Mg, Ca, and P was decreased with boron
supplementation, with these decreases being more prominent in the
Mg diet.?® Researchers state that magnesium and boron are essential
for optimal calcium metabolism and elderly men and postmenopausal
women need these minerals in order to be protected against losses in
bone mass.***' In our study, high boron levels in the bone tissue obtained
in the resveratrol alone group are an important finding given the effects
of boron element on bone metabolism. It was proposed that resveratrol
has a bone tissue protecting effect, which occurs by stimulation of
osteoblastic activity, and that resveratrol administration is critical to
the prevention of age-related bone losses.>> Similar finding was also
reported by Wu et al.** Zhao et al.*® Demonstrated that resveratrol
administration has a protective effect on bone loss in osteoporosis.
Increased levels of magnesium, calcium, zinc, and boron values that
we obtained in resveratrol administration alone seem as a very crucial
finding, emerge as an important result which will provide original and
interesting information especially in the relationship between bone
metabolism and resveratrol.

CONCLUSION

When the results of this study are examined as a whole; 1) Resveratrol
administration changed element levels in the bone tissue independently
of exercise. 2) It should be underlined that resveratrol administration has
a protective and/or regulatory effect on bone metabolism independent
of exercise.

MAIN POINTS

* Resveratrol administration changes element levels in the bone
tissue independently of exercise.

It should be underlined that resveratrol administration has
a protective and/or regulatory effect on bone metabolism
independent of exercise.

In future studies, it can be suggested that the relationship between
resveratrol administration and bone metabolism should be
examined not only in terms of element metabolism but also in
terms of histological changes.

Table 2. Ca, P, Mg and Pb levels in bone tissue of experimental animals (ug/gram tissue)

Groups Ca P Mg Pb

G1 (control) 53.05%12.9 30.50£5.16" 11.50£2.41° 0.10+0.03
G2 (swimming control) 33.914+7.93¢ 14.76%1.30¢ 7.84+1.97¢ 0.34+0.12
G3 (resveratrol) 83.91+24.14° 42.92+15.30° 15.22£5.35° 0.374£0.20
G4 (resveratrol + swimming) 31.534+17.82¢ 15.18+2.15¢ 5.70%1.87¢ 0.1610.07

“Means with different superscripted letters in the same column are statistically significant a<b<c (p<0.05).

Table 3. Co, Cd, Mo and B levels in bone tissue of experimental animals (ug/gram tissue)

Groups Co cd Mo B

G1 (control) 0.048%0.03 0.011£0.01 0.060.03 0.15£0.01°
G2 (swimming control) 0.021+0.01 0.020+0.03 0.08+0.04 0.19+0.03°
G3 (resveratrol) 0.053£0.02 0.010£0.01 0.10£0.02 0.83+0.18*
G4 (resveratrol + swimming) 0.020+0.01 0.01140.02 0.05+0.02 0.29+0.05°

“Means with different superscripted letters in the same column are statistically significant a<b (p<0.05).
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Abstract

BACKGROUND/AIMS: Occupational exposure to blood-borne viruses is a major concern for surgeons, nurses, and operating room personnel.
We aimed to determine the hepatitis B surface antigen (HBsAg), anti-hepatitis C virus (anti-HCV), and human immunodeficiency virus (anti-HIV)
seroprevalence of patients who were operated in the orthopedic service and to determine the prevalence of patients with positive serology,
especially those in an orthopedics unit.

MATERIAL AND METHODS: In our study, patients who were operated in the orthopedic unit between January 1, 2021 and January 1, 2022 were
retrospectively analyzed. HBsAg, anti-HCV, and anti-HIV serologies of the participants as well as age, gender, and case subgroups were recorded.
The surgeries performed on the participants were analyzed in 9 subgroups: foot-ankle, general orthopedics, trauma, sports surgery-arthroscopy,
pediatric orthopedics, hand-wrist, arthroplasty, spine, and oncological surgery.

RESULTS: We included 2006 patients in the study. According to the case grouping, 26 were foot-ankle, 202 general orthopedics, 642 trauma,
366 sports surgery-arthroscopy, 2 pediatric orthopedics, 145 hand-wrist, 582 arthroplasty, 12 spine, and 29 oncology. According to the ELISA
results, 77 (3.8%) patients were seropositive, 64 (3.2%) were positive for HBsAg, and 13 (0.6%) were positive for anti-HCV. Anti-HIV positivity and
co-infection were not detected in the participants. HBsAg (p=0.025) and anti-HCV (p=0.031) seropositivity were significantly higher in the group
that underwent surgery due to trauma compared to other case subgroups.

CONCLUSION: HBsAg and anti-HCV seropositivity were higher in patients who underwent surgery for trauma than in those who underwent
surgery for other reasons.

Keywords: Orthopedic surgery, seropositivity, seroprevalence

INTRODUCTION

Occupational exposure to blood-borne viruses is a major concern for
surgeons, nurses, and operating room personnel. These include hepatitis
B virus (HBV), hepatitis C virus (HCV), and human immunodeficiency
virus (HIV). Contaminated sharp instruments increase the risk of
transmission of these viruses. The World Health Organization stipulates
that more than two million injuries occur in 35 million healthcare
workers each year. Moreover, 66,000 HBV, 16,000 HCV, and 1,000 HIV

infections occurred due to these injuries.” Screening for HBV, HCV, and
HIV is vital for healthcare professionals working in surgical centers and
emergency departments.? The use of advanced protective measures
to limit occupational exposure and the disposal of seropositive wastes
generated during surgery is of utmost importance.?

The aim of our study was to determine the incidence of HBsAg, anti-
HCV, and anti-HIV positivity in patients who were operated on in the
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orthopedic service and to determine which sub-branch of orthopedics
is prevalent in patients who were found positive. After these
determinations, it is aimed to create a new perspective on the concerns
of surgeons and measures such as the dissemination of protective
equipment to address these concerns.

The hypothesis of our study is that the incidence of HBsAg, anti-HCV,
and anti-HIV positivity in patients who underwent orthopedic elective
surgery is lower than in patients who underwent surgery due to trauma.

MATERIALS AND METHODS

Participants who were operated in the orthopedics and traumatology
service between January 1,2021and January 1, 2022 were retrospectively
analyzed. All patients operated during the study period were included in
the study. Patients whose HBsAg, anti-HCV, and anti-HIV tests were not
requested in the pre-operative period. We analyzed the surgeries in nine
subgroups, including foot-ankle, general orthopedics, trauma, sports
surgery-arthroscopy, pediatric orthopedics, hand-wrist, arthroplasty,
spine, and oncological surgery. Amputation, implant removal, ingrown
toenails, soft tissue infection surgeries, and foreign body removal
surgeries were evaluated in the general orthopedics group. HBsAg, anti-
HCV, and anti-HIV serologies as well as age, gender, and case subgroups
of 2006 patients who met the criteria were recorded.

In our hospital, blood collection for serology is routine in the pre-
operative period, and blood samples were studied in the microbiology
laboratory with the macro-ELISA system (Architect-Abbott, USA).

This study was approved by the Ethics Committee of Aksaray University
Training and Research Hospital (approval number: 2022/08-06, date:
21.04.2022). There is no information about the patient in the submitted
manuscript.

Statistical Analysis

SPSS version 26 package program was used for statistical analysis of the
data. Kolmogorov-Smirnov test was used to evaluate the homogeneity
of the data. Chi-square test was used to compare categorical variables
and statistical results were evaluated according to 0.05 significance
level.

RESULTS

We evaluated 2006 patients in the study. Among these, 1,110 were
female and 896 were male. The mean age of the patients was calculated
as50.03 (1-95) years. According to the case grouping, 26 were foot-ankle,
202 general orthopedics, 642 trauma, 366 sports surgery-arthroscopy,
2 pediatric orthopedics, 145 hand-wrist, 582 arthroplasty, 12 Two of
them were spine and 29 of them were oncology group. According to the
ELISA results, 77 (3.8%) of patients were seropositive, 64 of them (3.2%)
were positive for HBsAg and 13 (0.6%) were positive for anti-HCV. Anti-
HIV positivity and co-infection was not detected in any of the patients
(Table 1).

HBsAg was positive in 38 female patients and 26 male patients
(Table 2). No significant correlation was found between gender and
HBsAg seropositivity (p=0.509). Anti-HCV positivity was detected in 7
females and 6 males (Table 2). No significant correlation was found
between gender and anti-HCV seropositivity (p=0.914). Similarly, no
significant correlation was found between age with HBsAg and anti-HCV
seropositivity (p=0.658).

HBsAg seropositivity was detected in 4 general orthopedic cases, 35
trauma cases, 6 surgery-arthroscopy cases, 4 hand-wrist cases, and 15
arthroplasty cases (Table 3). The rate of detecting HBsAg seropositivity
in the group that underwent surgery for trauma was significantly higher
than that in the other groups that underwent surgery (p=0.025).

Anti-HCV seropositivity was detected in 11 trauma cases, 1 surgery-
arthroscopy case, and 1 arthroplasty case (Table 3). Anti-HCV
seropositivity rate was significantly higher in the group that underwent
surgery due to trauma than in the other groups that underwent surgery
(p=0.031).

DISCUSSION

The number of HBsAg, anti-HCV, and anti-HIV seropositive
individuals detected during admission to the hospital was too high
to be underestimated.* Blood-borne viruses are a serious concern for
surgeons and healthcare professionals. In this study, we evaluated
the magnitude and distribution of HBsAg, anti-HCV, and anti-HIV
seroprevalence according to case subgroups in patients operated upon
in the orthopedics and traumatology units.

Table 1. Number and percentage of patients by serological marker type

Serological marker type ;rnhjzr:]l:)rgber and percentage of patients
HBsAg 64 (3.2)

Anti-HCV 13(0.6)

Anti-HIV 0(0.0)

HBsAg and anti-HCV 0(0.0)

HBsAg or anti-HCV 77 (3.8)

HBsAg: Hepatitis B surface antigen, HCV: Hepatitis C virus, HIV: Human
immunodeficiency virus.

Table 2. HBsAg and anti-HCV seroprevalence by gender

HBsAg Anti-HCV

Negative Positive Negative Positive
Female 1,072 38 1,103 7
Male 870 26 890 6
Total 1,942 64 1,993 13

HBsAg: Hepatitis B surface antigen, HCV: Hepatitis C virus.

Table 3. HBsAg and anti-HCV seroprevalence by case subgroups

HBsAg Anti-HCV

Negative | Positive | Negative | Positive
Foot-ankle 26 0 26 0
General orthopedics 198 4 202 0
Trauma 607 35 631 "
Sports surgery-arthroscopy 360 6 365 1
Pediatric orthopedics 2 0 2 0
Hand-wrist 41 4 145 0
Arthroplasty 567 15 581 1
Spine 12 0 12 0
Oncology 29 0 29 0
Total 1942 64 1993 13

HBsAg: Hepatitis B surface antigen, HCV: Hepatitis C virus.
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According to survey data, injuries occur in approximately 7% of
surgeries,>® and 87% of surgeons have a history of percutaneous injury
throughout their careers.’

Routine screening for viral markers is recommended in developed
countries> Having knowledge about seropositivity before surgery
allows for timely implementation of precautions such as protective
goggles and waterproof gowns. In addition, healthcare workers can
start prophylaxis immediately after any exposure. The role of universal
measures in prevention is at the highest level, and prevention is always
better than cure.®® Surgical assistants have the highest risk in this regard
that can be reduced with orientation training.'

In an epidemiological seroprevalence study conducted in Tirkiye,
HBsAg seropositivity was 2-7%." In another study, seropositivity
was 2.21% for HBsAg, 0.56% for anti-HCV, and 0.0008% for anti-HIV."
In a meta-analysis study, 34 European cities were evaluated and the
prevalence of HBsAg was 0.1-5.6% and anti-HCV prevalence was 0.4-
5.2% in this study.” In the study conducted by Pneumaticos et al.", 1,628
patients who were operated on in the orthopedics and traumatology
service were evaluated and seropositivity was found in 66 (4.0%) of
them. HCV positivity was found in 34 (2.0%) of them, HBV positivity in
30 (1.8%), and HIV positivity in 2 (0.1%) of them. In addition, this study
did not evaluate which case groups had higher seropositivity." In our
study, we found 64 (3.2%) seropositivity for HBsAg and 13 (0.6%) for anti-
HCV, and no patient was anti-HIV positive. In our study, while HBsAg
seropositivity was higher, anti-HCV seropositivity was lower. In addition,
anti-HIV seropositivity was not detected in our study. In addition to
these, in our study, in addition to the seropositivity rates in all operated
patients, the relationship between case groups and seropositivity was
investigated.

According to the results, no significant relationship was found between
gender and age with seropositivity (p>0.05). The seropositivity detected
in patients who underwent surgery due to trauma was significantly
higher than that detected in elective surgeries (p<0.05).

Study Limitations

The most important limitation of our study was its retrospective design
and the relatively lower number of cases in some case subgroups.
In addition, the lack of evaluation of demographic data such as
socioeconomic status, education, ethnic identity, occupation, previous
blood transfusion, and history of drugs is the shortcoming of our study.
The most important advantage of our study is that the number of cases
is higher than other studies in the literature, and it is the first study
conducted in the field of orthopedics and traumatology by dividing case
subgroups. Thus, we recommend that multicenter and meta-analysis
studies be performed with more cases in the future.

CONCLUSION

In this study, HBsAg and anti-HCV seropositivity were higher in patients
who underwent surgery for trauma than in those who underwent
surgery for other reasons. It is thought that the reason for this is that the
mobilization of trauma patients is more limited, surgical indications are
clearer, and alternative treatment methods are more limited, making
trauma patients more irrefutable for physicians. However, the physician
is more flexible in deciding of surgery in case groups that underwent
elective surgery, that is, in patients who underwent elective surgery. For
this reason, if HBsAg, anti-HCV, or anti-HIV seropositivity is detected in
elective surgeries left to the discretion of the physician, the physician
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may abandon the decision to perform surgery. This explains why
seropositivity is lower in these case groups. To prevent this situation,
we think that it is crucial to provide and use protective materials such
as glasses, liquid-proof surgical clothing, and barrier gloves in addition
to orientation training.

MAIN POINTS

* HBsAg and anti-HCV seropositivity were higher in patients who
underwent surgery for trauma than in those who underwent surgery
for other reasons.

In addition to orientation training, it is very important to provide
and use protective materials such as glasses, liquid-proof surgical
clothing, and barrier.

» Taking protective measures and providing protective equipment
can help reduce the concerns of surgeons and operating room
personnel about contamination.
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Abstract

BACKGROUND/AIMS: The occupational risks of healthcare workers (HCW) are well established. The aim of this study was to assess the knowledge,
attitudes and behaviors of healthcare professionals regarding occupational risks and standard precautions.

MATERIALAND METHODS: This cross-sectional study was conducted in three hospitals in North Cyprus, aiming to access HCW with a questionnaire
developed by the researchers, with 3 knowledge, 9 perception and attitude, 22 behavior, and 10 health hazard items. The data were analyzed
using SPSS18.0. Descriptive statistics with univariate and bivariate analyses were performed with significance level set as p<0.05.

RESULTS: The response rate was 80.7%, and 83% of the participants considered the institutional precautions to be unsatisfactory, while 57.5%
described their work as very risky, 50.7% reported experiencing at least one sharps injury, and 37.1% reported exposure to chemicals during their
professional activities. The nursing profession and night shift work were predictors of higher stress and risk perceptions and occupational injury.
The vaccination rates of the recommended vaccines were low. The technician profession and working in the state institution were predictors of
lower rates of hepatitis vaccination and the female gender for lower rates of tetanus vaccination. Only 18.4% of the participants reported regular
mask use and 50.6% effective gloves use while contacting patients. Nurses followed by physicians exhibited better performance regarding
personal protective equipment use. Compliance with standard precautions was unsatisfactory in general: responses manifested levels of correct
knowledge as 40.5%, correct attitudes as 53.9%, and correct behaviors as 52.1%.

CONCLUSION: A definite need to develop educational and administrative interventions to improve compliance with standard precautions was
established. The public health authorities were informed about the outputs.

Keywords: Healthcare workers, occupational risk and injury, standard precautions, personal protective equipment use, North Cyprus

INTRODUCTION include medical doctors, nurses, laboratory technicians, pharmacists

and providers of health management and supportive services such as
Healthcare workers (HCW) are all individuals engaged in work actions drivers, cleaners and cooks."HCWs are exposed to a broad variety of risks
with the intent of improving the health of the people. Healthcare including biological, chemical, physical, ergonomic and psychosocial
facilities around the world employ about 60 million workers. HCWs hazards; fire and explosion risks and electrical hazards.?* Violence
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against health workers, burnout, and musculoskeletal disorders are
also widespread. To their own health and safety, the occupational
health problems of HCWs are closely related to patients and the
community health.

Infectious diseases in general pose a major threat to the health of
HCWs globally. In a systematic review covering 10 years, increased
risk from infectious diseases concentrated among specific professions
including HCWs.* For example, measles infection was found to occur
13-14 times more frequently among health workers compared to
the normal population. Consequently, immunization is one of the
specific preventive measures for the health of HCWs. Currently, a
routine vaccination program is recommended for all workers in
healthcare facilities, while some vaccines are only suggested under
certain circumstances. Influenza, chickenpox, measles-mumps-
rubella (MMR), tetanus, and hepatitis B vaccines are recommended
for all health professionals.>® MMR vaccination is recommended for
all HCWs in some European countries, USA, Canada, and Australia
and is compulsory for all HCWs in Finland.® On the other hand, there
is a consensus that typhoid, hepatitis A, meningococcus, and BCG
vaccines should be provided for HCWs where the risk is high for these
conditions.®” Effective immunization programs have resulted in a
decline in infectious diseases among HCWs recently.

Low adherence to standard precautions is one of the main reasons
for the impact of infectious diseases on the health of HCWs. The
primary reasons for low adherence include insufficient education,
inadequate provision of protective equipment, and hazardous working
conditions.”*® Standard precautions include both individual and
community level measures. Pre- and in-service training of health
professionals on workplace safety, warning signs, and other measures
for increasing awareness are among basic preventive approaches.
Another major preventive measure is the use of appropriate personal
protective equipment (PPE). PPE is designed to protect workers from
various work-related health hazards that may affect their health
and safety.* The main forms of PPEs specifically for use by HCWs
are masks, gloves, aprons, lead aprons, face shields, and goggles.
However, knowledge and awareness of the risks and precautions do
not necessarily result in compliance with preventive measures. In one
study, although 97% of the participants were fully aware of the benefits
of using PPEs, only 25% were actually in adherence with the standard
precautions.’

The European Union program of 2010 (32/EU program) has introduced
precautions for the prevention of cutting and piercing wounds
among HCWs. The preventive measures recommended are education,
escalating awareness, healthy and careful use and disposal of cutting
and piercing equipment and continuous and effective use of PPEs."

The most prominent risks for healthcare professionals in Tirkiye
have been identified as infections, exposure to radiation, anesthetics
and chemicals, injuries, violence, exhausting and strenuous working
conditions, high workload, and neuromusculoskeletal traumas.”
Similar conditions are observed to be prevalent in North Cyprus as well
although there is a lack of evidence-based research on the issue.™

The results of research on the assessment of the knowledge and
behaviors of HCWs toward universal precautions have highlighted
low levels of knowledge about control measures and poor adherence
with the precautions.”°Some studies have demonstrated the positive

impact of policies like infection control programs, periodic training
and infection reporting systems.™

The only study on the health and safety of HCWs in North Cyprus was
published in 2021. The study illustrated the conditions in a university
hospital in Kyrenia."” In this study, 57.5% of the HCWs had a satisfactory
level of correct knowledge, 37.3% had satisfactory positive attitudes,
and 30.9% had satisfactory practices toward standard precautions.
Occupation was a predictor, and doctors were less likely to have
satisfactory knowledge and practice compared with nurses. The
findings revealed substandard adherence to standard precautions
among HCWs."”

The objective of the current study was to assess the working conditions
and health hazards of HCWs in addition to their knowledge levels,
attitudes, and practices with respect to occupational risks and standard
precautions.

MATERIALS AND METHODS
Study Design and Setting

This cross-sectional study was conducted among HCWs in Famagusta
city of North Cyprus. The study setting included a state hospital and two
private hospitals. A purposive sampling method was used, and the aim
was to access all HCWs of the hospitals with a questionnaire. The time
frame of the data collection period was 01.11.2016 to 31.05.2017.

The participants were divided into 4 groups for analysis purposes:
Group 1-physicians, group 2-nurses, group 3-technicians and other
professions, group 4-cleaning staff. Group 3 included laboratory,
radiology and anesthesia technicians, physiotherapists, dietitians,
security guards, and ambulance drivers.

The approval of the Ethics Committee of the Near East University and
the permissions of the three hospital administrations were obtained.
(Near East University Ethics Committee Report (approval number:
2016/40-330, date: 20.10.2016). Informed consent of the participants
was obtained before the interview.

Data Collection Method and the Study Tool

The study tool was a questionnaire developed and administered face
to face by the researchers. The questionnaire was designed after a
thorough literature search of previous studies.'

The questionnaire consisted of 55 questions in five sections, including
demographic and professional features, perceptions of occupational
risks and diseases, history of occupational accidents and diseases,
compliance with standard precautions, and PPE use. The first section
including medical history consisted of 13 questions on the socio-
demographics of the participants.

The perceptions of occupational risks and disease were covered by 5
questions, while the history of occupational diseases and accidents was
investigated by 4 questions. Standard precautions section including
knowledge, attitude and practice items consisted of 28 questions, of
which 9 were on PPE use. Radiology technicians were questioned about
the use of lead aprons, while doctors and nurses were questioned
about their behaviors regarding invasive intervention practices with 5
additional questions.
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The study tool included 3 knowledge: 5 perception: 4 attitude: 22
behavior items and 10 health hazard event items.

Statistical Analysis

The data were entered, cleaned and analyzed using IBM SPSS (Statistical
Package for the Social Sciences) version 18.0 (SPSS Inc, Chicago, IL,
USA). The total scores of the participants’ knowledge, attitude, and
behavior responses were divided into 2 categories as satisfactory and
unsatisfactory. The ratios of the total correct responses were calculated
for each item group. A satisfactory level of knowledge, attitude, and
behavior was set as the answer choice representing the best practice on
the issue related to the question.

Univariate analyses were conducted for descriptive statistics including
means, frequency, and percentages to describe the characteristics of
the study sample. Bivariate analyses were performed to calculate the
relationships between the categorical variables regarding satisfactory
levels of knowledge, attitude, and behavior using Pearson’s chi-square
test and Fisher’s exact test. The significance level was set as p<0.05.

Terms and definitions were accepted in compliance with the
literature.’®2

RESULTS

Of the 409 HCWs employed at the three hospitals, 330 completed the
questionnaire, with a response rate of 80.7%.

Socio-economic and Professional Characteristics and Working
Conditions of the Participants

The socio-economic and professional characteristics of the participants
are presented in Table 1. Of the participants, 67.9% were female, 54.2%
were under 40 years of age, and the distribution according to profession
revealed 43.6% nurses, 22.2% physicians, 12.1% cleaning staff and 11.6%
technicians. The mean age was 38.0+£8.8, median: 38, minimum and
maximum: 20-71. The data about other professions are presented in
Table 1. Of the total participants, 30.5% were daily smokers, 7.3% were
occasional smokers and 5.5% were former smokers. Notably, smoking
rates were 36.8% among nurses and 26.0% among physicians.

Of all participants, 62.1% were employees of the public hospital, while
37.9% were working at the two private hospitals. The mean weekly
working duration was 42 h per week. HCWs work more than 40 h per
week comprised 36.0% of the total for the public hospital compared
to 82.5% for the two private hospitals. The employees of the private
hospitals worked significantly more hours weekly than those of the
public hospital (x>=65.6, p<0.001).

The analysis of the working conditions revealed that 53.8% worked
night shifts and 45% had eight or more night shifts per month. Nurses
comprised the professional group with the highest rate of night shifts of
69.3% because of the general employment system for nurses in North
Cyprus.

Occupational Injuries and Diseases

The participants’ history of occupational accidents and injuries is
presented in Table 2.

About half of the participants (50.7%) had experienced accidents or were
injured while working. Furthermore, 3.4% had experienced chemical
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Table 1. The socio-economic and professional characteristics of healthcare
workers participating in the study (Famagusta, 2017)

Socio-economic/professional features ‘ n %
Age (n=330)

<40 years of age 179 54.2
>40 years of age 151 45.8
Sex (n=330)

Male 106 321
Female 224 67.9
Profession (n=330)

Physician 73 222
Nurse 144 43.6
Laboratory technician 20 6.1
Radiology/surgery technician 18 5.5
Physiotherapist 5 1.5
Dietitian 2 0.6
Ambulance driver 9 2.7
Transporter 13 39
Caregiver 6 1.8
Cleaning staff 40 121
Workplace (n=330)

State hospital 205 62.1
Private hospital 1 54 16.4
Private hospital 2 71 21.5

Table 2. History of occupational accidents and injuries experienced by
the participants (Famagusta, 2017)

Injury history ‘ n %
Piercing injury during work (n=322)

Never 154 47.8
Once 54 16.8
Occasionally 104 323
Frequently 5 1.6
Don’t remember 5 1.6

Chemical splash (n=326)

Never 205 62.9
Occasionally 1 34.0
Frequently 10 3.1

Chemical burns (n=319)

Yes 1 |34

Type of chemical burn (n=10)

Chemical splash to eyes 4 40.0
Chemical exposure to oral mucosa 2 20.0
Chemical splash to face 3 30.0
The exposure of respiratory system to waste anesthetic gases | 1 10.0
The status of PPE use during chemical burn accident (n=10)

No PPE 9 90.0
Don’t remember 1 10.0
Allergies during work (n=323)

Latex glove allergy 72 223
Drug allergy 21 6.5
Other 10 3.1

PPE: Personal protective equipment.
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burns, 90% of whom were without PPEs during the accidents. Of the
total, 32.3% indicated occasionally experiencing sharp injuries.

Among the physicians and nurses, 65.6% stated that they had
experienced injuries at least once while performing injections. The
nurses reported the highest rate of experiencing chemical exposure
with 47.5% and piercing injury with 66.2%. Frequencies of penetrating
injury history among the occupation members were 66.2% for the
nurses, 58.3% for the physicians, and 17.8% for the cleaning staff
(significantly lower for the cleaning staff with p<0.001). A history of
chemical exposure and sharp injury was highest among nurses.

Working Conditions

Significant differences were demonstrated between the night- and
day-shift workers for some occupational conditions including skin
health problems related to latex glove use (66.9% versus 47.9%
respectively, p=0.01). The frequencies of sharps - related injuries and
chemical exposure were also higher for those who had night-shift work
compared to day-shift work (60.2% versus 39.3%, p=0.01 for sharps
injuries and 43% versus 29% for chemical exposures).

Perceptions of the Participants Related to Their Working Conditions

Approximately 90% of the participants described their work as stressful
(89.7%). Among the cleaning staff, a significantly lower proportion
(x*=23.43, p<0.001) described their work as stressful than the other
groups. Regarding professional risks, 57.5% of the total participants
perceived their working conditions as very risky and 36.0% as
moderately risky. The perceptions of the nurses about their own
professional risks were the highest with 69.9%.

On the other hand, the proportion of participants who described
their work as high risk was significantly higher for night-shift workers
(70.3%) compared to day-shift workers (41.5%) (p<0.001). Similarly,
state hospital workers’ risk perception of their job was significantly
higher than private hospital workers (65.0% versus 45.1%, x*=15.87,
p<0.001).

Of the participants, only 17% perceived infection prevention measures
at their workplace to be satisfactory. State hospital HCWs rated these
measures as unsatisfactory with a rate of 98% and private hospital
workers with 57.9%, where the difference was significant (x°=86.42,
p<0.001). Likewise, night-shift workers reported a significantly higher
rate of unsatisfactory responses compared to day-shift workers in this
respect (87.6% versus 69.2% respectively, p<0.001).

Knowledge on Infection Prevention Measures

The question about the duration of handwashing was responded
correctly by 77.9% of the nurses, 70.0% of the cleaning staff, 63.9 % of
doctors, and 60.6% of group 4. Only 24% of the participants responded
satisfactorily to the question about hepatitis B’'s transmission and
hepatitis C.

The results of the survey regarding safe handling and disposal of
syringes indicated that only 16.7% of the doctors, 19.2% of the nurses,
and 18% in total of the two groups provided the correct answers.
Moreover, 83.3% of the physicians, 80.8% of the nurses, and 82%
in total stated that re-capping of the needle sticks was the correct
behavior, the difference between the two groups being non-significant
(p=0.782).

Behaviors Regarding Infection Prevention Measures

Of the participants, 50.5% reported consistent handwashing before
examining or caring for a patient, while 6.0% stated they never washed
their hands before touching a patient. On the other hand, 81.8%
indicated regular handwashing after examining or caring for a patient,
while 0.6% stated they never washed their hands after contacting a
patient.

Vaccination Status

Vaccination rates in general were low among the participants; 28%
of the participants had received no vaccinations at all during their
professional career. The behaviors of the participants regarding
vaccinations are presented in Table 3.

Of the total participants, 83.9% were vaccinated for hepatitis B. The
participants vaccinated for hepatitis B, tetanus, and influenza comprised
6.4% of the respondents. The frequency of hepatitis B-vaccinated
professionals was 78.5% among the participants from the state hospital
compared to 92.7% for the private hospitals, the difference being
significant.

The behaviors of the participants regarding getting tested and
vaccinated for some infections according to professions are presented
in Table 4.

Hepatitis B vaccination status was found to be 98.6% among physicians,
79.8% among nurses, and 91.4% among the cleaning staff. Group 3
professionals, including technicians and other professionals, had a
significantly lower rate with 71.2% (Table 4).

Only 17.4% of the participants reported being vaccinated at least once
for influenza during their professional career. There was a significant
difference between state hospital workers (21.5%) and private sector
workers (10.8%) regarding influenza vaccination (x*=5.81, p=0.016), but
vaccination rates were unsatisfactory for both groups.

Table 3. The vaccination status of the participants (Famagusta, 2017)

Vaccination status n %
Tetanus vaccination in the last 5 years (n=326) 171 52.5
Hepatitis B lifelong vaccination (n=329) 276 83.9

Vaccinations during professional career (n=311)

None 87 28.0
Hepatitis B 181 58.2
Tetanus 101 325
Influenza 50 16.1
Hepatitis A 2 0.6
Other (MMR, pneumococcus, measles, meningococcus) 8 25

Multiple vaccinations during professional career (n=311)

Hepatitis B only 87 28.0
Hepatitis B + tetanus 59 19.0
Hepatitis B + influenza 13 4.2
Hepatitis B + tetanus + influenza 20 6.4
Tetanus only 18 5.8
Influenza only 13 42
Tetanus + influenza 4 13
Hepatitis A + hepatitis B 2 0.6

MMR: Measles-mumps-rubella.
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Similarly, state hospital HCWs were vaccinated for tetanus during their
professional career significantly more than private hospital workers
(40.8% versus 25.0%) as well (x>=8.6, p=0.004). Of the participants,
52.5% had been vaccinated for tetanus in the last 5 years. Regarding
genders, 46.1% of the female participants and 65.7% of the male
participants reported being vaccinated for tetanus during the last
five years, the difference being significant (x*’=13.38, p<0.001). On
the other hand, tetanus vaccination was highest among physicians
with 54.2% and lowest among the cleaning staff with 18.2% (x*=17.7,
p=0.007).

- Attitudes and behaviors regarding PPE use.

- The behaviors of the participants regarding the use of PPE in general
aredisplayed in Table 5. The frequency of those wearing gloves regularly
when contacting a patient was 48.6% and 95.8% of these reported they
renewed the gloves for every patient. Conversely 2.8% of the total
reported they never wore gloves in professional practice. There were
no significant differences between HCWs 40 years of age and above
and those 40 years of age below 40 years regarding mask and glove
use attitudes and behaviors and experiencing sharps injuries. However,
other precautions such as vaccinations for tetanus and hepatitis B were
implemented significantly higher among professionals 40 years and
over.

Of the total, only 18.4% reported regular and 23.5% frequent use of
masks during close contact with the patients. Of the mask users, 52.9%
thought that masks should be renewed for every patient, while 39.3%
believed that changing a mask daily would be sufficient. Notably 20%
of the participants never wore masks while in close contact with a
patient.

Among radiology technicians, 72.7% responded that they rarely wore
lead aprons while being exposed to X-rays, while the rest reported
frequent use during exposure.

- The use of goggles among participants was low as 75.6% had never
used goggles and 29.3% responded that goggles use is not needed at all.

The distribution of the attitudes and behaviors of the participants
regarding PPE use regarding professions is demonstrated in Table 6.

Of the nurses, 100% expressed the opinion that gloves should be used
during work consistently. The cleaning staff comprised the group with
the lowest frequency regarding the necessity of glove use with 85.4%.

On the other hand, the behaviors of the participants differed from their
attitudes: Only 55.6% of the nurses and 49.8% of the doctors indicated
that they used gloves consistently when working with patients. Of those
wearing gloves, 88.7% of the doctors and 71.0% of the nurses changed
gloves for every patient.

The rates of regular mask use were 16% among nurses and 20% among
physicians. The regular mask use rate was highest among the cleaning
staff with 33%. Mask use was significantly higher among the cleaning
staff compared to other professions (p<0.001).

General evaluation of the knowledge, attitude and behavior responses
about compliance with standard precautions manifested that the
level of correct knowledge was 40.5% in total, for attitudes 53.9% and
behaviors (or practices) 52.1%. Vaccination status of the participants
demonstrated that 28% had not been vaccinated at all by any vaccine
after they started their professional career.

DISCUSSION

In this cross-sectional study, the knowledge, attitudes and behaviors
of HCW on occupational health and standard precautions were
investigated, along with their working conditions and occupational
hazards. The results indicated that private hospital employees worked
significantly more hours than state hospital workers. Nurses had the
highest rates of health hazards. As a consequence, job risk perception
among nurses was higher than that among other professional groups.
While more than half of the total participants perceived their job as
very risky, the rate of this perception was highest among nurses with
70%. The higher smoking rate among nurses of 36.8% may be attributed
to all these unfavorable factors. The predictors of higher stress and risk
perceptions were night shift work, the nursing profession, and working
in the state hospital.

Most of the participants had been previously tested for hepatitis B and
C by screening tests and the rates were highest for physicians, followed
by nurses. Similarly, the frequency of hepatitis C screening was 69% in
a study in Turkiye.”!

Table 4. The distribution of the participants according to professions regarding their behaviors on being tested and vaccinated for some infections
(Famagusta, 2017)

Profession physician | Nurse Group 3" Cleaners
“s” status "%, x P

n % n % n % n %
Tested for HIV in previous year (n=329) 29 39.7 46 322 27 403 16 34.8 0.083
Tested for hepatitis B&C (n=320) 69 97.2 126 88.1 44 66.7 37 86.0 21.88 <0.001
Hepatitis B infection status (n=318)
Vaccinated 72 98.6 115 79.8 47 712 42 91.4
Not infected, not vaccinated 1 1.4 23 16.0 13 19.7 2 43
Infected and immunized 0 0 0 0 1 1.5 0 0
Hepatitis B carrier 0 0 1 0.7 0 0 0 0
No information 0 0 5 35 5 7.6 2 43
Tetanus vaccine in the last 5 years (n=324) 42 57.5 66 47.5 38 57.6 25 54.3 0.462
PPD skin test (n=323) 39 54.2 64 45.4 23 34.8 8 18.2 17.7 0.007
“Group 3: Laboratory, radiology, anesthesia technician; physiotherapist, dietician, security guard, ambulance driver. HIV: Human immunodeficiency virus, PPD: Purified Protein Derivative.
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Table 5. The behaviors of the participants regarding their use of personal protective equipment (Famagusta, 2017)

Behavior

Frequency of mask use (n=310)

%

Always 57 18.4
Frequently 73 235
Rarely 155 50.0
Never 25 8.1
Frequency of glove use (n=311)
Always 151 48.6
Frequently 104 334
Rarely 46 14.8
Never 10 32
Frequency of apron use (n=301)
Always 64 213
Frequently 33 11.0
Rarely 98 325
Never 106 35.2
Frequency of use of goggles (n=283)
Always 13 4.6
Frequently 9 3.2
Rarely 47 16.6
Never 214 75.6
Frequency of lead apron use (n=11)"
Always 0 0
Frequently 3 273
Rarely 8 72.7
Never 0 0
“Only radiology technicians.
Table 6. The attitudes and behaviors of the participants regarding the use of PPEs according to professions (Famagusta, 2017)
Attitude and behavior Profession

Physician Nurse Group 3" Cleaner s

n % n % n % n % X P
Attitude regarding glove use (n=313)
Should always be worn during working hours 69 97.2 135 100 61 92.4 35 85.4
No need to wear gloves all the time 2 2.8 0 0.0 5 7.6 6 14.6
Attitude regarding mask use (n=308) 7.88 0.049
Should always be used during working hours 30 429 81 61.8 31 47.7 21 50.0
No need to use all the time 40 57.1 50 382 34 52.3 21 50.0
Behavior regarding glove use (n=306) 533 0.149
Uses all working hours 29 49.8 75 55.6 28 42.4 19 48.7
Does not use regularly 42 59.2 60 44.4 33 57.6 20 51.3
Mask use behavior (n=310) 8.05 0.045
Uses all working hours 14 20.0 22 16.3 8 121 13 333
Glove use when touching a patient (n=316) 13.53 0.004
Regularly 25 35.2 78 54.9 26 394 24 64.9
Mask use when contacting a patient (n=320) 26.79 <0.001
Regularly 16 219 22 15.3 10 15.4 20 52.6
Changing gloves per patient (n=193)" 0.379
Always 55 88.7 93 71.0
Occasionally 7 113 38 29.0
Handwashing duration (n=314) 8.15 0.043
Correct 46 63.9 106 77.9 40 60.6 28 70.0
Incorrect 26 36.1 30 221 26 39.4 12 30.0

“Group 3: Laboratory, radiology, anesthesia technicians; physiotherapist, dietitian, security guard, ambulance driver. “Only physicians and nurses. PPE: personal protective equipment.
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On the other hand, vaccination rates in general were low in the current
study, as 28% of the respondents had received no vaccines at all after
starting the profession. Hepatitis B vaccination had the highest lifetime
rate among other vaccines, although 12% were still not vaccinated
for hepatitis B at all. Hospital type and profession were predictors of
hepatitis B vaccination, with significantly lower rates for state hospital
workers and the group including laboratory technicians.

Two studies among HCWs investigating hepatitis B vaccination rates
reported these rates as 83.1% and 50.4% respectively.”?" In the review
of Haviari et al.%, the rates of hepatitis B vaccination were reported in
the range of 63-95%. The review also reported pertussis immunization
rates of 14-73% and MMR rates of 87-97%. However, pertussis and MMR
vaccination rates in our study were very low, contrary to international
findings.

Although influenza vaccination has been recommended for all health
professionals in many countries, only 16.1% of the participants in our
study reported receiving the vaccine at least once after starting their
profession. Hospital type was a predictor for influenza vaccination with
significantly higher rates for state hospital workers. Likewise HCWs who
were vaccinated for influenza in the previous year comprised only 4.3%
in a study in Turkiye.”

In a meta-analysis published in 2011, the vaccination rates for
seasonal influenza among health professionals were 7.5-63.0%.°
Influenza vaccination rates among HCWs were determined to be 60%
in a study conducted in South Korea? and 51.4% among primary HCWs
in Jerusalem.?® In the review by Haviari et al.°, influenza vaccination
ranged from 15 to 90%. To conclude, influenza vaccination rates among
HCWs exhibit a broad variation depending on the national and local
circumstances.® The vaccination status established in this study is far
from satisfactory, except for a relatively higher rate for hepatitis B.
Our study points to the urgent need for interventions to escalate the
vaccination rates in North Cyprus.

Of the total, slightly more than half of the participants responded
that they had experienced sharps injuries at least once during their
professional life, with the highest rate being among nurses with 66.2%.
The nursing profession, night shift work, and working in a private
hospital were predictors of more injuries and accidents. Consistent
with our findings, other studies have shown that nurses were exposed
to penetrating and cutting and other work-related injuries more
frequently than other HCWs.2*?> The frequencies observed among
nurses ranged from 61% to 89%, as demonstrated by a number of
Studies.ZW,24,26,27

The increase in the frequency of injuries during night shift work
has also been reported.?® Likewise, injuries mostly occur during the
later periods of prolonged working hours and among HCWs with less
professional experience.?>?

Regarding injury type, 15.7% of all injuries were found to be due to
invasive interventions in one study.® A study from Serbia reported that
60.6% of HCWs had experienced at least one needle stick injury during
their professional practice. Nurses had a higher risk of needle stick
injuries than doctors. Among the factors contributing to needle stick
injuries, recapping needles and decontamination/cleaning instruments
after surgery were more frequent among nurses, whereas use of a
needle before an intervention was more common among doctors.”’
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In our study, the frequency of chemical spill accidents at least once
was 37.1%, rising up to 43% during night shifts, while the frequency of
chemical burns was 3.4%. The comparison of the professions showed
that 48.5% of the nurses, 35% of the physicians, and 23% of the other
groups had experienced chemical spills. In a study conducted in
Cameroon, 36.7% of HCWs mentioned they had been exposed to blood
or body fluids in the last three months, with frequencies of 43% among
nurses, 16.4% among physicians, and 5.5% among laboratory workers.
On the other hand, other studies reported more frequent injuries
among physicians.>"3 Distribution according to injury type in another
study exhibited frequencies of exposures as blood or body fluid spills
60.3%, needle stick injury 28.7% and cuts 10.9%.%

Skin health problems were experienced by 58.3% of the participants
and 22% reported latex glove allergies in the current study. The reasons
for refraining from glove use were examined in a study where 65.3%
of the participants indicated allergic conditions as the cause of their
reluctance to wear gloves. The level of latex allergy was stated as 11.8%’
and 57%* in two different studies.

PPE use behaviors were investigated in depth in the current study. The
attitudes of the nurses were better than those of the other professions
regarding PPE use. The rates of satisfactory attitudes of the nurses
concerning regular mask and glove use were high; all of the nurses
shared the opinion that gloves should be used consistently during work
hours. However, their behaviors were not in compliance with their
attitudes. Similarly although 97% of the participants were fully aware of
the benefits of using PPE, only 25% were actually practicing according
to the safety rules in one study.’

The regular mask use rate was significantly higher among cleaning staff
(33.3%) compared with physicians (22%) and nurses (16%). The low level
of mask use among physicians and nurses remains a matter of concern.
Glove use when contacting a patient was significantly lower among
physicians with 35%, compared to 55% for nurses and 64% for cleaners.
Regular glove use was highest among nurses. An important point to be
considered in this respect is that the survey was conducted before the
COVID-19 pandemic.

The correct response rates to the knowledge questions were not
satisfactory since the expectation is that nurses and doctors will provide
mostly correct answers. These included questions on the sufficient
duration of handwashing, the route of the transmission of hepatitis
B and C, and compliance with safe injection and disposal criteria. The
results showed no significant differences between doctors and nurses
in this regard. In a previous study conducted in Northern Cyprus, 57.5%
of the HCWs had a satisfactory level of correct knowledge, 37.3% had
satisfactory positive attitudes, and 30.9% had satisfactory practice
toward standard precautions. Occupation was a predictor, and doctors
were less likely to have satisfactory knowledge and practice compared
with nurses."”

Study Limitations

One of the limitations of the study is that the survey was based on
a convenience sample and hence, was not representative of all the
health professionals in the country. Thus our study findings have
limited generalizability. Also, the sample population was small and
an interviewer-administered questionnaire may have relatively lower
reliability compared to more objective measurements. The study was
done before the start of the COVID-19 pandemic and hence the situation
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might have changed regarding the use of some PPEs, specifically mask
and glove use.

CONCLUSION

According to the results of this study, most participants had substandard
levels of knowledge, attitudes, and behaviors toward standard
precautions. The study results point to the need for educational
programs on occupational health and safety precautions.

HCW have high risks of infection and other occupational diseases and
accidents.

1. A country-wide comprehensive program for HCWs is a prerequisite for
any progress on this issue.

2. In this context, pre- and periodic examinations and training programs
unique to each occupational group on standard precautions should be
mandatory for all HCWs and controlled by the health authority.

3. Future research should aim to investigate a more comprehensive
sample of HCWs for a better view of the situation.

MAIN POINTS

* The predictors of higher stress and risk perceptions were night shift
work, the nursing profession, and working in the state hospital.

* The nursing profession, night shift work, and working in a private
hospital were predictors of higher rates of injuries and accidents.

 Profession and hospital type was predictors of hepatitis B
vaccination, with significantly lower rates for state hospital workers
and the group including laboratory technicians.

* Hospital type was a predictor of influenza vaccination with
significantly higher rates for state hospital workers and the male
gender for higher rates for tetanus vaccination.
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Abstract

BACKGROUND/AIMS: Sugammadex is a gamma cyclodextrin structured agent used for reversing the effect of steroidal neuromuscular blocking
(NMB) agents. The first aim of this study was to evaluate the dose of rocuronium required to re-establish NMB when administered 2 min after
its reversal with sugammadex in rats. Also, to monitor the onset times and durations of NMB achieved by variable doses of rocuronium after
reversal with sugammadex.

MATERIALS AND METHODS: Thirty-five Sprague-Dawley rats were randomly divided into groups including control and four experimental groups.
The control group was designed to determine the onset time and duration of NMB induced by 1.2 mg/kg rocuronium. In the control group,
no sugammadex was applied. In the experimental groups, rocuronium (1.2 mg/kg) was reversed with sugammadex (4 mg/kg). Subsequently,
experimental groups were administered various doses of rocuronium. Groups were named according to the rocuronium dose administered
(group 2.4, group 3.6, group 4.8 and group 6.0). Rats in all groups were monitored with train of four.

RESULTS: In group 2.4, rocuronium did not ensure NMB. In group 3.6, NMB occurredin only 3 rats. All rats in groups 4.8 and 6.0 achieved
complete NMB. There was no statistically significant difference in the onset time of NMB in 4.8 and 6.0 groups (p<0.05). The mean duration of
NMB in the experimental groups was significantly shorter than that in the control group (p<0.01).

CONCLUSION: Sufficient muscle relaxation and intubation conditions could be achieved with 3.6 mg/kg, 4.8 mg/kg, and 6.0 mg/kg doses of
rocuronium as short as 2 min after sugammadex.
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INTRODUCTION

Sugammadex is a gamma cyclodextrin structured agent used for
reversing the effect of steroidal neuromuscular blocking (NMB) agents
such as rocuronium and vecuronium via encapsulation.” In clinical
practice, sugammadex is widely used to reverse rocuronium-induced
NMB in postoperative care and emergency medicine.

Reoperation within the early postoperative period and re-intubation
due to respiratory complications or allergic reactions are undesired
situations that require NMB.2 Theoretically, agents other than steroid-
structured NMB should be used to re-establish NMB after reversal with
sugammadex.’ However, rocuronium is an alternative choice because of
its rapid onset time and minimal hemodynamic changes even at high
doses.* There are several case reports and studies on rocuronium being
reused after reversal with sugammadex.>® In these studies, there is no
data on the onset time or duration of NMB with rocuronium when it
is usedto re-establish NMB after administration of sugammadex. The
aim of this experimental animal study was to evaluate the dose of
rocuronium required to re-establish NMB when administered 2 min
after its reversal with sugammadex. Secondary end points of this study
were to monitor the onset times and durations of NMB achieved by
variable doses of rocuronium after reversal with sugammadex.

MATERIALS AND METHODS
Study Subjects and Study Design

This experimental, randomized, controlled, and blinded animal
study was approved by the Yeditepe University Local Animal Studies
Ethical Board (approval number: 478, date: 19.08.2015). All invasive
procedures, anesthesia, animal care, etc. were conducted in accordance
with international guidelines on experimental animal studies.’

Thirty-five female Sprague-Dawley rats weighing 180-300 gr were
equally randomized into four experimental and one control groups.

Figure 1. Steps of our study
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Rats were maintained at a temperature (22-24 °C) and humidity-
controlled environment with free access to food and water.
Sugammadex (Bridion; 200 mg/2 mL, Schering-Plough, Turkiye) and
rocuronium (esmeron; 50 mg/5 mL Merck Sharp Dohme Ilac, Tirkiye)
were the agents used in this study.

Anesthesia and procedural preparation: Following intraperitoneal
ketamine administration (60 mg/kg), intravenous access was achieved
using a 20-22 G cannula in the tail lateral vein. Rats were secured on
the dissection tray supinely, and 1 L/m O, was administered. Following
a 0.5 cm incision on the midline of the neck, surgical dissectors were
used to locate the trachea and place a 18 G cannula as a tracheostomy
(Figure 1a, b). Thereafter, T mL of serum physiology was administered
to maintain hemodynamic stability due to possible blood loss.

The effect of NMB was monitored using train of four (TOF) (TOF-WATCH
S, Oragon; Dublin, Ireland). The TOF stimulating part was placed using
platinum needles neighboring the sciatic nerve and its receiving part
was placed in a pocket formed with surgical scissors between the
gastrocnemius muscle and skin (Figure 1¢). Stimulation with 2 Hz 0.2
ms was administered for 1.5 seconds every 15 seconds. Supramaximal
current was determined to be T1/T4: 1.0 for the mentioned muscle
groups.

Intravenous rocuronium (1.2 mg/kg) was administered to all rats with
TOF measurements taken every 15 seconds. Rats were placed on 850
NEMI Scientific mechanical ventilators (respiratuar rate: 80-100, tidal
volume 10 mL/kg) when their respiratory effort was lost. The control
group was designed to determine the onset time and duration of
NMB induced by 1.2 mg/kg rocuronium. In the control group, no
sugammadex was applied.

In all experimental groups, rocuronium (1,2 mg/kg) was applied, then
time until TOF <0.2 was recorded as t7. Sugammadex at a dose of
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4 mg/kg was applied when TOF <0.2. After that, the time between
the administration of sugammadex and TOF >0.9 was observed and
recorded as t2. Two minutes after TOF >0.9, groups were administered
various doses of rocuronium. Groups were named according to
the rocuronium dose performed (group 2.4, group 3.6, group 4.8
and group 6.0). After second doses of rocuronium were applied in
experimental groups, the time until TOF <0.2 was defined as t3. The
duration of action of rocuronium applied to the experimental groups
for the second time and the duration of action of rocuronium applied
to the control group was defined as t4. All steps of our study have
been demonstrated in Figure 1.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics 16 (IBM
SPSS, Tirkiye). Kolmogorov-Smirnov test was used to determine the
normal distribution. One-Way ANOVA with post-hoc Tukey HSD was
used to compare the groups. Statistical significance was set as p<0.05.

RESULTS

The average age of rats was 137.70+4.06 (133-145 days) and average
weight was 187.24£15.43 Gr (171-208). There was no difference
between the groups with regard to age, weight, basal body
temperature, or basal respiratory weight (p>0.05).

There was no statistically significant difference between the groups
with regards to t7 and t2. NMB was achieved in no rats in group
2.4 and only 3 rats in group 3.6, whereas all rats in groups 4.8 and

6.0 achieved complete NMB. When groups 3.6, 4.8, and 6.0 were
compared according to dt3, no statistically significant difference was
found. While a statistically significant difference was found between
the experimental and control groups for t4, there was no difference
between the experimental groups (Table 1).

The relationship between time and mean TOF values after the second
dose of rocuronium the following sugammadex administration is
shown in Figure 2. Comparison of t4 between groups is shown with
box plot in Figure 3 and Table 2.

DISCUSSION

This experimental study demonstrated that increasing dosages of
rocuronium can be used for the re-establishment of NMB after the
reversal of rocuronium-induced NMB with sugammadex. However, re-
used rocuronium has a shorter duration of action when it is performed
after sugammadex administration.

Rocuronium is the most commonly used steroid-structured NMB agent.
The use of steroidal neuromuscular agents for general anesthesia
after the reversal of NMB with sugammadex is controversial. If NMB
is required after routine dosage of rocuronium (0.6 mg/kg) has been
reversed by 4 mg/kg of sugammadex, 1.2 mg/kg of rocuronium or
0.6 mg/kg of rocuronium can be applied at the 5" minute or 4" hour
respectively.?

The timing and time to the effect of recurrent doses of rocuronium
are open to debate. In a case report, 0.6 mg/kg of rocuronium was

Table 1. Comparison of 7, 2, t3, t4 times according to groups and number of curarized rats per group
Group 2.4 Group 3.6 Group 4.8 Group 6 Control group p
t7 (sec.) 77.14+21.38 7431223 71.41+25.4 77.1£21.4 68.6118.6 0.935
12 (sec.) 68.57£19.51 7141254 88.6+£19.5 80.0+28.3 0.395
13 (sec.) 145.0£26.9 120.0£23.1 100.0+£24.6 0.080
Curarized rats (n) 0/7 3/7 717 717
t4 (sec.) 310.0£57.7 311.44£33.8 360.0£86.4 514.31£53.8 0.001
600 p:0,002
120 74 P:0,000 N\
y /_H
E
—Grup24 g 00
_ 4
—Grup 3,6 a —_—
~——Grup4,8 . [‘f . -g
Grup 6 3 8 3004
o Q ——
o )
. ‘;‘6 I 3 p:1,000 90,632 p:0,005
0 = 2004
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" £:0,720
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Figure 2. Relationship between time and TOF values after G;oeup G‘IOSUP GéOOUp Control

the second dose of rocuronium following sugammadex

administration.
TOF: Train of four.

Figure 3. t4 demonstrated as box plot.
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Table 2. Comparison of t4 between groups

Control, (n=7) Group 3.6, (n=4)

Group 4.8, (n=7) Group 6.0, (n=7) p

Mean £ SD 514.29+53.80 310.00+57.73

311.43+£33.76 360.00£86.41 0.001"

SD: Standard deviation.

reversed by 4 mg/kg of sugammadex. Emergency resurgery was
required 30 min later, and adequate NMB was achieved at the 6"
minute following 2 mg/kg of rocuronium.™ In another case report,
0.6 mg/kg of rocuronium led to adequate NMB for intubation in 102
s following the reversal of rocuronium with 2 mg/kg sugammadex 6 h
previously.® The authors reported that as the half-life of sugammadex is
2 h, a normal dose of rocuronium (0.6 mg/kg) would be adequate after
3 half lives or more had passed.® Case reports have reported varying
times for administration of rocuronium following NMB reversal with
sugammadex, with even more variation for dosages of 1.2 mg/kg and
3.4 mg/kg.>"""? Although our study supports the hypotheses suggested
by these case report examples, our goal is not only to determine the
rocuronium dose after sugammadex in rats but also to project the
rocuronium doses in humans.

In a study by de Boer et al.®, body distribution and drug
pharmacodynamics and pharmacokinetics were used to determine
the dosage of sugammadex required to reverse an initial dose of
0.6 mg/kg rocuronium and the required repeat dose of rocuronium
to achieve NMB after sugammadex. The investigators determined
that adequate conditions for intubation would be achieved with 1
mg/kg rocuronium for 2 mg/kg sugammadex, 1.5 mg/kg rocuronium
for 4 mg/kg sugammadex, and 2.25 mg/kg rocuronium for 8 mg/kg
sugammadex. However, these findings do not correlate with previous
case reports, and the onset time of rocuronium was not specified in
this dose determination study.

Cammu et al.>reported a pilot study where the effect of 1.2 mg/kg
of rocuronium following 4 mg/kg sugammadex was evaluated in 16
healthy volunteers. 1.2 mg/kg rocuronium was applied at different
times after reversal of NMB and their time to reach T1: 0% and TOF rate
0.9 were determined. They were grouped according to the time when
rocuronium was performed after sugammadex [5 min (n=6), 5-25 mins
(n=6) and after 25 min (n=5)]. Average time to T1: 0% and time to TOF:
0.9 was 3.06 m and 25.3 m for the 5 m group, 3.09 m and 24.8 m for
the 5-25 m group, and 1.73 m and 38.2 m for the over 25 m group,
respectively. In a later group, NMB commencement in volunteers was
found to be significantly shorter. The study reported that the differing
time of effect for rocuronium after sugammadex was not predictable in
all patients. Therefore, the authors concluded that rocuronium usage
after reversal with sugammadex was not a safe and feasible option.’

To our knowledge, there are no animal studies regarding the re-use of
rocuronium after sugammadex, therefore, our study is the first in the
literature on this matter. When published case reports and volunteer-
based studies are taken into consideration, the literature generally
reports re-use of rocuronium 5 minutes after sugammadex, more
often than not 30 minutes after.®'"'2" However, a recently published
systematic review reported that allergic reactions and respiratory
complications occur within the first 3 min after sugammadex
administration.” Instead of evaluating redose of rocuronium after 5
min, we therefore decided to evaluate the effect of various doses of
rocuronium 2 min after reversal with sugammadex.
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Some unforeseen complications have also been described after the
widespread use of sugammadex in anesthesia practice. Cases of acute
coronary syndrome resulting from a strong allergic/immune reaction
to any drug or product, also called Kounis syndrome, have been
associated with the use of sugammadex.’ This newly described-allergic
condition has been described in many clinical presentations, from
atropine-resistant bradycardia to sudden cardiac arrest."®" Both the
aforementioned post-extubation respiratory complications and allergy-
related coronary symptoms are conditions that develop in a short time,
and the findings of our study may guide clinicians in dealing with these
clinical scenarios in case of re-intubation. We demonstrated that the
time for reversal of NMB of rocuronium after sugammadex reversal of
initial NMB was statistically shorter for the control group than for the
other groups. Clinicians should closely follow up for motor blockage in
the event of such re-intubation.

In our study, the first dose of rocuronium was administered at 1.2 mg/
kg. The suggested induction dose of rocuronium in humans is 0.6 mg/
kg. However, due to faster metabolism, this dose does not provide
adequate NMB. Differing doses of rocuronium are used in rats, while in
most studies a high dose of 3.5 mg/kg is used.**" It has been reported
that this dose corresponds to 0.6 mg/kg in humans. However, most
studies have used lower doses of 1.2-1.5 mg/kg.?2% Our primary aim was
not to determine the optimal human dosage but to evaluate differing
doses according to total effect time and time to NMB. Therefore, we
used the minimum accepted dosage of 1.2 mg/kg for rocuronium.
We prevented mortality and complications by keeping experiment
time and time on mechanical ventilation to minimum. Intravenous
sugammadex demonstrated linear pharmacokinetic properties over
the dose range of 1-16 mg/kg. On the other hand, when sugammadex
is administered at high doses, the unbound sugammadex molecules
will remain free, increasing the possibility of inducing toxic effects.
Studies have shown that 1 mg of sugammadex is equivalent to 4 mg
in rats.?# Therefore, we used 4 mg/kg of sugammadex to correspond
to the minimum dosage in humans. To our knowledge, there are
no animal study, rat model, or a pilot study similar to ours in the
literature. There is also no study similar to ours in which TOF usage in
rats is demonstrated in detail.

In summary, the above-mentioned studies and case reports report that
after reversal of NMB with sugammadex, high dosage (four times of
normal) of rocuronium leads to NMB and an increase in rocuronium
dosage after sugammadex lengthens the time for beginning of its
effect. In our study we used 2-5 times more dosage to determine the
effect of rocuronium after reversal with sugammadex. While 4-5 times
higher dose led to NMB, there was no difference between the time of
effect start between 4 and 5 times dosages.

Study Limitations

Our study has some limitations. Due to technical reasons, we were
unable to monitor blood gases and other physiological responses in
rats. We had to ignore the factors such as the metabolic rate that would
affect the effect time and metabolism of drugs. To prevent any negative
effects of mechanical ventilation, we kept the rocuronium doses low.
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We were therefore unable to administer higher doses of rocuronium.
Also, we did not perform any pathophysiological evaluation of the end
organ effects of our experimental drugs.

CONCLUSION

Adequate NMB for intubation is possible when rocuronium is applied
2 min after sugammadex. However, the total dose of rocuronium,
sugammadex and the time required for intubation after sugammadex
should all be kept in mind. A non-steroidal non-depolarising NMB
should be used in this case. Rocuronium can be used in 3-4 times
of normal dose when other medications are not available. However,
studies on the end-organ effect of these dosages of rocuronium must
be evaluated.
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Abstract

The mDIXON quant sequence is a chemical shift encoding based on the proton density fat fraction, which can assess fat content quantitatively.
Myofibroblastoma (MFB) is a benign mesenchymal entity, and its prevalence is less than 1% of all breast tumors. Since MFB includes variable
amounts of fat-containing fascicles, the mDIXON quant sequence provides a prominent contribution in evaluating fat content in the lesion.

Keywords: Breast, myofibroblastoma, mDIXON quant, magnetic resonance imaging

INTRODUCTION

Myofibroblastoma (MFB) is a benign mesenchymal entity. It is a rare
tumor with a prevalence of less than 1% of all breast tumors." It is
more common in postmenopausal women and middle- to older men.
Although its etiology has not been fully understood, cases with a history
of steroid hormone use, gynecomastia, chest wall trauma, and surgical
scars have been reported in the literature.? Although MFB is a benign
entity, in radiological evaluation, there is no specific diagnostic feature’.
The mDIXON quant sequence is a chemical shift encoding based on
proton density fat fraction, which can assess fat content quantitatively
with fat fraction value.* In this case report, we present the mDIXON
quant magnetic resonance imaging (MRI) findings of MFB. To the best
of our knowledge, this is the first case presenting mDIXON quant MRI
findings of MFB in the published literature.

CASE PRESENTATION

A 55-year-old male patient with a complaint of abdominal pain
underwent abdominal MRI. Although he had no history of cancer in
his own and family history, he had a subcutaneous lipoma at the lower
thoracic levels on the right anterior axillary line for a long time. An
abdominal MRI examination included upper extraabdominal sites up
to the retroaerolar region. In this examination, there were solid lesions

in both retroareolar areas. The most significant lesion was located at
the left retroareolar localization (Figure 1A, B). In our institute, routine
abdominal MRI protocol includes another sequence called mDIXON
quant, showing macroscopic-microscopic fat and water content (Figure
2). In the macroscopic fat content measurements with the lesion’s
largest diameter, the lesion contained 22.51% fat, and the lesion T2

Figure 1. Solid lesion located at the left retro areolar localization
was inhomogeneous; on T2-weighted images (A), it was
hypointense, and there were hyperintense areas in the lesion (red
arrows). Also, smaller solid lesions were detected in the right retro
areolar area (blue arrows). On fat-saturated T2-weighted (spectral
presaturation with inversion recovery) sequence (B), the lesion
was hyperintense. There was no signal suppression due to any fat
content (dashed red arrows).
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relaxation time was measured as 82.03 ms (Figure 3A, B). In the coloured
maps created in the section that passed through the lesion level, the
percentage of fat contained in the lesion was shown in the appropriate
color (Figure 3C, D). Mammography and breast ultrasonography were
recommended for further examination. The left retroareolar solid lesion

Figure 2. In the mDIXON Quant sequence, the lesion (red arrow)
was hyperintense in the water only images (A) and hypointense
in in-phase (C) and out-phase (B) images. In fat only images
(D), hypointense and hyperintense areas show macroscopic fat
content in the lesion.

Figure 3. Quantification of fat with the largest diameter of the
lesion (red arrow), the lesion contains 22.51% fat (A), and lesion T2
relaxation time was measured as 82.03 ms (B). In the measurements
made at the workstation on the mDixon quant sequence images,
the quantification of fat can be made numerically. The fat content
can be visually understood by looking at the scale consisting of the
colors assigned to the percentage ranges. Here, as in the Cand D
figures, two different color scales can be used. In (C), fat-rich areas
are shown in red, poor areas in dark blue. In (D), fat-rich areas
are bright yellow, while areas poor in oil are identified in black.
The lesion was marked with white arrows, which corresponds to
22.51% fat content; Green and blue in (C) and purple and black in
(D) were assigned to the lesion by the program.

Ozgiil et al. mDIXON Quant MR Findings of Myofibroblastoma

was excised because of breast evaluation. Histopathological diagnosis
of the lesion has been reported as (MFB) (Figure 4).

DISCUSSION

MFB belongs to the family of CD34-positive tumors and is characterized
by spindle-shaped cells growing in collagen bands and variable numbers
of fat-containing fascicles.?

The mDIXON quant sequence is a proton-density-based chemical shift
encoding that uses a fat fraction value to quantitatively analyze fat
content. This sequence consists of four separate series: in-phase, out-
phase, water only, and fat only, using mathematical calculations taking
advantage of the T2" relaxation time difference of fat and water. In this
way, it is possible to make fat rate measurements that give meaningful
results in different organs and lesions using this sequence, which is
generally used in the abdominal region.

Because MFB is a rare disease and includes variable amounts of fat-
containing fascicles, the mDIXON quant sequence provides a prominent
contribution in evaluating fat content in the lesion. By using this
sequence, quantification of fat can be made. Additionally, this sequence
provides us with better management in the evaluation and treatment
of similar lesions. Written informed consent was obtained from the
patient who participated in this study.

MAIN POINTS

* The mDIXON quant sequence is a chemical shift encoding based
on proton density fat fraction, which can assess fat content
quantitatively with fat fraction value.

It is possible to make fat rate measurements that give meaningful
results in different organs and lesions using the mDIXON sequence,
which is generally used in the abdominal region.

Because MFB is a rare disease and includes variable amounts of
fat-containing fascicles, the mDIXON quant sequence provides a
prominent contribution in evaluating fat content in the lesion.

Figure 4. The tumor shows uniform spindle cells growing in
fascicles with intervening bands of ropey collagen (A) (hematoxylin
and eosin, x200). In immunohistochemical analysis, the tumor
cells show diffuse and robust positive staining [(B) vimentin, (C)
desmin, and (D) CD34 (x200)].
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» The mDIXON sequence provides us with better management in the
evaluation and treatment of similar lesions.
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Abstract

Elizabethkingia spp. bacteria are found in living and non-living things. Elizabethkingia meningoseptica (E. meningoseptica) and Elizabethkingia
anophelis (E. anophelis) are the leading species that can cause diseases in humans. Most of the infections (80-87.5%) caused by E. anophelis are
hospital-acquired. This bacterium is generally identified as E. meningoseptica by automated systems. In this study, a case of bacteremia due to
E. anophelis in a hemodialysis patient is presented. This patient is a 72 years old female who is hospitalized in the intensive care unit. She was
referred to the Near East University Hospital from the state hospital with pneumonia. E. anophelis was isolated from the patient’s blood culture
by the VITEK-2 automated system. The isolated bacteria were stored at -80 °C and detected as E. anophelis by matrix-assisted laser desorption
ionization time of flight. Success was achieved by adding levofloxacin to the ongoing meropenem treatment in our patient. Although the
transmission route of our case with multidrug resistance is not exactly known, it is assumed that the transmission originated from the hospital.
In this regard, increasing control measures in hospitals, mainly in water systems, will prevent such infections and deaths. In addition, it is
concluded that for treating infections caused by Elizabethkingia, the use of fluoroquinolones should be the first choice.

Keywords: Elizabethkingia anophelis, bacteremia, hemodialysis, rare, North Cyprus

INTRODUCTION

Bacteria in the genus Elizabethkingia spp. are Gram-negative, aerobic,
pale, yellow pigmented, non-motile, non-glucose fermenting, and

oxidase positive. They are ubiquitously distributed in nature, including

water, soil, sediment, plants, fish, frogs, insects, and some animal
digestive tracts. Elizabethkingia meningoseptica, Elizabethkingia
anophelis,  Elizabethkingia — miricola, Elizabethkingia  bruuniana,
Elizabethkingia ursingii, and Elizabethkingia occulta are known species
of bacteria. The leading species that cause diseases in humans are
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Elizabethkingia meningoseptica (E. meningoseptica) and Elizabethkingia
anophelis (E. anophelis)."?

E. anophelis is a newly discovered bacterium isolated from the gut
of Anopheles gambiae mosquito.® It is reported as an opportunistic
bacterial pathogen that causes bacteremia in immunocompromised
elderly patients and newborns.* Moreover, this bacterium can cause
meningitis, pneumonia, septic arthritis, osteomyelitis, endocarditis,
conjunctivitis, and cholangitis.” Most of the infections caused
by E. anophelis (80%-87.5) are hospital-acquired. These bacteria,
which can colonize hospital environments, are resistant to applied
decontamination processes. In addition, hospitals are considered
to be reservoirs of these bacteria since they can contaminate water
systems, solutions, and hospital equipment.’>

In recent years, an increase in E. anophelis infections that threaten
human life has been reported in clinics.® In society, E. anophelis
infection in humans was first observed in 2012 at a hospital in
Singapore, when E. anophelis was isolated from five patients with a
nosocomial infection. In two of these patients, infection resulted in
death due to sepsis.” According to the literature, several epidemics
were seen in Hong Kong, Taiwan, and the United States in the
following years.’

Routine phenotypic and biochemical tests often fail to distinguish
E. anophelis from other bacteria. At the same time, this bacterium
is usually defined as E. meningoseptica by automated systems.’
Additionally, the multi drug resistance (MDR) of the bacterium and
the lack of a standard antibiotic susceptibility profile make empirical
treatment almost impossible.* The mortality rate in E. anophelis
infections due to MDR is estimated to vary between 24% and 30%.?

Early and accurate determination of appropriate antibiotic
susceptibility results is critical and crucial to reduce morbidity and
mortality in patients infected with E. anophelis. In our study, a case of
bacteremia due to E. anophelis in a hemodialysis patient hospitalized
in an intensive care unit (ICU) is presented. In the literature, there is
no reported case of E. anophelis that has been found in North Cyprus,
and hence this infection is the first Elizabethkingia infection presented
in our country.

CASE PRESENTATION

A 72-year-old Ukrainian woman residing in North Cyprus applied to
the Near East University Hospital on April 01, 2022, as a referral from
Dr. Burhan Nalbantoglu State Hospital, Nicosia due to respiratory
distress. The patient had no fever, was conscious and cooperative. She
was also receiving meropenem (3x500 mg) treatment at the hospital
she came to. The patient had chronic renal failure and was on regular
hemodialysis. First, severe acute respiratory syndrome-coronavirus-2
(SARS-CoV-2) antigen and SARS-CoV-2 RNA polymerase chain reaction
test (PCR) were performed on the patient, and she was hospitalized
in the general ICU with negative results. Meanwhile, biochemical test
were performed from the taken blood and the results were: uric acid
(1.7 mg/dL), albumin (2.8 g/dL), amylase (15 U/L), lipase (<4 U/L), and
calcium (8.2 mg/dL) were found to be low. In addition, creatinine (2.63
mg/dL), aspartate aminotransferase (AST) (52 U/L), procalcitonin (PCT)
(12.26 ng/mL), and C-reactive protein (CRP) (28.63 mg/dL) elevations
were noteworthy. In the complete blood count, hemoglobin (12.1
g/dL), and WBCs (4.4x10°/uL) levels were found to be normal, but
thrombocytopenia (47x10°/uL) was detected in the patient.
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Considering all these results and respiratory failure, thoracic computed
tomography (CT) was performed on April 02, 2022. According to the CT
results, massive pleural effusion in the right hemithorax and almost
complete loss of aeration in the lower lobe of the right lung were
observed. In addition, 14 mm thick pleural fluid was detected in the
left hemithorax.

Samples for sputum and blood culture were taken from the patient
on the day of hospitalization. The sputum sample was inoculated on
blood agar and eosin methylene blue (EMB) agar and incubated for 24-
48 hours at 35 °C. Blood samples were taken from the patient’s right
and left arm at an interval of 15 min. The samples (8-10 mL) taken for
blood culture were transferred to BD BACTEC Plus Aerobic/F bottles and
loaded into the BACTEC 9120 (Becton, Dickinson and Company Sparks,
USA) device. Two days later, when positive signals were received from
the device, the blood sample was drawn with a sterile syringe from the
blood culture bottles and inoculated on blood and EMB agars; the agars
were incubated 35 °Cfor 24-48 hours. With the observation of growth in
both sputum and blood cultures, suspensions were prepared from the
colonies that grew in line with the manufacturer’s VITEK-2 (BioMerieux,
Inc. Durham, USA) compact automated system. In addition, smears
were prepared from both colonies and stained with Gram-stain.
Structures of Candida species were seen in the Gram-stain of colonies
grown in sputum culture and Candida albicans was obtained as a result
of VITEK-2. Gram-negative bacilli were observed in smear preparations
made from colonies grown in both blood cultures. Upon this, bacteria
identification (VITEK-2 GN ID card) and antibiotic susceptibility test (AST)
(VITEK-2 AST-N326 card) were performed. AST was evaluated according
to the European Committee on Antimicrobial Susceptibility Testing
criteria. The result of Elizabethkingia meningoseptica was obtained by
the automated system. According to the results of the antibiotic tests,
only ciprofloxacin, levofloxacin, and trimethoprim/sulfamethoxazole
(SXT) were susceptible. The AST results given by the VITEK-2 automated
system of the bacteria are presented in Table 1. Considering the
antibiogram, levofloxacin (1x500 mg) was added to the patient’s
ongoing meropenem (3x500 mg) treatment. Furthermore, 72 h later, a

Table 1. AST results of Elizabethkingia anophelis obtained from VITEK-2
automated system

Antibiotic MIC (ug/mL) Result
Piperacillin 64 |
Piperacillin/tazobactam >=128 R
Ceftazidime >=64 R

Cefepime >=32 R
Aztreonam >=64 R
Imipenem >=16 R
Meropenem >=16 R

Amikacin >=64 R
Gentamicin >=16 R
Netilmicin >=32 R
Tobramycin >=16 R
Ciprofloxacin 1 S
Levofloxacin 1 S
Tetracycline 8 |
Trimethoprim/sulfamethoxazole 40 S

MIC: Minimum inhibitory concentration; S: Sensitive; R: Resistant; I: Intermediate, AST:
Aspartate aminotransferase.
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decrease was observed in our patient’s CRP and PCT levels (13.20 mg/dL
and 6.18 ng/mL, respectively). At the end of seventh day, CRP and PCT
values were observed as 8.33 mg/dL and 3.31 ng/mL respectively. Our
patient had undergone dialysis twice within a week during her stay in
the hospital. At the end of a week, the patient returned to the State
Hospital again. After that, no information could be obtained from the
patient.

E. meningoseptica strains isolated from blood cultures were stocked
using bacteria stock tubes (OR-BAK, Ankara, Turkiye) and stored at -80
°C. Since it is a rare bacterium, the sample was sent to Dokuz Eyliil
University under the appropriate conditions and the bacterium was
detected as E. anophelis by matrix-assisted laser desorption ionization
time of flight (MALDI-TOF) (Bruker Daltonics, Bremen, Germany).

An informed consent form was filled by the patient and her consent
was obtained, which allowed us to present our case.

DISCUSSION

The case presented in this study is the first reported case of E.
anophelis infection detected in Cyprus. Because the patient came to
the Near East University Hospital as a referral from a state hospital,
the source of the infection is not known exactly. Even though the
predominance of this bacterium in the gut microbiota of Anopheles
gambiae mosquitoes indicates that mosquitoes can be vectors for
transmission, there is no clinical evidence to support this view.?
However, considering that the patient is hospitalized in the ICU of the
state hospital and regularly undergoes dialysis, it is possible to think
that the infection originates either from the ICU or hemodialysis units.
Recent studies suggest that hospital environments act as reservoirs for
Elizabethkingia species. In fact, despite the control measures taken in
hospitals, it has been proven that the bacterium continues to exist in
the water resources of hospitals.® In a study by Kyritsi et al.'’, two
different Elizabethkingia strains were detected in the water system of
the same hospital, three months apart. In view of the data obtained
from our study, it is concluded that this bacterium was transmitted to
our patient from the hospital environment.

E. anophelis is the dominant strain of the septicemia-causing
Elizabethkingia genus and is associated with fulminant complications
such as acute pulmonary edema, congestive heart failure, septic
shock, and death. E. anophelis infections should always be considered
as clinically significant unless proven otherwise. In addition, there
exist studies in the literature showing that automated systems such
as VITEK-2 misidentify E. anophelis isolates as E. meningoseptica."
MALDI-TOF systems are extensively used for microbial identification
in clinical microbiology laboratories. Unfortunately, systems that are
most frequently used for microbial identification like VITEK-2 cannot
distinguish Elizabethkingia species. VITEK-2 automated system can
detect only E. meningoseptica with its reference database. The lack
of species information in the reference databases prevents these
platforms from correct recognition of the species of Elizabethkingia.
Although MALDI-TOF systems with a large database can reliably
identify E. anophelis and E. meningoseptica, these platforms
cannot distinguish between the remaining species of the genus
Elizabethkingia."> Moreover, according to the most recent studies, it is
emphasized that MALDI-TOF systems are no longer able to accurately
identify Elizabethkingia species and therefore 16S rRNA or full genome
sequence analyzes are required for accurate identification.” The

strain isolated in this study could not be performed using 16S rRNA
or full genome sequence analysis, which can be a limitation of our
study. However, showing that this strain exists in Cyprus contributes to
clinicians, scientists, and the literature.

E. anophelis has an extensive antibiotic resistance profile, including
most penicillins, cefalosporines, carbapenems, aminoglycosides,
and macrolide antibiotics. Fluoroquinolones, SXT, and piperacillin/
tazobactam are used as first-line therapy for Elizabethkingia infections,
but resistance recently complicates treatment. Teng et al. draw
attention to SXT resistance in Elizabethkingia species." The combination
treatment of vancomycin, piperacillin/tazobactam, and ciprofloxacin
gave positive results in a newborn case with meningitis and septicemia
determined by Baruah et al."" Nielsen et al.” isolated E. anophelis from
a 76-year-old male patient and applied moxifloxacin and rifampicin
treatment for two weeks, which resulted in success. Because they can
cross the blood-brain barrier more easily, fluoroquinolones, especially
ciprofloxacin, are a good choice for these infections.” In this study,
levofloxacin was combined with meropenem treatment in our patient
who presented with septicemia, and as a result, success was achieved.

In conclusion, although the transmission route of our case with
multidrug resistance (Table 1) is not known for certain, it is thought
that it was caused by the hospital. In this regard, increasing control
measures in hospitals, mainly in water systems, will prevent such
infections and deaths. For Elizabethkingia typing, if the facilities are
sufficient, sequence analysis must be performed. Furthermore, it is
concluded that the use of fluoroquinolones should be the first choice
for treating infections caused by Elizabethkingia.

MAIN POINTS

* Elizabethkingia anophelis is a rare bacterium and was first isolated
in North Cyprus.

* Since it is multiple drug-resistant bacterium, treatment options
should be determined correctly.

It is critical to detect and eliminate the source of contamination,
especially in units where immunosuppressed patients are treated,
such as intensive care and hemodialysis.
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