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Abstract: This research was carried out to determine the effect of the parent's presence near the child during the dressing process on 

the severity of pain caused by the dressing. The sample of the descriptive comparative study consisted of 60 children. Ethics committee 

and study permission were obtained from the relevant institutions. Data were collected by observation and face-to-face interviews 

using the “Individual Characteristics Form” and the YBATT (facial expression, legs, activity, crying, and being able to be consoled) pain 

assessment scale. In the examination of the way parents supported their children during the painful procedure, it was observed that 13 

(43.4%) of them used remote monitoring approach. The mean dressing time of the children showed a significant difference according 

to the parent variable; it was determined that the dressing time of the children with a parent present (7.5 min) was higher than the 

dressing time of the children without a parent present (6.3 min). In this study, it was seen that the presence of the parent with the child 

during the dressing did not affect the severity of the pain, the presence of the parent extended the dressing time, and the parents were 

in the approach of remote monitoring as a way of supporting the child during the procedure. 
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1. Introduction 
While post-operative pain was perceived as a natural 

process that patients who underwent surgical 

intervention had to endure in the recent past, it is 

pointed out that today post-operative pain is a problem 

that needs to be solved by revealing its negative effects in 

every aspect of the patient's life. 

However, despite the developments in pain, 

postoperative pain in children continues to be both a 

medical and social problem, and children still suffer from 

pain in the postoperative period (Khan and Weisman, 

2007). In the study conducted by ZiskRony et al. (2010), 

it was reported that 51% of children who underwent 

surgery experienced an average of sub-intensity pain on 

the first day after surgery. In another study, in which 

children were evaluated for pain after lower extremity 

surgery, it was determined that approximately 75% of 

children experienced pain in various degrees (Shrestha 

and Manias, 2010). 

In the postoperative period, children not only experience 

pain due to surgery but also experience pain due to 

interventional practices during their hospital stay 

(Shrestha and Manias, 2010; Babl et al., 2012). In this 

context, the already traumatic disease process in children 

turns into an even more traumatic process with pain. For 

this reason, it is important to use non-pharmacological 

methods and pharmacological methods to relieve pain in 

improving the process, especially to comply with 

atraumatic care principles in all applications, and to 

include parents in care in terms of family-centered care 

principles. 

There are many non-drug methods used to reduce 

interventional pain in children based on these principles 

(Lago et al., 2009; Wente et al., 2013). In addition to these 

non-drug methods, one of the methods that help children 

cope with pain is the presence of the parent with the 

child during the procedure. However, although it is 

reported in the literature that the presence of the parent 

with the child is an important factor in increasing the 

child's pain tolerance in coping with pain, it has been 

found in some literature that this intervention does not 

affect the pain tolerance of children and that children are 

affected by the stress of their families and studies on this 

subject are quite limited (Wente et al., 2013). Pain 

management during procedures is among the important 

responsibilities of the health care team. The nurse has a 

very important place in this team (Çöçelli et al., 2008). 

Since many procedures performed on hospitalized 

children cause pain, the best method to reduce pain 

should be chosen. Data are needed to determine the 
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effectiveness of these methods. Since there are no 

adequate and comprehensive studies on the effect of 

parental presence on pain intensity during the procedure 

in our country, this study aimed to provide basic data. In 

line with this purpose, the study was conducted to 

determine the effect of parental presence on pain 

intensity during dressing. The main research questions 

sought to be answered within the scope of the study are 

as follows: 

1. Does the presence of the parent with the child 

during the painful procedure reduce the severity of 

pain? 

2. Does the presence of the parent with the child affect 

the duration of the procedure? 

3. How was the parent's approach during the painful 

procedure? 

 

2. Materials and Methods 
The research was of descriptive type. The study 

population consisted of Çukurova University Balcalı 

Hospital and Adana Numune Hospital. Patients 

Hospitalized in the Pediatric Surgery Clinic of Training 

and Research Hospital children. The sample size was 

determined by considering the data obtained from a 

similar study (Voepel et al., 2010). A total of 60 patients, 

30 in at least two groups, all of whom had undergone 

surgery on abdominal organs. 

Inclusion criteria: 

 Abdominal surgery 

 Dressing the child 

 The child is between 3-6 years old 

 The willingness of the child and his/her family to 

participate in the study 

 The child and/or family does not have speech, 

hearing or perception problems. 

2.1. Data 

Individual characteristics form and Facial expression, 

Legs, Activity, Crying, Cons, and ability (FLACC) pain 

severity assessment form were collected. There were 12 

questions in the form. Seven of these were open-ended 

questions. The questions in the data form; the child's 

name-surname, age, gender, medical diagnosis, type of 

surgery, dressing area, duration, and the number of times 

the dressing was applied. There was also a section where 

verbal and behavioral expressions of parents and their 

observations of support were recorded. 

Pain is assessed according to the child's age and 

cooperation using personal expression, behavioral 

observation, or physiological measurements. It is more 

difficult to define pain especially in children aged 0-7 

years and in the post-operative care unit in the intensive 

care unit. There are many methods for assessing pain. 

These are based on an observer's assessment or 

measurement of some characteristics or changes in the 

patient, or the patient's self-assessment of pain. Method 

selection should be made according to the child's general 

condition, age, and, level of pain recognition (Şenaylı et 

al., 2006). 

With the FLACC (Face, Legs, Activity, Crying, 

Consolability) pain assessment scale developed by 

Merkel et al. in 1997, five behavioral categories (Face, 

Legs, Activity, Crying, Consolability) evaluation is done 

(Güdücü Tüfekci and Erci, 2007). 

In this study, the effect of the parent's presence with the 

child during the dressing process on the severity of pain 

was investigated; dressing area, dressing time and pain 

intensity are dependent variables. The independent 

variables are the child's age, gender, length of hospital 

stay, medical diagnosis, type and duration of the surgical 

procedure, how many times the dressing was performed, 

and the presence of a parent during the dressing. 

2.2. Data Collection Stages 

While collecting data; two groups were created. During 

the dressing process, the parent was asked whether he 

wanted to stay with the child and it was determined 

which group he would be in. In this direction, pain 

severity was evaluated in those whose parents were 

present or not during the dressing application. Data were 

completed for each child after obtaining the consent of 

the legal guardian with the Informed Consent Form. 

1. Group 

The first group included children who underwent 

postoperative abdominal surgery and received their first 

dressing. The dressing was performed by the surgeon 

who performed the surgery at the child's bedside. The 

parent was allowed to be with the child during the 

dressing, but where and how to stand was not 

intervened. In the first part, individual characteristics of 

the child and the family were questioned. In the second 

part, pain intensity was measured using the Face, Leg 

Mobility, Activity, Crying, Consolation (FLACC) pain scale. 

The obtained pain intensity score was summarized. 

Verbal and behavioral support (such as holding the hand, 

hugging) of the parent during the procedure was 

recorded. 

2. Group 

It was randomized that the parent was not present with 

the child during the dressing procedure. The dressing 

was performed at the child's bedside and by the surgeon 

who performed the surgery. In the first part, individual 

characteristics of the child were questioned. In the 

second part, pain intensity was measured using the Face, 

Leg Mobility, Activity, Crying, Consolation (FBAAT) pain 

scale. 

2.3. Data Analysis 

While evaluating the findings obtained in the study, 

Statistical Package for the Social Science (SPSS) 21 

statistical package program was used. Pearson Chi 

Square test and Fisher Exact test was used. In the case of 

two groups in the comparison of quantitative data, Mann-

Whitney U test was used for comparison of parameters 

between groups. 
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3. Results  
The findings of the research are discussed in two parts 

below. In the section; on individual characteristics and 

medical data of 60 children included in the study. In the 

section; Data on the assessment of pain severity of 

children and parental support were included. 

Between children with and without accompanying 

parents, significant differences in terms of age and 

gender, respectively (2=6.133; P=0.105>0.05; 2=0.071; 

P=0.500>0.05) were not found (Table 1). In both groups, 

appendectomy was performed in the majority of children 

in parallel with their medical diagnosis (Table 2). The 

difference between the mean dressing times of children 

is statistically significant. (Mann Whitney U=316.000; 

P=0.043<0.05). Dressing time for children with a parent 

(7.5 min), and children without a parent was higher than 

the dressing time of children (6.3 min) (Table 3). 

Children's mean pain intensity according to whether they 

have a parent or not there was no statistically significant 

difference (Table 4). Of the parents who were with their 

child, 13 (43.4%) received dressing during the study, it 

was determined that they preferred remote monitoring 

(Table 5). 

 

Table 1. Distribution of individual characteristics (n=60) 

Feature 

 

 With Parent (n=30) Non-Parent (n=30)  

 n % n % P 

Age 

3 4 13.3 0 0 

2=6.133 P=0.105 
4 6 20 3 10 

5 8 26.7 12 40 

6 12 40 15 50 

Gender Female 12 40 11 36.7 2=0.071 P=0.791 

 Male 18 60 19 63    

 

Table 2. Distribution of surgical treatment types applied to children (n=60) 

Type of Surgical Treatment 
With Parent (n=30) Non-Parent (n=30) 

n % n % 

Apendektomi 20 66.8 20 66.8 

Abscess  1 3.3 0 0 

Excision 0 0 1 3.3 

Cholecystectomy 1 3.3 1 3.3 

Stoma 0 0 2 6.7 

Laparoscopy 4 13.3 2 6.7 

Nephrectomy 1 3.3 0 0 

Primary repair 1 3.3 2 6.7 

Pyeloplasty 2 6.7 0 0 

Splenectomy 0 0 2 6.7 

 

Table 3. Comparison of the mean dressing duration of children (n=60) 

Type of Surgical Treatment 
With Parent (n=30) Non-Parent (n=30)   

Mean SD Mean SD MW Statistical Analysis 

Dressing Time (Minute) 7.500 3.330 6.300 4.542 316 0.043 

 

Table 4. Comparison of children's pain severity (n=60) 

 
With Parent (n=30) Non-Parent (n=30)   

Mean SD Mean SD MW Statistical Analysis 

Pain Intensity 3.300 2.984 2.970 2.553 431.000 0.775 

 

Table 5. Maternal approach (n=30) 

Parents Approach n % 

Hug 7 23.3 

Don't Hold Your Hand 6 20 

Verbal Suggestion 4 13.3 

Remote Monitoring 13 43.4 

Total 30 100 
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4. Discussion 
The individual characteristics of both groups of children 

examined in this study were similar. These Results 

showed that the groups were homogeneous. This was 

also observed in pain studies. Pain is a subjective 

perception and age, gender, and past can be influenced 

by many factors such as experiences and the 

environment. These results are also important for the 

reliability of the results obtained. 

The subjective nature of pain is an important factor that 

makes it difficult to assess and treat. Therefore, despite 

the advances in pain management today, 85% of patients 

with pain are pain-free, while 15% of patients with other 

types of pain continue to suffer from pain. These results 

suggest that non-pharmacologic methods for pain relief 

should be examined in depth. Family-centered care is 

care that best meets the needs and expectations of 

parents and children model. Family-centered care 

practices, the benefits and importance of which have 

been determined by research, painful procedures the 

parent should be there for the child during the 

supporting the child. Parents can be with their children 

during painful procedures is extremely important 

(Boztepe, 2012). Based on this necessity, this study aims 

to create a safe environment for children. The 

mother/parent, who is considered as the mother/parent, 

is with the child during the painful application. Was 

found to not affect perceived pain intensity. These results 

were found to be compatible with the literature. Because 

Güdücü Tüfekci and Erci (2007) the presence of the 

parent in the child's presence during the child's pain 

tolerance in the child did not affect the pain. Again, 

Broome and Endsley (1989) and Doctor (1994) the 

presence of parents with the children during the 

procedures to prevent pain in children reported that it 

had little effect on tolerance alone. On the other hand, 

some studies have shown that parental presence plays an 

important role in coping with pain. This increases 

children's pain tolerance, calms and children tolerate 

procedural pain better (Merritt et al., 1990; Naber et al., 

2001). The importance of parental presence, as well as 

parental behavior in the presence of the child, among 

non-drug methods, is still under investigation. 

Accordingly, this study analyzed how parents supported 

their children; parents preferred to watch their children 

remotely during dressing. This result was inconsistent 

with the literature. Because O'Keeffe argues that 

children's coping with pain is influenced by parents' 

behavior, parents sometimes try to comfort their 

children and distract them, reported that they used 

diversion methods (O’Keefe, 2001). 

Studies have shown that children are more likely to hear 

their parents' verbal or physical reactions during painful 

procedures. Parents should try to help their children 

during painful procedures by talking to them in a soft 

voice, holding their hands while supporting them, patting 

their heads and making eye contact with them (Naber et 

al., 2001). In this study, it was found that parents 

preferred to watch from a distance during dressing. 

5. Conclusion 
When the answers to the research questions were 

analyzed; It was observed that the presence of a parent 

during a painful procedure did not affect the intensity of 

pain, that there was a difference in the duration of the 

procedure between children with and without their 

parents present, and that the children with their parents 

present appeared to have a longer procedure time, and 

that the parent preferred remote suggestion as a form of 

support during the procedure. Based on the results from 

the study; Pain tolerance in painful procedures, parental 

presence, procedure duration and work to support the 

child's development in other childhood years. It is 

recommended to be comprehensive. 

 

Limitations 

The limitations of the study are that it was conducted in 

one region and two centers, and that it was limited in 

number. 
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1. Introduction 
Health perception can be defined as a combination of an 

individual's feelings, thoughts and expectations about 

their own health (Ozdelikara et al., 2018). In other words, 

health perception reveals a person's personal beliefs and 

explanations about their health status. Health perception 

is an important data in terms of showing the individual's 

physical, mental and social well-being, and it also refers 

to a process that aims to provide, develop and maintain 

healthy lifestyle behaviors for the individual (Shaw et al., 

2012; Dilek and Aydanur, 2017).  

Many factors such as the individual's gender, age, and 

education level, economic, environmental and 

sociocultural factors shape health perception and are 

effective in the development of health behaviors (Alkan 

Ağaçdiken et al., 2017). Students experience the last 

stage of adolescence with university education. The 

university period is a period in which some anxious 

periods such as separation from home and family, 

making new friends, learning a profession and finding a 

job are experienced. During this process, students may 

try to gain an identity and mature, and their health 

behaviors may also change. This change is especially 

important in terms of health-related perceptions and 

behaviors. During this period, students may develop 

health-enhancing behaviors according to their health 

perceptions or adopt unhealthy lifestyle behaviors that 

will harm themselves and society (Hür et al., 2014; Çelik 

and Soyer, 2022). 

The high perception of health of nursing students can 

positively affect their approach to individuals, families 

and communities to whom they will provide health 

services in the future. Therefore, students are expected to 

develop behaviors that strengthen their health 

perceptions during their education process (Çilingir and 

Aydın, 2017; Doğu and Atasoy, 2017). The foundation of 

a healthy society is formed by individuals who have a 

high perception of health and have developed healthy 

lifestyle behaviors based on this perception. Nurses have 

important roles in developing public health and 

reinforcing positive health behaviors. The health 

perceptions of future nurses should be developed from 

the beginning of their university education-training 

period and they should be provided with knowledge, 

skills and attitudes regarding individual and community 

health, especially themselves (Can et al., 2008; Alkan 

Ağaçdiken et al., 2017; Çelik and Soyer, 2022). In this 

context, it is thought that some disease knowledge-
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related courses, especially internal medicine and surgical 

disease nursing, given theoretically and practically in the 

second year according to the nursing curriculum, can 

contribute greatly to students' health perception. 

Therefore, the aim of this study was to examine the 

health perception level and influencing factors of nursing 

students, who are the future members of the nursing 

profession who have direct responsibility for protecting 

and improving the health of individuals. First, third and 

fourth year students were not included in the study 

because the aim of the study was to access data from 

students who were intensively exposed to disease 

information for the first time. Therefore, the aim of this 

study is to examine the health perception levels and 

influencing factors of nursing students, who are future 

members of the nursing profession who have direct 

responsibility for protecting and improving the health of 

individuals. 

 

2. Materials and Methods 
2.1. Purpose and Type of the Study 

This study was conducted as a descriptive cross-sectional 

study to determine the health perception levels of 

nursing students and the influencing factors. 

2.2. Sample of the Study 

The universe of the study consisted of students who 

completed their 2nd year education at the Nursing 

Department of the Faculty of Health Sciences at 

Afyonkarahisar Health Sciences University between 

August 2023 and September 2023. The courses in which 

information about diseases is given most intensively in 

the nursing department curriculum (Internal Medicine 

Nursing, Pathology, Pharmacology, etc.) are held during 

the 2nd year. The fact that students, who were equipped 

with information about health and healthy human 

physiology in the previous process, encountered the 

disease phenomenon intensively in the 2nd year 

constituted an important point in the selection of the 

sample. In the later processes of nursing education, the 

education received in the 2nd year is expanded according 

to the fields. The aim of the study was to reach the data of 

students who encountered disease information 

intensively for the first time. No sample selection was 

made in the study, and the study was completed with 138 

students who volunteered to participate in the study out 

of a class of 145. The survey forms were administered 

online because it was the summer term. The survey was 

tested with a few people before application and possible 

errors and deficiencies were corrected. On the other 

hand, the number of questions was prepared in small 

numbers so that the answers would not be boring. 

2.3. Data Collection Tools 

Data were collected using the “Sociodemographic 

Information” form and the “Health Perception Scale.”  

Sociodemographic information: was collected with a 

questionnaire form (12 questions) consisting of 

questions such as age, gender, family type, mother and 

father's education status, smoking, financial situation, 

prepared in line with the literature (Shaw et al., 2012; 

Dilek and Aydanur, 2017; Ağaçdiken et al., 2017; 

Ozdelikara et al., 2018). 

Health Perception Scale (HPS): The scale developed by 

Diamond et al. (2007) was adapted to Turkish society by 

Kadıoğlu and Yıldız (2012). The Cronbach alpha 

coefficient of the scale was 0.77 for nursing students and 

0.70 for their families, and it was found to have a good 

level of reliability in both groups. Kadıoğlu and Yıldız 

(2012) conducted the validity and reliability study of the 

Turkish translation of HPS by applying it to nursing 

students at two universities in Istanbul and their family 

members. In the retest, the Pearson correlation value was 

found to be 0.78 (P=0.000). As a result, the scale was 

accepted as valid and reliable. HPS is a five-point Likert-

type scale consisting of 15 items and four sub-factors. 

The scale has 15 items and four sub-factors titled 

“control center”, “self-awareness”, “certainty” and 

“importance of health”. Items 1, 5, 9, 10, 11 and 14 are 

positive attitudes, items 2, 3, 4, 6, 7, 8, 12, 13 and 15 are 

negative statements. Positive statements were scored as 

“I very much agree = 5”, “I agree = 4”, “I am undecided = 

3”, “I do not agree = 2”, “I do not agree = 1”. Negative 

statements were reverse scored. The minimum score that 

can be obtained from the scale is 15, and the maximum 

score is 75. As the score obtained from the scale 

increases, the Health Perception score increases 

positively. The lowest scores that can be obtained from 

the “center of control”, “self-awareness”, “certainty”, 

“importance of health” subgroups are 5, 3, 4, 3, and the 

highest scores are 25, 15, 20, 15, respectively (Kadıoğlu 

and Yıldız, 2012). In this study, the general Cronbach 

alpha value of the scale was calculated and was found to 

be reliable as 0.811. 

The control center (CCM) sub-dimension is aimed at 

determining whether the individual attributes being 

healthy to factors outside of himself (luck, fate, religious 

belief, etc.), that is, whether he gathers the control center 

in himself in being healthy and his self-confidence in 

changing his health (Kadıoğlu and Yıldız, 2012; Dündar 

Kurt, 2019; Bıçakcı, 2022). 

The self-awareness (SAF) sub-dimension is aimed at 

determining the level of the individual's self-awareness 

perception regarding exercise and proper nutrition for 

being healthy, and the belief that being healthy is in his 

own hands (Kadıoğlu and Yıldız, 2012; Dündar Kurt, 

2019; Bıçakcı, 2022). 

The certainty (CES) sub-dimension is aimed at 

determining whether the individual has a definite idea 

about what he/she needs to do to stay healthy and be 

healthier (Kadıoğlu and Yıldız, 2012; Dündar Kurt, 2019; 

Bıçakcı, 2022). 

The importance of health (SGÖ) sub-dimension is aimed 

at determining the extent to which the individual 

attaches importance to his/her health, the extent to 

which he/she makes material sacrifices in this regard, 

and whether the importance he/she attaches to health is 

one of the priorities in his/her life (Kadıoğlu and Yıldız, 
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2012; Dündar Kurt, 2019; Bıçakcı, 2022). 

2.4. Statistical Analyses 

Data analysis was performed using the SPSS 27 statistical 

program. For reliability, internal consistency coefficient 

Cronbach’s Alpha test statistics were used, and the 

reliability coefficient was determined as 0.01 ≤ α < 0.40 

(not reliable); 0.40 ≤ α < 0.60 (low reliability); 0.60 ≤ α < 

0.80 (highly reliable) and 0.80 ≤ α < 1.00 (highly reliable) 

(Kalaycı, 2008). Mean and percentage values were 

calculated, t test and ANOVA (variance analysis) analyses 

were performed. In parametric tests, when variances 

were not distributed homogeneously, Welch test results 

were taken as basis. In multiple comparisons of groups 

found to be significant as a result of ANOVA test, Tukey 

or Tamhane test was applied according to variance 

homogeneity. While interpreting the results, P<0.05 was 

considered as the significance level (Genç and Soysal, 

2018). 

 

3. Results  
Of the students who participated in the study, 85 

(61.59%) were between the ages of 18-21 and 118 

(85.51%) were female. 123 (89.13%) of the students 

lived in a nuclear family, 101 (73.19%) of the mothers 

had primary school education while 61 (44.20%) of the 

fathers had primary school education. 115 (83.33%) of 

the students did not smoke, 99 (71.74%) of them had 

income equal to expenses and 74 (53.62%) of them 

considered their health level to be moderate. 100 

students (72.46%) lived with their families, 125 

(90.58%) did not have a chronic disease, 124 (89.86%) 

did not use any regular medication and 56 (40.58%) did 

not have a chronic disease in their families. The total 

number of participants is 138 (Table 1). 

According to the analysis results of HPS and its sub-

dimensions, the average HPS total score was 38.99±5.24, 

which is at a medium level close to weak, the average 

score of the CCM sub-dimension was 12.82±3.15, which 

is weak, the average score of the SAF sub-dimension was 

6.83±1.70, which is weak, the average score of the CES 

sub-dimension was 12.44±2.75, which is medium, and 

the average score of the HPS sub-dimension was 

6.90±1.97, which is weak.  

 

Table 1. Descriptive characteristics of students (n=138) 

Variable Category n % 

Age 

 

18-21 85 61.59 

22-25 53 38.41 

Gender 

 

Female 118 85.51 

Male 20 14.49 

 

Family Type 

 

Nuclear Family 123 89.13 

Extended Family 10 7.25 

Divorced 5 3.62 

Mother Education Level 

Primary School 101 73.19 

High School 26 18.84 

University 11 7.97 

Father Education Level 

Primary School 61 44.20 

High School 48 34.78 

University 29 21.01 

Smoking Status 
Yes 23 16.67 

No 115 83.33 

Financial Level 

Income More Than Expenses 22 15.94 

Income Equals Expenses 99 71.74 

Income Less Than Expenses 17 12.32 

Health Level 

Good 62 44.93 

Average 74 53.62 

Poor 2 1.45 

Place of Residence 

State Dormitory 20 14.49 

Private Dormitory 6 4.35 

House with Friends 12 8.70 

Family 100 72.46 

Chronic Disease Status 
Yes 13 9.42 

No 125 90.58 

Medication Status 
Yes 14 10.14 

No 124 89.86 

Family Health Status 

Chronic Patient 36 26.09 

Hospitalization 19 13.77 

Chronic Disease and Hospitalization 27 19.57 
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No Disease 56 40.58 

Table 2. Mean scores and reliability results of the health perception scale and its sub-dimensions 

Variable Score Range Mean ±SD Min. Max. Cronbach alfa 

Control Center 5-25 12.82±3.15 5.00 25.00 0.782 

Self-Awareness 3-15 6.83±1.70 3.00 12.00 0.766 

Certainty 4-20 12.44±2.75 6.00 20.00 0.786 

Importance of Health 3-15 6.90±1.97 3.00 13.00 0.801 

Health Perception Scale 15-75 38.99±5.24 24.00 51.00 0.811 

 

According to the normality and reliability analyses of HPS 

and its sub-dimensions, the total scores of the CCM, SAF, 

CES and SGÖ sub-dimensions and the HPS are close to 

normal distribution according to skewness and kurtosis 

values, and the reliability coefficients (Cronbach alpha 

values ranging from 0.766 to 0.811) show that these 

scales and their sub-dimensions are reliable (Table 2). 

According to the obtained data, it was determined that 

the family types of the students had a significant effect on 

the HPS and its sub-dimensions. Accordingly, the scores 

of the students with a divorced family type were higher 

in the CCM and CES than in other family types, and the 

scores of the students living in a nuclear family were 

higher in the SGÖ and SAF than in other family types 

(P<0.05) (Table 3). 

It was determined that the scores of the students who did 

not smoke were statistically significantly higher than 

those who did (P<0.05), but smoking status did not have 

a significant effect on the scores of the CES, SGÖ, SAF and 

HPS (P>0.05) (Table 3). 

When the financial levels of the students were examined, 

the scores of those whose income was higher than their 

expenses were found to be lower in terms of the SGÖ 

than those whose income was lower than their expenses; 

and the scores of those whose income was higher than 

their expenses were found to be lower in terms of the 

HPS than those whose income was equal to their 

expenses (P<0.05). On the other hand, it was revealed 

that the scores of the CCM, CES and SAF did not show a 

significant difference according to financial levels 

(P>0.05) (Table 3). 

The students who perceived their health level as poor 

health had higher scores in terms of SGÖ than those who 

perceived their health level as good and moderate health 

level (P<0.05), but it was determined that the scores of 

CCM, CES, SAF and HPS did not show significant 

differences according to health levels (P>0.05) (Table 3). 

It was determined that the CCM, CES and SAF sub-

dimensions showed significant differences according to 

the place of residence (P<0.05). In terms of place of 

residence, students staying in state dormitories had 

higher CCM scores than those staying with their families, 

while those staying in state dormitories had lower scores 

than those staying with their friends in terms of CES, and 

those staying in state dormitories had lower scores than 

those staying with their families in terms of SAF 

(P<0.05). On the other hand, it was concluded that the 

SGÖ and HPS scores did not show significant differences 

related to the place of residence (P>0.05) (Table 3). 

The HPS scores of students with a family history of 

chronic illness were found to be higher than those with a 

family history of hospitalization (P<0.05), but it was 

observed that the sub-dimensions of the CCM, SAF, CES 

and SGÖ did not show a significant difference in terms of 

the health status of the family (P>0.05) (Table 3). 

The obtained data revealed that the HPS and its sub-

dimensions (CCM, SAF, CES and SGÖ) did not show a 

significant difference in terms of age, gender, mother's 

education level, father's education level, the student's 

chronic disease status and medication use status. 

(P>0.05) (Table 3). 

 

4. Discussion 
Health perception is effected by various factors such as 

education, social, cultural and economic status and is 

related to how the individual perceives his/her own 

health. An individual may feel healthy when he/she is 

sick or sick when he/she is healthy. Therefore, healthy 

behavior requires knowing health perception first for a 

healthy lifestyle. The World Health Organization points to 

nurses as the basic human power in health protection 

and development activities. Nurses, who play an 

important role in health services, need to understand and 

emphasize the importance of health development and be 

a guide and model in gaining these behaviors (Aristizabal 

Castano and San Martin Rodriguez, 1998; Whitehead, 

2005). One of the main purposes of professional 

education in nursing is to provide nursing students with 

the knowledge, skills and attitudes that will enable them 

to protect and develop both their own and individuals' 

health. Nursing students are expected to understand the 

importance of developing their health from their student 

years. The purpose of examining the health perception 

and affecting factors of nursing students is to determine 

and evaluate the goals related to health development in 

nursing education curricula and to contribute to the 

literature on health perception and affecting factors. 

In the study, it was determined that the students' HPS 

average score was 38.86±5.11 and it was seen that it was 

at a moderate level close to weak. In similar studies on 

health perception (Zaybak and Fadıloğlu, 2004; Can et al., 

2008; Dilek and Aydanur, 2017), it was stated that the 

health perception scores of nursing students were at a 

moderate level. This result shows that the students' 

health perceptions were not at the desired level, but they 

could control their behaviors that could affect their 
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health and their health responsibility was at a moderate level. 

Table 3. Comparison of the students' descriptive characteristics and HPS and sub-dimension score averages (n=138) 

 HPS Mean±SD CCM Mean±SD SAF Mean±SD CES Mean±SD SGÖ Mean±SD 

Age 

18-21 38.86±5.11 12.84±3.23 6.75±1.76 12.33±2.72 6.94±2.07 

22-25 39.21±5.48 12.79±3.06 6.96±1.60 12.62±2.82 6.83±1.82 

Test / P t= -0.379/ 0.705 t= 0.077/ 0.938 t= -0.703/ 0.483 t= -0.608/ 0.544 t=0.321/ 0.749 

Gender 

Female 39.07±5.15 12.81±3.22 6.77±1.68 12.58±2.74 6.90±1.93 

Male 38.55±5.88 12.85±2.81 7.20±1.82 11.60±2.72 6.90±2.25 

Test / P t= 0.407 / 0.684 t= -0.048 / 0.962 t= -1.044 / 0.298 t= 1.487 / 0.139 
t= -0.004 / 

0.997 

Family Type 

Nuclear Family(1) 39.12±5.10 12.78±2.82 6.95±1.65 12.34±2.67 7.05±1.93 

Extended 

Family(2) 
35.50±4.25 11.60±2.55 6.30±1.77 12.10±2.28 5.50±0.85 

Divorced(3) 42.80±7.66 16.20±8.04 5.00±1.87 15.60±4.04 6.00±3.32 

Test / P 

Difference 

F=3.722/0.027* 

3>1 

F=3.777/0.025* 

3>1.3>2 

F=3.857/0.023* 

1>3 

F=3.587/0.030* 

3>1.3>2 

F=3.531/0.032

* 1>2 

Mother Education Level 

Primary School(1) 38.81±5.17 12.46±2.62 6.86±1.70 12.40±2.53 7.10±1.98 

High School(2) 39.77±5.22 13.65±4.22 6.65±1.79 12.92±3.14 6.54±2.00 

University(3) 38.82±6.23 14.18±4.24 7.00±1.55 11.73±3.74 5.91±1.45 

Test / P 

Difference 

F=0.348 / 0.706 

- 

F=2.673 / 0.073 

- 

F=0.209 / 0.811 

- 

F=0.781 / 0.461 

- 

F=2.398 / .095 

- 

Father Education Level 

Primary School(1) 38.49±5.24 12.54±2.46 6.97±1.74 12.08±2.80 6.90±2.04 

High School(2) 39.83±5.79 13.29±4.01 6.63±1.86 12.94±2.77 6.98±2.10 

University(3) 38.66±4.15 12.62±2.86 6.90±1.29 12.38±2.57 6.76±1.62 

Test / P 

Difference 

F=0.956 / 0.387 

- 

F=0.831 / 0.438 

- 

F=0.567 / 0.568 

- 

F=1.316 / 0.272 

- 

F=0.112/0.894 

- 

Smoking Status 

Yes 38.00±5.93 11.17±3.30 6.57±2.09 13.00±2.56 7.26±1.66 

No 39.19±5.10 13.15±3.03 6.89±1.62 12.33±2.78 6.83±2.02 

Test / P t= -0.995 / 0.321 
t= -2.808 / 

0.006* 
t= -0.828 / 0.409 t= 1.066 / 0.288 

t= 0.967 / 

0.335 

Financial Level 

Income More 

Than Expenses(1) 
36.45±4.38 11.68±1.91 6.73±1.35 12.00±2.67 6.05±1.40 

Income Equals 

Expenses(2) 
39.66±5.28 13.14±3.39 6.86±1.83 12.68±2.80 6.98±1.96 

Income Less Than 

Expenses(3) 
38.41±5.22 12.41±2.72 6.82±1.33 11.65±2.47 7.53±2.35 

Test / P 

Difference 

F= 3.613/0.030* 

1<2 

F= 2.124 /0.124 

- 

F= 0.053/ 0.948 

- 

F= 1.362 /0.261 

- 

F=3.118/0.047

* 1<3 

Health Level 

Good(1) 38.94±5.94 12.87±3.45 6.94±2.00 12.34±3.08 6.79±2.10 

Average(2) 38.89±4.60 12.78±2.95 6.69±1.37 12.58±2.48 6.84±1.64 

Poor(3) 44.50±2.12 12.50±0.71 9.00±1.41 10.50±0.71 12.50±0.71 

Test / P 

Difference 

F= 1.124 /0.328 

- 

F= 0.023 /0.977 

- 

F= 2.037 /0.134 

- 

F= 0.634 /0.532 

- 

F= 9.218 

/0.001* 

3>1.3>2 
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Table 3. Comparison of the students' descriptive characteristics and HPS and sub-dimension score averages (n=138) 

(continue) 
 

 HPS Mean±SD CCM Mean±SD SAF Mean±SD CES Mean±SD SGÖ Mean±SD 

Place of Residence 

State Dormitory(1) 39.15±6.35 14.70±4.92 6.20±1.91 12.05±3.94 6.20±2.21 

Private Dormitory(2) 38.33±6.56 12.83±4.22 5.83±0.75 13.67±3.39 6.00±1.79 

House with 

Friends(3) 
39.42±3.50 12.42±1.88 6.33±0.49 14.33±1.97 6.33±1.50 

Family(4) 38.95±5.16 12.49±2.64 7.08±1.73 12.22±2.42 7.16±1.94 

Test / P 

Difference 

F= 0.065/ 0.978 

- 

F= 2.917/ 

0.037* 

1>4 

F= .774/0.044* 

1<4 

F= .742/0.046* 

1<3 

F= 2.234/ 

0.087 

- 

Chronic Disease Status 

Yes 39.54±4.58 12.85±3.36 7.00±1.83 12.08±2.02 7.62±1.89 

No 38.94±5.32 12.82±3.15 6.82±1.69 12.48±2.82 6.82±1.97 

Test / P t= 0.393 / 0.695 t= 0.033 / 0.974 t= 0.371 / 0.712 t= -0.502 / 0.617 
t= 1.385 / 

0.168 

Medication Status 

Yes 39.71±4.60 13.07±3.20 7.00±1.75 12.43±2.10 7.21±1.58 

No 38.91±5.32 12.79±3.16 6.81±1.70 12.44±2.82 6.86±2.01 

Test / P t= 0.542 / 0.589 t= 0.315 / 0.753 t= 0.386 / 0.701 t= -0.019 / 0.985 
t= 0.632 / 

0.529 

Family Health Status 

Chronic Patient(1) 41.14±4.55 13.47±3.95 7.31±1.72 13.31±2.59 7.06±2.24 

Hospitalization(2) 36.89±5.71 11.74±3.96 6.42±1.50 12.11±3.07 6.63±1.86 

Chronic Disease and 

Hospitalization(3) 
38.56±4.23 12.30±2.49 6.48±1.31 12.52±2.06 7.26±2.23 

No Disease(4) 38.54±5.59 13.02±2.44 6.84±1.87 11.96±2.95 6.71±1.68 

Test / P 

Difference 

F= 3.404 / 

0.020* 

1>2 

F= 1.603 / 0.192 

- 

F= 1.714 / 0.167 

- 

F= 1.884 / 0.135 

- 

F= 0.654 / 

0.582 

- 

*P<0.05, F=ANOVA test, Difference=Tukey test, t=independent samples t test. 

 

When the health perception scale sub-dimensions were 

examined, it was observed that the CES sub-dimension 

mean score (12.44±2.75) was at a moderate level and 

similar studies (Çilingir and Aydın, 2017; Deleş and 

Kaytez, 2020; Demir et al., 2021) supported the 

literature. When the obtained result is examined based 

on the definition of certainty, it shows that students have 

a moderately certain idea about what they need to do to 

stay healthy and be healthier. 

It was determined that the CCM sub-dimension mean 

score (12.82±3.15) was weak, and the study by Özsoy 

and Şentürk (2021) supports the obtained result. 

According to this result, it is seen that the students 

participating in the study attribute being healthy to 

factors outside of themselves (luck, fate, religious belief, 

etc.) and have low self-confidence in changing their 

health. From this perspective, it is thought that students 

are inadequate in taking responsibility for their health 

and paying attention to positive behaviors related to 

health. 

The mean score of the SAF sub-dimension (6.83±1.70) 

was found to be at a weak level, similar to some literature 

(Lee and Loke, 2005; Nacar et al., 2014). This result 

shows that the students' self-awareness perceptions 

regarding exercise and proper nutrition related to being 

healthy and their beliefs about whether being healthy is 

in their own hands are weak. 

The mean score of the SGÖ sub-dimension (6.90±1.97) 

was found to be at a weak level and some similar 

literatures on this subject (Alkan Ağaçdiken et al., 2017; 

Çilingir and Aydın, 2017) support the obtained result. 

This situation reveals the view that the students do not 

attach much importance to health, do not make financial 

sacrifices for their health and that the importance they 

give to health is not a priority in their lives. 

The weak perception mostly seen in HPS and its sub-

dimensions (CCM, SAF, CES and SGÖ) suggests that 

students who encounter disease information intensively 

for the first time in the 2nd grade do not fully acquire 

positive health perception, or even if they do, they cannot 

implement it, or this situation may be related to factors 

outside of education. 

Students with divorced family types had higher CCM and 

CES scores than other family types, and students living in 

nuclear families had higher SAF and SGÖ scores than 

other family types (P<0.05). No literature was found 
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directly related to sub-dimension scores, but Şimşek et al. 

(2012)'s study is similar in terms of general health 

perception. The obtained result can be explained by the 

fact that students are significantly affected by family 

structure and dynamics, and parents' attitudes and 

behaviors regarding health have a direct effect on 

children. 

It was determined that the CCM scores of the non-

smokers were significantly higher than the smokers 

(P<0.05), and similar literature (Lee, 2019; Solak, 2022) 

supports the result obtained. This suggests that the 

students are aware of the health hazards of smoking and 

that this awareness positively affects the control center 

sub-dimension score. 

When the financial status of the students is examined, the 

scores of those whose income is higher than their 

expenses are found to be lower than those whose income 

is lower than their expenses in terms of SGÖ; and the 

scores of those whose income is higher than their 

expenses are found to be lower than those whose income 

is equal to their expenses in terms of HPS (P<0.05). Most 

of the literature that affects the financial status of the 

students and their health perceptions and general health 

behaviors (Özbaşaran et al., 2004; Cihangiroğlu and 

Deveci, 2011; Çilingir and Aydın, 2017) shows the 

opposite of the study result. Financial status is one of the 

important factors that affect individuals' access to health 

services, eating habits and stress levels, and therefore 

their health perceptions. The obtained result can be 

explained by the fact that the financial status perceptions 

of the students are lower than expected and that their 

socioeconomic status may limit their access to factors 

that improve their health perception (access to health 

services, healthy nutrition, gym membership, etc.). 

The scores of the students who perceived their health 

level as poor were found to be higher in terms of SGÖ 

than those who perceived their health level as good and 

moderate (P<0.05). Similar literature (Sentell et al., 2013; 

Çilingir and Aydın, 2017; Doğan and Çetinkaya, 2019; 

Kerkez and Şahin, 2023) indicates that the total mean 

scores of the health perception scale of the students who 

perceived their health as good were found to be low. The 

findings suggest that students who evaluated their health 

status as poor may become more conscious of issues such 

as increased awareness of health problems, personal 

experiences, motivation and health literacy, and give 

more importance to health-related issues. 

It was determined that the CCM, CES and SAF sub-

dimensions showed significant differences according to 

the place of residence (P<0.05). In terms of place of 

residence, students staying in state dormitories had 

higher CCM scores than those staying with their families, 

while those staying in state dormitories had lower scores 

than those staying with their friends in terms of CES, and 

those staying in state dormitories had lower scores than 

those staying with their families in terms of SAF 

(P<0.05). Various studies conducted on the subject show 

different findings regarding the place of residence not 

having an effect on HPS (Lee, 2019; Dündar Kurt, 2019) 

and having an effect (Ünalan et al., 2007; Tuğut and 

Bekar, 2008; Şimşek et al., 2012). Based on this situation, 

the obtained result can be interpreted as students living 

in clean, safe and well-equipped environments perceive 

their health more positively, while students living in 

crowded and unhygienic environments may negatively 

affect their health perceptions. 

The HPS scores of students with a family history of 

chronic disease were found to be higher than those of 

students with a family history of hospitalization (P<0.05). 

When the literature was examined, no study was found 

explaining the relationship between chronic diseases, 

hospitalization history and health perception in family 

members. The obtained result can be explained by the 

fact that family members with chronic diseases regularly 

apply to health services and closely follow the treatment 

processes, and this long-term observation may have 

helped students better understand the importance of 

health services and increase their health perception more 

than students with only a family history of 

hospitalization. 

 

5. Conclusion 
It was determined that the students' average score on 

SAS was at a medium level close to weak. When the HPS 

sub-dimensions were examined; the CCM sub-scale 

average score was weak, the CES sub-scale average score 

was medium, the SGÖ sub-scale average score was weak, 

the SAF sub-scale average score was weak and it was 

seen that the average scores were not at the desired 

level. While there was a significant difference between 

the students' family type, smoking, financial level, health 

level, place of residence and family health status and 

health perception and sub-groups (P<0.05), it was 

determined that there was no statistically significant 

difference between age, gender, parental education level, 

chronic disease and regular medication use (P>0.05). 

In line with these results: 

 It is recommended that assessments be made 

during vocational training to reveal students' 

attitudes not only on the health of the patients they 

care for but also on their own health, that 

responsibilities be given to develop these attitudes 

positively and that they be supported to transform 

them into behavior, 

 In order for students to make the right decisions 

about their own health and create a control 

mechanism, the curriculum should be supported 

with the necessary training in this field, that 

comprehensive information be provided on the 

importance and sustainability of health, and that 

cross-sectional studies be conducted to determine 

the effect of the basic training to be given on 

students' health perceptions, 

 It is recommended that the findings regarding the 

students' poor perception of health in general 
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should be emphasized in the curriculum, especially 

in courses with a lot of lecture hours, such as 

Internal and Surgical Diseases Nursing, which is 

taught in the second year of the education period, 

and that the objectives related to this subject in the 

curriculum should be evaluated. 

 

Limitation of the Study 

The limitation of the study is that the study was 

conducted only with students who completed their 2nd 

year education at the Nursing Department of the Faculty 

of Health Sciences at Afyonkarahisar Health Sciences 

University and that there was no similar group studying 

in a department not related to health. Therefore, the 

results of the study do not reflect the general results. 
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PRON POZİSYONDA OMURGA CERRAHİSİ UYGULANAN 
HASTALARDA POZİSYON DEĞİŞİMİ SONRASI GELİŞEN 

HİPOTANSİYON İÇİN ÖNGÖRÜLEN FAKTÖRLERİN 
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Özet: Omurga cerrahisi geçiren hastalarda, supin pozisyondan pron pozisyona döndükten sonra hipotansiyon gelişebilmektedir. 

İntraoperatif hipotansiyonun kısa süreli olsa bile postoperatif ciddi komplikasyonlarla ilişkili olabilir. Amacımız bu hasta grubunda 

pozisyon değişikliği ile ilişkili hipotansiyon gelişimindeki risk faktörlerini ortaya koymaktır. Prospektif, gözlemsel çalışmamıza 18 yaş 

üstü, genel anestezi altında pron pozisyonda omurga cerrahisi geçirecek, 103 hasta dahil edildi. Hastaların perioperatif rutin 

monitörizasyon ve arteriyel kanülasyonundan sonra PPV monitörizasyonu uygulandı. Pron pozisyona döndükten sonra OAB 55 

mmHg’nin altında olan veya preoperatif ölçülen OAB’ye göre yüzde 20’den fazla düşen hastalar hipotansif grup (Grup H, 50 hasta), geri 

kalan hastalar normotansif grup (Grup N, 53 hasta) olmak üzere iki gruba ayrıldı. Grupların demografik verileri, komorbidite sıklıkları, 

kullandığı antihipertansif ilaçlar, perioperatif PPV değerleri, ejeksiyon fraksiyon oranları, akciğer kompliyansları ve hava yolu basınç 

değerleri karşılaştırıldı. Grup H’de komorbidite varlığı, hipertansiyon olması, beta-blokör kullanılması, indüksiyon öncesi PPV 

değerinin yüksek olması istatistiksel anlamlı olarak daha yüksek bulundu. Ayrıca Grup H’de yaş ortalaması daha yüksek, sigara 

kullanım oranı daha düşüktü. Ejeksiyon fraksiyon oranı Grup H’de anlamlı olarak daha düşük saptandı. Akciğer kompliyansı, tepe 

inspirasyon basıncı, plato basıncı, akciğer sürücü basıncı arasında iki grup arasında fark tespit edilmedi. Hemoglobin değerleri, laktat 

seviyeleri, bazal GFR düzeyleri bakımından anlamlı farklılık saptanmadı. Genel anestezi indüksiyonuna bağlı gelişen hipotansiyondan 

bağımsız olarak, pron pozisyona dönecek olan vertebral cerrahi geçiren hastalarda PPV değerinin yüksek olması, hipertansiyon 

tanısının olması, beta-blokör kullanımı pozisyon değişikliği sonrası hipotansiyon gelişmesinin sebepleri arasında sayılabilir. 
 

Anahtar kelimeler: Hipotansiyon, Pron pozisyon, Vertebral cerrahi, PPV 
 

Investigation of the Factors Predicted for Hypotension Developing After Position Change in Patients Which Was 

Performed in the Prone Position 

Abstract: Hypotension may develop after returning from the supine position to the prone position in patients undergoing spine 

surgery. Intraoperative hypotension has been shown to be associated with serious complications. Our aim is to reveal the risk factors 

in the development of hypotension associated with position change in this patient group. 103 patients over the age of 18 who will 

undergo spinal surgery in the prone position under general anesthesia were included in our prospective, observational study. The 

detailed medical history of the patients and the drugs they used were recorded. PPV monitoring was applied to the patients who were 

taken to the operating room. After returning to the prone position, patients with MAP below 55 mmHg on arterial monitoring or with a 

blood pressure reduction of more than 20 percent according to preoperatively measured MAP were in the hypotensive group (Group 

H, 50 patients), the remaining patients were in the normotensive group (Group N, 53 patients) were divided into two groups. 

Demographic data, comorbidity frequencies, antihypertensive used, perioperative PPV values, ejection fraction rates, lung compliance 

and airway pressure values were compared between the two groups. The rate of comorbidity, diagnosis of hypertension, beta-blocker 

drug class, and high pre-induction PPV value were found to be statistically significantly higher in Group H. In addition, the mean age 

was higher and the rate of smoking was lower in Group H. No significant difference was detected in other demographic data. Ejection-

fraction ratio was found to be significantly lower in Group H. There was no difference between the two groups in terms of lung 

compliance, peak inspiratory pressure, plateau pressure, and lung driving pressure. High PPV value, diagnosis of hypertension, use of 

beta-blocker can be counted among the reasons for the development of hypotension after repositioning in patients undergoing 

vertebral surgery that will return to the prone position. 
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1. Giriş 
Ameliyat sırasında pozisyonlar kardiyovasküler ve 

pulmoner değişikliklere neden olabilir. Nöroaksiyel 

anestezi, kardiyovasküler stabiliteyi koruyan normal 

kompansatuar mekanizmaları etkiler ve hipoksemi ile 

sonuçlanabilecek değişikliklere neden olabilir. 

Hipotansiyon intraoperatif tedavi gerektiren en yaygın 

hemodinamik bozukluktur (Abbott ve ark., 2018).  

Omurga ve omurilik üzerindeki cerrahi prosedürler 

minimal invaziv, tek seviyeli dekompresyondan; birden 

çok seviyeli, kapsamlı rekonstrüksiyona kadar komplike 

vakalar olabilir. 60 yaş altı hastalar en sık dejeneratif 

omurga hastalığı ve lomber disk hernisi nedeniyle 

operasyona alınırken, 60 yaşın üzerindeki hastalar spinal 

dar kanal amacıyla opere edilir (Deyo ve ark., 2010). 

Anestezi uygulanmış hastalarda pozisyon değişikliğinin 

neden olduğu hipotansiyon, baroreseptör refleks ve 

sempatik aktivasyon mekanizmaları bloke olabilir. 

Omurga cerrahisinde supin pozisyondan pron pozisyona 

dönen hastalarda kardiyovasküler fizyolojiyi 

etkileyebilir, intratorasik ve intraabdominal basınç artışı 

sonrası venöz dönüş azalarak sistemik arteriyel 

hipotansiyon gelişebilmektedir (Abcejo ve ark., 2017), 

kalbe venöz dönüş azalır, sol ventrikül kompliyansı azalır 

ve sonuç olarak kardiyak indeks azalır (Sudheer ve ark., 

2006). Son çalışmalar, intraoperatif hipotansiyonun 

postoperatif istenmeyen klinik sonuçlarla ilişkili 

olduğunu göstermiştir (Monk ve ark., 2015; Salmasi ve 

ark., 2017). Özellikle omurga cerrahisi sırasında yüzüstü 

pozisyonda, intraoperatif hipotansiyon, omurilik iskemisi 

ve ameliyat sonrası görme kaybı gibi ciddi 

komplikasyonlara neden olabilir (Kalb ve ark., 2014). 

Günümüzde 5 dakika süreli intraoperatif hipotansiyonun 

bile kardiyovasküler ve serebrovasküler istenmeyen 

etkileri arttırdığı bilinmektedir (Gregory ve ark., 2021). 

Dinamik parametreler, beklenen yüksek kan kaybı olan 

prosedürler için majör invaziv cerrahi geçirecek 

hastalarda sıvı yanıtını değerlendirmek ve hedefe yönelik 

sıvı tedavisini yönlendirmek için kullanılan yöntemlerdir 

(Miller ve Myles, 2019). Bu yöntemlerden biri olan nabız 

basıncı değişimi (PPV), sistolik kan basıncı (SKB), 

diastolik kan basıncı (DKB) arasındaki fark olarak 

tanımlanabilir. PPV ön-yük rezervinin dinamik bir 

belirtecidir. Genel anestezide mekanik ventilasyonun gibi 

durumlarda atım hacminde (SV) ve sağ ventrikül 

dolumunda %20-70 oranında bir azalmaya yol açabilir 

(Malbouisson ve ark., 2017). Yapılan pek çok çalışma 

nabız basınç değişimine dayalı dinamik bir parametre 

olan PPV’nin intraoperatif sıvı yanıtının öngörülmesinde 

kullanımının son derece değerli olduğunu ortaya 

koymuştur (Doherty ve Buggy, 2012; Thiele ve ark., 

2015). 

Klinik uygulamada, anestezi uygulanmış hastalarda supin 

pozisyondan prone pozisyona geçişte oluşan 

hipotansiyon ile ilişkili öngörücü faktörlerin 

belirlenmesi, prone pozisyon gerektiren hastalarda 

hemodinamik stabilitenin korunmasına yardımcı olabilir. 

Bu çalışmanın amacı, omurga cerrahisi geçiren 

hastalarda sırtüstü pozisyondan yüzüstü pozisyona geçiş 

değişikliği ile ilişkili hipotansiyon gelişme insidansını 

araştırmak ve risk faktörlerini ortaya koymaktır. 

 

2. Materyal ve Yöntem 
Yerel etik kurul onayı (2011-KAEK-25 2020/10-06) ve 

bilgilendirilmiş onam alınarak, Üçüncü Basamak Eğitim 

ve Araştırma Hastanesi Anesteziyoloji ve Reanimasyon 

Kliniği’nde prospektif, kesitsel, gözlemsel olarak 

01.11.2020 – 01.07.2021 tarihleri arasında yapıldı. Pron 

pozisyonda vertebral cerrahi yapılacak, 18 yaşından 

büyük hastalar çalışmaya dahil edildi. Genel anestezi 

uygulanmayan, rejyonel anestezi veya sedasyon yöntemi 

ile opere edilen hastalar, operasyon öncesinde 

vazopresör, inotrop ajan infüzyonu alan hastalar 

çalışmaya dahil edilmedi. 

2.1. Tasarım 

Çalışmaya dahil edilen tüm hastalarda, anestezi poliklinik 

başvurularında komorbiditeleri, kullanılan ilaçlar, sigara 

kullanımı öyküsü sorgulanarak kayıt altına alındı. 

Preoperatif kardiyoloji konsültasyonu istenen hastaların 

ejeksiyon fraksiyonu (EF) değerleri kayıt altına alındı. 

Ameliyathaneye alınan hastalara izotonik mayi başlandı. 

Hastalara rutin olarak elektrokardiyografi (EKG), 

Periferal Oksijen Satürasyonu (SpO2), noninvaziv kan 

basıncı (NİKB), Surgical Pleth Indeks (SPI) 

monitörizasyonu uygulandı ve kayıt altına alındı. 3 dk % 

100 oksijen ile preoksijenizasyon sonrası, hastalara 

sırasıyla 1 mg/kg lidokain (Lidon® %2, Onfarma ilaç, 

İstanbul, Türkiye), 1-2 mcg/kg fentanil (Talinat®, Vem, 

Ġstanbul, Türkiye) ve 2-3 mg/kg propofol (Propofol 2% 

Fresenius®, Fresenius Kabi, Bad Hamburg, Almanya),  

0,6 mg/kg roküronyum bromür (Curon®, Mustafa 

Nevzat, Ġstanbul, Türkiye) İV yoldan uygulandıktan sonra 

endotrakeal entübasyon (EE) uygulandı. Ardından 20 G 

İV kateter uygulanarak arteriyel monitörizasyon ve PPV 

monitörizasyonu uygulandı. Tidal volüm hastanın ideal 

ağırlığına göre 6-8 ml/kg, solunum sayısı 12/dk, PEEP 

(Positive End Expiratory Pressure) 5 cmH2O olacak 

şekilde hacim garantili basınç kontrollü modda (PCV-VG) 

ventilasyon GE Avance CS² (GE Healthcare P.O, Helsinki, 

Finland) marka cihaz ile uygulandı. Devamında %50 hava 

%50 O2 karırımı ile minimum alveolar konsantrasyon 1 

olacak şekilde Sevofluran (Sevorane Likit %100, AbbVie, 

Queenborough Kent, (İngiltere), 2 lt/dk idame anestezi 

uygulandı.  

Entübasyon sonrası endotrakeal tüp anestezi cihazından 

ayrılmadan hasta pron pozisyona alındı. Pron pozisyona 

döndükten sonra arteriyel monitörizasyonda ortalama 

kan basıncı (OKB) 55 mmHg’nin altında olan ve/veya 

preoperatif ölçülen OKB’ye göre kan basıncı yüzde 

20’den fazla düşen hastalar hipotansif grup (Grup H, 50 

hasta), diğer hastalar normotansif grup (Grup N, 53 

hasta) olmak üzere iki gruba ayrıldı. Hastaların yaş, boy, 

kilo, ideal vücut ağırlığı (İVA), beden kitle indeksi (BKİ), 

ASA (American Society of Anesthesiologists) sınıfı, İV 

verilen sıvı ve anestezi süreleri kaydedildi. Hastaların 

ameliyat öncesi ve ameliyat esnasında belirlenen zaman 
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aralıklarında (T0: Ameliyathane odasına alındığında, 

indüksiyon öncesi, T1: İndüksiyon sonrası 5. dk, T2: Pron 

pozisyona alındıktan sonra, T3: İndüksiyon sonrası 30. 

dk, T4: İndüksiyon sonrası 60. Dk, T5: İndüksiyon 

sonrası 120. dk, T6: Ekstübasyon sonrası) KAH, SKB, 

DKB, OKB, SpO2, EtCO2, PEEP, hava yolu tepe basıncı 

(PEAK), sürücü basınç (Driving Pressure), Minimum 

alveoler konsantrasyon (MAC), FiO2, PPV değerleri 

kaydedildi. 

2.2. Veri Analizi 

İstatistiksel analizler JASP 0.16.3.0 yazılımında 

yapılmıştır. Çalışmada yer alan nicel değişkenlere ait 

tanımlayıcı istatistikler ortalama, standart sapma (SS), 

medyan, minimum ve maksimum değerleriyle; nitel 

değişkenler frekans ve yüzde ile gösterilmiştir. Nicel 

değişkenlerin normal dağılıma uygunluğu Shapiro Wilk 

testi ile incelenmiştir. Normal dağılım gösteren nicel 

değişkenlerin bağımsız iki grup karşılaştırmalarında 

bağımsız örneklem t testi, normal dağılım göstermeyen 

nicel değişkenlerin bağımsız grup karşılaştırmalarında 

Mann Whitney U testi kullanılmıştır. Nitel değişkenlerin 

gruplar arası karşılaştırmalarında Pearson ki-kare, Yates 

ki-kare ve Fisher ki-kare testleri kullanılmıştır. 

İstatistiksel analizlerde önem düzeyi (P) değeri 0,05’in 

altındaki sonuçlar istatistiksel olarak anlamlı kabul 

edilmiştir (Önder, 2018). 

 

 

3. Bulgular 
Pron pozisyonda vertebral cerrahi geçiren 120 hasta 

çalışmaya dahil edildi, PPV kalitesini bozacak aritmi 

gelişen 2 hasta, vazopresör ajan infüzyon gereken 3 

hasta, pron pozisyona döndükten sonra arteriyel 

monitörizasyon kalitesi bozulan, manşon ile tansiyon 

takibi yapılması zorunda kalınan 12 hasta olmak üzere 

toplam 17 hasta çalışmadan çıkarıldı. Toplam 103 hasta 

istatistiksel analize alındı. 

Hastaların demografik verileri Tablo 1’de belirtilmiştir. 

Yaş ortalaması Grup H’de istatistiksel anlamlı olarak 

daha yüksekti (P=0,001). Gruplar arasında sigara 

kullanımı oranı Grup N’de %45,3 iken bu oran Grup H’de 

%24,0 istatistiksel olarak anlamlı yüksek bulundu 

(P=0,040). Grup H’de (% 80,0) komorbidite oranı (% 

41,5) Grup N’ye göre anlamlı olarak daha yüksekti 

(P<0,001). Gruplar arası İVA, BMI, ASA sınıflaması, açlık 

süresi, vertebral cerrahi alanları ve endikasyonlar 

incelendiğinde gruplar arasında istatistiksel olarak 

anlamlı fark yoktu (Tablo 1). Preoperatif hemoglobin, EF 

oranı, intraoperatif verilen toplam sıvı miktarı, idrar 

çıkışı, hastaların vaka boyunca kanama miktarı Tablo 

1’de gösterilmiştir. Gruplar arasında vakada verilen 

toplam İV sıvı miktarı Grup H’de Grup N’ye göre 

istatistiksel olarak anlamlı yüksek bulundu (P<0,001). 

Ayrıca Grup H’de EF istatistiksel anlamlı olarak daha 

düşük idi (P=0,025) (Tablo 1). 

Tablo 1. Demografik veriler 

 Grup N Grup H P 

Yaş (yıl), [Median (Min-Maks)] 46 (13 - 77) 60,5(18-81) 0,001** 

Cinsiyet, [n (%)]      Erkek 25 (47,2) 26 (52,0) 0,624 

Kadın 28 (52,8) 24 (48,0)  

Sigara içen, [n (%)] 24 (45,3) 12 (24,0) 0,040* 

Komorbidite varlığı, [n (%)] 22 (41,5) 40 (80,0) <0,001* 

İVA (kg), [Median (Min-Maks)] 60 (40 - 85) 60 (43-80) 0,743 

BMI (kg/m2), Median (Min-Maks) 27,78 (17,7–50,7) 28,4(17,6–40,4) 0,621 

ASA Sınıflandırması, [n(%)]    

I 12 (22,6) 5 (10,2) 0,189 

II 35 (66) 35 (71,4)  

II 6 (11,3) 9 (18,4)  

Açlık Süresi (saat), [Median(Min-Maks)] 10,00 (8 - 20) 10,50 (8 - 20) 0,786 

Operasyon Alanı, [n(%)]    

Servikal 4 (7,5) 0 (0) 0,118 

Torakal 4 (7,5) 9 (18) 0,194 

Lomber  45 (84,9) 41 (82) 0,895 

Tanılar, [n(%)]    

Tümöral 5 (9,4) 5 (10) 1,000 

Travmatik 6 (11,3) 5 (10) 1,000 

Dejeneratif 34 (64,2) 27 (54) 0,397 

Revizyon 8 (15,1) 12 (24) 0,372 

Preop Hgb (g/dL) [Median (Min-Maks)] 11,6 (7,5–14,6) 11,6 (9,1–16,4) 0,807 

EF % [Median (Min-Maks)] 60 (55-60) 50 (40-60) 0,025** 

Vakada verilen toplanan sıvı (mL) [Median (Min-

Maks)] 
2000 (1000-5500) 2550 (1000-7000) <0,001** 

İVA= ideal vücut ağırlığı, BMI= beden kitle indeksi, ASA= American society of anaesthesiologists, Hgb= hemoglobin, GFR= glomerüler 

filtrasyon hızı; EF= ejeksiyon fraksiyonu; *Yates Ki-Kare testi; **Mann Whitney U testi. 
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Tablo 2. Komorbiditelerin gruplara göre dağılımı [n (%)] 

 Grup N Grup H P 

Hipertansiyon 12 (%22,6) 36 (%72) <0,001* 

Kardiyak 8 (%15,1) 13 (%26) 0,259 

DM 14 (%13,2) 16 (%16,0) 0,711 

Hiperkolesterolemi 2 (%3,8) 3 (%6) 0,672 

Nörolojik 1 (%1,9) 1 (%0) 1,000 

Renal 0 (%0) 1 (%0) 0,485 

Respiratuar 0 (%0) 4 (%0) 0,052 

Hepatik 1 (%1,9) 0 (%0) 1,000 

Hipotiroidi 0 (%0) 4 (%8) 0,052 

Malignensi 0 (%0) 1 (%2) 0,485 

Diğer 2 (%3,8) 2 (%4) 1,000 

DM= diyabetes mellitus, *Yates Ki-Kare testi. 

 

Tablo 3. Antihipertansif ve antidiyabetik ilaç kullanımının gruplara göre dağılımı [n (%)] 

 Grup N Grup H P 

AHT ilaç kullanımı 13 (%24,5) 33 (%66) <0,001* 

Beta Blokör 3 (%5,7) 20 (%40) <0,001* 

ACEi+ARB 8 (%7,5) 10 (%10,0) 0,707 

Ca Kanal Blokörü 4 (%7,5) 7 (%14) 0,459 

Diüretik 8 (%15,1) 5 (%10) 0,630 

Alfa Blokör 0 (%0) 1 (%2) 0,485 

Antidiyabetik ajan 12(%22,6) 16 (%32) 0,398 

ACEi= Anjiyotensin dönüştürücü enzim inhibitörleri, ARB= anjiyotensin II reseptör blokörleri, *Yates ki-kare testi (Hastalar birden 

fazla ilaç kullanabilmektedir). 

 

Gruplar arasında komorbidite varlığı HT dışında 

istatistiksel anlamlı fark yoktu. Gruplar arasında 

hipertansiyon tanısı Grup H’de (%72) Grup N’ye (%22,6) 

göre istatistiksel anlamlı olarak daha yüksek idi 

(P<0,001) (Tablo 2). 

Gruplar arasında antihipertansif (AHT) ilaç kullanımı 

oranı ve hangi ilaçların ne oranda kullanıldığı Tablo 3’de 

görülmektedir. Antihipertansif ilaç kullanımı Grup H’de 

Grup N’ye göre istatistiksel anlamlı olarak daha yüksek 

idi (P<0,001). Yine Gruplar arasında beta blokör 

kullanımı bakımından Grup H’de, Grup N’ye göre 

istatistiksel anlamlı olarak yükseklik vardı (P<0,001). 

Diğer AHT ilaçların kullanım oranları ve antidiyabetik 

ajan kullanımı gruplar arasında istatistiksel olarak 

anlamlı farklılık bulunmadı (P=0,398) (Tablo 3). 

Gruplar arasında açlık süresi bakımından istatistiksel 

olarak anlamlı farklılık saptanmadı (P=0,786). Gruplar 

arasında preoperatif sistolik kan basıncı bakımından 

istatistiksel olarak anlamlı farklılık bulundu (P=0,004). 

Grup H’de preoperatif SKB değerleri daha yüksekti. 

Gruplar arasında preoperatif DKB bakımından 

istatistiksel olarak anlamlı farklılık vardı (P=0,031). Grup 

H’de preoperatif diastolik tansiyon değerleri daha 

yüksekti. Gruplar arasında preoperatif OKB bakımından 

istatistiksel olarak anlamlı farklılık vardı (P=0,006). Grup 

H’de preoperatif OKB değerleri daha yüksekti (Tablo 4). 

Pron pozisyona döndükten hemen sonra SKB, DKB, OKB 

kan basıncı ölçümleri Grup H’de Grup N’ye göre 

istatistiksel anlamlı olarak daha düşük tespit edildi 

(P=0,001). Diğer SKB, DKB, OKB ölçümlerinde gruplar 

arasında istatistiksel olarak anlamlı farklılık yoktu 

(P>0.005) (Tablo 4). 

Gruplar arası 60. dk, 120. dk ve ayılma ünitesi KAH 

değerleri, Grup H’de Grup N’ye göre istatistiksel olarak 

anlamlı daha düşük idi (sırasıyla, P=0,015, P=0,027 

P=0,024) (Tablo 4).  

 İki gruptaki tidal hacim, komplians, tepe inspirasyon 

basınç ölçümleri, Tepe inspirasyon basınç değeri, PEEP 

değerleri, plato basınç ölçümleri değerleri, sürücü basınç 

ölçümleri, etCO2 ölçümleri, her iki grup arasında 

istatistiksel olarak bezerdi (P>0.005). 

Gruplar arasında perioperatif ölçülen PPV değerleri 

indüksiyon sonrası, pron, 30, 60 ve 120. Dk ölçümleri 

Grup H’de Grup N’ye göre istatistiksel olarak anlamlı 

daha yüksek tespit edildi (sırasıyla, P<0,001, P=0.006, 

P=0.012, P<0.001 ve P=0.002) (Tablo 5). 

 

4. Tartışma 
Çalışmamızda genel anestezi altında vertebral cerrahi 

uygulanan hastaların yarısına yakınında supin 

pozisyondan pron pozisyona döndüğünde hipotansiyon 

gelişti. Grup H’de komorbidite varlığı daha fazla idi. 

Hipertansiyon tanısı olan, antihipertansif ilaç ve/veya 

betabloker kullanan hastalarda daha fazla hipotansiyon 

gözlendi. Grup H’de yaşın daha yüksek olduğunu ve 

sigara kullanımının daha düşük olduğunu gördük. Pron 

pozisyona dönene kadar verilen kristalloid Grup H’de 

daha fazla idi.  
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Tablo 4. Perioperatif SKB, DKB, OKB ve KAH değerlerinin gruplara göre dağılımı [Median (Min- Maks)] 

 Grup N Grup H P 

SKB     

Preop  131,00 (97 - 184) 155,50 (92 - 199) 0,004* 

T0  138 (100-182) 135,5 (99 - 252) 0,278 

T1  120 (79-237) 118 (81 - 195) 0,378 

T2  113 (75 - 198) 79 (61-96) 0,001* 

T3  110 (77-164) 104 (76-185) 0,656 

T4  101,5 (75-136) 103 (70-140) 0,594 

T 5  98,5 (85-139) 99,5 (85-131) 0,579 

T 6  120 (82-169) 116 (73-187) 0,299 

T 7  135 (95-160) 121 (103-133) 0,165 

DKB    

Preop  79 (56 - 101) 83 (53 - 158) 0,031* 

T0  80 (59 - 95) 77,50 (51 - 126) 0,131 

T1  73 (36 - 127) 68 (45 - 101) 0,138 

T2  69 (34 - 108) 41,5 (30 - 67) 0,001* 

T3  66 (42 - 99) 65 (38 - 99) 0,989 

T4  65,5 (42 - 98) 63,5 (44 - 94) 0,560 

T5  59,5 (45- 82) 63 (38 - 82) 0,436 

T6  73 (47 - 112) 71 (50 - 106) 0,192 

T7  77 (62 - 96) 73 (52 - 88) 0,953 

OKB    

Preop  99 (62 - 132) 109 (71 - 167) 0,006× 

T0  103 (64-128) 99 (73-167) 0,155 

T1  92 (60-160) 89 (61-140) 0,423 

T2  86 (60 -140) 55 (40-71) <0,001* 

T3  84 (60-112) 80,5 (49-130) 0,992 

T4  79,5 (55-110) 76,5 (53-108) 0,676 

T5  74,5 (61-109) 75 (62-102) 0,587 

T6  90 (61-132) 89 (58-145) 0,259 

T7  99,5 (78-113) 93 (82-109) 0,768 

KAH    

T0  84 (52 - 118) 83 (54 - 129) 0,840 

T1  87 (59 - 115) 82 (46 - 136) 0,122 

T2  83 (57 - 121) 79,5 (45 - 130) 0,088 

T3  74 (56 - 113) 71 (44 - 122) 0,255 

T4  77,5 (52 - 118) 69 (44 - 110) 0,015* 

T5  78 (54 - 111) 70,5 (53 - 90) 0,027* 

T6  80 (60 - 110) 79 (58 - 105) 0,248 

T7  81 (64 - 106) 71 (63 - 74) 0,024* 

SKB= sistolik kan basıncı mmHg, DKB= diastolik kan basıncı mmHg, OKB= ortalama kan basıncı mmHg, KAH= kalp atım hızı, T0= 

ameliyathane odasına alındığında (indüksiyon öncesi), T1= indüksiyon sonrası (5. Dk), T2= pron pozisyona alındıktan sonra, T3= 

indüksiyon sonrası (30. dk), T4= indüksiyon sonrası (60. Dk), T5= indüksiyon sonrası (120. dk), T6= ekstübasyon sonrası, T7= ayılma 

ünitesi, *Mann Whitney U testi. 

 

Tablo 5. Perioperatif PPV değerlerinin gruplara göre dağılımı [Median (Min-Maks)] 

 Grup N Grup H P 

İndüksiyon sonrası PPV (%) 12 (8 - 20) 16 (6 - 36) <0,001* 

Pron PPV (%) 11 (7 - 18) 12,5 (3 - 29) 0,006* 

30. dk PPV (%) 10 (5 - 15) 11 (4 - 19) 0,012* 

60. dk PPV (%) 9 (6 - 15) 11 (4 - 19) <0,001* 

120. dk PPV (%) 9 (4 - 14) 11 (4 - 16) 0,002* 

PPV= pulse pressure variation, *Mann Whitney U testi. 
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Grup H’de indüksiyon sonrası ve pron pozisyon sonrası 

PPV değerleri daha yüksekti. Ejeksiyon fraksiyonu ise 

Grup H’de daha düşük ölçüldü. 

Pozisyon değişikliğine bağlı hipotansiyon insidansı, genel 

anestezi, sedasyon ve rejyonel anestezi altındaki hastalar 

arasında farklılık gösterebilir (Tabara ve ark., 2005). 

Venöz dönüşün azalması, kompansatuar mekanizmaların 

anestezik ilaçlarla indüklenen blokajı, pozitif basınçlı 

ventilasyon ile artan intratorasik basınç ile kardiyak ön 

yükün azalması bunun nedenleri arasındadır. 

İntraoperatif hipotansiyon artmış mortalite ve miyokard 

enfarktüsü ve postoperatif morbidite ve mortalite riskini 

artırabilir (Walsh ve ark., 2013; Sessler ve ark., 2018).  

Komorbidite varlığı da hipotansiyon nedeni olablir. 

Hipertansiyon tanısı olup baroreseptör desensitizasyonu 

gelişmiş, vasküler elastikiyet kaybı olmuş veya 

intravasküler hacmi yeterli olmayan hastalarda 

intraoperatif hipotansiyon gelişme riski bulunmaktadır 

(Intengan ve Schiffrin, 2001). Yüksek tansiyonun 

pozisyon değişikliği ile baroreseptör refleksini aktive 

ederek periferik vazodilatasyon ve bradikardiye yol 

açması beklenebilir (Biais ve ark., 2010). Çalışmamızda 

da hipotansiyonu olan hastalarda hipertansiyon daha 

fazla görülmektdir. Spesifik komorbid durumlar, özellikle 

pulmoner hipertansiyon ve konjestif kalp yetmezliği, 

omurga cerrahisi sonrası gelişebilecek komplikasyonlarla 

yüksek oranda ilişkilidir (Memtsoudis ve ark., 2011). 

Pron pozisyonda, PPV’nin sıvı tepkisini tahmin etme 

yeteneği değişmemektedir. Ancak, varyasyonun 

başlangıçta arttığı gösterilmiştir; bu nedenle sıvı tepkisi, 

supin duruma göre biraz daha fazla gözlenir (Biais ve 

ark., 2010). Prone pozisyonda abdominal kompresyon 

diyaframın sefale yer değiştirmesine, pulmoner 

kompliyansın azalmasına ve tepe hava yolu basıncının 

artmasına neden olabilir (Palmon ve ark., 1998). 

Antihipertansif ilaçlar hipertansiyon yanısıra miyokard 

enfarktüsü sonrası kardiyoprotektif etki, kalp yetmezliği 

nedenli akciğer yüklenme bulgularını azaltmak, migren 

profilaksisi gibi durumlarda da kullanılır. Oral 

antihipertansif ilaçlara ameliyat zamanına kadar devam 

edilmeli ve ameliyat tamamlandıktan sonra mümkün 

olan en kısa sürede yeniden başlanmalıdır (Whelton ve 

ark., 2017). Literatürde ameliyat öncesi anjiyotensin 

dönüştürücü enzim inhibitörleri (ACEi) veya anjiyotensin 

II reseptör blokörleri (ARB) alan hastalarda intraoperatif 

hipotansiyon riskinin yükseldiğini gösteren çalışmalar 

vardır (Bradic ve Povsic-Cevra, 2018). Çalışmamızda ise 

gruplar arasında ACEi+ARB kullanımı açısından anlamlı 

farklılık saptanmadı. Bunun sebebi söz konusu 

çalışmaların genel anestezi değil nöroaksiyel anestezi 

altındaki hastalarda yapılması ve dolayısıyla Renin 

anjiotensin sisteminin (RAS) blokajının daha yaygın 

olarak gelişmesi olabilir. 

Beta-blokörlerin preoperatif kullanımının potansiyel bir 

kardiyoprotektif etkiye sahip olduğu bilinse de, 

baroreseptör refleksini köreltir, intraoperatif 

hipotansiyon ve bradikardi riskini arttırabilir (Devereaux 

ve ark., 2008). Kertai ve ark. (2018) tarafından yapılan 

çalışmada kardiyak olmayan cerrahide beta-blokör 

kullanımının kesilmesi intraoperatif hipotansiyon 

insidansını azaltsa da 48 saatlik mortaliteyi arttırdığı 

gösterilmiştir. Biz de bu çalışmaya benzer olarak beta- 

blokörlerin preoperatif kullanımının, Grup H’de daha 

fazla olduğunu saptadık. 

Pulse Pressure Variation değerinin supin pozisyonda 

%11 ila %15’ten, pron pozisyonda ise %14 ila %15’ten 

yüksek bulunması, hastalarda intravasküler sıvı 

ihtiyacının olduğunu düşündürür (Biais ve ark., 2010). 

Shi ve ark. (2022) yaptığı bir çalışmada ise pron 

pozisyonda düşük tidal hacim ventilasyonu altında olan 

ARDS'li hastalarda, PPV'deki değişim ile kardiyak debi 

ölçümlerine gerek kalmadan ön-yük yanıtını güvenilir bir 

şekilde değerlendirebileceği tespit edilmiştir. Yoon ve 

ark. (2020) yaptığı bir çalışmada pron pozisyondaki PPV 

değeri hipotansif grupta normotansiflere göre daha 

yüksek bulunmuş. Çalışmamızda da gruplar arasında 

indüksiyon sonrası, pron pozisyon öncesi Grup H’de PPV 

değeri yüksek idi. 

Kalp yetmezliği tanılı hastalar cerrahi sırasında akut 

dekompanse kalp yetmezliği, hipotansiyon, 

hipertansiyon ve aritmiler açısından yüksek risk 

altındadır. Önceki çalışmalarda azalmış ejeksiyon 

fraksiyonunun <%55 olması, perioperatif hipotansiyon 

ve bradikardi gibi istenmeyen kardiyovasküler olayları 

arttırdığı gösterilmiştir (Mantha ve ark., 1994). 

Çalışmamızda da Grup H’de ejeksiyon fraksiyon 

ölçümünü daha düşük saptadık. 

Sigara kullanımında akut etki olarak; kan basıncında, 

kalp hızında, miyokardiyal kontraktilitede ve 

miyokardiyal oksijen tüketiminde artışa yol açan 

sempatik sinir sistemi aşırı aktivasyonu vardır (Virdis ve 

ark., 2010). Ancak sigara kullanımının kan basıncı ve 

hipertansiyon gelişimi üzerindeki kronik etkileri 

belirsizdir. Bazı çalışmalarda sigara içme alışkanlığı 

olanlarda basıncı, içmeyenlere göre daha düşük 

bulunmuştur (Primatesta ve ark., 2001). Bizim 

çalışmamızda da Grup N’de sigara içme oranı daha 

yüksek tespit edilmiştir. 

 

5. Sonuç 
Sonuç olarak, genel anestezi altında pron pozisyona 

dönen vertebral cerrahi uygulanan hastalarda, 

hipotansiyon görülme olasılığı; PPV değeri yüksek, 

komorbiditeleri arasında hipertansiyonu olan, beta-

blokör kullananlarda ve EF<%55 olan hastalarda daha 

yüksek olması sayılabilir. Dinamik bir parametre olan 

PPV değerinin hipotansiyonu öngörmede belirleyici bir 

unsur olduğunu da düşünüyoruz. Daha çok sayıda hasta 

ile yapılan çok merkezli, prospektif, çalışmalara ihtiyaç 

olduğunu düşünmekteyiz. 

 

Limitasyonlar 

Çalışmamızda intravasküler hacim durumu için dinamik 

bir parametre olan PPV kullanmamıza rağmen, vasküler 

direnci, kardiyak debiyi veya ön yükü doğrudan 

ölçemememiz limitasyonlarımızdan biridir. Ayrıca 
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intraabdominal veya intratorasik basıncı direkt 

ölçemediğimiz için bunların etkilerini de kesin olarak 

belirleyemedik. Çalışmamıza dahil olan hastaların detaylı 

öyküsü alınmasına rağmen kullandığı ilaçların daha da 

detaylandırılması ileri çalışmalarda faydalı olabilir. 

Çalışmaya dahil olan hasta sayısının az olması da 

limitasyonlarımız arasındadır. 

 

Katkı Oranı Beyanı 

Yazarların katkı yüzdesi aşağıda verilmiştir. Tüm 

yazarlar makaleyi incelemiş ve onaylamıştır. 
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T 34 33 33 
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FA 34 33 33 
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Abstract: Although sacralization is one of the most common congenital anomalies of the spine, its effect on surrounding muscles is still 

not well known. This study was conducted to determine the size of the lumbar and abdominal muscles of the individuals with 

sacralization and to compare with the control group. Eighty-five participants with sacralization phenomena and fifty-six asymptomatic 

participants were included in this study. Sacralization was classified according to the Castellvi classification. The cross-sectional area of 

the multifidus lumborum, erector spinae and rectus abdominis muscles, and the section thicknesses of external abdominal oblique, 

internal abdominal oblique and transversus abdominis muscles were measured bilaterally on axial computed tomography images at 

the L1-2 and L4-5 levels. ANCOVA revealed that there is no any significant group*side interaction effect regarding muscles sizes in 
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1. Introduction 
Lumbosacral transitional vertebra (LSTV) is a congenital 

anomaly seen in approximately one out of every four 

people in the population, and it includes a spectrum from 

complete/incomplete L5 sacralization to 

complete/incomplete S1 lumbarization according to 

morphological changes (Dar and Peled, 2014). 

Sacralization, which is one of these anomalies, is the 

fusion of the fifth lumbar vertebra with the first sacral 

vertebra in different ways and gaining the characteristic 

of the sacrum (Carrino et al., 2011). Several authors have 

reported the incidence of sacralization, which is mostly 

found incidentally as 4.6-35.9% in the general population 

(Castellvi, 1984; Hughes and Saifuddin, 2006; 

Hinterdorfer et al., 2010). In clinical studies, it has been 

shown that with sacralization, mobility in the lumbar 

region decreases and it is asymmetrical, and may also 

cause early degenerative changes (Paik et al., 2013). 

When mobility is reduced or asymmetrical, changes in 

muscle structure and size are inevitable. However, 

studies examining the morphology of both lumbar and 

abdominal muscles in LSTV anomaly are limited (Becker 

et al., 2021). However, previous studies have shown that 

morphological changes can occur in the spine and 

abdominal muscles in different disorders involving the 

lumbar region, and that examining the anatomical 

structures of the musculoskeletal system can provide 

information about the limits of stability (Uçar et al., 

2021). In this context, it was aimed to determine the 

dimensions of the multifidus, erector spinae and 

abdominal muscles of the individuals with sacralization 

in the lower and upper lumbar regions and to compare 

them with the control group in our study. In addition, by 

revealing the muscle dimensions of individuals with 

sacralization, we aim to guide the determination of the 

treatment protocol for the waist problems encountered 

in these individuals. 

 

2. Materials and Methods 
2.1. Patient Population 

In our study, the images of patients aged 18-65 years, 

who applied to our imaging center with preliminary 

diagnoses such as urinary system stones, intestinal and 

visceral organ pathologies, and whose imaging method 

were computed tomography (CT), between January 2020 

and December 2021, scanned retrospectively from the 
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PACS imaging system. Images of patients with a history of 

surgery involving the spine, ribs or pelvis, fractures of 

these bones, a history of spinal cord injury, tumor or 

infection, and pathology such as arthrosis, 

spondylolisthesis, and scoliosis were excluded from the 

study. The images were examined by a specialist 

radiologist for sacralization, and they were divided into 

sacralization and control groups, and the body mass 

index (BMI weight/height2) was calculated by recording 

the age, gender, and weight and height information of the 

patients.  

2.2. Computed Tomography Images and Classification 

Images of Abdominopelvic examinations taken in the 

supine position with a multi-slice computed tomography 

device (MSCT) (General Electric IQ™ 32-Detector Spiral 

MSCT) without contrast were used. The acquisition 

parameters are 200-320 mAS, 120 kV, average 350 mm 

FOV and 1.25 mm section thickness. Images were 

evaluated both axial and coronal on the workstation, 

both in the bone window and in the soft tissue window. 

LSTV's were recorded as unilateral or bilateral as well as 

incomplete or complete classification according to 

Castellvi classification (Castellvi 1984). Type 1 shows 

unilateral (1a) or bilateral (1b) elongated dysplastic 

transverse processes, while type 2 includes incomplete 

unilateral (2a) or bilateral (2b) pseudo-articulation with 

diarthrodial joint. Type 3 exhibits unilateral (3a) or 

bilateral (3b) bone fusion of the transverse process. Type 

4 includes a unilateral type II with a type III on the 

contralateral side.  

2.3. Evaluation of the Multifidus Lumborum, Erector 

Spinae and Abdominal Muscles  

As the first step in image processing, CT images were 

opened in RadiAnt, a free DICOM imaging program. CT 

imagings were recorded in JPEG (Joint Photographic 

Experts Group) format to calculate the cross-sectional 

area of the multifidus lumborum muscle (MM), erector 

spinae muscle (ES) and rectus abdominis muscle (RA) 

and the section thicknesses of abdominal muscles 

(external abdominal oblique muscle 'EO', internal 

abdominal oblique muscle 'IO' and transversus 

abdominis muscle 'TA'). Then, all these images were 

displayed simultaneously in the “ImageJ” program, which 

can be downloaded from 

https://imagej.nih.gov/ij/download.html. An image 

series was created by selecting “stack→image to stack” 

icon under the “image” tab of the ImageJ program. Using 

the options in the "measurement and tools" tab on the 

RadiAnt program, the length of any specific spot on the 

image was measured. In the ImageJ program, the same 

spot was marked in the same section using the “straight” 

button. The images were calibrated using “Set Calibrate” 

option under the “analyze” tab of the ImageJ program 

(Uçar et al., 2022). In the next step, the boundaries of the 

MM, ES and RA muscles were determined manually by 

using the “Free Hand” button of the ImageJ program 

bilaterally in the axial images at the L1-L2 and L4-L5 

levels, and the cross-sectional area was recorded in 

square centimeters (Figure 1). The section thicknesses of 

the EO, IO and TA were recorded in millimeters on the 

transverse line connecting the farthest points of the 

abdominal wall on the right and left (Figure 1). All these 

processes were performed on the CT image of each 

individual separately on the right and left. 

2.4. Statistical Analysis 

The data were evaluated using the Statistical Package for 

the Social Sciences 22.0 program for Windows. The 

variables were investigated using visual (histograms, 

probability plots) and analytical methods (Kolmogorov-

Simirnov/Shapiro-Wilk’s test) to check normality. We 

used descriptive statistics and reported counts and 

proportions for categorical data and measures of 

distribution for continuous data. An independent t test or 

2 test was performed to compare the baseline 

characteristics. To evaluate the cross-sectional areas of 

muscles by using CT, a 2*2 [group (participants with- and 

without sacralization) * side (right or left)] repeated 

measures ANCOVA was performed with group as a 

between-groups factor and side as a within-subjects 

factor, and with demographical measures set as the 

covariates. When the F-ratio was significant, Bonferroni’s 

post hoc test was employed to identify the mean 

differences. Effect sizes were determined as partial eta 

squared (η2p). The level of significance was set at P<0.05. 

ANCOVA (Analysis of Covariance) is a method used in 

statistical analysis to control the effect of covariates and 

reduce intergroup variation (Önder, 2018). 

 

Table 1. Descriptive statistics of the participants (Independent samples t test or χ2 test) 

Variable Participants with sacralization (n=85) Asymptomatic participants (n=56) P 

Age 55.85±12.41 46.53±14.66 <0.001 

Body mass index (kg/m2) 26.14±2.13 25.17±4.34 0.078 

Female (%) 35 (41.17) 29 (51.78) 0.231 

Castelvi type (%)    

1a 13 (15.29) - - 

1b 10 (11.76) - - 

2a 15 (17.64) - - 

2b 36 (42.35) - - 

3a 3 (3.52) - - 

3b 8 (9.41) - - 
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Figure 1. Measurements of muscles sizes (An axial CT image at L4-L5 level. EO= external abdominal oblique muscle, IO= 

internal abdominal oblique muscle, TA= transversus abdominis muscle, RA= rectus abdominis muscle, MM= multifidus 

lumborum muscle, ES= erector spina muscle). 

 

3. Results  
A total of 141 participants with (n=85) and without 

(n=56) sacralization were included in the study. 

Descriptive characteristics of the participants are 

presented in Table 1. There was no any significant 

difference between the two groups in terms of baseline 

characteristics except for age (P˃0.05). The mean of age 

were higher in the sacralization group (P<0.001). 

ANCOVA revealed a side effect regarding cross-sectional 

areas of rectus abdominis muscle [(P=<0.001; 

η2p=0.085)] and erector spinae muscle [(P=0.005; 

η2p=0.055)] in terms of L1-2 measurements. But, there is 

no any significant group*side interaction effect regarding 

cross-sectional areas of muscles in terms of two groups 

in L1-L2 (Table 2). 

ANCOVA revealed a side effect regarding cross-sectional 

areas of rectus abdominis muscle [(P=<0.001; 

η2p=0.107)], internal oblique muscle [(P=0.026; 

η2p=0.035)], and erector spinae muscle [(P=0.003; 

η2p=0.062)] in terms of L4-L5 measurements. But, there 

is no any significant group*side interaction effect 

regarding cross-sectional areas of muscles in terms of 

two groups in L4-L5 (Table 2). 

Lastly, ANCOVA revealed a both side effect [(P=0.020; 

η2p=0.038)] and group*side interaction effect [(P=0.010; 

η2p=0.049)] regarding length of 

the L5 transverse process. This was higher in the 

sacralization group (Table 2).  

 

4. Discussion 
In this study, based on cross-sectional CT imaging from 

adults with (n=85) and without (n=56) sacralization, the 

dimensions of the multifidus (MM), erector spina (ES) 

and abdominal muscles at the L1–2 and L4–5 

intervertebral discus levels were evaluated. The data we 

obtained revealed that the muscle sizes of the individuals 

with sacralization were similar to the muscle sizes of the 

individuals in the control group. In addition, according to 

Castellvi classification, Type 2b was the most common 

type of sacralization in our study at 42.35%. 

Sacralization, a congenital vertebral anomaly, is a 

frequently encountered condition in the general 

population (Jancuska et al., 2015). The relationship 

between LSTV and low back pain (LBP) is well known 

and studies on paraspinal muscle dimensions are quite 

extensive (Peterson et al., 2005; Apaydin et al., 2019; 

Ulger and Illeez, 2020). However, it is a known fact that 

the reduced muscle mass in the lumbar region not only 

affects the global sagittal alignment of the spine but also 

plays a role in the development of LBP (Ambegaonkar et 

al., 2014; Uçar et al., 2021).  
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Table 2. Comparison of cross-sectional areas of muscles and length of the L5 transverse process between two groups 

 Participants with sacralization  Asymptomatic participants 2 x 2 ANCOVA 

 Right  Left 
p1 

 
Right  Left p1 

Side  

p2 (η2p) 

Group*Side 

p2 (η2p) 

L1-L2 measurements         

Rectus abdominis muscle 5.25±1.99 5.37±1.91 0.745 4.90±1.40 5.11±1.36 0.322 <.001 (.085)* 0.336 (0.007) 

External oblique muscle 5.39±1.18 5.42±1.18 0.893 6.26±1.20 6.25±1.18 0.956 .551 (.003) 0.573 (0.002) 

Internal oblique muscle 6.27±1.36 6.26±1.34 0.968 7.08±1.23 7.05±1.27 0.875 .677 (.001) 0.688 (0.001) 

Transversus abdominis 

muscle 
3.66±0.83 3.63±0.87 0.852 4.31±0.84 4.32±0.79 0.936 .711 (.001) 0.513 (0.003) 

Lumbar multifidus 

muscle 
9.88±2.23 9.93±2.23 0.905 10.88±3.08 11.17±2.85 0.524 .203 (.012) 0.367 (0.006) 

Erector spinae muscle 10.02±2.24 9.86±2.32 0.711 11.29±2.55 11.15±2.50 0.718 .005 (.055)* 0.888 (<0.001) 

L4-L5 measurements         

Rectus abdominis muscle 5.71±2.23 5.85±2.16 0.736 5.28±1.50 5.46±1.51 0.436 <.001 (.107)* 0.657 (0.001) 

External oblique muscle 5.28±1.32 5.32±1.31 0.872 6.55±1.40 6.57±1.36 0.924 .379 (.006) 0.737 (0.001) 

Internal oblique muscle 6.34±1.56 6.29±1.52 0.863 7.92±1.62 7.85±1.53 0.772 .026 (.035)* 0.700 (0.001) 

Transversus abdominis 

muscle 
3.20±0.94 3.19±0.91 0.954 4.32±0.79 4.35±0.74 0.798 .554 (.003) 0.533 (0.003) 

Lumbar multifidus 

muscle 
8.89±2.15 8.94±2.21 0.903 10.43±2.21 10.30±2.21 0.701 .488 (.003) 0.148 (0.015) 

Erector spinae muscle 9.49±1.92 9.34±1.93 0.680 11.04±1.92 10.95±1.82 0.754 .003 (.062)* 0.431 (0.004) 

Length of the L5 

transverse process 
20.62±4.08 22.63±4.11 0.001 15.00±1.91 15.17±2.11 0.582 .020 (.038)* 0.010 (0.049)* 

p1: Independent samples t test results for within-group side comparisons; p2: two-way repeated measures analysis of covariance with a 

mixed model. Figures in parentheses are effect sizes partial eta squared (η2p). 

 

In addition, the muscles of the anterior-lateral abdominal 

wall play an important role in the spine stability (Hodges 

and Richardson, 1997). Studies investigating the 

relationship between LSTV and both paraspinal and 

abdominal muscle sizes are limited, regardless of LBP 

(Becker et al., 2021). Therefore, in our study, images of 

patients who applied with pre-diagnoses such as urinary 

system stones, intestinal and visceral organ pathologies 

other than LBP, were examined for sacralization, and 

paraspinal and abdominal muscle sizes of individuals 

with sacralization and those in the control group were 

analyzed and compared. 

The presented study differs from previous studies that 

showed individuals with LSVT to have atrophic 

musculature. Our data showed that there were 

statistically similarity in the paraspinal and abdominal 

muscles between the both groups. There could be two 

reasons for this. First, hypomobility at the sacralization 

level is compensated by hypermobility of segments 

above this level. This hypermobility may have caused 

individuals with sacralization to have similar muscle 

sizes to the control group, contrary to expectations, as it 

required more muscular workload. Second, most of the 

studies on this subject were conducted by examining the 

images of patients with LBP (Peterson et al., 2005; 

Apaydin et al., 2019; Ulger and Illeez, 2020). Today, the 

importance of paraspinal muscle quality in patients with 

low back pain is widely accepted. Muscle atrophy itself 

may play an important role in the pathogenesis of LBP. 

Therefore, studies on images taken for LBP may not only 

reflect the characteristics of individuals with 

sacralization. However, a recent study of 46 patients with 

LSTV reported a reduction in muscle sizes (Becker et al. 

2021). 

Our study revealed a side effect regarding cross-sectional 

areas of RA and ES in terms of L1-2 measurements. Also 

revealed a side effect regarding cross-sectional areas of 

RA, IO and ES in terms of L4-L5 measurements. This 

corroborates the studies of Becker et al. showing that 

individuals with LSTV have a different muscle load than 

the control group. 

Our study has some limitations. First, because it was a 

retrospective study, we could not analyze clinical 

findings such as pain, activity limitation, and spasm. This 

prevented us from separating symptomatic and 

asymptomatic individuals. Second, morphological and 

degenerative changes in the facet or disc and fat changes 

in the muscles were not analyzed. Finally, we would like 

to point out that the sample size of our study is low. This 

may affect the statistical significance level of the results. 

 

5. Conclusion 
In conclusion, in our analyzes of CTs taken for different 

reasons, independent of LBP, we determined that 

sacralization did not have a significant effect on the 

paravertebral and abdominal muscles sizes of the 

individual. In order to shed light on the subject, studies 

with wider participation, including patient symptoms, 

are required. 
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Abstract: Nutritional therapy is very important in burn patients and plays a role in the prevention and treatment of malnutrition. 

Therefore, it is necessary to assess nutritional status, prevent or minimize nutritional problems, and monitor nutritional therapy. This 

study was conducted to determine the nutritional risk, nutritional status and biochemical parameters of adult burn patients in the 

burn intensive care unit. The 59 patients (women: 16, men: 43) between the ages of 19-64 were included in the study. Parameters such 

as NRS-2002 (admission and discharge), dietary intake, nutritional support status, serum albumin, and total protein (admission and 

discharge) were evaluated to determine the nutritional risk and nutritional status of the patients. In addition, body weight, mid-upper 

arm circumference, and triceps skinfold thickness were measured and body mass index was calculated (admission and discharge). The 

duration of hospitalization and burn percentage of men patients were higher than women (P<0.05). A significant decreases were 

determined in the mean body weight, body mass index, and triceps skinfold thickness of men patients at discharge compared to 

admission (P<0.05). In men patients, a statistically significant difference was found in serum albumin, hemoglobin, and hematocrit 

values between admission and discharge (P<0.05). A statistically significant difference was found in NRS-2002 scores at admission and 

discharge in both genders, and the scores increased (P<0.05). While a significant relationship was found between immunonutrition 

support and gender (P<0.05), no relationship was found between genders in terms of the diet given and the consumption status of the 

diet intake (P>0.05). No statistically significant difference was found between genders in terms of feeding duration with nutritional 

support products, energy intake with nutritional support products and diet, macronutrients, and total energy expenditure values 

(P>0.05). Since burn injuries can cause serious metabolic disorders, impaired nutritional status was encountered during 

hospitalization. While the treatment process was positively affected by the increase in the NRS-2002 score during hospitalization, a 

decrease in parameters such as albumin, total protein, and anthropometric measurement values brought about by the catabolic 

process was encountered. Therefore, to prevent or treat malnutrition, the nutritional status of patients should be evaluated at the time 

of hospitalization and they should be able to receive the necessary nutritional support. 
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1. Introduction 
Burn injuries can cause serious metabolic disorders. 

Among critically ill patients, the group with the highest 

metabolic rate is burn patients (Ostadrahimi et al., 2016). 

Major burns increase this rate almost 2-fold (Shields et 

al., 2013). Therefore, it is recommended that energy and 

protein load be replaced well to limit metabolic deficit 

(Czapran et al., 2015). 

Comprehensive nutritional therapy is of great 

importance in managing burn patients (Suri et al., 2006). 

If this goal is not achieved, malnutrition may develop 

(Rodriguez, 2004). Moreover, strong associations have 

been established between nutritional deficiencies in 

critically ill patients, prolonging the duration of intensive 

care or hospital stay, and increasing morbidity and 

mortality (Sungurtekin et al., 2008). Therefore, timely 

assessment of nutritional status in critically ill patients is 

important to prevent or minimize nutritional problems 

and monitor nutritional therapy (Hejazi et al., 2016). 

Clinicians should determine the nutritional status of 

patients with appropriate assessment tools and reveal 

their need for nutritional support (Maday, 2017). 

Anthropometric measurements (such as body weight, 

height, body mass index, mid-upper arm circumference, 

triceps skinfold thickness), biochemical findings (such as 

total protein, albumin, and pre-albumin), immune 

markers (such as lymphocyte count), and nutritional 

screening tools can be used to determine the nutritional 

status of critically ill patients (Hejazi et al., 2016). 

However, certain limitations are encountered regarding 

anthropometric measurements and biochemical findings 

in burn patients (Machado et al., 2011). The frequently 

Research Article 
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used Nutritional Risk Screening 2002 (NRS-2002) is the 

tool recommended by The European Society for Clinical 

Nutrition and Metabolism (ESPEN) guidelines primarily 

for determining indications for nutritional support 

(Kondrup et al., 2003; Poulia et al., 2017). 

This study was conducted to determine the nutritional 

risk, nutritional status and biochemical findings of adult 

burn patients in burn intensive care unit. 

 

2. Materials and Methods 
2.1. Participants 

The study was carried out at the Burns Treatment Center 

of Ankara Numune Education and Research Hospital 

between November 1st, 2012 and March 1st, 2013 and 

among the hospitalized patients, 59 patients composed of 

43 men and 16 women at the age range of 19 to 64 was 

included. All adult patients hospitalized between the 

dates of the study were included in the study. 

2.2. Data Collection 

An information form was applied within the scope of the 

study. The information form was prepared by the 

researchers as a result of the literature review and 

consists of six sections (sociodemographic and burn-

related information, anthropometric measurements, 

biochemical parameters, NRS-2002 form, total energy 

requirements, dietary intake, and nutritional support 

status). 

2.2.1. Anthropometric measurements 

Height, body weight, body mass index (BMI), mid-upper 

arm circumference (MUAC), and triceps skinfold 

thickness (TSFT) were used as anthropometric 

measurements of the patients. Height was obtained from 

the patient file at admission. Body weight, MUAC, and 

TSFT were measured twice, at the time of admission and 

discharge. Body mass index (kg/m2) values were 

calculated twice from the body weight (kg) and height 

(cm) measurements at the time of admission and 

discharge. Body mass index was calculated by dividing 

body weight by height in m² (WHO, 2010). 

The body weight of patients who could stand up was 

determined using an electronic scale with ±0.1 kg 

sensitivity in the hospital, and the body weight of 

patients who could not stand up was determined using 

beds that could measure weight. It was measured by the 

MUAC and TSFT techniques (McDowell et al., 2008). 

Measurements of patients with arm burns could not be 

taken. TSFT was performed using a Holtain brand 

skinfold caliper. BMI was evaluated according to the 

World Health Organization (WHO) classification (WHO, 

2010). 

2.2.2. Biochemical assessment 

It includes the standard parameters determined by the 

hospital for burn treatment. The patient's serum total 

protein, albumin, hemoglobin, and hematocrit values at 

admission and discharge were recorded in the 

information form. 

 

 

2.2.3. Nutritional risk screening 2002 (NRS-2002) 

form 

To determine the nutritional status of the patients, the 

NRS-2002 form was filled in twice, at admission and 

discharge. NRS-2002 was developed by Kondrup et al. in 

2002 (Kondrup et al., 2003). Its validity and reliability in 

Turkish were performed by Bolayır in 2014. It has been 

shown that NRS-2002 is a valid and reliable method that 

can be used in hospitalized patients (Bolayır, 2014). This 

form aims to detect inadequate nutrition and 

malnutrition risk and to identify patients who may 

benefit from nutritional support. It is recommended by 

ESPEN to reveal possible conditions or changes that 

improve or worsen after illness or surgery (Lochs et al., 

2006). The scoring system consists of two sections, 

‘nutritional status’ and ‘disease severity’, and provides 

scoring as “no problem”, “mild”, “moderate” and “severe”. 

Scoring is between 0-3 for each section. In patients over 

the age of 70, an additional 1 point is added to the score 

due to age, and patients with a total score of ≥3 are 

considered to be at nutritional risk (Kreymann et al., 

2006; Nişancı Kılınç et al., 2023). 

2.2.4. Total energy requirement 

The total energy requirements of patients at admission 

were calculated using the Curreri formula (equation 1) 

(Chan et al., 2018), which incorporates the total body 

surface area (TBSA) burn. 
 

Curreri formula: (25 kcal × body weight) + (40 kcal 

× %TBSA), when the TBSA is >50%, it is calculated 

as 50%. 

(1) 

 

2.2.5. Dietary intake and nutritional support status 

The nutritional intake of the patients was determined 

according to the percentage of the hospital diet given to 

them that was consumed. The nutritional intake of the 

patients was determined by the researcher's follow-up, 

the patient's declaration, and the waste control results of 

the nurses and waiters working in the hospital. The 

patients' menus were obtained from the hospital's 

responsible dietician. If the patient's hospitalization 

period was more than 7 days, energy and nutrients were 

determined according to the average dietary intake of 7 

randomly selected days. If the patient's hospitalization 

period was less than 7 days, all intakes during the 

hospitalization period were evaluated. The energy and 

nutrients taken were calculated in the “Computer 

Assisted Nutrition Program, Nutrition Information 

System (BEBIS) 6.1” program developed for Turkey. In 

addition, enteral or parenteral nutrition product usage 

was determined and evaluated in terms of energy and 

nutrients. 

2.2.6. Statistical analysis 

Statistical analyses of the data were performed using IBM 

SPSS for Windows Version 21.0 package program. 

Numerical variables are shown as mean±standard 

deviation (𝑋±SD), categorical variables are shown as 

number (n) and percentage (%), and Median (min-max). 

Before comparing the groups in terms of numerical 
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variables, parametric test assumptions (normality and 

homogeneity of variances) were checked. Whether the 

numerical variables showed normal distribution was 

evaluated with the Shapiro-Wilks test. The homogeneity 

of the variances of the compared groups was examined 

using the Levene test. If the parametric test assumptions 

were met, a one-way analysis of variance was used to 

investigate whether there was a difference between two 

independent groups in terms of numerical variables. If 

the parametric test assumptions were not met, Mann 

Whitney U test was used in comparisons between groups, 

and the Wilcoxon signed rank test was used in dependent 

sample comparisons within groups. Whether there was a 

difference between groups in terms of categorical 

variables was examined with chi-square goodness of fit 

and Chi-square independence test or Fisher's exact test. 

The significance level was determined as P<0.05 (Önder, 

2018). 

 

3. Results  
The mean age of the patients was 41±14.87 years 

(45.50±16.74 years in women, 39.49±13.98 years in 

men) (P=0.170). The hospitalization period of women 

patients were 14.68±10.53 days, while it was 

24.97±17.51 days for male patients (P=0.026). The mean 

burn percentage of women patients was 4.68±4.04, and 

men patients were 17.00±22.85 (P=0.010). A statistically 

significant dependence was found between burn type 

and gender (P=0.001). The observed dependence was 

because hot liquid burns were higher in women (68.8%), 

flame burns were higher in men (58.1%), and electrical 

burns were higher in men (14.0%). It was determined 

that lower arm, upper arm, hand, face, and trunk burns 

were more common in men than in women (P<0.05). 

First and fourth degree burns were more common in men 

but not in women (P<0.05) and second degree deep 

burns were more common in women than in men 

(P=0.008) (Table 1). 

There was no statistically significant difference among 

genders regarding body weight, BMI, MUAC, and TSFT at 

admission and discharge (P>0.05). A decrease was 

determined in body weight, BMI, and TSFT values of men 

patients at discharge compared to admission (P<0.05).  

 

Table 1. Age of patients, duration of hospitalization and burn status 

 Women 

(n=16) 

Men 

(n=43) 

Total 

(n=59) 

 

 

P n % n % n % 

Age, year (Mean±SD) 45.50±16.74 39.49±13.98 41.00±14.87 0.170a 

Hospitalization day (Mean±SD) 14.68±10.53 24.97±17.51 22.18±16.49 0.026a 

TBSA burn, % (Mean±SD) 4.68±4.04 17.00±22.85 13.66±20.32 0.010a 

Burn cause 

Hot liquid 

Flame 

Contact 

Electric 

Chemical 

 

11 

4 

1 

- 

- 

 

68.8 

25.0 

6.3 

- 

- 

 

6 

25 

4 

6 

2 

 

14.0 

58.1 

9.3 

14.0 

4.7 

 

17 

29 

5 

6 

2 

 

28.8 

49.2 

8.5 

10.2 

3.4 

 

 

 

0.001b 

Burn area* 

Lower leg 

Upper leg 

Lower arm 

Upper arm 

Hand 

Face 

Head 

Neck 

Foot 

Trunk 

 

8 

4 

1 

3 

3 

3 

1 

- 

6 

3 

 

50.0 

25.0 

6.3 

18.8 

18.8 

18.8 

6.3 

- 

37.5 

18.8 

 

18 

16 

11 

15 

20 

20 

3 

6 

11 

15 

 

41.9 

37.2 

25.6 

34.9 

46.5 

46.5 

7.0 

14.0 

25.6 

34.9 

 

26 

20 

12 

18 

23 

23 

4 

6 

17 

18 

 

44.1 

33.9 

20.3 

30.5 

39.0 

39.0 

6.8 

10.2 

28.8 

30.5 

 

0.404c 

0.128c 

0.001c 

0.029c 

0.001c 

0.001c 

0.782c 

0.058c 

0.134c 

0.029c 

Burn depth* 

First degree 

Superficial second degree 

Deep second degree 

Third degree 

Forth degree 

 

- 

5 

14 

4 

- 

 

- 

31.3 

87.5 

25.0 

- 

 

4 

16 

24 

17 

3 

 

9.3 

37.2 

55.8 

39.5 

7.0 

 

4 

21 

38 

21 

3 

 

6.8 

35.6 

64.4 

35.6 

5.1 

 

0.011c 

0.467c 

0.008c 

0.063c 

0.034c 

TBSA= total body surface area, * More than one option is marked, a Mann-Whitney U test, b Chi square independence test, c Chi square 

goodness of fit test.. 
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Table 2. Anthropometric measurements, biochemical findings and NRS-2002 scores of the patients at admission and 

discharge 
 

 
Women (n=16) Men (n=43) Total (n=59) 

P 
Mean±SD Mean±SD Mean±SD 

Height (m) 1.61±0.06 1.70±0.07 1.68±0.07 <0.001y 

Body weight (kg) (A) 72.43±12.00¶ 75.70±12.58¶ 74.84±12.41¶ 0.386y 

Body weight (kg) (D) 72.33±12.00¶ 74.56±13.05§¶ 73.93±12.69§¶ 0.569y 

P 0.823a 0.006a 0.008a  

BMI (kg/m2) (A) 27.73±5.44¶ 25.92±4.31¶ 26.40±4.65¶ 0.198y 

BMI (kg/m2) (D) 27.67±5.29¶ 25.64±4.63§¶ 26.21±4.86§¶ 0.172y 

P 0.725a 0.007a 0.009a  

MUAC (cm) (A) 31.75±2.89¥ 30.55±4.17¥ 30.82±3.89¥ 0.520y 

MUAC (cm) (D) 31.83±7.14¥ 30.32±3.77§¥ 30.67±3.56§¥ 0.375y 

P 0.771a 0.342a 0.420a  

TSFT (mm) (A) 17.83±11.09¥ 10.75±2.89¥ 12.38±6.34¥ 0.196z 

TSFT (mm) (D) 17.83±10.72¥ 10.45±2.94§¥ 12.15±6.29§¥ 0.139z 

P 1.000b 0.047b 0.057b  

Total protein, mg/dl (A) 67.8±6.51 63.3±11.14 64.3±10.40 0.264y 

Total protein, mg/dl (D) 63.7±6.65 58.8±12.61§ 59.4±12.06§ 0.525y 

P 0.344a 0.987a 0.921a  

Albumin, g/dl (A) 40.5±5.18 39.1±8.08 39.4±7.47 0.576y 

Albumin, g/dl (D) 33.3±9.86 37.5±13.93§ 37.0±13.38§ 0.546y 

P 0.823a 0.008a 0.008a  

Hemoglobin, g/dl (A) 12.4±2.67 14.6±2.54 14.1±2.7 0.005y 

Hemoglobin, g/dl (D) 10.7±2.35 11.3±2.49§ 11.2±2.44§ 0.600y 

P 0.270a <0.001a <0.001a  

Hematocrit, % (A) 38.2±6.81 43.6±7.10 42.2±7.36 0.014y 

Hematocrit, % (D) 34.5±6.61 34.8±7.24§ 34.7±7.03§ 0.973y 

P 0.370a <0.001a <0.001a  

NRS-2002 score (A) 0.50±0.89 0.86±1.20 0.76±1.13 0.282y 

NRS-2002 score (D) 1.62±1.02 2.37±1.21§ 2.16±1.20§ 0.033y 

P 0.002a <0.001a <0.001a  

A= admission, D= discharge, BMI= body mass index, MUAC= mid-upper arm circumference, TSFT= triceps skinfold thickness, NRS-

2022= nutritional risk screening 2002, ¶The body weights of one women and one men patient could not be measured during 

hospitalization due to the severity of the illness, § Four men patients died during the study, ¥ Measurements could not be taken in 3 

women and 15 men patients due to upper arm burns, a t-test in dependent samples, b Wilcoxon signed rank test in dependent samples, y 

ANOVA, z Mann-Whitney U test. 

 

No statistically significant difference was determined 

within genders for MUAC values at admission and 

discharge (P>0.05). No statistically significant difference 

was determined between genders regarding total protein 

value and within genders at admission and discharge 

(P>0.05). A statistically significant difference was 

determined in serum albumin, hemoglobin, and 

hematocrit values between admission and discharge in 

men patients (P<0.05). Serum albumin, hemoglobin and 

hematocrit values of men patients decreased. A 

statistically significant difference was determined 

between genders in terms of the NRS-2002 score at 

discharge (P<0.05), and it was found that the NRS-2002 

score was lower in women than in men. A statistically 

significant difference was determined in NRS-2002 

scores at admission and discharge in both genders 

(P<0.05). The NRS-2002 scores of the patients increased 

(Table 2). 

In BMI classification, it was determined that BMI scores 

at admission and discharge were not dependent on 

gender (P>0.05). There was no statistically significant 

difference between BMI values at admission and 

discharge in women patients (P>0.05), but there was a 

significant difference in men patients (P<0.05), and the 

BMI value of men patients decreased (Table 3). 

No significant differences were determined between food 

consumption and gender (P>0.05). It was determined 

that there was a significant relationship between 

immunonutrition support and gender (P<0.05); it was 

determined that there was no need for immunonutrition 

support in women patients. It was determined that there 

was a significant relationship between trace element 

support and gender (P<0.05), and that trace element 

support was used more in men patients than in women 

patients. No relationship was determined with gender in 

terms of the diet given and the consumption status of the 

given diet (P>0.05) (Table 4). 
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Table 3. Distribution of patients' BMI values at admission and discharge according to the World Health Organization 

classification 
 

 

BMI classification 

Women 

(n=16) 

Men 

(n=43) 

Total 

(n=59) 
 

n % n % n % P 

BMI, kg/m2 (A)¶ 

18.5-24.9  normal 

25.0-29.9  overweight 

30.0-34.9  obesity class I 

35.0-39.9  obesity class II 

≥40.0     obesity class III 

 

6 

4 

4 

- 

1 

 

40.0 

26.7 

26.7 

- 

6.6 

 

17 

20 

3 

2 

- 

 

40.5 

47.6 

7.1 

4.8 

- 

 

23 

24 

7 

2 

1 

 

40.4 

42.1 

12.3 

3.5 

1.7 

 

 

 

0.088a 

BMI, kg/m2 (D) ¶§ 

<18.5     underweight 

18.5-24.9  normal 

25.0-29.9  overweight 

30.0-34.9  obesity class I 

35.0-39.9  obesity class II 

 

- 

6 

4 

4 

1 

 

- 

40.0 

26.7 

26.7 

6.7 

 

1 

17 

15 

4 

1 

 

2.6 

44.7 

39.5 

10.5 

2.6 

 

1 

23 

19 

8 

2 

 

1.9 

43.4 

35.8 

15.1 

3.8 

 

 

 

0.504a 

BMI (A) [Median (Min-Max)] 3 (2:6) 3 (2:5) 3 (2:6) 0.389c 

BMI (D) [Median (Min-Max)] 3 (2:5) 3 (1:5) 3 (1:5) 0.274c 

P 0.317b 0.046b 0.025b  

BMI= body mass index, A= admission, D= discharge, ¶ The body weights of one women and one men patient could not be measured 

during hospitalization due to the severity of the illness, § Four men patients died during the study, a Chi-square test of independence, b 

Wilcoxon signed rank test, c Mann-Whitney U test. 

 

Table 4. Patients' food consumption, immunonutrition and trace element support, and dietary status 

 

Women 

 (n=16) 

Men 

 (n=43) 

Total 

 (n=59) 
 

n % n % n % P 

Food consumption 

Only oral 

Oral+Enteral 

Oral+Parenteral 

Not fed 

 

15 

1 

- 

- 

 

93.8 

6.2 

- 

- 

 

28 

12 

1 

2 

 

65.1 

28.0 

2.3 

4.6 

 

43 

13 

1 

2 

 

72.9 

22.0 

1.7 

3.4 

 

0.178 

Immunonutrition support 

Yes 

No 

 

- 

16 

 

- 

100.0 

 

13 

30 

 

30.2 

69.8 

 

13 

46 

 

22.0 

78.0 

0.009 

Trace element support 

Yes 

No 

 

5 

11 

 

31.3 

68.8 

 

27 

16 

 

62.8 

37.2 

 

32 

27 

 

54.2 

45.8 

0.031 

Diet type 

Normal diet 

Diabetic diet 

Salt-free diet 

Heart protective diet 

Diabetic & salt-free diet 

Heart protective & salt-free diet 

Not fed 

 

12 

1 

1 

- 

2 

- 

- 

 

75.0 

6.3 

6.3 

- 

12.5 

- 

- 

 

36 

1 

2 

1 

- 

1 

2 

 

83.7 

6.3 

4.7 

2.3 

- 

2.3 

4.7 

 

48 

2 

3 

1 

2 

1 

2 

 

81.4 

3.4 

5.1 

1.7 

3.4 

1.7 

3.4 

 

0.272 

Percentage of diet consumption 

%100 

%75 

%50 

%0 

 

9 

4 

3 

- 

 

56.3 

25.0 

18.8 

- 

 

24 

9 

8 

2 

 

55.8 

20.9 

18.6 

4.7 

 

33 

13 

11 

2 

 

55.9 

22.0 

18.6 

3.4 

 

0.842 

Chi-square test of independence. 

 

There were no statistically significant difference was 

found between genders in terms of the duration of 

feeding with nutritional support products, the energy 

intake with nutritional support products and diet, 

macronutrient elements, and total energy expenditure 

values (P>0.05) (Table 5). 
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Table 5. The duration of patients' nutritional support, the energy and macronutrient intake with nutritional support 

and diet, and total energy requirement values 
 

 

Women 

(n=16) 

Men 

(n=43) 

Total 

(n=59) 

 

 

P Mean±SD Mean±SD Mean±SD 

Duration of enteral feeding (day) 

Duration of parenteral feeding (day) 

Duration of feeding with immunonutrition 

product (day) 

12.00 

- 

- 

 

18.00±14.41 

30.00 

26.07±14.16 

 

17.57±13.94 

30.00 

26.07±14.16 

 

 

0.901a 

Energy intake with enteral product (kcal) 

Carbohydrates intake with enteral product (g) 

Protein intake with enteral product (g) 

Fat intake with enteral product (g) 

Energy intake with parenteral product (kcal) 

Protein intake with parenteral product (g) 

505.00 

64.00 

20.00 

18.50 

- 

- 

814.70±334.54 

120.56±52.52 

38.65±14.17 

19.77±9.02 

108.00 

27.00 

797.50±332.66 

117.42±52.67 

117.42±52.67 

19.70±8.76 

108.00 

27.00 

0.489a 

0.138a 

0.196a 

0.921a 

Dietary energy (kcal) 

Dietary protein (g) 

Dietary protein (%TE) 

Dietary fat (g) 

Dietary fat (%TE) 

Dietary carbohydrates (g) 

Dietary carbohydrates (%TE) 

1834.32±480.04 

77.13±20.18 

16.57±4.33 

103.59±27.11 

36.56±9.56 

270.93±70.90 

44.23±11.57 

1900.40±609.21 

79.91±25.61 

17.17±5.50 

107.32±34.40 

37.87±12.14 

280.69±89.98 

45.82±14.69 

1861.00±88.20 

78.40±17.60 

17.10±3.43 

104.20±7.44 

37.30±2.81 

274.10±21.60 

45.10±3.33 

0.698b 

0.698b 

0.698b 

0.698b 

0.698b 

0.698b 

0.698b 

TER (with the Curreri formula) (kcal) 1912.46±259.71 2428.50±833.39 2292.70±760.21 0.543b 

TE= Total energy, TER= Total energy requirement, a Mann-Whitney U test, b ANOVA. 

 

4. Discussion 
Non-fatal burn injuries are among the leading causes of 

morbidity in the world. Depending on the degree and size 

of burns, they cause a stress response and metabolic 

changes in the body. In order to create an adequate 

response to these changes in the burn patient, it is 

necessary to determine the nutritional status and 

nutritional risk of the burn patient. Adequate nutrition 

increases anabolic metabolism, accelerates wound 

healing and shortens the length of hospital stay of the 

burn patient (Karahan et al., 2021). Therefore, this study 

was conducted to determine the nutritional risk, 

nutritional status and biochemical findings of adult burn 

patients in burn intensive care unit. 

In this study, the average age of the hospitalized burn 

patients was 41.00±14.87 years. In a study conducted by 

Sözen et al., the average age was 32.55±21.96 years 

(Sözen et al., 2015). While the TBSA burn was 

%22.18±16.49, it was determined as %16.0±18.2 in 

another study (Gürbüz and Demir, 2022). While the 

patients were most frequently burned by flames, another 

study determined that the most common cause of burns 

was hot liquids (74.2%) (Albayrak et al., 2018). In this 

study, the most common burns were in the lower leg 

region of the body and second-degree deep burns were 

detected. In contrast, in another study, it was found that 

the upper and lower extremities were the most 

frequently burned areas compared to other parts of the 

body and second-degree superficial burns were 

encountered most frequently (Sözen et al., 2015). Since 

burns are traumatic events that occur unexpectedly, it is 

thought that a wide variety of results can be encountered 

in the literature regarding the descriptive data of patients 

regarding age and burns. 

In this study, anthropometric measurements such as 

body weight, BMI, MUAC, and TSFT were used. In this 

study, it was found that burn patients lost 0.9 kg (loss 

rate 1.2%) of their body weight from admission to 

discharge. In a study, burn patients lost an average of 5.8 

kg (loss rate 8.1%) during hospitalization (Windle, 

2004). Although less body weight loss was determined 

than in the literature, it was thought that the loss could 

have been greater. The body weight at follow-up may not 

reflect the truth due to reasons such as the patients being 

exposed to dressings with wet gauze and experiencing 

intense edema. From another perspective, it is also 

possible to regain the weight lost during hospitalization. 

The complexity of the clinical course of burn patients and 

the fact that sometimes the desired intervention cannot 

be made cause difficulties in obtaining anthropometric 

measurements. 

In this study, it was determined that the BMI value of 

burn patients at admission was mostly in the range of 

25.0-29.9 kg/m2 (%42.1), and at discharge it was mostly 

in the range of 18.5-24.9 kg/m2 (%43.4) (P<0.05). In a 

study, it was reported that 13.2% of burn patients had a 

BMI below 20 kg/m2 at admission, while 28.9% of 

patients had a BMI below 20 kg/m2 at discharge (Windle, 

2004). In this study, the mean MUAC of women burn 

patients at admission was 31.7 cm and 31.8 cm at 

discharge; and for men, it was determined as 30.5 cm at 

admission and 30.3 cm at discharge (P>0.05). The TSFT 

measurement mean was similar for women for admission 

and discharge, while a decrease was found in men 

(P<0.05). As far as is known, there is no study in the 

literature that determines the changing MUAC and TSFT 
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values of burn patients from hospital admission to 

discharge. It is also important to examine the 

subcutaneous fat tissue and muscle tissue in hospitalized 

patients. Therefore, information can be obtained about 

how much the decreased body weight and BMI detected 

in the study are related to fat and/or muscle loss thanks 

to MUAC and TSFT. 

Some biochemical parameters such as serum total 

protein, albumin, hemoglobin, and hematocrit are also 

used to determine nutritional risk (Durmuş et al., 2016). 

Blood concentration of albumin and total protein 

decreases in poor nutritional status and inflammation. In 

clinical practice, albumin is considered a negative acute 

phase protein (Kuşcu et al., 2021). In this study, it was 

determined that serum total protein, albumin, 

hemoglobin, and hematocrit values in the blood 

decreased in both genders from admission to discharge, 

by the literature. However, the decrease in serum 

albumin, hemoglobin, and hematocrit values only in men 

was found to be statistically significant (P<0.05). 

Nutritional risk is defined by ESPEN as “the chance of a 

better or worse outcome from disease or surgery 

according to actual or potential nutritional and metabolic 

status” (Lochs et al., 2006). In this study, the total NRS-

2002 score was found to be below three in both genders 

both at admission and discharge. An increase in the total 

score was found in both men and women during the 

period from admission to discharge (P<0.05). This 

situation shows that the patients were not at nutritional 

risk. It is thought that the increase in the total NRS-2002 

score at discharge was because no significant weight loss 

occurred during hospitalization and that the necessary 

interventions were made for patients who needed 

nutritional support. In addition, the patients were mostly 

able to eat orally and had sufficient energy. 

Immunonutrition supplementation can also be 

administered to burn patients who need nutritional 

support. Guidelines do not provide definitive 

recommendations on the use of these products. Although 

it is difficult to recommend a definitive dose, route of 

administration, or duration of administration for 

glutamine, it is an amino acid that becomes necessary for 

burn patients depending on the situation. It can be 

mentioned that it positively affects infectious 

complications, hospital stay, and mortality. There is no 

evidence to recommend arginine supplementation in 

burn patients (Rousseau et al., 2013). In this study, it was 

determined that 22% of the patients received both 

enteral products and immunonutrition support. 

In this study, it was determined that burn patients were 

fed with an average of 1861 kcal diet. While one study 

determined that patients consumed an average of 2000 

kcal per day and were in a positive energy balance, 

another study found that the average daily energy intake 

of patients was 1700-2300 kcal (Herndon et al., 2001; 

Douglas et al., 2007). The balance of macronutrients is as 

important as the adequacy of energy intake in the 

nutrition of burn patients. Carbohydrates are well known 

as the main energy source for burn patients, but high 

carbohydrate intake can lead to hyperglycemia, 

increased exogenous insulin requirements, and delayed 

wound healing. Adequate fat consumption reduces the 

patient's carbohydrate needs and prevents essential fatty 

acid deficiencies. However, excessive fat intake may hurt 

the immune function of burn patients. Protein is essential 

for burn patients and protein requirements are increased 

(Ren et al., 2023). ESPEN reports that the proportion of 

total energy coming from carbohydrates should be 

limited to 60% and the proportion coming from lipids 

should be <30% (Rousseau et al., 2013). In contrast to 

the recommendations in this study, the proportions were 

determined as 37.30% for fat and 45.10% for 

carbohydrates. Diets containing 25-40% fat can be 

widely used in the early stages of the diet of burn 

patients (Saffle, 2007). This situation allows fat to come 

to the forefront due to its high energy supply and low 

CO2 production. However, it was concluded from this 

study that the diet pattern to be given to burn patients 

should be better adjusted. Dietary protein should be 

increased a little more, and foods containing direct fat 

should be reduced and replaced with healthy 

carbohydrate sources. 

 

5. Conclusion 
Burn patients may be at nutritional risk depending on the 

burn percentage and area. This may affect treatment, 

hospitalization time, and survival. Therefore, the 

nutritional and nutritional risk status of burn patients 

receiving inpatient treatment should be monitored. 

Because a decrease is detected in the anthropometric 

measurements and biochemical findings of the patients 

during their hospitalization. Patient-specific 

anthropometric measurements such as BMI, MUAC, TSFT, 

NRS-2002 form, biochemical parameters such as serum 

total protein, albumin, and hemoglobin, and the amount 

of hospital food consumed can be used. In this way, the 

necessary nutritional support can be provided to every 

new patient to prevent or treat malnutrition. 
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1. Book Review 
Rodman JS, Sosa RE, Seidman C. 2007. No More Kidney 

Stones: The Experts Tell You All You Need to Know about 

Prevention and Treatment. John Wiley & Sons, New York, 

US, pp: 288. 

"No More Kidney Stones" is an essential work for 

understanding the complex world of kidney stone 

disease. The book is divided into three main sections, 

each offering a detailed explanation through subsections 

and examples. By covering a wide range of topics, from 

the formation of kidney stones to treatment options, it 

provides valuable guidance for both patients and 

healthcare professionals. The book highlights the 

importance of a multidisciplinary approach, detailing the 

role of various medical specialties involved in the 

management of this condition, alongside modern 

medications and surgical interventions used in kidney 

stone treatment. The authors aim to raise awareness and 

promote the development of more effective treatments 

for kidney stone disease through this work, enriched 

with both scientific and practical insights. 

The first section comprises 13 chapters. It begins with an 

explanation of what kidney stones are, followed by a 

description of how they form, their symptoms, and 

medical interventions. It provides information on the 

different types of kidney stones and the distinct causes 

associated with each type. The authors explain that 

kidney stones vary in chemical composition, with calcium 

oxalate stones being the most common. They emphasize 

the role of genetic factors, dietary habits, and lifestyle in 

the formation of these stones. 

The rising incidence of kidney stones is likely 

attributable to dietary and environmental factors. In 

most pediatric patients, the etiology of kidney stones can 

be determined, with metabolic factors such as 

hypercalciuria and hypocitraturia, urinary tract 

infections, and urinary stasis being the primary causes. 

Additionally, the negative impact of excessive sodium 

intake, the link between inadequate fluid consumption 

and stone formation, and the role of plant-based diets in 

reducing urinary crystal formation compared to animal 

protein intake are discussed. 

In approximately half of pediatric patients, the etiology of 

kidney stones is related to genetic or lifestyle-driven 

metabolic factors. A quarter of patients have urinary tract 

infections, and 20% experience urinary obstruction or 

stasis. Some researchers suggest that the Western diet, 

characterized by high protein and salt intake and low 

vegetable consumption, is a major contributing factor to 

the increasing prevalence of kidney stones, due to its 

association with environmental and dietary habits such 

as hypomagnesiuria and low urine volume (Edvardsson 

et al., 2018). 

Pediatric patients with kidney stones present with 
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different symptoms depending on their age group. While 

adolescents commonly report flank pain, younger 

children may exhibit more vague symptoms such as 

nausea, vomiting, and irritability (Chu et al., 2016). 

Although hypercalciuria is considered one of the most 

significant etiological factors, a study suggests that 

hypocitraturia accounts for 58% of metabolic causes, 

followed by hypercalciuria at 48.3%, hyperuricosuria at 

2.2%, and hyperoxaluria at 4.4% (Kovacevic et al., 2012). 

Disruptions in calcium metabolism are among the most 

common metabolic abnormalities in pediatric and 

adolescent kidney stone patients, which could potentially 

be addressed. Although collecting 24-hour urine samples 

in children can be challenging for metabolic evaluation, 

the use of solute/creatinine ratios in spot urine samples 

can be helpful. Most reference ranges for lithogenic 

substances in urine are age-dependent. 

Hereditary metabolic disorders are also associated with 

nephrolithiasis (NL). In the differential diagnosis of 

pediatric stone disease, conditions such as 

phosphoribosyltransferase (APRT) deficiency, cystinuria, 

Dent disease, hypercalciuria, nephrocalcinosis (FHHNC), 

familial hypomagnesemia, and primary hyperoxaluria 

should be considered. It is known that these disorders, 

except for cystinuria, often lead to chronic kidney disease 

(CKD). Children with these conditions typically 

experience kidney stone attacks within the first decade of 

life, and recurrent stone formation is commonly 

observed (Edvardsson et al., 2018). 

A basic blood panel assessment should be performed in 

all patients with kidney stones. In addition to routine 

biochemical tests, measuring serum phosphorus, uric 

acid, and bicarbonate levels may also be beneficial 

(Goldfarb and Arowojolu, 2013). Kidney function should 

be regularly evaluated, both initially and in the following 

years. If the initial metabolic assessment (spot urine) 

does not show abnormalities, it is recommended to 

measure levels of cystine, magnesium, glycolate, 

glycerate, and glyoxylate in a 24-hour urine analysis 

(Yang et al., 2017). 

In the section addressing kidney stone treatment 

methods, the authors discuss surgical interventions and 

lithotripsy. However, they emphasize that the primary 

focus should be on preventing stone formation, with an 

emphasis on dietary and lifestyle modifications. In this 

context, the importance of which foods to consume or 

avoid, the significance of fluid intake, and the effects of 

regular physical activity in reducing the risk of kidney 

stones are thoroughly explored. 

In the second section, which comprises 9 subheadings, 

the authors emphasize the importance of dietary and 

lifestyle changes in preventing kidney stone formation. 

Implementing such changes as a strategy for preventing 

kidney stones is regarded as a crucial prevention method 

that requires a multidisciplinary approach in modern 

medicine. Particularly in the field of urology, research has 

shown that dietary habits are a determining factor in 

kidney stone formation and that overly restrictive diets 

are often unsustainable (Linder et al., 2013; Malieckal 

and Goldfarb, 2020). Although dietary changes are 

recommended to reduce the risk of kidney stones, 

instead of strict restrictions, modifying current dietary 

habits in a reasonable manner is suggested. In this 

section, the authors provide an in-depth analysis of the 

effects of dietary and lifestyle changes on kidney stone 

formation, offering strategies tailored to individual 

needs. 

When making dietary recommendations for kidney stone 

patients, individual differences should be taken into 

account. A personalized diet plan should be developed by 

considering the patient’s medical history, stone type, 

metabolic analyses, and lifestyle (Siener and Hesse, 

2002). Generally, it is more effective to make strategic 

changes while preserving existing eating habits, rather 

than completely restructuring the diet to address habits 

that contribute to kidney stone formation. For instance, 

limiting excessive animal protein consumption and 

controlling oxalate and sodium intake are changes that 

allow patients to maintain the diet plan in the long term. 

Linder et al. (2013) highlighted in their research that 

excessive protein consumption is one of the factors 

contributing to kidney stones, and thus, protein intake 

should be carefully planned (Linder et al., 2013). 

Increasing fluid intake plays a critical role in preventing 

kidney stone formation. Specifically, maintaining a daily 

urine output of at least 2-2.5 liters minimizes the risk of 

stone formation by reducing urine concentration 

(Malieckal and Goldfarb, 2020). Insufficient fluid intake is 

a factor that increases crystal formation in the urine. The 

EPIC study by Turney et al. (2014) demonstrated that 

maintaining adequate fluid intake through diet can 

significantly prevent the formation of calcium oxalate 

stones in particular. 

Children with kidney stones should be encouraged to 

increase water intake, reduce sodium intake, and 

maintain normal calcium levels in their diet without 

restriction. Additionally, increasing the consumption of 

potassium and citrate is important. To achieve these 

goals, children should be especially directed to increase 

their intake of fruits and vegetables. Such dietary habits 

can help reduce the formation of kidney stones and have 

positive effects on overall health. 

Limiting oxalate intake is particularly important for 

kidney stone patients, as calcium oxalate stones are the 

most common type of stone (Siener and Hesse, 2002). 

The consumption of foods high in oxalate, such as 

chocolate, spinach, beets, and nuts, should be carefully 

controlled. However, oxalate management is not solely 

about avoiding these foods; portion control, fat intake, 

and consuming oxalate with calcium in the same meal are 

also critical strategies. Calcium binds with oxalate in the 

intestines, reducing oxalate absorption and thereby 

lowering the likelihood of oxalate crystallization in the 

urine (Turney et al., 2014). 

In addition to dietary oxalate intake, excessive vitamin C 

consumption can increase oxalate production in the 
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body, thereby raising the risk of kidney stones. Special 

care should be taken with vitamin C supplements, as high 

doses can increase the risk of kidney stones (Siener and 

Hesse, 2002). Moreover, herbal products, protein 

powders, and certain vitamin supplements commonly 

sold in health stores can also pose risks due to their 

oxalate content. Therefore, individuals in high-risk 

groups are advised to carefully examine such products 

before use. 

Animal protein, particularly from meat, fish, and poultry, 

is a significant factor in kidney stone formation. 

Excessive consumption of animal protein increases 

calcium, uric acid, and oxalate levels in the urine, raising 

the risk of stone formation (Turney et al., 2014). In 

particular, a decrease in urine pH associated with protein 

consumption can contribute to the formation of uric acid 

stones. Therefore, it is important to maintain a balanced 

protein intake to reduce such risk factors. 

In addition, sodium intake has a substantial effect on 

kidney stone formation. High sodium intake increases 

calcium excretion in the urine, contributing to the 

formation of calcium oxalate stones (Siener and Hesse, 

2002). Therefore, reducing salt intake and avoiding 

processed foods is recommended. Reducing foods high in 

sodium helps balance calcium levels in the urine, thereby 

lowering the risk of stone formation. 

In addition to diet, lifestyle factors play a significant role 

in the formation of kidney stones. Studies have shown 

that certain occupational groups have a higher risk of 

kidney stones. For example, professionals such as 

teachers, who have limited access to restrooms, may 

have insufficient fluid intake, leading to decreased urine 

volume and an increased risk of kidney stones (Malieckal 

and Goldfarb, 2020). Similarly, individuals such as 

business travelers or healthcare professionals who stand 

for extended periods may also have inadequate fluid 

intake. This can increase the risk of crystallization in the 

urine, paving the way for kidney stone formation (Linder 

et al., 2013). 

In addition, fluid loss is a significant risk factor for 

individuals who engage in excessive physical activity or 

work in hot climates. Particularly, soldiers, construction 

workers, or individuals who perform intense exercise 

may experience an increase in concentrated minerals in 

their urine and a higher risk of kidney stone formation if 

they do not consume sufficient amounts of fluids (Turney 

et al., 2014). For these occupational groups, increasing 

fluid intake stands out as a key strategy for reducing the 

risk of kidney stones. 

The third section of the book consists of five subsections 

and begins by explaining the various medical specialties 

involved in the treatment of kidney stones and when 

these specialists intervene. It is noted that urologists, 

nephrologists, endocrinologists, infectious disease 

specialists, and primary care physicians play roles in the 

treatment of kidney stone disease. Primary care 

physicians typically manage simple and uncomplicated 

cases of kidney stones, while more complex cases are 

referred to urologists or other specialists. Urologists 

perform surgical interventions and procedures such as 

stone removal. Nephrologists and endocrinologists 

investigate and treat the underlying metabolic causes of 

stone formation. Infectious disease specialists, on the 

other hand, treat urinary tract infections caused by 

kidney stones. 

This section also explains the modern medications used 

in the treatment of kidney stone disease and how these 

drugs work. After discussing ineffective methods used in 

the past, various drugs used today are detailed. 

Medications such as alkaline potassium salts, thiazides, 

allopurinol, and pyridoxine are explored, with a focus on 

how they are used to prevent kidney stone formation and 

their potential side effects. It is emphasized that these 

medications should be used under medical supervision 

and in recommended doses, as misuse could lead to 

health problems. For example, while alkaline potassium 

salts raise urine pH to prevent uric acid stones, thiazides 

reduce the amount of calcium in the urine. Allopurinol 

decreases uric acid production and is also used for some 

patients with calcium oxalate stones. 

The author explains when and how kidney stone patients 

should be treated. Depending on factors such as the size 

and location of the stone and the patient's overall health, 

some stones may pass spontaneously, while others may 

require medical intervention. Conditions requiring 

urgent intervention include complete kidney blockage or 

infection. In cases of infection, antibiotic treatment may 

not be sufficient, and emergency drainage of the kidney 

may be necessary. 

Acute treatment is usually administered in emergency 

departments, and as in adults, urological interventions 

are frequently required for pediatric patients (Van 

Batavia and Tasian, 2016). In cases where pediatric 

patients present with suspected nephrolithiasis (NL), the 

first imaging modality of choice is ultrasonography. 

However, in cases where ultrasonography is 

diagnostically inadequate and suspicion of NL persists, 

non-contrast computed tomography (CT) is 

recommended. It should be noted that CT involves a 

higher radiation dose and thus its use should be carefully 

considered (Passerotti et al., 2009). 

The author also outlines the historical development of 

kidney stone treatment methods and the various 

techniques used today. In modern medicine, open 

surgery is rarely needed. Instead, methods have been 

developed to break up stones, allowing them to pass in 

the urine, or to remove them directly from the kidney 

using various instruments. These techniques include 

extracorporeal shock wave lithotripsy (ESWL), 

cystoscopy, ureteroscopy, and percutaneous stone 

surgery. Each method has its own advantages and 

disadvantages. Therefore, the most appropriate 

treatment option should be determined based on the 

patient's condition and the characteristics of the stone. 

Lastly, the chapter discusses what to expect during the 

kidney stone treatment process. It emphasizes that 
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knowing what will happen before, during, and after 

treatment can alleviate patients' concerns and help them 

manage the process better. For instance, the process of 

stent placement and removal, what discomforts patients 

may experience, and how they can cope with these 

discomforts are explained in detail. Additionally, the 

author provides information on kidney stone 

fragmentation procedures (ESWL) and other surgical 

interventions. The preparation phases, what will happen 

during the procedure, and the potential side effects after 

the procedure are discussed in depth. Important points, 

such as when patients should consult their doctors in 

cases of pain, infection, or other complications, are also 

emphasized. 

In conclusion, the book provides a comprehensive 

overview of the pathophysiology, diagnostic methods, 

and treatment options for kidney stone disease. The 

author offers a scientifically grounded guide, highlighting 

the complexity of the disease and the need for a 

multidisciplinary approach to its management. The 

importance of personalized diagnostic and treatment 

approaches based on the individual characteristics of the 

patients is detailed and supported in each chapter. The 

book serves as a valuable resource not only for 

healthcare professionals interested in kidney stone 

disease but also for patients, providing them with the 

knowledge and understanding to participate in the 

treatment process more consciously. 

The entire book is a comprehensive work that allows for 

a multidimensional and in-depth examination of kidney 

stone disease. By providing a wide range of information, 

from the pathophysiology of kidney stones to diagnostic 

and treatment methods, the author equips readers with a 

solid academic foundation. The book offers both practical 

insights for clinical practice and theoretical knowledge 

that facilitates a better understanding of the disease. By 

offering scientifically-based guidance, the book helps 

readers develop a comprehensive understanding of 

kidney stone disease. Overall, this work is an essential 

reference source for anyone seeking information about 

kidney stone disease. 

Reading this book enhances the professional competence 

of nephrologists by providing them with extensive and 

in-depth information. Starting from the pathophysiology 

of kidney stone disease, the book offers a comprehensive 

examination that extends to modern treatment methods. 

As a result, nephrologists gain a better understanding of 

the root causes, risk factors, and development processes 

of the disease. In particular, acquiring detailed 

knowledge about the metabolic causes of kidney stones 

and how to manage them enables nephrologists to offer 

more effective treatment options to their patients. 

Additionally, learning about the role of different medical 

specialties in kidney stone treatment strengthens 

multidisciplinary collaboration and allows for the 

adoption of more integrated approaches during the 

treatment process. 

The book also helps nephrologists update their 

knowledge by providing current information on modern 

treatment techniques and innovative approaches. 

Detailed explanations of techniques such as 

extracorporeal shock wave lithotripsy (ESWL), 

cystoscopy, ureteroscopy, and percutaneous stone 

surgery enable nephrologists to gain a better 

understanding of the advantages and disadvantages of 

these methods. This knowledge assists them in making 

more informed and safer treatment decisions in their 

clinical practice. Furthermore, by offering guidance on 

the side effects that patients may encounter during 

treatment and how to manage these side effects, the book 

allows nephrologists to provide better education and 

counseling services to their patients. Such detailed 

information and guidance improve treatment outcomes 

and encourage patients to take a more active role in the 

treatment process. Therefore, the comprehensive and up-

to-date information presented in the book enriches 

nephrologists' clinical practices and elevates the quality 

of patient care. 
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Abstract: Rabies virus is transmitted via contact of saliva of a rabid animal with a persons’ mucosa or a skin lesion. It is a fatal 

encephalomyelitis caused by members of expanding Lyssavirus genus, and the genus included 17 species. The aim of this literature 

review is to survey on rabies and vaccination in China, threats and challenges to eliminate it, especially in China. The information 

provided is obtained from randomized control experiments, review articles, and analytical observations and studies which were 

gathered from various literature sources such as Scopus, Google Scholar, PubMed, and Science Direct. Rabies virus is a bullet  shaped 

enveloped virion, and the classical rabies virus and its field strains are discovered worldwide and induces to rabies in animals and 

humans. In recent years, China has made wonderful and significant achievements in rabies prevention and control, and currently, the 

mortality and incidence rate of human infection with rabies have decreased to the minimum level historically, which has caused a 

notable foundation for the ultimate elimination of human rabies. Generally, five proteins are available in mature rabies virus (RABV) 

particles, phosphoprotein, nucleoprotein, glycoprotein, matrix protein, and RNA-dependent RNA polymerase. The main carriers of 

rabies in China are dogs which are accountable for most of the human rabies deaths in China. Most common way of entry of rabies 

virus into the body is both via infected neural tissue through open cuts in the skin and salvia. Rabies remain a public health problem 

and continue to present health risks for both animals and human; It is important to improve access to post-exposure prophylaxis (PEP) 

in endemic countries where human rabies deaths still happen, but the big problem is its costs that should be curtailed and surveillance 

strengthened for controlling and eliminating it. 
 

Keywords: Dogs, Glycoprotein, Lyssavirus, Post-exposure prophylaxis, Rabies virus 

*Corresponding author: Chinese Academy of Agricultural Sciences, Biotechnology Research Institute, National Key Laboratory of Agricultural Microbiology, Beijing, China 

E mail: hesamshahrajabian@gmail.com (M. H. SHAHRAJABIAN) 

Mohamad Hesam SHAHRAJABIAN  https://orcid.org/0000-0002-8638-1312 Received: June 30, 2024 

Accepted: September 18, 2024 

Published: November 15, 2024 

Wenli SUN  https://orcid.org/0000-0002-3855-3992 

Cite as: Shahrajabian MH, Sun W. 2024. Rabies, the administration of vaccines and public health concern, neglected challenges and historical perspective 

in China. BSJ Health Sci, 7(6): 267-282. 

 

1. Introduction 
Rabies is a deadly disease present since ancient times 

induce by rabies virus that is neurotropic lyssavirus 

causing acute lethal encephalitis (Zhang et al., 2015; 

Khan et al., 2019; Cui et al., 2023; Shahrajabian and Sun, 

2023a,b,c). The virus infection causes encephalomyelitis 

in humans with a roughly 100% case mortality rate 

(Jochmans and Neyts, 2019). Rabies cause over 95% of 

the deaths happening in African and Asian countries 

(Knobel et al., 2005). It is also considered as a neglected 

tropical disease that principally influences poor and 

vulnerable individuals from poverty-stricken countries 

(Wang et al., 2019). Li et al. (2019) reported around 

35,000 human deaths from rabies in Asia every year. The 

most significant symptoms and signs are aerophobia, 

hydrophobia, and mental disorders (Wang et al., 2013). 

The dog, red fox, and raccoon dog are known to have a 

considerable function in the global epidemiology of 

rabies (Cliquet et al., 2008). Vaccines have shown 

important functions in rabies prevention both as 

companion animals, and also as inactivated vaccines to 

protect humans, and as reduced live vaccines utilized for 

oral vaccination in feral and wildlife dogs. Improved 

vaccination strategies, continuing development of 

diagnostic tools, and better understanding of the virus-

host relationships which affect infection results will all 

can have roles to future progress of rabies control 

techniques (Nandin-Davis, 2023). Some of the most 

important rabies cases reported in wildlife from different 

families are: (1) Phyllostomidae: Common vampire bat 

(Desmodus rotundus), and Great fruit-eating bat (Artibus 

lituratus), (2) Molossidae: Brazilian free-tailed bat 

(Tadarida brasiliensis), (3) Vespertilionidae: Brazilian 

brown bat (Eptesicus brasiliensis incognita/unidentified), 

(4) Canidae: South American gray fox Hoary fox 

(Lycalopex griseus, Lycalopex vetulus, Lycalopex spp.), and 

Crab-eating fox (Cerdocyon thous), and Red fox (Vulpes 

vulpes), (5) Procyonidae: Kikanjou (Potus flavus), Coati 

(Nasua nasua), (6) Cebidae: Guianan squirrel monkey 

(Saimiri sciureus), (7) Callitrichidae, (8) Camelidae, (9) 

Cervidae, and (10) Leporidae: Lepus spp. (Meske et al., 

2021). Vaccines suited for post-exposure prophylaxis 

Review 
Volume 7 - Issue 6: 267-282 / November 2024 
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(PEP) are adjuvanted rabies vaccines, protein vaccines, 

genetically modified and inactivated rabies virus (Ertl, 

2019). Clinical symptoms of rabies in animals just can be 

utilized for presumptive diagnosis due to various types of 

clinical rabies such as paralytic and furious, which have 

symptoms that are very similar to other diseases and 

change between individuals (Ward and Brookes, 2021). 

The aim of this manuscript is survey on rabies and 

vaccination in China, threats and challenges to eliminate 

it, especially in China. 

 

2. Rabies Historical View 
The word rabies comes from the Sanskrit word rabbahs 

which means to do violence, it refers to the Vedic period 

of India 93th century BC, when the God of Death was 

represented being presented by a dog, his constant 

companion and the emissary of death (Fu, 1997; Coertse 

et al., 2023). Rabies in an always deadly viral disease of 

global significant, and wildlife has an important function 

as reservoirs and sources of rabies to domestic humans 

and animals (Shoemaker et al., 2023). Woldehiwet 

(2002) also reported that the current English name, 

rabies, is obtained directly from Latin, meaning raging, 

savage, furious, or madness, whereas the Greek term 

hydrophobia is not precisely used for rabies in human.  

 

Table 1. Rabies historical overview 

Ancient Greek Galen, Democritus, Celsus, and 

Aristotle had warned people of 

the dangers related to the bite of 

a mad dog. 

First Century AD The famous Roman writer 

Cardanus surveyed saliva to be 

the carrier of the infectious factor. 

1804 AD George Gottfried Zinke who 

experimentally showed the 

infectivity of rabid dog salvia by 

inoculating a healthy dog with the 

suspected salvia. 

Few decades after 

1840 AD 

French scholar, Viktor Galtier 

showed that rabbits could serve 

for both study and diagnosis of 

rabies. 

Few decades after 

1840 AD 

Louis Pasteur indicated they 

infective parameter resides in the 

nervous tissue of the rabid 

animal. 

1884 AD Pasteur and his colleagues proved 

their first publication entitled 

new communication on rabies. 

At the beginning of 

the twentieth 

century 

Dr. Paul Ambroise Remlinger, a 

Pasteurian scientist showed the 

capability of infective agent to 

pass through a Berkfeld filter. 

 

 

 

The recorded history of rabies goes back to 2300 BC, 

when a dog owner in ancient Babylon was charged for a 

death induced by a dog bite; ancient Greek philosophers 

like Aristotle, Democritus, and Celsus as well as the 

famous physician Galen, had warned people of the 

dangers connected with the bite of a mad dog, indicating 

that the infectivity of the animal was suspected some 

2000 years ago (Wiktor, 1985; Cai et al., 2021; Johnson et 

al., 2021). Rabies historical overview is shown in Table 1. 

 

3. Rabies Reservoirs, Rabies virus and 

Lyssavirus Genus 
The most notable global rabies reservoirs are cats, dogs, 

foxes, skunks, raccoons, coyotes, bats, and mongooses. 

The main source of exposure along with being the 

primary vector for rabies in humans are domestic dogs 

(Sultan and Khan, 2013; Khan et al., 2019). The main 

global rabies reservoirs are shown in Table 2. Lyssavirus 

is a genus of RNA viruses include the rabies virus 

traditional related to the disease. The etiologic agents of 

rabies encephalitis belong to the Mononegavirales order, 

Rhabdoviridae family and Lyssavirus genus. Lyssaviruses 

have a 12 kg-long non-segmented RNA genome of 

negative polarity encoding five viral proteins: 

nucleoprotein N, phosphoprotein P, matrix protein M, 

glycoprotein G and polymerase L. The lyssavirus genus is 

shown in Table 3.  

 

Table 2. Predominant global rabies reservoirs (Fu, 1997) 

Dogs Major vector of rabies throughout the 

world, particularly Asia, Africa, and Latin 

America. 

Foxes Arctic, Europe, and North America 

Raccoons Eastern United States 

Skunks Midwestern United States, Western 

Canada 

Coyotes Africa, Asia, and North America 

Mongooses Yellow mongoose in Africa, and Asia; 

Indian mongoose in the Caribbean Islands 

Bats Vampire bat from Northern Mexico to 

Argentina, insectivorous bats in North 

American and Europe. 

 

The Ribonucleoprotein (RNP) core in connection with the 

matrix protein is condensed into the ordinary bullet-

shaped particle that is trait of rhabdoviruses. A lipid 

bilayer envelope in which the surface trimeric 

glycoprotein spikes are anchored surrounds the RNP-M 

structure. The membrane tail shows the trailing piece of 

envelope that is often observed attached to the virus as it 

buds from the plasma membrane of the infected cell 

when viewed under the electron microscope (Wunner, 

2007). Desmodus rotundus is the major bat species, 

among vampire bats, which is accountable for frequent 

cases of rabies in different parts of the world (Oliveira et 

al., 2022).  
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Table 3. The lyssavirus genus (Warrell, 2010) 

Genotype Reservoir species (potential vectors)a Known distribution 

Phylogroup I   

1 - Rabies virus Dog, fox, raccoon, skunk, bats etc. Widespread; bats in Americas only 

4 – Duvenhage Insectivorous bat (Nycteris thebaica) South Africa, Zimbabwe, Kenya 

5 - European bat lyssavirus   

Type 1a Insectivorous bats (Sheep, cats) Northern and Eastern Europe 

Type 1b Insectivorous bats Western Europe 

6 - European bat lyssavirus   

Type 2a Myotis dasycneme bats Netherlands, Germany 

 Myotis daubentonii bats UK 

Type 2b Myotis daubentonii bat Switzerland, Finland 

7 - Australian bat lyssavirus Flying foxes (fruit bats) Insectivorous bats Australia 

Phylogroup II   

3 – Mokola Shrew, rodents (cats, dogs) South Africa, Nigeria, Cameroon, 

Ethiopia 

2 - Lagos bat virus Bats (cats, dog, water mongoose) 

Has NOT been detected in man 

Zimbabwe, South Africa, Kenya 

a= mammals infected by reservoir species may become vectors. 

 

The nucleoprotein (N), matrix protein (M), 

phosphoprotein (P), glycoprotein (G), and large RNA-

polymerase protein (L) genes (orange) are separated by 

intergenic nucleotide sequences and the pseudogene (ѱ) 

sequence and flanked by the leader (Le) RNA and trailer 

(Tr) RNA sequences (green) at the 3/ and 5/ termini, 

respectively (Wunner, 2007). Virus enters the cell 

following attachment via coated pits (viropexis) or 

through cell surface receptors, mediated by the viral 

glycoprotein (G) fusing with the cellular membrane 

(endocytosis). After internalization, the viral G mediates 

low pH-dependent fusion with the endosomal membrane 

and the virus is uncoated, releasing the helical 

nucleocapsid (NC) of the ribonucleoprotein (RNP) core. 

The five structural genes (N, P, M, G, and L) of the genome 

RNA in the NC are transcribed into five positive (+) 

strand monocistronic messenger RNAs and a full-length 

(+) strand (antigenome) replicative intermediate RNA. 

The antigenome RNA serves as the template for 

replication of progeny genome (-) strand RNA. The 

proteins (N, P, M, and L) are synthesized from their 

respective mRNAs on the free ribosomes in the 

cytoplasm and G is synthesized from the G-mRNA on 

membrane-bound ribosomes (rough endoplasmic 

reticulum). Some of them N-P molecular complexes 

produce cytoplasmic inclusion bodies (Negri bodies) in 

vivo and some N-P complexes encapsidate the (+) strand 

and (-) strand viral RNAs. After progeny genome RNA is 

encapsidated by the N-P protein complex, and L protein 

is incorporated from progeny RNP (both shorter 

defective and full-length standard) structures the M 

protein binds to the RNP and condenses the RNP into the 

skeleton structures. The skeleton structures interact with 

the trimeric G protein structures anchored in the plasma 

membrane and assemble into virus particles that bud 

from the plasma membrane of the infected cell into 

adjacent extracellular or interstitial space (Wunner 

2007).  

4. Rabies Diagnostic and Vaccination 

It is difficult to establish a definitive clinical diagnosis of 

human rabies, and it may need the availability of cardinal 

symptoms in the encephalitic form, and sometimes 

problem and delay of diagnosis in developed countries is 

possibly connected to the lack of a clear bite history 

(Hemachudha et al., 2002). Deubelbeiss et al. (2013) also 

found that it is difficult to recognize human rabies when a 

history of exposure is not present. Rabies virus (RABV) is 

a member of Lyssavirus family, Rhabdoviridae, and has 

five structural proteins: nucleoprotein (N), matrix 

protein (M), phosphoprotein (P), glycoprotein (G), and an 

RNA dependent RNA polymerase (L) (Wunner et al., 

1988; Wang et al., 2014). The rabies virus G protein, 

which is a trimer of about 67 kDa, is the main antigen 

accountable for inducing the production of virus-

neutralizing antibodies (VNAs), and for conferring 

immunity against lethal rabies virus infection (Cruz et al., 

2008). The G gene was the first RABV gene to be cloned 

and sequenced. From the nucleotide sequence, a poly 

peptide (524 amino acids long) was gathered, which 

included a signal sequence of 19 amino acids (Cruz et al., 

2008). Understanding of why and where risks exist are 

needed to reduce zoonotic disease threats (Muller et al., 

2015; Abutarbush et al., 2022; Tierradentro-Garcia et al., 

2022). Pfaff et al. (2019) also concluded that fatal disease 

is basically connected to rabies virus (RABV), a 

neurotropic single-stranded RNA virus of the family 

Rhabdoviridae in the genus Lyssavirus within the order 

Mononegavirales. It is the main antigen protein to be 

utilized as a good candidate to designed modern anti-

rabies DNA vaccines (Perrin et al., 2000; Diogo et al., 

2001; Gholami et al., 2014). The frequently used rabies 

vaccine is a type of inactivated viral vaccine is 

propagated in cell culture, and usually applied for pre-

exposure or post-exposure when combined with rabies 

immunoglobulin (RIG) to avoid or prevent most rabid 
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dog bite tragedies (McGettigan, 2010). Wang et al. (2019) 

noted that the development of novel inexpensive, 

effective, and safe vaccines has become a prime concern 

for rabies control worldwide, and the chimpanzee 

adenovirus-vectored rabies vaccine ChAd68-Gp warrants 

extensive test for clinical application. Anothaisintawee et 

al. (2019) showed that mass dog vaccination and post-

exposure prophylaxis (PEP) is one of the main 

appropriate control technique, effectual rabies 

elimination has yet to be understood. The post-exposure 

prophylaxis should be grouped as an emergency medical 

service, and it should be part of the hospital medical 

emergency, and mass dog vaccination against rabies 

should be increased to decrease the risk of potential bite 

of pet dogs and roaming dogs in communities (Gongal et 

al., 2022). The characteristics of various methods to gain 

monoclonal antibodies are hybridoma technique, 

antibody library technique, and B cells immortalization 

technique (Fan et al., 2022). Quiambao et al. (2022) 

concluded that 1-week pre-exposure prophylaxis with 

Vero cell rabies vaccines and human diploid cell vaccine 

can induce effective priming in 2-64-year-olds, and it has 

achieved more than 99% seroconversion. In Greece, it 

has been reported that the main goal and current 

extensive attempts should be to prevent spread 

particularly in the domestic and wild animal populations 

(Tsiodras et al., 2014). He et al. (2006) reported that the 

recombinant maltose binding protein (MBP)-N fusion 

protein can be isolated and expressed simply, and it can 

be appropriate and safe source of antigen to analyze 

seropositivity in vaccinated canines. Disinfection and 

cleaning are important to prevent cross-contamination of 

samples in the laboratory environment, and the effectual 

disinfection protocol should be considered carefully 

validated to guarantee reliability of results, and staff 

safety (Aiello et al., 2016). The criteria and use for 

choosing different assays change on the basis of the 

sample analyzed and the goal of the diagnosis, which will 

also change on the basis of the setting in non-endemic 

and endemic (Rudd et al., 2005; Duong et al., 2016). Liu 

et al. (2010a) concluded that it was potentially 

appropriate for the more development of easily handled, 

highly sensitive and relatively rapid detection tools/kits 

for rabies surveillance in those regions of China where 

rabies is endemic. Undurraga et al. (2020) reported that 

the elimination programs of dog rabies usually depend 

on parenteral vaccination, capture-vaccine-release and 

mobile static point significantly boosted free-roaming 

dog coverage, and oral vaccination, and door-to-door 

parentral vaccination was the most cost-effective 

program. Definition of categories of exposure is 

presented in Table 4.  

Servat et al. (2019) believed that the quality of rabies-

inactivated (Rabisin, Boehringer-Ingelheim) vaccines for 

veterinary use is of greatest importance to change the 

cross-protection of pets against phylogroup I bat 

lyssaviruses occurring in Europe. Nishizono et al. (2012) 

showed that Rapid Neutralizing Antibody detection test 

(RAPINA) is a rapid and easy technique for measuring 

the level of rabies virus-neutralizing antibody (VNA) 

levels after and before immunization with the rabies 

vaccine and it does not require a special skill level nor 

advanced tools. The Enzyme Linked Immunosorbent 

Assay (ELISA) method which is characterized the 

immunogenic from the glycoprotein formulated in 

vaccines seems to be relevant and is a promising 

candidate to be standardized the quality of vaccine 

batches before release (Gibert et al., 2013). Parameter 

which can limit canine rabies vaccination program are 

diminished community education and outreach, limited 

laboratory-based surveillance, underestimation of the 

population at risk, irregular vaccine applications in time 

and space, exclusion or puppies, cold chain failure, 

inaccessible naïve free-ranging dogs, translocation of 

cases, competing priorities, effect of other species such as 

wildlife and livestock, lack of adequate resources, 

accessibility to remote hotspots, cultural disparities, 

impact of poverty on responsible social ownership and 

common animal health care, less than appropriate 

cooperation between human health and veterinary 

services, sisyphean fatigue, staff burn-out and frustration 

(Rupprecht et al., 2019). Marosi et al. (2019) found that 

inhibitors of detrimental host reaction to rabies together 

with antibodies can be considered among the probable 

therapeutic and post-exposure choices in human rabies 

cases. Shi et al. (2018) revealed that adjuvants can be 

applied as an enhancer in rabies vaccination, and non-

sized aluminum maybe a candidate adjuvant for the 

development of more effective rabies vaccines. Laager et 

al. (2019) indicated that dog rabies vaccination is an 

efficacious way of preventing rabies in the dog 

population and to subsequently decline human exposure. 

Zhang et al. (2016a,b) noted that PIKA which is a new 

adjuvant, is an effectual and safe vaccine which has the 

potential to develop next-generation rabies vaccine and 

encourage the start of more clinical researches.  

 

Table 4. Definition of categories of exposure (Lee, 2004; Linscott, 2012) 

Category Exposure criteria Biologic recommendation 

I Touching, feeding of animals or licks on intact skin No exposure, therefore no treatment 

(if history is reliable) 

II Minor scratches or abrasions without bleeding or licks 

on broken and nibbling of uncovered skin 

use vaccine alone 

III Single or multiple transdermal bites, scratches or 

contamination of mucous membrane saliva (i.e., licks) 

Use immunoglobulin plus vaccine 
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Table 5. Rabies vaccines and immunoglobulins 

Pasteur (Paris) virus strains (PV, for Pasteur virus) of rabbit fixed rabies virus; also adapted to Vero cells 

PV-12 strain of Pasteur rabbit fixed rabies virus; also adapted to BHK-21 cells 

Pitman-Moore (PM) strain of fixed rabies virus, adapted to human diploid, primary dog kidney and Vero cells 

CVS (challenge virus strain)-11 Kissling strain, adapted to BHK-21 cells 

LEP (low egg passage) (40-50 passages) Flury chick embryo-adapted rabies virus, also adapted to primary chick 

embryo cells and to BHK-21 cells 

HEP (high egg passage) (227-230 passages) Flury chick embryo-adapted rabies virus; also adapted to primary chick 

embryo cells 

Kelev (100 passages) chick embryo-adapted rabies virus  

ERA (Evelyn Rokitniki Abelseth) strain of Street-Alabama-Dufferin (SAD) virus, adapted to porcine kidney cells; also 

adapted to BHK-21 cells (in Canada) 

Different SAD variants are ERA virus adapted to BHK-21 cells (in Europe) 

 

Luo et al. (2019) showed that the artemisinin derivative 

ART boosted immune response of inactivated rabies 

vaccine when used as an adjuvant; in the experiment, the 

artesunate could be used as a new candidate adjuvant for 

rabies vaccination. Shafiur Rahaman (2017) noted that 

sustainable application of programs to manage dog 

population, dog bite management and awareness raising 

population can bring out fruitful results, but vaccinating 

dogs is the most effective plan suggested by researchers. 

Moghadami et al. (2017) also proved that the vaccination 

of dogs and cats is important by preventing dogs from 

being exposed to humans. Rabies vaccines and 

immunoglobulins is presented in Table 5. 

 

5. Post-Exposure Prophylaxis (PEP) 

The progress of human rabies vaccine has evolved 

dramatically from the first crude nerve tissue vaccine 

produced them conducted in the presence of Louis 

Pasterur in 1885 (Tarantola et al., 2019; Saffar et al., 

2023). Prophylaxis of animal rabies is important for 

breaking the transmission cycle and preventing the 

spread of rabies to humans (Costa et al. 2007; Hu et al., 

2007). Rabies in humans can be prevented via 

appropriate and timely post-exposure prophylaxis (PEP) 

(Li et al., 2019; Rysava et al., 2019). Appropriate and 

timely administration of PEP is important to prevent 

rabies, and even though general public with high risk 

immunosuppression and exposures can develop rabies 

despite adherence to core practices, this occurrence 

remains significantly rare (Whitehouse et al., 2023). Zhai 

et al. (2022) reported that highly protective potency, the 

broad-spectrum neutralization activities, and rapid onset 

of action can make ormutivimab an effectual substitute 

for human rabies PEP. Rabies vaccine is a main 

component of modern post-exposure prophylaxis, which 

included wound care and the infiltration of rabies 

immunoglobulin, when PEP is timely and properly 

administrated, expected survivorship approaches 100% 

(Recuenco et al., 2017). PEP is not effectual after 

beginning of symptoms and attempts to develop a 

treatment for clinical rabies have been failed (Rogee et al. 

2019). The cost of post-exposure prophylaxis (PEP) is 

both related to the direct cost of rabies biological and 

tools and also related to indirect costs that patients 

experience as a result of travel, loss of work time, and 

accommodation over the period of time that a PEP 

regimen requires to be completed (Tarantola et al., 

2019). Wambura et al. (2019) also claimed that adoption 

of the dose-saving intradermal route for PEP 

administration, reduction of PEP costs to patients, and 

placing rabies vaccines with the standard vaccines supply 

and logistics system would significantly improve PEP 

accessibility and availability to those who are at risk, is a 

condemnatory step to achieving elimination of human 

deaths from rabies. They have highlighted that sharing 

information on practices of PEP more widely among 

countries may help in programs to increase access to life-

saving treatment. PEPE induces antibodies against rabies 

(Wijaya et al., 2017). Rabies PEP consists of wound 

washing, immediate rabies vaccination following the 

possible exposure, and in some cases, rabies 

immunoglobulin (RIG). Lankester et al., (2014) showed 

that an important assumption of controlling and 

eradicating rabies at source through mass dog 

vaccination is that the public health sector through 

reduced rabies risk and therefore reduced expenditure 

on PEP. Changalucha et al. (2019) noted that PEP access 

could be improved and rabies death reduced through 

ring-fenced procurement, changing to dose-sparing ID 

regimens and free provision of PEP. But, PEP is costly and 

costs can be a major barrier to both bite victims and to 

low- and middle-income countries (Hampson et al. 2008; 

Sambo et al. 2013). Currently, only cell-culture or 

embryonated egg-based rabies vaccines (CCEEVs) are 

recommended by the World Health Organization (WHO); 

the original nerve-tissue based vaccine (NTBV) has not 

been suggested since 1980s (Abela-Ridder et al., 2016). 

Koraka et al. (2014) found that its native trimeric 

configuration of rabies virus (RABV-tG) applied in 

combination with Matrix-MTM is a promising vaccine 

candidate which overcomes the limitations of currently 

used vaccines; presently accessible vaccines are 

expensive, cumbersome to produce and also need 

intensive immunization and booster schemes to induce 

and keep protective immunity. Koraka et al. (2019) 

confirmed that some inflammatory responses may be 

involved in the pathogenesis of serious disease and the 
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results proved the effectual intervention included 

inhibition of virus and host response. The indication and 

procedure for PEP replies on the type of contact with the 

suspected rabid animal and immunization status of the 

patient. For category I exposures, no PEP is needed; for 

group II, immediate vaccination is suggested; for 

category III, immediate vaccination is recommended, and 

application of RIG, in indicated. For categories II and III, 

through flushing and washing with soap or detergent and 

copious amounts of water of all bite scratches and 

wounds should be done instantly, depending on the 

characteristics of the wound, antibiotics, analgesics and a 

tetanus vaccination maybe indicated. Beyene et al. 

(2018) recommended increasing awareness about its 

fatality and not just vaccine importance but also 

vaccination for rabies decrease followed eradication by 

vaccine and vaccination for all source or carrier 

individuals, and also post exposure treatment should be 

given after quickly exposure to bite or scratch by rabid 

animals. Fooks et al. (2019) noted that next generation 

human rabies vaccines are required to lessen cost and 

number of doses for PrEP and PEP, and it could be 

important to develop various vaccine platforms with 

unique requirement for optimally protective immune 

responses. They have introduced PrEP vaccines that 

induce long-lived rabies virus neutralizing antibody and 

sustained memory B cell responses after a single dose 

would be needed and replication-defective adenoviral 

vectors may obtain these requirements. Echevarria et al. 

(2019) highlighted the need for a comprehensive pan-

lysaavirus rabies vaccine, which able to prevent human 

rabies in all situations. Rabies pre-exposure prophylaxis 

recommendation is shown in Table 6.  

 

6. DNA Residue 

Chinese vaccine products not only secure disease control 

and prevention domestically, but also provide the needs 

for international public health (Xu et al., 2015; Deidda et 

al., 2018; Zhao et al., 2018). Quality control plans account 

for significant portion of a laboratory budget which 

should be effectual (Shen et al., 2018; Won et al., 2019). 

There are two kinds of anti-rabies vaccines; the non-

nerve tissue vaccine, and the nerve tissue-based vaccine 

(Mengesha et al., 2014). Mengesha et al. (2014) reported 

that the presently available non-nerve tissue vaccines are 

Purified Chick Embryo Cell (PCEC) vaccines, Human 

Diploid Cell Vaccine (HDCV), Purified Vero Cell Vaccine 

(PVRV), and Purified Duck Embryo Vaccine (PDEV). In 

rabies virus (RV), the viral genome (3/N-P-M-G-L5/) 

encodes a nucleoprotein (N0, a phosphoprotein (P), a 

glycoprotein (G), a matrix protein (M), and a RNA-

dependant RNA polymerase (L) (Wunner, 2007; Osinubi 

et al., 2009; Luo et al., 2013). The G is closely associated 

with pathogenicity, and is a basic contributor to 

protective immunity (Cox et al., 1977; Morimoto et al., 

2001). Because the G is the best surface-exposed viral 

coat protein, it is avle of eliciting the production of virus 

neutralizing antibodies (VNA), and also accountable for 

host cell receptor recognition and membrane fusion 

(Osinubi et al., 2009). G protein is a type I membrane 

glycoprotein including 505 amino acids in the native 

form, and it is the mediator of both entry into host cells 

and binding to cellular receptors (Anilionis and Wunner, 

1981; Seif et al., 1985; Coll, 1995). 

 

Table 6. Rabies pre-exposure prophylaxis recommendation (Beyene et al., 2018) 

Risk category Nature of risk Typical populations Pre-exposure 

recommendations 

Continuous Virus presents continuously 

and often in high 

concentrations. Specific 

exposures likely to go 

unrecognized. Anyways of 

exposure. 

Rabies research laboratory 

workers; rabies biologics 

production workers. 

Serologic testing every 6 

months; booster 

vaccination if antibody titer 

is below acceptable level. 

Frequent Exposure usually episodic, with 

source recognized, but 

exposure also might be 

unrecognized. Any rout of 

exposure. 

Rabies diagnostic laboratory 

workers, cavers, veterinarians 

and staff, and animal-control and 

wildlife workers in areas where 

rabies is enzootic. A person 

frequently handle bats. 

Serologic testing every 2 

years; booster vaccination 

if antibody titer is below 

acceptable level. 

Infrequent Exposure nearly always 

episodic with source 

recognized. 

Worker with terrestrial animals 

in where rabies is uncommon to 

rare. Veterinary students. Visitor 

areas where rabies is enzootic. A 

person frequently handle bats. 

No serologic testing or 

booster vaccination. 

Rare Exposure always episodic with 

source recognized. 

Most population in areas where 

rabies is epizootic. 

No vaccination is necessary. 
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It contains a transmembrane domain, a cytoplasmatic 

domain, and an ectodomain exposed domain, a 

transmembrane domain, and an ectodomain exposed as 

trimer (3 × 65 kDa) on the virus surface (Gaudin et al., 

1992; Rath et al., 2005). Also the G protein induces the 

production of cell-mediated immunity by cytotoxic T 

lymphocytes and T helper cells (Macfarlan et al., 1986; 

Celis et al., 1988). Bassi (2008) found that the 

glycoprotein (G) of rabies virus (RV) is principal for virus 

infectivity and induction of the protective immunity. Li et 

al. (2010) stated that the rabies virus (RV) glycoprotein 

(G protein) leads to neutralizing antibodies, which are 

important in protection against rabies. The M protein is 

the smallest and most abundant protein in the virion, 

forming a layer between the protein G in the outer 

membrane and the ribonucleoprotein (RNP) core 

(Mebatsion et al., 1999), and the M protein is a multi-

functional protein vital for virus maturation and budding 

and of course regulates the expression of both viral and 

host proteins (Wu et al., 2013). The M protein is active in 

viral assembly and budding, regulation of the viral 

genome and mRNA syntheses (Finke et al., 2003). The G 

and N proteins have been identified as viral antigens 

(Yang et al., 2013). The N protein is the main antigen that 

induces T cell immunity (Goto et al., 2000). Protein P has 

multiple performances at different stages of the viral 

cycle, forming a complex with the nascent nucleoprotein 

that prevents the association of the latter with hose-cell 

RNA and forming a two-subunits viral RNA polymerase 

complex with protein L (Gerard et al., 2009). Ashraf et al. 

(2005) claimed that plant-derived G protein induced 

complete protective immunity in mice against 

intracerebral lethal challenge with live rabies virus. Zhao 

et al. (2020) suggested that by replacing the signal 

peptide, the expression level of the G protein with native 

conformation could be significantly improved, as G 

protein from the rabies virus plays an important role in 

the binding of virus to target cells. Different and various 

types of vaccine with numerous platforms have been 

analyzed both clinically and preclinically for rabies PEP 

or Pre-P, and the most important and promising for PEP 

are vaccines on the basis of traditional rabies vaccines 

which have been supplemented with a potential 

adjuvant, inactivated genetically modified protein 

vaccines and rabies virus, whereas for Pre-P recombinant 

vaccines according to replication-defective adenoviruses 

may provide an affordable substitute to currently utilized 

vaccines (Ito et al., 2021; Atici and Oguzoglu, 2022; 

Itakura et al., 2022; Abedi et al., 2023; Challhua et al., 

2023; Izumi et al., 2023; Scrima et al., 2023). Both an 

animal and human health perspective, current rabies 

vaccines seem able to protect against lyssaviruses 

categorized within phylogroup I. However, no protection 

is afforded against phylogroup II viruses or other more 

divergent viruses (Evans et al., 2012). Evan et al. (2012) 

also recommended that the development of novel 

vaccines that stimulate a pan-lyssavirus neutralizing 

immune response is of importance to those at 

occupational risk from infection. 

7. Rabies in China and New Studies 

The risk of rabies had been significantly decreased to a 

persistently low level in China, and the constant high-risk 

regions for rabies in China were Guangxi, Guizhou, 

Hainan, and Hunan (Li et al., 2023: Sun et al., 2021; Sun et 

al., 2022). Human rabies was first reported in China in 

around 556 BC, and has persisted for more than 2500 

years (Zhang et al., 2011). In ancient Chinese medicine, 

rabies was very well described and recognized, and 

people gained enough awareness and knowledge about it 

(Miao et al., 2021). Rabies virus has a 12-kb non-

segmented negative sense RNA genome encoding five 

viral proteins (3/ to 5/): phosphoprotein (P), 

nucleoprotein (N), Glycoprotein (G), matrix protein (M), 

and RNA-dependent RNA polymerase (L) (Tao et al., 

2021). It has a long history in China for more than 2000 

years and it was first known in 556BC, and there have 

been three main epidemics in China since the 1950s, and 

the third and the current epidemic started in 1997 

(Zhang et al., 2009a,b; Huang et al., 2010; Shahrajabian et 

al., 2020a,b; Shahrajabian et al., 2021). Li et al. (2023) 

reported that re-emerging high-risk provinces were 

Anhui and Yunnan in China, and the important point is 

priority animal vaccination in those identified high-risk 

provinces. It has been also reported that although, the 

occurrence of rabies has been decreased significantly in 

the past decade, it still remains the second most 

important cause of death from zoonotic infectious 

diseases in Chinese adolescents and children (Dong et al., 

2020; Langguth et al., 2021; Li et al., 2021; Das et al., 

2022). On the basis of the data of Chinese Center for 

Disease Control and Prevention, there were a total of 

25,700 rabies deaths from 2004 to 2018 in mainland 

China, and the cases were basically caused by dog bites 

(Qian et al., 2019; Qiao et al., 2021). Without extensive 

education, forced vaccination, and strict administration, 

dog rabies has spread to ferret badgers (Melogale 

moschata, FBs) in Southeast of China, and the virus 

presently independently circulates in this animal 

population (Zhang et al., 2009; Liu et al., 2010b).  

The world’s top producer and user of rabies vaccine is 

China which represented around 84% of all rabies 

vaccine vials needed in 2020 (Li et al., 2023). The cost of 

rabies control and prevention in China is high, however 

the result is still not acceptable, and according to the 

official data, China administers nearly 12-15 million 

doses of vaccines every year, which is around one billion 

but has the second highest occurrence after in India 

(Nadal et al., 2022). China should to boost the animal 

surveillance and registration system, particularly in 

regions with high rabies risk, and to do more trials on 

large-scale dog vaccination (Nadal et al., 2022), to gain 

the goal of eliminating dog-mediated rabies by 2030 (Yin 

et al., 2013). Currently, three types of rabies 

immunoglobulin (RIG) factors are utilized in passive 

immune treatment: equine rabies immunoglobulin, 

human rabies immunoglobulin, and high-purity f (ab) 2 

fragment created by equine immunoglobulin (Li et al., 
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2020). Ormutivimab is the first recombinant human anti-

rabies monoclonal antibody which was developed and 

approved in 2022, and it is an antibody of IgG1 subtype, 

manufactured by Chinese hamster ovary (CHO) cells, and 

it can precisely neutralize the linear neutralizing antigen 

epitope in situ point I of rabies virus glycoprotein (Li et 

al., 2020). In different parts of China the rabies virus 

associated with dogs, isolates can be categorized into six 

genetic lineages (China I-VI), and among these lineages, 

China I has become the principle epidemic type 

transmitted and hosted by dogs, and this lineage has 

replaced the wildlife and dog-associated China II lineage 

in the past years (Ming et al., 2018). In Inner Mongolia 

Autonomous Region which is a boundary province 

located in northern China, human rabies cases boosted 

from 2005 to 2007, and reduced during 2008-2011, and 

up until 2014, many rabid animals are reported included 

raccoon dogs, dogs, cows, red foxes, sheep, cows and 

camels (Zhu et al., 2015). Zhang et al. (2014) and Xing et 

al. (2014) reported that high rate of rabies virus carried 

by domestic dogs possibly was the main reason for 

current rabies epidemic in China. Zhang et al. (2006a,b,c) 

reported that phylogenetic analysis showed that all the 

rabies epidemics of Chinese isolates have a close 

connection with viruses circulating in Asian canine 

population in comparison with rabies viruses isolated 

previously. In Guangdong, which has the third highest 

human rabies cases among 31 provinces in China, at least 

18.2% caused by stray dogs, due to a large number of 

dogs, both stray and domestic, and vaccination has been 

found more effective than culling (Hou et al., 2012). On 

the basis of the results, it has been proved that the rabies 

viruses in China and Southeast Asia share a common 

ancestor and form 2 clades with each being further 

grouped into 3 lineages, and the viruses circulating in 

Southeast Asia probably derived from China (Gong et al., 

2010). It is also important to understand the temporal 

and spatial patterns of rabies in humans for risk 

assessment and develop targeted interventions (Guo et 

al., 2013; Ruan, 2017; Huang et al., 2019), specially for 

India and China which have the maximum and second 

highest reported number of rabies, respectively (Ren et 

al. 2015; Wolelaw et al., 2022). Wang et al. (2022) 

reported that rabies vaccination after pre-exposure 

prophylaxis (PEP) could lead to the body to produce 

enough sufficient RVNA, and rabies vaccination after PEP 

has indicated comparatively an appropriate immune 

efficacy and acceptable safety for preventing human 

rabies. Ding et al. (2020) reported that SYN023, which is 

a mixture of two anti-rabies humanized monoclonal 

antibodies (mAbs), namely, CTB012 and CTB011, at 0.3 

mg/kg is relatively effectual and safe and can be selected 

for more clinical researches in Chinese subjects.  

The phylogeographic structure showed Chinese rabies 

viruses have been transmitted extra-provincially and 

intra-provincially because of human-related 

characteristics (Meng et al., 2010). Ming et al. (2009) 

reported that phylogenetic experiment utilizing either 

partial or complete genomic sequence of HN10 showed 

that this isolate is most closely connected with viruses 

previously shown to circulate in Hunan and Guangxi 

provinces. Taxitiemuer et al. (2017) reported that wild 

fox bite is a main risk parameter of rabies infection in 

Xinjiang Province of China. It has been showed that 

rabies virus isolated from Guangxi have a close genetic 

connection and topographical distribution (Liu et al., 

2007). Liu et al. (2012) proved that botanical 

polysaccharide preparations from Echinacea, Astragalus, 

kelp, and wolfberry could be applied in rabies vaccine 

formulations for persistent and early prophylaxis. Human 

rabies virus vaccine strain CTN181 from China was 

sequenced, and its overall length of the genome was 

11,923 nucleotides (nt), including a leader sequence of 

58 nt, phosphoprotein (P) gene of 894nt, nucleoprotein 

(N) gene of 1353nt, glycoprotein (G) gene of 1575nt, 

matrix protein (M) gene of 609nt, a trailer region of 70nt, 

and RNA-dependent RNA polymerase (RdRp, L) gene of 

6387nt (Du et al., 2008). Li et al. (2013) reported that 

Sanofi Pasteur has improved a next generation rabies 

vaccine (PVRV-NG), and it was at least as immunogenic 

as Verorab and was well tolerates and it presents an 

appropriate substitute for the prophylaxis of rabies. Liu 

et al. (2023) reported that vaccine+ormutivimab can 

protect those who are above 18 years old with category 

III suspected rabies exposure as a component of 

postexposure prophylaxis, and ormutivimab has a 

weaker impact on the immunity response of rabies 

vaccines. Meng et al. (2011) concluded that although dog 

rabies viruses comprise six main clades, namely, Africa 2, 

Africa 3, Arctic-related, Cosmopolitan, Indian and Asian 

subcontinent clades, the last three clades circulate widely 

in Asia, with the Arctic-related clade circulating in a large 

region spreading from central Asia to eastern Asia, and 

countries such as Nepal, Russia, northeastern Iran, 

Pakistan, Korea, and the north of India. In some studies, it 

has been reported that incomplete postexposure 

prophylaxis and not quick seeking postexposure 

prophylaxis are usual in rural China and may cause to 

PEP failure and rabies deaths (Wang et al., 2018; Chen et 

al., 2019a,b), and people should be well educated on how 

to treat dog bites and seek quick, and proper PEP, and 

not use other unapproved methods (Zhao et al., 2019). 

There are two kinds of oral rabies vaccination which are 

currently being under commercial licence for the 

vaccination of different wildlife species, vector-based 

vaccines (VBVs), and modified live vaccines (MLVs); 

VBVs are designed by inserting antigenic glycoprotein 

encoding genetic material from the rabies virus into 

other vector viruses, and the active component of MLVs 

is replication-component, live rabies virus which has 

been modified so that it can induce the body ,s natural 

immune response (Yale et al., 2022). The main goal of 

rabies vaccines are providing appropriate amounts of 

rabies glycoprotein to locations, rich in antigen 

presenting cell to lead to production of enough rabies 

virus neutralizing antibodies, as well as memory T and B 
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cells, for prevention of rabies (Moore, 2021). Different 

clinical experiments have proved sufficient data to 

support a decrease in the number of doses, a shorter 

timeline needed for PEP, and the approval of the 

intradermal route of application for PEP and pre-

exposure prophylaxis (PreP) (Briggs and Moore, 2021). 

Song et al. (2009) reported that the following suggestions 

and recommendations should be considered for 

prevention and treatment of rabies in China, (1) 

establishing national animal rabies surveillance network 

is important, (2) strict control of free-ranging dogs and 

obligatory rabies vaccination should be done, (3) the cost 

of PEP should be free or reduces, particularly in rural 

areas, (4) education of the public and health care staff 

should be increased, and (5) PEP should be decided to 

withhold or start on the basis of postmortem diagnosis of 

the biting animal. Chen et al. (2023) concluded that the 

clinical application of Ormutivimab, boosts post-

exposure prophylaxis of rabies in China, and decreases 

infection rate. Li et al. (2021) observed that after 2011, 

the rate of negative reaction to rabies vaccine in China 

has significantly declined, and the rate of negative 

reaction to rabies vaccine in the midwestern states is 

higher than the counterpart in the eastern parts.  

 

8. Conclusion 
Rabies is the main fatal zoonosis induced by the rabies 

virus, which infects wild animals, humans, and livestock. 

Its virus belongs to the lyssavirus genus, which also 

consists of other lyssavirus species that cause rabies-like 

diseases and can be carried by domestic animals, wild 

carnivores and many bat species. The rabies virus is the 

only pathogen accountable for the large majority of 

rabies cases in humans. Rabies virus infects the 

peripheral nerves and then migrates into the central 

nervous system of the brain through the spinal cord, 

causing fatal encephalitis and myelitis and resulting the 

death of the infected subjects. Basic rabies reservoirs are 

dogs in major vector of rabies throughout the world, 

particularly Asia, Latin American and Africa; foxes, in 

Europe, North American, and Arctic; Raccoons in Eastern 

United States; skunks in Modwestern United States, 

Western Canada; coyotes in Africa, Asia, and North 

America, mongooses in yellow mongoose in Africa, and 

Asia, Indian mongoose in the Caribbean Islands, and bats 

in North American Europe, South and Center America. 

The genomic RNA of the classic rabies virus (RAVB) 

encodes five structural proteins: nucleoprotein (N), 

phosphoprotein (P), matrix protein (M), glycoprotein 

(G0), and large protein (L). The G protein is the only 

protein on the surface of mature virus and acts an 

essential role in virus infection. Also, the G protein is a 

major antigenic stimulus of the host immune system 

during infection and vaccination. There are three 

categories of exposure, (I) touching, feeding of animals or 

licks on intact skin, (II) Minor scratches or abrasions 

without bleeding or licks on broken and nibbling of 

uncovered skin which needs immediate vaccination and 

administration of rabies immunoglobulin, (III) single or 

multiple transdermal bites, scratches or vaccine 

contamination of mucous membrane saliva which needs 

local wound treatment. Vaccination against rabies is of 

primary importance in control of infection in both 

humans and animals. WHO also recommended only 

vaccines of high quality and efficacy. Rabies is 

preventable through prompt administration of post-

exposure prophylaxis (PEP) to exposed persons, but PEP 

access is limited in many rabies-endemic countries. The 

death toll can be significantly reduced through access to 

post-exposure prophylaxis (PEP), consisting of wound 

cleaning, rabies immunoglobulin (RIG) and vaccination. 

Access to PEP is limited in many developing and under-

developed countries with endemic rabies and PEP is 

often only available from health facilities in mega cities. 

Patients also need to pay for PEP and the costs are 

reported as a major obstacle for many victims. Rabies 

have been reported in all over the China, especially 

Hunan, Sichuan, Guangdong, Guangxi, Hubei, Guizhou, 

Jiangxi, Shandong, Anhui, Henan, Jiangsu, Fujian, Hebei, 

Yunnan, and Liaoning. In China, rabies remains is still a 

public health issue and the techniques to control and 

prevent human rabies should be included public 

education and awareness about rabies, elimination of 

stray animals, pet vaccination programs, and enhanced 

post-exposure management. Domestic dogs are the 

primary vector and reservoir of rabies transmission in 

China, although RAVB has been isolated and identified in 

other animal species, such as ferret badger, cat, fox, 

cattle, pig, and donkey. Unsuccessful control of rabies and 

inadequate PEP of cases may be the principle factors 

inducing to the serious human rabies epidemic in China. 

It is widely approved that rabies elimination requires an 

integrated approach by human and animal related 

services. There is an urgent need to have public health 

management which may improve effectiveness and 

sustainability of rabies eliminating programs. China 

needs to focus on prevention, strengthen multi-agency 

coordination mechanism, boost the quality of public 

health services in the years to come.  
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Abstract: In the presented work, the literature data on the influence of various environmental factors were analyzed on the formation 

of silver nanoparticles by yeast strains. According to literature information and our obtained results, it was determined that the 

optimal conditions for the synthesis of silver nanoparticles by the yeast strain Saccharomyces ellipsoideus BSU-XR1 were on the 21st day 

of incubation, on 4-6 days of incubation in different strains of Saccharomyces cerevisiae, and between 2-10 days in Candida strains. The 

optimal amount of wet biomass was between 8 and 10 g for Candida strains and 10 g for Saccharomyces strains. The temperature limit 

for Saccharomyces was observed at 25-35 °C, and for Candida at 25-37 °C. For strains, synthesis of silver nanoparticles was optimal in 

the pH range of 4-10, and pH range of 7 for Candida strains. Depending on the concentration of AgNO3 (silver nitrate), salt, the optimal 

synthesis of silver nanoparticles occurred at concentrations of 0.5 and 1 mM for Saccharomyces, and 1 mM for Candida. The optimal 

incubation conditions for both types of strains were under dark environment. 
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1. Introduction 
One of the recent advancements in bionanotechnology is the 

biological production of silver nanoparticles, which have 

potential applications in medicine, biotechnology, and the 

food industry. Therefore, the interaction between 

microorganisms and silver ions has gained significant 

attention. As a result, extensive research works have been 

conducted on obtaining silver nanoparticles from molds 

(Bhainsa and D'Souza, 2006; Prakasham et al., 2010; Abd El- 

Aziz., 2012; Guangquan et al., 2012; Honary et al., 2013; 

Ganbarov et al., 2014), bacteria (Gurunathan et al., 2009; 

Punjabi et al., 2012; Mousavi et al., 2020), and 

Actinomycetes (Ganbarov et al., 2016; Hasanova et al., 

2017). It has been determined that, depending on the type of 

microorganism, silver nanoparticles can be produced 

directly by living cells, as well as by the cell-free culture fluid 

of the microbial culture (Bozkurt et al., 2017). It has been 

known that the microbiological synthesis of silver 

nanoparticles varies depending on the physicochemical 

parameters (for example, the age of the cell and its mass, 

temperature, environmental acidity (pH), incubation time, 

concentration of AgNO3 salt) (Azadaliyeva et al., 2018; 

Ganbarov et al.,2018; Jafarov et al., 2020; Azadaliyeva et al., 

2021). The microbiological synthesis of silver nanoparticles 

varies depending on several physicochemical parameters, 

such as cell age and biomass, temperature, environmental 

pH, incubation time and the concentration of AgNO3. 

There is enough information in the literature regarding the 

acquisition of silver nanoparticles by Saccharomyces (Kaler 

et al., 2013; Roy et., al 2014) and Candida yeasts (Revina et 

al., 2005; Hassan et al., 2013; Chauhan et al., 2014; Varquez 

et al., 2014; Saminathan, 2015). 

The main goal of the presented article was to collect data on 

the influence of environmental factors on the formation of 

silver nanoparticles by yeast strains and to compare it with 

the strain of Saccharomyces ellipsoideus BSU-XR1 isolated 

from sour milk. 

From the above literature data and from our experimental 

results, it is clear that the formation time of silver 

nanoparticles varies significantly depending on the yeast 

strain and species. Of course, this process primarily depends 

on the incubation conditions and the metabolic 

characteristic features of the fungal organism.  

 

2. Effects on Silver Nanoparticles 
2.1. Effect of Incubation Period on the Production of 

Silver Nanoparticles 

The dependency of the incubation period was 

determined on the synthesis of silver nanoparticles by 

the yeast strain (Azadaliyeva et al, 2018). 

It was found that on the 21st and 30th days of incubation 

AgNO3 salt with the wet biomass of Saccharomyces 
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ellipsoideus strain BSU-XR1, the dark brown colored 

reaction mixture gave 420 nm wavelength absorption in 

the UV-VIS spectrophotometer. Scanning electron 

microscope analysis revealed that, the silver 

nanoparticles formed were spherical, with sizes ranging 

from 17.2 to 22.4 nm. During different incubation 

periods, each fungal strain exhibits a color change, which 

serves as an early indicator for the formation of silver 

nanoparticles, depending on the species and strain. For 

example, the reaction mixture of the commercial strain of 

Saccharomyces cerevisiae yeast started to darken from 

light yellow to brown after 4 days of incubation, and in 

the UV spectrophotometer, silver nanoparticles had an 

absorption at 450 nm wavelength. The reaction mixture 

of another strain of Saccharomyces cerevisiae yeast began 

to darken on the 6th day of incubation. At this time 

formed silver nanoparticles showed absorption at 430 

nm wavelength (Baranova et al., 2005). 

The formation of nanoparticles with the wet biomass of 

another strain of Saccharomyces cerevisiae (a yeast used 

in baking) has been studied. In this case, the formation of 

nanoparticles started after 24 h of incubation. The 

processed nanoparticles were in cuboidal shape, and had 

a very small size of 67.2 Å (angstroms). As a result of the 

study of the formation of silver nanoparticles with the 

culture liquid of another strain of the yeast 

Saccharomyces cerevisiae, it was determined that after 48 

hours, nanoparticles with a spherical shape and a size of 

25 nm were formed. In the UV spectrum, the absorption 

of nanoparticles was at a wavelength of 413 nm (Roy et 

al., 2014). 

The production of silver nanoparticles by Candida yeasts 

was slightly different from that of Saccharomyces. The 

silver nanoparticles produced by the wet biomass of 

Candida albicans NCIM-3100 strain during 48 h of 

incubation showed absorption at 420 nm wavelength in 

the UV spectrum. The size of silver nanoparticles varied 

between 20-60 nm and formed aggregates. The 

nanoparticles were spherical in shape. Another strain 

produced silver nanoparticles after 96 h of incubation, 

which showed absorbtion in the UV spectrum at 370 nm 

and had a size of 80nm. They were spherical in 

appearance. Silver nanoparticles produced by Candida 

albicans strain ATCCSC5314 within 72 h were 3-60 nm in 

size. In the UV spectrophotometer, these particles 

showed absorption at a wavelength of 415 nm. Another 

strain of yeast fungus Candida albicans darkened the 

color of the reaction mixture during 24 h of incubation 

and the formed silver nanoparticles had absorption at 

400 nm wavelength in UV spectrophotometer. The size of 

nanoparticles was in the range of 20-100 nm and formed 

a conglomerate (Varquez et al., 2014; Mare et al., 2015). 

The wet biomass of Candida utilis NCIM3469 yeast strain 

started to form silver nanoparticles after 24 h of 

incubation. Silver nanoparticles had an absorbance at a 

wavelength of 401 nm in a UV spectrophotometer. 

Nanoparticles were spherical in shape and 20-80 nm in 

size. In the experiments conducted with the wet biomass 

of another strain of Candida utilis, silver nanoparticles 

were formed after 48 h. The size of 55% of processed 

silver nanoparticles was 2-3 nm, and the size of 45% was 

8 nm. Nanoparticles showed absorption at a wavelength 

of 380 nm in a UV spectrophotometer. Cluster formation 

of silver nanoparticles was determined in the electron 

microscope (Baranova et al., 2005; Revina et al., 2005). 

The wet biomass of Candida guilliermondii BSU-217 and 

Candida macedoniensis BSU-GA48 and Candida 

macedoniensis BSU-MI44 yeast strains and the darkening 

of the reaction mixture color (from light yellow to dark 

brown) of AgNO3 salt changed between 3-10 days of 

incubation. The synthesis of silver nanoparticles by the 

wet biomass of Candida macedoniensis BSU-MI44 strain 

occurred on the 3rd-7th days of incubation, after the 7th 

day, the formation of nanoparticles weakened and after 

the 10th day of incubation, the formation of 

nanoparticles decreased sharply. Intensive formation of 

silver nanoparticles by Candida guilliermondii BSU-217 

yeast biomass occurred on 3-10 days of incubation, and 

then the process weakened, while Candida macedoniensis 

BSU-MI44 yeast biomass was observed on 3-7 days of 

incubation. After day 7, the rate of nanoparticle 

formation slowed, and after day 10 of incubation, 

nanoparticle formation was dramatically reduced 

(Dzhafarov et al., 2016; Bozkurt et al., 2017; Ganbarov et 

al., 2019). 

2.2. Effect of Biomass Amount on the Biosynthesis of 

Silver Nanoparticles 

It has been determined that the amount of wet biomass 

plays a crucial role in the synthesis of silver 

nanoparticles by yeast fungi (Dzhafarov et al., 2016; 

Azadaliyeva et al., 2021). Thus, Saccharomyces ellipsoideus 

BSU-XR1 strain incubated with different biomasses 

during analysis in a UV spectrophotometer in the 

reaction mixture of 5 g of biomass and silver nitrate salt 

at a wavelength of 400 nm suitable for silver 

nanoparticles, at a wavelength of 420 nm at 10 g, and at a 

wavelength of 15 g It had absorption at a wavelength of 

415 nm. The scanning electron microscope showed that 

the silver nanoparticles have a spherical shape and 

different sizes. The size of nanoparticles formed varied 

with the amount of biomass: 8.6-16.9 nm with 5g of 

biomass, 22.4nm with 10g, and 17.2nm with 15g. 

Therefore, depending on the amount of wet biomass, the 

size of the silver nanoparticles formed was also different. 

The optimal biomass of Saccharomyces ellipsoideus BSU-

XR1 strain for the synthesis of silver nanoparticles was 

10 g. 

It is clear from the literature that the optimal 

biosynthesis of silver nanoparticles in Candida albicans 

NCIM-3100 strain was carried out in 10 grams of wet 

biomass, in another strain of Candida albicans and in 

yeast fungus Candida glabrata, the formation of silver 

nanoparticles was also carried out with 10 g of wet 

biomass. Some authors have used 8-10 g of wet biomass 

in the production of silver nanoparticles by the yeast 

Candida albicans (Varquez et al., 2014; Mare et al., 2015). 
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The formation of silver nanoparticles was manifested in 8 

g of wet biomass of yeast strain Candida utilis NCIM3469, 

and in 8-9 g of another strain of Candida utilis species 

(Revina et al., 2005). 

2.3. Effect of Temperature on the Biosynthesis of 

Silver Nanoparticles 

The temperature factor has a great role in microbial 

cultures synthesizing silver nanoparticles (Dzhafarov et 

al., 2017; Ganbarov et al., 2018). 

The production of silver nanoparticles by Saccharomyces 

ellipsoideus BSU-XR1 yeast was studied depending on the 

temperature, and it was determined that the formation of 

silver nanoparticles was observed in mixtures incubated 

at 25 °C and 30 °C due to color change. 

Spectrophotometric analysis of the taken samples 

showed that absorption (peak) at 410-413 nm 

wavelength was observed in the samples incubated at 25 

°C and 30 °C. Scanning electron microscopy revealed the 

presence of spherical silver nanoparticles, with sizes 22.4 

nm and 17.2 nm. It was found that the optimal 

temperature limit for this strain to synthesize silver 

nanoparticles is in the range of 25-30 °C. 

It is known from the literature that the formation of 

silver nanoparticles in Candida albicans NCIM-3100 strain 

occurs at a temperature of 25 °C, in another strain of the 

yeast Candida albicans and in the yeast Candida glabrata 

- at a temperature of 37 °C, in another strain of the yeast 

Candida albicans - at a temperature of 30 °C, in Candida 

albicans ATCC SC5314 strain – 37 °C, formation of 

nanoparticles with Candida albicans fungus culture liquid 

occurred at 30°C temperature, in Candida glabrata 

ATCC90030, Candida krusei ATCC6258, Candida albicans 

ATCC90028 strains - at 35 °C temperature. Formation of 

nanoparticles in Candida utilis NCIM 3469 strain at 30 °C, 

in another strain of this species – at 28 °C, in Candida 

diversa JA1 strain – at 28 °C, in Candida guillermondi 

fungus at 30°C, in yeast fungi Candida utilis 22 and 

Kluyveromyces marxianus – recorded at 30 °C. The 

optimal temperature for the formation of silver 

nanoparticles in Candida guillermondi BDU-217 strain 

was 25 °C, and in Candida macedoniensis BDU-MI44 strain 

it was 30 °C (Mare et al., 2015; Bozkurt et al., 2017; 

Ganbarov et al., 2019). 

Depending on the species and strain, the formation of 

nanoparticles in Saccharomyces yeast fungi took place 

under different temperature conditions. For example, the 

yeast strain Saccharomyces cerevisiae used in baking used 

silver nanoparticles at a temperature of 30°C, but 

another fungus S. cerevisiae used in baking carried out 

this process optimally at a temperature of 35°C, some 

strains of the species Saccharomyces cerevisiae used 

silver nanoparticles at 25 °C and 27 °C formed at 

temperatures. The optimum temperature for the 

formation of silver nanoparticles for the extrophilic yeast 

Saccharomyces cerevisiae was 22 °C. Optimal synthesis of 

silver nanoparticles by the yeast Saccharomyces 

bourlardii took place at a temperature of 35 °C. Thus, it is 

clear from the above literature data that depending on 

the type and strain of the fungus, the optimal 

temperature for the formation of silver nanoparticles can 

change (Baranova et al., 2005; Roy et al., 2014). 

2.4. Effect of Initial Environmental Acidity on the 

Biosynthesis of Silver Nanoparticles 

As an environmental factor, initial environmental acidity 

also has an effect on the production of silver 

nanoparticles by yeast fungi (Jafarov et al., 2020). The 

formation of silver nanoparticles by Saccharomyces 

ellipsoideus BSU-XR1 strain was determined depending 

on the acidity of the environment, and the color change in 

the reaction mixtures was noticeable starting from the 

7th day of incubation. During the spectrophotometric 

analysis, it was determined that the absorption peak 

between the wavelength of 408-412 nm was observed in 

the reaction mixtures with pH of 6.0, 7.0, 8.0. The silver 

nanoparticles produced by this strain at pH 7.0 were 

characterized by their spherical appearance in the 

scanning electron microscope. The size of nanoparticles 

was equal to 22.4 nm. 

It is known from the literature that silver nanoparticles 

can be actively synthesized during the incubation of 

Saccharomyces cerevisiae yeast cells with silver nitrate 

salt when the pH of the solution is above 8. Metabolism 

products collected by the yeast played the role of 

regulator for the formed silver nanoparticles. It is 

believed that silver nanoparticles are formed as a result 

of the reduction of silver ions by secretion, and this is one 

of the possible causes of formation. The research showed 

that, microbial cultures can synthesize a higher quantity 

of silver nanoparticles in alkaline environments 

compared to acidic ones. When the acidity of the 

environment exceeds pH 10, it causes the death of cells. 

Microorganisms synthesize more nanoparticles under 

neutral alkaline conditions than under acidic conditions. 

Saccharomyces cerevisiae, a yeast used in baking, was 

able to synthesize silver nanoparticles in a wide pH range 

(pH 4-10). Optimum biosynthesis of silver nanoparticles 

for extrophilic yeast was pH 2.5. Although the yeast 

Saccharomyces boulardii can synthesize silver 

nanoparticles in a wide pH range, the optimal pH was 7 

(Baranova et al., 2005, 26, Varquez et al., 2014). Candida 

guillermondi BSU-217 and Candida macedoniensis BSU-

MI44 yeast fungi were also able to synthesize silver 

nanoparticles in the pH range of 7 (Mare et al., 2015; 

Bozkurt et al., 2017). 

In general, it can be noted that the optimal biosynthesis 

of silver nanoparticles in Saccharomyces and Candida 

yeasts occurs mainly in a neutral environment (pH 7). 

The results obtained using the strain Saccharomyces 

ellipsoideus BSU-XR1 confirm this again. 

2.5. Effect of AgNO3 Salt Concentration on the 

Biosynthesis of Silver Nanoparticles 

According to Azadaliyeva et al., (2021), yeast strains 

produce silver nanoparticles depending on the 

concentration of AgNO3 salt. The synthesis of silver 

nanoparticles by Saccharomyces ellipsoideus BSU-XR1 

yeast cells was observed on the 7th day of incubation in 

https://pubmed.ncbi.nlm.nih.gov/?term=Mare%20AD%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Mare%20AD%5BAuthor%5D
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the reaction mixtures containing 0.5 and 1.0 mM silver 

nitrate. During the spectrophotometric analysis, 

absorption peaks at 405 and 408 nm wavelength were 

observed in the samples of silver nitrate salt incubated at 

concentrations of 0.5 and 1.0 mM. The scanning electron 

microscope showed that the silver nanoparticles have a 

spherical shape and different sizes. The size of 

nanoparticles was equal to 22.4 nm in 0.5 mM mixture of 

silver nitrate salt and 35.5 nm in 1.0 mM concentration. 

These results are similar to those obtained in the yeast 

Saccharomyces cerevisiae. Thus, the size of the silver 

nanoparticles produced by this fungus at concentrations 

of 0.5 and 1.0 mM silver nitrate salt was 34.2 nm and 

37.5 nm, respectively. 

Various strains of the baking fungus Saccharomyces 

cerevisiae and Saccharomyces boulardii have produced 

silver nanoparticles at 1.0 mM concentrations of silver 

nitrate salt (Baranova et al., 2005; Kaler et al., 2013; Roy 

et al., 2014). The extromophilic yeast was tolerant to a 

higher concentration of silver nitrate salt and was able to 

form silver nanoparticles at a concentration of 0.3 mM of 

AgNO3 salt (Ganbarov et al., 2014). Candida yeasts were 

able to produce silver nanoparticles at concentrations of 

1.0 mM of silver nitrate salt (Hassan et al., 2013; Mare et 

al., 2015; Bozkurt et al., 2017; Ganbarov et al., 2019). 

It is known that silver nitrate salt has a toxic effect on 

microorganisms. So, yeast fungi studied by various 

researchers were able to produce silver nanoparticles at 

a very low concentration (0.1-0.3 mM) of silver nitrate 

salt. 

The effect of dark and light factor on the formation of 

silver nanoparticles is great (Dzhafarov et al., 2021). 

Incubation of the reaction mixture of silver nitrate salt 

with wet biomass of Saccharomyces ellipsoideus BSU-XR1 

strain was carried out in two environments (dark and 

light). As a result of the analysis of the reaction mixture 

of this strain with silver nitrate salt in the UV-

spectrophotometer, it was determined that the 

absorption peak was observed at the wavelength of 414 

nm in the sample incubated in the dark environment, and 

at the wavelength of 409 nm in the sample incubated in 

the light environment. However, when viewed under a 

scanning electron microscope, spherical silver 

nanoparticles with a diameter of 17.2 nm were identified 

in a sample incubated in a dark environment and silver 

nanoparticles were not observed in the sample incubated 

in the light environment. 

It should be noted that microbiological synthesis of silver 

nanoparticles was mainly carried out in dark conditions 

(in a thermostat) (Khudaverdi et al., 2013; Dzhafarov et 

al., 2021). 

 

3. Discussion and Conclusion 
Thus, the optimal incubation periods were reported as 

the 21th day for Saccharomyces ellipsoideus BSU-XR1, 

between the 4th and 6th days for various strains of 

Saccharomyces cerevisiae, and between the 2nd and 10th 

days for Candida strains. The optimal amount of wet 

biomass was 10 g for Saccharomyces strains and 8-10 g 

for Candida strains. 

The temperature limit for Saccharomyces was observed 

at 25-35 °C, and for Candida at 25-37 °C. Synthesis of 

silver nanoparticles was in the pH range of 4 to 10 for 

Saccharomyces strains, and pH 7 was optimal for Candida 

strains. Depending on the concentration of AgNO3 salt, 

optimal synthesis of silver nanoparticles occurred at 

concentrations of 0.5 and 1 mM for Saccharomyces and 1 

mM for Candida. The most suitable incubation conditions 

for both yeasts turned out to be a dark environment. 
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