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Abstract  

Schmallenberg virus disease was originally reported in Germany in 2011. The new disease 

was diagnosed in the UK in January 2012. Currently, little information has been collected 

about the pathogen of the Schmallenberg virus. The virus genetically belongs to the 

Bunyaviridae family (Orthobunyavirus genus and Simbu serogroup). The clinical 

symptoms of acute SBV infection are unspecific in sheep and goats. This study 

characterized the origin, emergence, transmission, spread in Europe and Azerbaijan, 

clinical signs, and the diagnosis of this virus. Currently, the Shmallenberg disease is known 

to be a serious threat to Veterinary Public Health. 

Keywords: Schmallenberg virus, trans missive infections, spread, Azerbaijan 

 

Introduction 

Structure of the virus 

Schmallenberg Virus (SBV) is an infectious disease of ruminants. The virus 

belongs to the Orthobunyavirus genus of the Bunyaviridae family, the Simbu 

serogroup. Besides the Orthobunyavirus genus, the Bunyaviridae family has more 

than 350 viruses divided into five genera based on serological, morphological, and 

biochemical characteristics: Nairovirus, Phlebovirus, Hantavirus, and Tospovirus 

with additional unclassified viruses (Charles, 1994; ICTVI, 2006). Although 

viruses in the Bunyaviridae family share a tripartite RNA genome in common, they 

significantly differ in their geographic distribution, disease characteristics, and 

transmission mode (Bishop & Beaty, 1988; Charles, 1994; Horne & Dana, 2014). 

Viruses within the Orthobunyavirus, Nairovirus, and Phlebovirus genera are 

transmitted by hematophagous arthropods, whereas hantaviruses are transmitted 

among rodents, and tospoviruses are transmitted between plants by non-

hematophagous thrips (Horne & Dana, 2014; ICTVI, 2006). 

mailto:shzeynalova@mail.ru
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A little information has been collected on the pathogen of the Schmallenberg virus, 

at the moment. These are a single-stranded, negative-sense, tripartite RNA 

genomes with viral genes on one of three segments: the negative sense large (L) 

segment, coding for the RNA-dependent RNA polymerase for transcription and 

replication; the negative sense or ambisense (tospovirus) medium (M) segment, 

which encodes the Gn and Gc viral glycoproteins and a non-structural protein 

(NSm). Surface proteins are involved in attachment, cell fusion, and 

hemagglutination; therefore, they contain important determinants of virulence. 

Neutralizing antibodies are directed against the epitopes of the surface 

glycoproteins G1 and G2, while antibodies to the glycoprotein G2 have protective 

properties (Fischer et al., 2013; Coupeau et al., 2013). The composition of virionic 

lipids corresponds to the composition of the cell membranes, which is used for 

culturing the virus (Hofmann et al., 2012; Martinelle et al., 2017). 

 

 
 

Figure1. Phylogenetic relationship between the Schmallenberg virus and orthobunyaviruses 

of the Simbu, Bunyamwera, and California serogroups, adapted from Hoffmann et al. 

(2012). 
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The most famous representatives of this group are the Crimean-Congolese 

hemorrhagic fever virus, the Nairobi disease virus, the Akabane disease virus, Rift 

Valley fever virus (Saeed et al., 2001; Goller et al., 2012; Kirkland, 2015). A part 

of the viruses of this family is susceptible to humans, and a fatal outcome is 

possible. Bunyaviruses are thermosensitive, i.e. they are quickly inactivated at a 

temperature of 56 ° C, die when irradiated with ultraviolet rays, sensitive to fat 

solvents and detergents, acids (Yanase et al., 2012; Elliott, 2009; Sanders et al., 

2011). 

 

Spread of Shmallenberg virus  

This group of bunyaviruses is more often allocated to the African continent where 

they were found, and also in the countries of Asia and Australia. However, some of 

them have been circulating in Europe for several decades (Elliott, 2009; Elbers et 

al., 2011; Stokes et al., 2015). The first reports of unidentified disease of dairy 

cattle were obtained from farms located in the Netherlands and Germany (in the 

city of Schmallenberg were discovered three dairy cows with unexplored 

symptoms) in August 2011 (Tarlinton et al., 2012; De Regge et al., 2013; Wernike 

et al., 2014; Berhanu et al., 2018). This new virus named after a German city 

where infects ruminant artiodactyls (cattle, sheep, goats) has been detected in 7 EU 

countries: Germany, the Netherlands, Great Britain, France, Luxembourg, Italy, 

and Belgium (Hofmann et al., 2012; SVE, 2014; Gubbins et al., 2014; Brülisauer et 

al., 2017). There is a tendency towards the territorial and quantitative spread of 

infection, both in the number of dysfunctional sites and in the number of infected 

animals in these countries (ProMED, 2012; Tarlinton et al., 2012; Briese et al., 

2013; Bilk et al., 2012). 

According to the source, TSN FEDERAL state reporting system, as of March 14, 

2012, 944 confirmed cases of Schmallenberg virus were detected in livestock 

enterprises in Germany in federal lands, of which 124 cases were detected in 

livestock enterprises where cattle are kept, 780 cases in sheep farms and 40 - goat-

breeding enterprises (according to publications of the Friedrich Lefler German 

Institute) (Lievaart-Peterson et al., 2012; Conraths et al., 2013).  

The high SBV within-flock seroprevalence (up to 98.03%) in geographic areas 

having reported SBV outbreaks in late 2011 and 2012 was expected to limit the 

reemergence of the virus in 2012 (Wernike et al., 2014; EFSA, 2014)  
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Figure 2. Geographical spread of SBV in Europe  

 

The occurrence of Shmallenberg diseases in Azerbaijan 

In 2012, there was an unexpected increase of abortions in cattle and sheep in 

Azerbaijan, which was unrelated to infections with Brucella or Chlamydia. Due to 

the similarities of the overall symptomology observed, the then just recently 

described Schmallenberg virus was suspected as a potential cause. This 

surveillance study was hence launched to determine if the Schmallenberg virus had 

made it to Azerbaijan and to monitor the situation (Gubbins et al., 2014; Zeynalova 

& Vatani, 2019). 

 

2012/13 October – June 2013/14 July – June 
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2014/15 July - June                                                   2015/16 July - June 

 

2016/17 July – June 2017/18 July - January 

Figure 3. Spread of Shmallenberg disease in Azerbaijan (Zeynalova et al., 2019). 

The first wave of Schmallenberg virus infections was detected in 2012/2013 and 

limited mainly to the southern part of the country. In the second and bigger wave in 

2013/2014, cases were found throughout most of the country (Zeynalova et al., 

2019). 

  

Susceptible animals, transmission routes 

It is proved that the transmission of Bunyavirus viruses is carried out by vectors. 

Most of these vectors live in Asia or Africa, which include biting midges or 

mosquitoes. After the appearance of the SBV virus in 2011, biting midges of the 

species Culicoides Obsoletus coming from the genus Ceratopogonid Culicoides 

were identified as SBV vectors. Studies have shown that the viral genome was 

present in different species of Culicoides (Culicoides dewulfi, Culicoides 

chiopterus, Culicoides punctatus, etc.) (Labuda, 1991; Rasmussen et al., 2012). 
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The virus was isolated in the salivary glands of woodlice in Belgium. In laboratory 

conditions, virus RNAs were detected in biting midges Culicoides Obseletus 

collected in Denmark in 2011 (Davies & Daly, 2013; De Regge et al., 2014; SVE, 

2014). The absence of β-actin mRNA in ruminants and high titers of the virus in 

these samples indicate the replication of the virus in the insect organism, that is, 

Culicoides punctatus biting midges are biological carriers of the Schmallenberg 

disease virus (Figure 4) (Burgin et al., 2013; EMS, 2014; Collins et al., 2017). 

Biting midges of the genus Culicoides are involved in the transmission of several 

viruses of the Simbu serogroup. They were recognized as the main carriers of 

Bluetongue virus in northern and central Europe during the outbreak in 2006 

(White et al., 2017; Nick, 2017; Rossel, 2018). Some members of the Simbu 

serogroup are zoonoses (Oropouche virus). Since the Schmallenberg virus has 

appeared recently, the transmission of the disease to humans has not yet been 

studied. There is no evidence of human morbidity, although studies conducted at 

the Dutch National Institute for Health and the Environment do not exclude the 

possibility of human infection with the Schmallenberg virus. At present, there are 

two ways of infection of animals: First is horizontal - with bites of blood-sucking 

insects of midges and mosquitoes. Second is vertically - from the mother to the 

fetus during fetal development (transplacental), accordingly in pregnant animals, 

infection leads to the birth of fetuses with congenital deformities (De Regge et al., 

2013; Luttikholt et al., 2014; Afonso et al., 2014; ProMED, 2014). The third route 

of infection should not be ruled out - iatrogenic, by veterinary specialists during 

veterinary prophylactic (vaccinations, chemotherapeutic treatments, subcutaneous, 

intramuscular injections, etc.) and diagnostic measures (taking blood, scrapings). 

However, no signs of horizontal transmission (from animal to animal) were found. 

Many questions remain regarding the pathogenesis of SBV infection in pregnant 

animals, their transmission by the embryo and / or gametes, and the dynamics of 

the virus to and within the fetus (Lehmann et al., 2012; Hoffmann et al., 2012; 

Briese et al., 2013; Poskin et al., 2014). 

 

Figure 4. Culicoides punctatus 
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Clinical signs  

Symptoms of the disease in cattle: in adult animals, fatigue, loss of appetite, fever, 

diarrhea, premature birth are first observed, part of the livestock die, milk yield 

decreases sharply, abortions occur in the last half of pregnancy and cases of 

stillbirths (Lievaart-Peterson et al., 2012; Davies & Daly, 2013; Kauffold et al., 

2017). In sheep and goats, SBV infection remains subclinical. The nonspecific 

febrile syndrome was recorded in the summer and fall of 2011 in adult dairy cows 

in the Netherlands and Germany (Garigliany et al., 2012; EFSA, 2014; White et 

al., 2017). The disease is more severe in sheep and goats: there is a higher 

percentage of death, depletion of animals, damage to the reproductive organs in the 

maternal population. Sacral cleft of the spine was observed in two SBV-positive 

stillborn lambs in 2013 (De Regge et al., 2013; Brülisauer et al., 2017). In newborn 

animals, blindness, dropsy of the chest and abdominal cavities, paralysis, swelling 

in the subcutaneous tissue, and pathology of the lower jaw are noted. Such 

offspring, as a rule, die immediately after birth, the percentage of deaths varies 

from 20 to 50% in herds infected with the virus. An autopsy revealed common 

malformations of the central nervous system (CNS), including hydranencephaly, 

porencephaly, lissencephaly, hydrocephalus, cerebellar and cerebral hypoplasia, 

and micromyelia (Tsuda et al., 2004; Hofmann et al., 2012; Van den Brom et al., 

2012; Bilk et al., 2012). 

 

   

Figure 5. Clinical signs of Shmallenberg disease in the aborted fetuses 
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Laboratory diagnosis and prophylaxis of disease 

Laboratory diagnostics  

Diagnostics is carried out employing the PCR test (test - a system for determining 

the nucleic acid fragments of pathogens by polymerase chain reaction (PCR) in 

biological material). The test is extremely effective in identifying difficulties to 

cultivate cultures, pathogens that are not cultivated, latent forms of microorganisms 

in chronic and latent forms of infection. The use of PCR diagnostics is a highly 

effective method for determining intracellular parasites and viruses with high 

antigenic variability. The method can identify a pathogen fragment in the material 

from the animal, environmental objects (soil, water, etc.) (Lehmann et al., 2012; 

Veronesi et al., 2013). A significant drawback of this reaction is its high cost; the 

test takes a lot of time; it is carried out only in laboratory conditions with the 

appropriate equipment. DEFRA (UK Department of the Environment, Food, and 

Agriculture), as well as several institutes in Europe, are looking for a simple, easy-

to-use, inexpensive test to determine the virus or its fragments. The virus itself was 

found in the intestinal contents of animals, the brain of sick and dead animals, 

blood samples, samples of intraperitoneal fluid, and blood-sucking insects 

(Rasmussen et al., 2012; McGrath & More, 2018).  

The first indirect enzyme-linked immunosorbent assay (ELISA) to detect 

Shmallenberg-specific antibodies in serum or milk samples became commercially 

available shortly after the emergence of SBV (Elbers et al., 2012; Burgin et al., 

2013; Berhanu et al., 2018). The most known kits are: the indirect ELISA kit for 

the detection of anti-Schmallenberg virus (SBV) antibodies in ruminant serum and 

plasma from multiple species, including cattle, sheep, and goats; competitive 

ELISA for the detection of antibodies directed against the Schmallenberg virus 

nucleoprotein in serum or plasma from multiple species (Humphries & Burr, 2012; 

Van der Poel et al., 2014; Bréard et al., 2013; Poskin et al., 2015; Collins et al., 

2017). 

Based on the available official data, the European Union does not consider 

vaccination mandatory during the spread of the disease. Currently, there is no 

information on the transmission of the virus with meat and milk and the 

vaccination against the virus is not required, however the ruminants that give birth 

to non-viable calves are considered as immunized.  In the case of disease, the 

troupe of stillborn animals and afterbirth should be disposed of in accordance with 

local (national) regulations (EFSA, 2014; Zeynalova et al., 2019). 

So, despite some information, the Schmallenberg disease virus has not been 

sufficiently studied. It is still not clear how the virus occurs in Europe. The 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Poskin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26472116
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evidence presented indicates that a lot of laboratory research and genetic tests are 

needed.  

 

Abbreviations 

SBV – Shmallenberg Virus  

TSN- Animal Disease Reporting System 

RNA- Ribonucleic acid 

ELISA- Enzyme-linked Immunosorbent Assay 

PCR- Polymerase chain reaction 

DEFRA- Department for Environment, Food and Rural Affairs 
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Abstract 

Genetic screening of school children in Masalli region in Azerbaijan Republic identified 23 

school children with G6PD enzyme activity different deficiency (from 0 up to 60% 

activity). Biochemical studies were done/performed for school children with activity 

efficiency on enzyme preparations from erythrocytes. As to WHO Guidelines, enzymatic 

preparations were related to the following classes: 2nd class – 13 boys, 3rd class – 6 school 

boys, 4th class – 4 of them. DNA molecular analysis, isolated from blood of the index 

patient, was classified as the 2nd class of G6PD enzyme deficiency and has shown the 

substitution of Guanine nucleotide with Adenine in position 1178. As a result of the 

mutation in protein in the position 393, substitution of amino acids Arginine with Histidine 

[G6PD,1178 (G-A) Arg393His] takes place. 

Keywords: G6PD, biochemical polymorphism, enzyme preparation, abnormal variant, 

gene, molecular-genetic analysis, mutation, nucleotide, amino acid. 

 

Introduction 

Glucose-6-phosphate dehydrogenase (G6PD: EC 1.1.1.49) is defined with gene 

high polymorphism. Enzyme has been identified more than 400 biochemical 

variants and one fourth of them differ with endemicity. One part of the G6PD 

enzyme abnormal variants is endemic for the certain ethnic group, and another part 

is specific to another ethnic group. One group of people with enzymatic deficiency 

gets hemolytic crisis from some medicines and another group of people gets from 

beans (favism) with food (Fuji et al., 1984; Xu et al., 1999; Zuo et al., 1999). 
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Biochemical variants are mainly asymptomatic clinically. Big portion of 

biochemical variants results in hemolytic anemias under the influence of 

chemicals. And small portion of variants leads to severe chronic non-sphericytic 

anemia (Huseynova et al., 2019; Aghayeva et al., 2018; Beutler, 1998). 

The G6PD enzyme gene is located on the X chromosome and is transferred from 

heterozygous mother to a son. Since one of the two X-sex chromosomes is 

inactivated in women, the difference is observed in the clinic of heterozygotes. In 

case non-affected enzyme gene becomes inactive, the affected gene mainly appears 

in erythrocytes and the clinic manifestations are the same as in male hemizygote 

patients (Aghayeva et al., 2019; Boytler, 1981; Hirono et al., 1995; Zuo et al., 

1999). 

According to the data of World Health Organization (1997), around 100 million of 

the world population manifests G6PD enzyme deficiency (WHO, 1997; Du et al., 

1988). 

For Azerbaijan Republic population, study of G6PD enzyme deficiency started in 

the 70s of the last century. Studies were satisfied with only enzymatic activity 

studies (Aghayeva et al., 2019; Boytler, 1981). 

The last century 70s’ studies undertaken for Masalli area population revealed 

G6PD enzyme activity deficiency high frequencies (20-23%). Thus, Masalli area 

was not a random choice when starting our studies (Beutler, 1994; Krasnopolskaya 

& Shatskaya, 1987). 

The goal of our studies was to research on G6PD gene molecular genetics and 

G6PD enzyme physic-chemical characteristics for the index patient from pupils 

living in Masalli area chosen from people with abnormal G6PD activities. 

 

Material and Methods 

Material was collected during screening from pupils from Arabkendi, Gullutepe, 

Tekle, Chakhirli, Bedalan towns of Masalli area and pupils of 7-11 grades from 

Masalli downtown. As a result of screening of 276 pupils, we found 23 boys with 

inherited hemizygous type of G6PD enzyme.   

Material collected for biochemical studies was venous blood samples in tubes with 

EDTA anticoagulant (Huseynova et al., 2019; Aghayeva et al., 2018; Beutler, 

1998). 
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G6PD enzyme activity was identified with modified fluorescence method. To make 

the analysis accurate and to identify the inheritance type, we got their parents and 

family members involved into the study. Totally, there were 302 blood samples 

processed (Aghayeva et al., 2019; Beutler, 1998). 

Purification of enzyme preparations and their classification were done according to 

the WHO standardized methods (WHO, 1988; Krasnopolskaya et al., 1977; 

Krasnopolskaya et al., 1985).  

 

Results and Discussion 

As a result of 23 pupils’ screening on G6PD enzyme, different proportion of 

enzyme deficiency (activity 0-60%) was identified. According to the data of World 

Health Organization (WHO) in 1967, G6PD enzyme activity deficiency (based on 

the lack) was divided into 5 classes: the 1st class – chronic non-spherocytic 

anemia; the 2nd class – acute deficiency of the enzyme (lower than 10%); the 3rd 

class – enzyme medium deficiency (activity 10-60%); the 4th class – very mild 

deficiency of the enzyme (60%) and the 5th class – lower range of normal 

enzymatic activity.  

Our studies have revealed enzyme activity which complies with the WHO 2nd, 3rd 

and 4th classes: 13 persons in the 2nd class, 6 boys in the 3rd and 4 pupils in the 

4th classes. 

Results of the genetic screening of G6PD enzyme carried in Masalli area are 

presented in Table 1. 276 male pupils and 24 their family members were checked 

up in five towns. G6PD enzyme phenotypic frequencies and gene frequencies were 

presented. High results were provided for Masalli town school (11.11% and 0.1111 

in d.f.). The lower results were for Arabkendiand Terle town pupils (5.56% and 

0.0555 in d.f.). For the total area enzymatic deficiency frequency was 8,33%, and 

gene frequency was equal to 0.0833.  

G6PD enzyme deficit in Masalli regional center was  classified as 2, 3 and 4 

classes, whereas in Gullutepe and Bedalan towns, only the 2nd class was presented, 

in Arabkendi and Chakhirli - the 3rd class, and in Tekle both the 2nd and 3rd 

classes were found. In Bedalan town, hemizygote inheritance type for the enzyme 

was identified in F.N. index patient’s 24 family members, and 6 different male 

persons were found with hemizygote inheritance type.  
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Table 1. Results of the G6PD enzyme genetic screening of school pupils in Masalli area  

Place 

Amount 

of 

patients 

Affected 

patients 

Phenotypic 

frequency 

(%) 

Gene 

frequency 

(in decimal 

fraction) 

Enzyme deficiency 

based classes 

Regional 

center Masalli 

72 8 11,11 0.1111 2 pupils – class 2  

2 pupils-7 class 3 

4 pupils - class 4 

Gullutepe 

village 

38 4 10.53 0.1053 3 pupils - class 2 

1 pupil -   class 2 

Arabkendi 

village 

42 3 5.56 0.0555 3 pupils - class 3 

Tekle village 54 3 5.56 0.0555 2 pupils - class 2 

1 pupil - class 3 

Chakhirli 

village 

30 2 7.14 0.0714 2 pupils - class 3 

Bedalan 

village 

40 3 7.50  0.0750  3 pupils - class 2 

F.N.(index 

patient) for 

family 

members  

24 6 25.0 0.2500 6 persons –   class 2 

Complying to the 2nd class requirements, 24 family members of the school pupil 

F.N. (index patient) from Bedalan town were screened, and 6 of them showed acute 

enzyme activity deficit (lower than 10%). 

Table 2 presents physic-chemical characteristics of enzyme preparations made 

from blood samples of F.N. index patient and his six family members with the 

enzyme deficit in Bedalan town of Masalli area.  

Table 2. Mutation variant of G6PD enzyme in school pupils from Bedalan village 
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Bedalan 6.0-8.0 85-90 21.3-24.5 78.6-80.0 8.0-9.0 Weak low Mild 

anemia 

In enzyme preparations, the PH-optimum bifase variant was noted within the limits 

of the PH-optimum indicator norm (pH 7,5-8,5) 

Electrophoretic mobility showed norm. All samples manifested lower than norm 

indications according to Michaelis-Menten constant (Km) (21.3-24.5 mkm) for G6P 
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substrates. For 2dG6P substrate analogue, there was high utilization range (78,6-

80,0).  

So, Bedalan variant is classified as a variant with enzyme low activity (6.0-9.0% 

from norm), for G6P substrate has low range of Km binding (24.4 mkm), for 2dG6P 

substrate analogue has high utilization degree (up to 80% of G6P substrate), and 

manifests mild anemia. 

Figure 1 presents a schematic picture of X-sex chromosome structure and G6PD 

locus on it (q28). 

 

Figure 1.  Scheme of X-sex chromosome structure and G6PD locus (q28). 

Gene of G6Pdenzyme is located on the long shoulder of X-sex chromosome in 

subtelomer Xq28 site. The gene of the enzyme Q6FD is located in the subtelomer 

Xq28 part of the long shoulder of the X-sex chromosome 

Firstly, cDNA based on mRNA of G6PD enzyme was synthesized by M. Persico in 

1981. In 1986, T.Takizawa created the cDNA library using liver cells cloning. The 

human q6fd enzyme gene has a size of 13 kbas, consisting of 12 exons and 18 

introns. The exons sizes vary from 12 bp up to 236 bp. The intron sizes vary 

between 97 bp and 11 kb. The Promotor part of  the gene plays the role of TATA 

box prior to 20 nucleotide bases starting from the part of 202 position at 

ATTAAAT 51-terminal. In the promotore part, hexonucleotide sequence 

GGGCGGG is repeated 3 times, and complementary to that, CCCGCCC is 

repeated 6 times. These nucleotide sequences are  usually located  on 12 to 400 

nucleotide bases apart from sequence ATTAAAT. GGGCGGG sequence bases are 

located on a distance of 70kbas from 51-terminal of intron 1. Transcription level is 

equilibrated with CAAT nucleotide sequence and is located at the distance of 220 

nucleotide bases at the 51-terminal rich in GC nucleotide sequences. ATTG 

nucleotide sequence is located at the position 411. 

In 1991, Chen studied 20114 bp sequences involving G6PD enzyme gene. Amino 

acid sequences were predicted using the G6PD enzyme gene sequence.  

Fusco et al. (2012) observed Alu repeat gene at non-involved 51-translation part for 

3 times. 12 Alu genes are located in the biggest intron 2. Capellini and Fiorelli 
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(2008) identified that enzyme G6PD consists of 515 amino acid bases (Aghayeva 

et al., 2018; Du et al., 1988; Hirono et al., 1995; Xu et al., 1999; Zuo et al., 1999).  

In blood of F.N. (index patient), mutation of G6PD enzyme gene was identified as 

a result of DNA molecular analysis. Guanine nucleotide substitution with Adenine 

nucleotide was identified in position 1178. Mutation resulted in substitution of 

Arginine amino acid with Histidine amino acid in position 393.  

For the first time, Filosa et al. (1992) found that the substitution of Guanine with 

Adenine nucleotide happens in position 1178, and this new enzyme mutation was 

referred as G6PD Portici. The authors related this new G6PD enzyme mutation to 

the second group according to WHO classification. 

Thus, as a result of genetic screening of pupils in Masalli area, 23 male pupils were 

identified with different G6PD enzyme deficit (in 0-60% range). Complying to 

WHO requirements, the identified enzyme deficiencies were shared into three 

classes as to their biochemical characteristics: 13 pupils –to the 2nd class, 6 pupils 

– to the 3rd class, and 4 pupils – to the 4th class. Complying to the 2nd class 

requirements, 24 family members of the school pupil F.N. (index patient) from 

Bedalan town were screened, and 6 of them showed acute enzyme activity deficit 

(lower than 10%). DNA molecular analysis of G6PD gene obtained from the blood 

sample of F.N. index patient identified substitution of Guanine nucleotide with 

Adenine nucleotide in position 1178. This mutation resulted in the protein with 

Arginine-to-Histidine [G6PD, 1178 (G-A) Arg393His] substitution in the position 

393 [G6PD, 1178 (G-A) Arg393His].  

 

Conclusion  

So, G6PD enzyme deficiency for Masalli area has shown the following values: 

8.33% for phenotypic frequency and 0.0833 (d.f.) for gene frequency. According to 

the WHO requirements, and according to the biochemical characteristics of the 

identified enzyme deficiency, findings were related to three classes: 13 pupils to 

the 2nd class, 6 pupils to the 3rd class, and 4 pupils to the 4th. Molecular analysis 

of G6PD gene identified substitution of Guanine nucleotide with Adenine 

nucleotide in position 1178. As a result of the mutation in protein in the position 

393, there was substitution of amino acids Arginine with Histidine [G6PD, 1178 

(G-A) Arg393His]. 
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Absrtact 

Breast cancer is the most common cancer among women around the world. The 

real way to improve the results of treatment of breast tumours is an early, and in 

some cases, preclinical diagnosis. This problem can only be solved if complex 

diagnostic methods are used. The aim of our work is to determine the change in the 

level of IL-10 and lactoferrin in the blood serum of patients with breast neoplasms 

corresponding to the BIRADS categories. The sensitivity, specificity, diagnostic 

values of these biochemical parameters and the correlation between them were also 

studied. According to the results of our studies, increasing levels of BIRADS 

would lead to a raise in the levels of IL-10 and lactoferrin in blood serum in 

patients with breast tumours. The results showed that lactoferrin had a high 

diagnostic value compared to IL-10. 

Keywords: Breast tumors, IL-10, lactoferrin, BIRADS 

 

Introduction 

Breast cancer (BC) is a leader in the structure of oncological diseases and mortality 

rate among female population. Survival after treatment of breast cancer, taking into 

account the quality of life and the total cost of treatment, Taking the life quality 

and treatment high cost into account, the survival of breast cancer treatment 

directly depends on the stage of the oncological process. Over the course of 

decades, X-ray mammography has been considered almost the main both screening 

and refinement method in the diagnosis of breast diseases (Amiraslanov & 
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Gaziyev, 2010). Mammography well differentiates pathological processes in the 

mammary glands with a large amount of adipose tissue on the background of 

involution. The age-related features of the architectonics of the mammary gland 

make the results of mammography in young women with a glandular structure of 

the mammary glands less convincing. To date, the possibilities of ultrasound 

diagnostics in mammology are no longer disputed. 

An ultrasound examination (ultrasound) of the mammary glands is a safe, 

affordable and highly informative method of breast examination, which is used 

both for preventive examination and for detection of various diseases of the 

mammary glands in the presence of relevant complaints (Rumack et al., 2011; 

Zabolotskaya & Zabolotsky, 1997). To standardize the assessment of the results of 

mammography, magnetic resonance imaging (MRI) and ultrasound according to 

the degree of risk of malignant  tumours of the mammary gland, the classification 

or BIRADS scale was proposed by the American Society of Radiology (American 

College of Radiology - ACR) in the late of nineties of the last century. The 

BIRADS classification is primarily aimed at facilitating interpretation of complex 

diagnostic cases in detection of neoplasms and differential diagnosis with breast 

cancer (American College of Radiology, 2003).  

With the use of modern instrumental diagnostic methods in clinical practice, the 

potential of medicine in early detection of tumours has been improved and means 

of laboratory diagnostics have significantly increased in recent years. 

It is known that the pathogenetic mechanisms of the onset and progression of 

tumour growth are the application of protein mediators - cytokines, chemokines 

and growth factors. Cytokines are secreted by both lymphoid and tumour cells, 

affecting many different target cells, and the cytokine network is the most 

important regulatory mechanism of intercellular interactions (Muftuoglu,1993). On 

the one hand, cytokines manifest themselves as factors of tumour progression 

through activating the angiogenesis and migration of tumour cells. They change 

function of target cells and are involved in the mechanism of evading tumour cells 

from the immune surveillance system. On the other hand, cytokines can be the 

main mediators of antitumor immunity. The concentration and balance of the levels 

of cytokines and their antagonists contribute to the enhancement or inhibition of 

the growth of breast cancer. Changes in the relative concentration of some 

cytokines can directly and indirectly stimulate breast cancer (Kazakov et al., 2015) 

Currently, in science and medicine, much attention is paid to antimicrobial peptides 

(AMP). The data of numerous publications devoted to the study of AMP as 

molecular factors of the innate immunity system indicate that these substances 
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have significant therapeutic potential and can be considered as candidates for the 

role of not only antimicrobial drugs, but also antitumor drugs of a new type. AMP 

are characterized by a variety of mechanisms of cytotoxic action, which can lead to 

both necrosis and apoptosis of target cells. The basis of these effects is selective 

interaction with the membranes of tumour cells, similar in a number of structural 

and physiological characteristics to the membranes of microorganisms. It has also 

been found that AMP can inhibit tumour growth through disrupting formation of its 

vascular network. Like antimicrobial activity, the antitumor effect of AMP can be 

enhanced by modulating the body's protective functions. The described properties 

of AMP give hope for development of new drugs based on which they/we can 

overcome the resistance of tumour cells (Balandin et al., 2016).  

The aim of our work was to assess the level of cytokine İL-10 and lactoferrin (LF) 

by BİRADS categories, to evaluate sensitivity, specificity and diagnostic value of 

these biochemical parameters, as well as the correlation between them. 

 

Materials and Methods 

In this work, we presented the results of a study of 92 patients undergoing 

examination for breast cancer at the Oncology Clinic of the Azerbaijan Medical 

University for the period from 2014 to 2017. The age of patients ranged from 18 to 

79 years. All patients underwent an ultrasound examination with a combination of 

dopplerography and mammography. An ultrasound examination has been 

performed by using the MINDRAY D70 device (China) and a mammography was 

conducted by using the SIEMENS MAMMOMAT INSPIRATION device 

(Germany). Out of all examined patients, 48 women were malignant and 28-benign 

breast tumours. 16 apparently healthy women have been included into the control 

group. All women have been divided into 4 groups according to the BIRADS 

category: BIRADS1, BIRADS2, BIRADS4, BIRADS5.  

In the blood of all women included in the study, serum levels of IL-10 and LF have 

been studied. The concentration of the studied parameters has been determined by 

enzyme-linked immunosorbent assay on a STAT Fax 303 Plus apparatus (USA) 

using a reagent kit of the VEKTOR – BEST firm (Russia) to define cytokines and 

Cloud-clone (China) for LF. 

The ELISA method is a highly sensitive and highly specific immunodiagnostic 

method, with the help of which a qualitative and quantitative determination of 

various substances with the properties of antigen, hapten (defective antigen) or 

antibody is carried out. The ELISA method is widely used to diagnose infectious 
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and non-infectious diseases in humans and animals and can also be used to confirm 

the quality of biological drugs. The principle of ELISA consists in the specific 

interaction of an antigen and an antibody, creation of an Ag/Ab complex and a 

conjugate, and determination of a resulting complex according to the degree of 

colour by using a substrate mixture.  

To calculate the sensitivity, specificity and diagnostic value of tumour markers and 

cytokines a “cut of point” has been determined in SOCS-20 by using ROC analysis 

in advance and statistical parameters calculated in binary classification with respect 

to this point in MS EXCEL-2013.  

 

Results and discussion  

IL-10 is an anti-inflammatory cytokine. During infection, it inhibits the activity of 

Th1 cells, NK cells, and macrophages, all of which are required for optimal 

pathogen clearance but also contribute to tissue damage. In consequence, IL-10 can 

both impede pathogen clearance and ameliorate immunopathology (Couper et al., 

2008). As a result of our studies, it was revealed that in women included in the 

BIRADS 1 category, the level of IL-10 ranged from 2.8-9.5 ng/ml, averaging 6.13 

ng/ml (Table 1). In the BIRADS 2 group, the level of this indicator was 3.8-16.2 

ng/ml, an average of 8.77 ng/ml (p <0.05). In patients included in the BIRADS 4 

category, the level of IL-10 averaged 6.13 ng/ml, min and max levels were 

respectively 5.4-19.1 ng/ml (p <0.001). In the BIRADS 5 category, the level of IL-

10 ranged between 7.5-23.2 ng/ml, averaging 14.78 ng/ml (p <0.001). 

Table 1. The level of IL-10 in breast tumours according to BIRADS classification 

According to our data, in women included in the BIRADS 2 group, in comparison 

with the control group, the level of İL-10 increased 1.43 times, and in the BIRADS 

 N Mean 

Std. 

Deviation 

Std. 

Error 

95% Confidence 

Interval for Mean 

Min. Max. 

Lower 

Bound 

Upper 

Bound 

Il-

10 

B1 16 6,13 2,20 0,55 4,96 7,30 2,8 9,5 

B2 19 8,77 3,56 0,82 7,05 10,48 3,8 16,2 

B4 26 10,47 4,34 0,85 8,72 12,22 5,4 19,1 

B5 31 14,78 4,73 0,85 13,04 16,51 7,5 23,2 

Total 92 10,82 5,09 0,53 9,76 11,87 2,8 23,2 
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4 and BIRADS 5 groups the level of this cytokine was even higher and increased 

1.7 and 2.4 times respectively.  

 

Figure 1. The level of IL-10 in neoplasms of the breast according to the 

classifications BIRADS 

Interleukin-10, which has an important coordinated role in breast carcinogenesis 

(Sheikhpour & Mohiti, 2014), is an anti-inflammatory cytokine that regulates the 

immune response and inhibits the pro-inflammatory functions of antigen-

presenting cells (APCs) through expression of antagonizing costimulatory 

molecules. Its low expression is associated with poor survival outcome. The role of 

IL-10 in breast cancer is controversial. Interleukin -10 has both pro- and anti-tumor 

effects. IL-10 mRNA expression is seen in more than 50% of tumor samples. Also, 

greater IL-10 protein concentrations are seen in serum of breast cancer patients 

than in that of healthy individuals and this is associated with poor clinical 

outcomes. Interleukin-10 promoted proliferation and metastasis of tumor cells and 

inhibited T-cell proliferation and function (Li et al., 2014; Fernandez, 2006; 

Sheikhpour et al., 2018).  

We also determined the level of LF in the blood serum of patients with breast 

neoplasms according to the BIRADS categories (Table 1). In the BIRADS group 1, 

the LF level ranged from 0.9-5.8 ng/ml, averaging 3.26 ng/ml. In women included 

in the BIRADS 2 category, the average level of this indicator was 5.81 ng/ml, the 

interval of variation was 1.9-9.2 ng / ml. In the BIRADS 4 min and max categories, 

the indicators were 5.1 and 18.8 ng / ml, respectively, the average level was 10.24 

ng/ml (p<0.001). In patients included in the BIRADS 5 group, the LF value ranged 

between 8.2-42.7 ng/ml, the average level was 30.84 ng/ml (Figure 2).  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Sheikhpour%20E%5BAuthor%5D&cauthor=true&cauthor_uid=30324115
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As compared with the control group, in women included in the BIRADS 2 group, 

the LF value increased 1.78 times, and in the BIRADS4 and BIRADS 5 groups the 

level of this indicator increased 3.14 and 9.5 times, respectively. 

Table 2. LF level in case of breast neoplasms according to BIRADS classification. 

  N Mean 

Std. 

Deviation 

Std. 

Error 

95% Confidence 

Interval for Mean 

M
in

im
u

m
 

M
ax

im
u

m
 

Lower 

Bound 

Upper 

Bound 

LF B1 16 3,26 1,37 0,34 2,53 3,99 0,9 5,8 

B2 19 5,81 2,41 0,55 4,65 6,97 1,9 9,2 

B4 26 10,24 3,66 0,72 8,76 11,72 5,1 18,8 

B5 31 30,84 9,41 1,69 27,39 34,29 8,2 42,7 

Total 92 15,05 12,97 1,35 12,37 17,74 0,9 42,7 

 

 

Figure 2. LF level in case of breast neoplasms according to BIRADS classification 

Lactoferrin (LF) has a direct effect on cell growth, due to which it can act as a 

regulatory element in protecting the body from the development of tumours and 

metastases. The protein has a direct effect on the growth of tumour cells, which is 

confirmed by the slowdown or lack of splicing of its mRNA in cancer cells. LF 

blocks transition from G1 to S stage of the cell cycle (Borzenkova et al., 2010).  It 

adversely affects cell proliferation, causing changes in the expression and/or 

activity of important regulatory cell cycle proteins. By activating the signaling 

pathway of fatty acid synthase in cancer cells, the protein induced apoptosis. In 

addition, LF stimulates the production and/or activation of various immune cells 
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including lymphocytes and normal killer cells, and also increases the sensitivity of 

target cells to lysis by killer cells (Balandin, 2016; Naidu, 2010).   

In our work, we also evaluated the sensitivity, specificity, and diagnostic value of 

IL-10 and LF. According to our data, the sensitivity of IL-10 in assessing the 

malignancy of a breast tumour was 60.4 ± 7.1%, and specificity was 78.6 ± 7.8%. 

The predictive usefulness of a positive result was 82.9 ± 6.4%, the predictive 

usefulness of a negative result was 53.7 ± 7.8%. The likelihood ratio of a positive 

result was 2.82 and was assessed as mediocre, and a negative result of 0.50 and 

assessed as unsuitable. The total diagnostic weight of the test was 67.1 ± 5.4%. 

In the course of studies, it was found that the sensitivity of the LF in assessing the 

malignancy of a breast tumour was 83.3±5.4%, and the specificity was– 

85.7±6.6%. The predictive usefulness of a positive result was 90.9±4.3%, the 

predictive usefulness of a negative results was 75.0±7.7%. The likelihood ratio of a 

positive result was 5.83 and a negative result of 0.19 and both parameters were 

rated as good. The total diagnostic weight of the test was 84.2±4.2%. 

Table 2. The sensitivity and specificity of the cytokines IL-10 and LF in breast 

tumors 

 Se, % Sp, % pPV, % nPV, % LR+ LR- 

IL-10 60,4±7,1 78,6±7,8 82,9±6,4 53,7±7,8 2,82 0,50 

LF 83,3±5,4 85,7±6,6 90,9±4,3 75,0±7,7 5,83 0,19 

It should also be noted that in the course of our studies, a statistically significant 

positive correlation was observed between IL-10 and lactoferrin (ρ=0.645, 

p˂0.001).  

Taking into account the results of our study we can conclude that these data may 

serve in the diagnosis and monitoring of breast cancer treatment. 
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Abstract 

The purpose of our research was to conduct an analysis of an Azerbaijani patient diagnosed 

with early epileptic encephalogatia for the first time using modern molecular genetic 

methods, to study the genetics of the disease. In order to research of molecular genetic 

study of early epileptic encephalopathy, we screened the SPTAM1 gene among children 

with similar diagnoses. For the first time in a patient diagnosed with epileptic 

encephalopathy, this associated identity of SPTAN1 has been identified, with no indication 

that the mutation has been localized.  Among the new alcoholic diseases in the Republic of 

Azerbaijan are the centers for the treatment of early epileptic encephalopathy and health 

disease SPTAM1 gene screening. Five mutations for CFTR gene for the first time was 

identified in Azerbaijan population. They are as follows: Phe508del, 965,(T>C), 1000 

(G>T), 1210-1211 (T>G) and 328 (G>C). Gene frequencies were equal to: Phe508del 

(68,75%), in two 965,T>C (12,5%) and in each of – 1000 G>T (6,25%), 1210-1211,T>G 

(6,25%) and 328,G>C (6,25%). We were first to describe mutation 965, T>C (Leu322Pro). 

Among children under study, cystic fibrosis diagnosed kids’ amount consisted 5,37%. 

Keywords: inherited diseases, mutation, gene, protein, nucleotide, amino acid 

 

Introduction 

Epileptic encephalopathies (EE) are a group of progressing diseases of different 

etiology which is expressed as neurocognitive deficit and epileptiform activity on 

the electroencephalogram. EE make 15% of all epilepsy forms in childhood age 

and up to 40% of all epileptic onsets in their first 3 years of life (Zhu et al., 2017). 

10 syndromic forms of EE are outlined (Saitsu et al., 2010; Stabach & Morrow, 

1997). Genetic factors play special role in pathologies development in around 70-

80% patients and not less than 40% of all idiopathic epilepsies have got monogenic 

mailto:royahuseynova2006@gmail.com
https://pubmed.ncbi.nlm.nih.gov/?term=Zhu+X&cauthor_id=29186148
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nature (Writzl et al., 2012). 35 genes responsible for EE occurrence are identified 

and the search is still continued. Severe genetic heterogeneity of early EEs is 

showed, 16 of which are inherited autosome-dominant, 13 –autosome –recessive, 4 

– X-linked recessive and 2 – X-linked dominant (Hamdan et al., 2012; Nonoda et 

al., 2013). 

Goal of our researches is modern molecular genetic diagnostics study of one 

patient with epileptic encephalopathy diagnosis from Azerbaijani family. 

As to WHO information, there more than 6000 inherited diseases that have been 

already studied. The major part of identified genetic diseases consist of monogene 

natured ones. It is understood from their names that one gene is mutated and causes 

monogene natured inherited disease. There are around 5000 monogene inherited 

diseases (Trujillano et al., 2017; Riordan et al., 1989).  

Cystic fibrosis is the widest spread monogene natured inherited disease. Cystic 

fibrosis is autosome recessive inritance type disease (Bailey, 2013). 

 Frequency of the disease (homozyous form) is 1:2500-5000 in newborns. 

Heterozygous carriers are born as 1:25-30 (McKusick, 2002). 

In 80’s of the last century, gene (CFTR) structure of cystic fibrosis disease was 

identified and studied by means of molecular-genetic methods. Gene CFTR locates 

on the long arm of the seventh chromosome (7q31). The size of the gene is 190 kb 

and covers 27 exons. CFTR gene takes part in synthesis of transmembrane protein 

sized 170 kDa (Bailey, 2013). 

For now more than 700 mutations of CFTR gene have been identified, and most of 

them are rarely encounted. Inheritance type for cystic fibrosis is autosome-

recessive (Vissers et al., 2016). 

Pathogenic variants in the CFTR gene are causative for cystic fibrosis, an 

autosomal recessive disorder. Cystic fibrosis is a multisystem disease affecting 

epithelia of the respiratory tract, exocrine pancreas, intestine, hepatobiliary system, 

and exocrine sweat glands. Morbidities include progressive obstructive lung 

disease with bronchiectasis, frequent hospitalizations for pulmonary disease, 

pancreatic insufficiency and malnutrition, recurrent sinusitis and bronchitis, and 

male infertility. Pulmonary disease is the major cause of morbidity and mortality in 

cystic fibrosis. Meconium ileus occurs at birth in 15%-20% of newborns with 

cystic fibrosis. More than 95% of males with cystic fibrosis are infertile (OMIM®: 

219700; GeneReviews - PMID: 20301428) (Bailey, 2013). 

http://europepmc.org/search/?scope=fulltext&page=1&query=AUTH:%22Trujillano%20D%22
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70% of all identified mutations of CFTR gene present one and the same mutation. 

In exon 11 in place of protein biosynthesis the mutation between nucleotides 1521-

1523 causes deletion of Phenialanine in position 508. Since the synthesized protein 

is not structurally normal, it cannot come out from endomplazmatic reticulum and, 

changes are observed  in its tolerance and activity (Riordan et al., 1989). 

All types of mutations of CFTR gene are identified as point mutations, manor and 

major deletions, transversions, inversions et cetera. Around half of all identified 

mutations are missense mutations (Nonoda et al., 2013; Riordan et al., 1989). 

The following mutations consist 76% of CFTR gene mutations: del121kb, delf508, 

del1501507, 1677delTA, 2143delT, 2184insA, 394delTT, 3821delT, G542X, 

W1282X, N1303K, L138ins, R334W and 3849+10kb C→T (Rose & Uhl, 2010; 

Stabach & Morrow, 1997). 

Altogether, protein synthesized by CFTR gene regulates chloride channels’ 

activities which are located in apical membranes of epithelial cells. Disease 

damages function of lungs and pancreas. Diagnostic sign is increase of clorides and 

sodium values in kid’s sweat. Only 2% of patients have got normal values of 

chlorides in sweat with tipical features of the disease. In these cases, molecular-

genetic methods are used to identify mutation in CFTR gene (McKusick, 2002).  

CFTR gene mutations causing cystic fibrosis inherited disease have not been 

identified for Azerbaijan Republic population. 

Thus, we put up a goal to study CFTR gene mutations for population of Azerbaijan 

Republic, using molecular-genetic method complex. 

 

Materıal and Methods 

A child born in 2019 was diagnosed with early epileptic encephalogatia at the 

Azerbaijan Medical University's Teaching Therapeutic Clinic. During the 

compilation of the genealogy, it was determined that the patient's parents, as well 

as his parents, were in the marriage of close relatives. Thus, the fathers of the 

patient's parents are brothers. Genetic analysis of the patient and his parents was 

performed. For analysis, venous blood was soaked in three different DBS cards 

(Dry blood spot), and after drying, it was sent to the German CENTEGENE 

laboratory in a special envelope for genetic analysis. Direct sequencing of the 

SPTAN1 gene was performed by the Sanger method. Using the method, it was 

possible to test an existing mutation within the SPTAN1 gene. The Whole Exome 
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Sequencing method (CentoXome®) was used. The method was developed in 

CENTOGENE laboratory (Rostock, Germany). 

Missens mutation of the SPTAN1 gene in a 9-month-old child diagnosed with early 

epileptic encephalopathy using a combination of modern molecular genetic 

methods: quanine nucleotide replacement with adenine nucleotide has been 

identified in gene 2908 (SPTAN1 2908G> A). As a result of the mutation, the 

amino acid glutamine was replaced by the amino acid lysine at position 970 of the 

protein (Glu970Lys). According to the recommendations of Centogene Laboratory 

and ACMG (American College of Medical Genetics), the mutation was classified 

as grade 3 according to the degree of importance. 

Examination has been provided for 149 children-patients who applied to Scientific 

Research Pediatry Institute under Ministry of Health, Republic Children’s Hospital 

and polyclinic departments in the different areas. For every patient 1 ml venouz 

blood has been sampled into a tube with EDTA anticoagulant solution. Later on it 

was absorbed to special DBS (dried blood spots) cards and dried up for an hour at 

room temperature, only then has been sent to the laboratory for further analysis.  

Study has been carried out at “Laboratory science” Chair atthe Azerbaijan State 

Doctors’ Advanced Training Institute after A.Aliyev and CENTOGENE laboratory 

in Rostock, Germany. 

A part of analysis were tested on ROTOR-GENE apparatus. To do that, a panel of 

6 mutations of CFTR gene: delF508, W1282X, N1303K, delT2143, 3849+10kb 

C→T və del2,3-21kb) was used. 

The different part of analyses havs been carried out by means of fluorimetric 

methods, liquid chromatography and mass-spectrometry.  

 

Results 

Missens mutation of the SPTAN1 gene in a 9-month-old child diagnosed with early 

epileptic encephalopathy using a combination of modern molecular genetic 

methods: quanine nucleotide replacement with adenine nucleotide has been 

identified in gene 2908 (SPTAN1 2908G> A). As a result of the mutation, the 

amino acid glutamine was replaced by the amino acid lysine at position 970 of the 

protein (Glu970Lys). According to the recommendations of Centogene Laboratory 

and ACMG (American College of Medical Genetics), the mutation was classified 

as grade 3 according to the degree of importance. 
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The following table presents results of 8 cystic fibrosis patients identified during 

149 children patients were tested for CFTR gene mutations.     

Patient F.A. is double heterozygote according to two different mutations 

(compound form). The first nucleotide substitution has taken place in the exon 4 of 

CFTR gene in position 328. Guanine is changed with Cytosine. As a result of this 

mutation, protein synthesized changes in position 110 Asparagine aminoacid with 

Histedine  aminoacid (328 G>C, 110 Asp>His). 

The second change in CFTR gene happened in the exon 8. In the position 1000of 

the exon Cytosine nucleotide was substituted with Thymine nucleotide, and in the 

result protein biosynthesized got change of Arginine amnoacid with Triptophan 

aminoacid in  position 334 (1000 C>T, 334 Arg>Trp).  In father of the patient F.A.  

328 G>C (110 Asp>His) CFTR gene mutation was found in heterozyous state, in 

his mother - 1000 C>T  (334 Arg>Trp) mutation also in heterozygous state. 

Five patients - D.S., A.T., A.N., R.F. and B.A. had got the same deletion in exon 

11 of  CFTR gene genin between 1221-1223 nucleotides in hetero- and 

homozygogous form. As a result of the mutation, biosynthesis of protein shows 

deletion of Phenylalanine aminoacid (Phe508del). 

B.D. patienthas got homozygous form of CFTR gene mutation as a result of change 

of Thymine nucleotide with Cytosine nucleotide in position 965 (965, T>C/965, T 

C). During protein biosynthesis, Leucine aminoacid was substituted wit Proline 

aminoacid in position 322. Prior to us mutation  965, T>C  has not been described 

in Azerbaijan. 

Some of mutations Phe508del (patients A.T.,A.N., R.E., B.A.)  identifications have 

been done with ROTOR-GENE apparatus. Other part of mutations has been 

identified through  directly sequencing. 

Only one of 5 identified mutations (Phe508del) is the mostly spread type. The rest 

four mutations: 328(G>A), 965(T>C), 1210-1211(T>G) and 1000(G>T) are not the 

often encountered and treated as rare mutations of CFTR gene. 

Identified mutations have been found in intron 9 and exons 4, 8, 9 and 11. 

Eight patients have been examined, and out of 16 CFTR genes: 11 identified 

Phe508del mutated gene  (68,75%), two manifested  965,T>C mutated gene 

(12,5%), the rest each one gene revealed – 1210-1211,T>G (6,25%), 1000, G>T 

(6,25%) and 328,G>C (6,25%) mutations.  
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Among tested patients frequency of index patients with cystic fibrosis was 5,37%. 

If showing in fractions, then CFTR gene frequency was 0,0537. 

 

Table 1. Results of molecular genetic studies of CFTR gene 

Patient Gene mutation Protein 

mutation 

Genotype Method 

D.Kh. 1521-1523 exon 11 

1210-1211T>G intron 9 

Phe508del Compound Direct 

sequencing 

D.S. 1521-1523del exon 11 Phe508del Homozygote Direct 

sequencing 

F.A. 328 G>A exon 4 

1000 G>T exon 8 

Asp>110His

Arg>334Trp 

Compound Direct 

sequencing 

B.D. 965 T>C   Leu322Pro Homozygote Direct 

sequencing 

A.T. 1521-1523del exon 11 Phe508del Homozygote Genetic panel 

A.N. 1521-1523del exon 11 Phe508del Homozygote Genetic panel 

R.E. 1521-1523del exon 11 Phe508del Homozygote Genetic panel 

B.A. 1521-1523del exon 11 Phe508del Homozygote Genetic panel 

Thus, as a result of screening done in Baku city of Azerbaijan Republic children 

hospitals, eight children-patients with cystic fibrosis diagnosis were identified for 5 

mutations of CFTR gene. One mutation of these, i.e.  965 (T>C)  has not been 

found and described prior to us. 

To prophylaxy cystic fibrosis in the Republic, it is recommended to carry out 

genetic screening of newborns, to consult genetically risky families and to provide 

prenatal diagnosis of fetus during the following pregnancies.  

 

Conclusıon 

1. Missens mutation of the SPTAN1 gene in a 9-month-old child diagnosed with 

early epileptic encephalopathy using a combination of modern molecular 

genetic methods: quanine nucleotide replacement with adenine nucleotide has 

been identified in gene 2908 (SPTAN1 2908G> A). 

2.  As a result of the mutation, the amino acid glutamine was replaced by the 

amino acid lysine at position 970 of the protein (Glu970Lys). 

3. For the first time five mutations of CFTR gene: Phe508del, 965,(T>C), 1000 

(G>T), 1210-1211 (T>G) and 328 (G>C) have been identified. 
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4. Gene frequencies for mutations are equal: Phe508del (68,75%), in two 

965,T>C (12,5%) and for each one – 1000 G>T (6,25%), 1210-1211,T>G 

(6,25%) and 328,G>C (6,25%).Mutasiyaları gen tezlikləri bırabərdi:  

5. Mutation 965, T>C (Leu322Pro) has not been described prior to us. 

6. Among all examined children, frequency of cystic fibrosis was 5,37%. 
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Abstract 

In this study 193 Klebsiella pneumoniae were isolated from urinary tract infections, ulcers, 

sputum and blood. Initially, Mac agar medium was used to isolate the bacterium, and for 

each suspected isolate, pink and aqueous colonies were stained and biochemical tests of 

catalase, oxidase, TSI, IMVIC Test and urase were performed. Confirmation of the isolates 

using 16SrRNA sequencing Some isolates are evaluated. Then all isolates evaluated for 

sensitivity to antibiotics such as Ampicillin, Amoxicillin clavulanate, Piperacillin, 

Cefoxitin, Cefuroxime Imipenem, Tetracyclines, Nitrofurantoin, Polymyxin B Colistin, 

they use disk diffusion test. In the process, the presence of the acr efflux pump gene is 

confirmed by using an specific primer namely Acr primer, and finally, using phenylalanine-

arginine- beta naphthylamide inhibitor, the relationship between antibiotic resistance and 

efflux pump function is evaluated. Overall, 50.2% of the collected samples contained 

Klebsiella. Thus, 193 of 384 clinical specimens contained Klebsiella. Of the 193 positive 

samples, the groin lesions had the highest percentage and the abscess had lowest percentage 

of Klebsiella infection, although Klebsiella was significantly separated from the throat, 

sputum, catheter and foley. Antibiotics, cefazolin, ceftazidime, ciprofloxacin, 

Chloramphenicol, tetracycline had higher antibacterial activity. Results were analyzed by 

Whonet 5 and SPSS software. 

Keywords: Klebsiella pneumoniae, Enterobacteriaceae, efflux pump, drug 

resistance 
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Introduction 

Klebsiella, a gram-negative bacterium, belongs to the family Enterobacteriaceae. 

This bacterium was isolated by Carl Friedlander from the lung of a patient with 

pneumonia and is called Bacillus Friedlander, a severe and deadly pneumonia 

agent. Like other immobilized Klebsiella species and produces a polysaccharide 

capsule (Mphba, 2005). 

 

Morphology and cultivation characteristics 

The members of the genus Klebsiella are shorter and thicker than other members of 

the Enterobacteriaceae family and are about 1–2 μm long and 0.8–0.8 μm wide. 

They are seen as placenta or single and sometimes resemble diplobacillus 

pneumococcus. It produces a large capsule in environments that contain 

carbohydrates and no nitrogen. Klebsiella strains have type 1, 2 and 3 fimbriae. 

This bacterium disappears for 30 minutes at 55C (Mphba, 2005; Hsueh et al., 

1977). 

These organisms are positive for urease, lysine decarboxylase and negative for tests 

of ornithine decarboxylase, arginine dehydrolase, and indole production. The VP 

test is positive. This organism is acidic in the TSI medium, without hydrogen 

sulfide gas production as well as pyrolysis. Growth of this bacterium, although 

optional anaerobic, is weak under absolute anaerobic conditions. Lack of ability to 

lysis red blood cells on blood agar medium. The optimum growth temperature of 

this organism is 37 ° C (Forbes et al., 2007). 

Almost all grow in citrate and molar Hinton containing KCNs and their G + C is 

52-58%. These organisms are part of the natural microflora of the intestine, 

stomach, and human respiratory tract, and about one-third of them are carriers of 

this bacterium. These bacteria are one of the most important causes of nosocomial 

infections and cause a wide range of infections, including septicemia, pneumonia, 

urinary tract infection, meningitis, and purulent abscesses (especially liver 

abscesses) (Mphba, 2005). 

Klebsiella pneumoniae clinical isolates are divided into four groups based on 

nucleotide changes in the gyrA, parC and rpoB genes, including KP I, A-KP II, KP 

II-B, KP III (Alves et al., 2006).  

Klebsiella is the only genus in the Enterobacteriaceae family that has the ability to 

stabilize nitrogen in the air and convert it to ammonia and amino acids. Another 
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metabolic product of this bacterium is 1,3-propanediol, which is produced under 

microaerophilic conditions (Huang et al., 2002).  

 

Pathogenic factors 

Five factors have been proposed for Klebsiella pathogenesis, including capsular 

antigen (as the most important virulence factor in Klebsiella pneumoniae), 

adhesives, lipopolysaccharide, siderophore, Klebsiella pneumoniae (Struve et al., 

2009; Campos et al., 2004).  

 

Typing methods of Klebsiella pneumoniae 

Klebsiella pneumoniae typing methods are either based on phenotypic 

characteristics called phenotyping or based on genotypic characteristics called 

genotyping. Phenotyping, which includes serotyping, biotyping, bacteriocin typing, 

phagotyping, and antibiograms, can generally be said to lack complete 

differentiation, reproducibility, and typing. Genotyping examines the differences 

and similarities of DNA sequences that are called Mass-Sequencing Technologies 

if they look at specific parts of DNA, and Whole Genome Sequencing, if they look 

at the entire DNA sequence. Some Fingerprinting methods are currently considered 

as the most suitable methods for genotyping microorganisms for epidemiological 

purposes. These include PFGE, ribotyping and some PCR-based typing techniques 

such as RAPD, AFLP, VNTR. All of these methods use an electric field to separate 

DNA fragments (Shakil et al., 2008).  

 

Pathogenicity of Klebsiella pneumoniae 

The strains of Klebsiella pneumoniae that cause pneumonia are usually capsular 

serotypes 1 and 2. The cases are in people of middle age or older who have 

underlying medical problems, such as chronic bronchopulmonary disease, diabetes, 

or alcoholism. Klebsiella pneumonia in about 25 to 75% of patients produces a 

thick bloody sputum that does not smell disgusting. In this pneumonia, necrosis 

and abscess are more likely than other bacterial pneumonia and blood cultures are 

positive in 25% of patients. Klebsiella pneumoniae strains are particularly resistant 

to many drugs and generally cause more severe disease than streptococcal 

pneumonia. Even with proper treatment, the mortality rate of Klebsiella pneumonia 

is 40 to 60 percent. Klebsiella pneumoniae is one of the causes of urinary tract 
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infections, wound infections, bacteremia and meningitis (Cortés et al., 2002). 

Pneumonia caused by Klebsiella spp often causes necrotic destruction of alveolar 

spaces, produce cavity formation and pale bloody sputum. The organism's ability to 

cause disease due to decreased host defense is due to complex and prolonged 

surgical procedures as well as increased use of different drugs (Lin et al., 2004). In 

humans Klebsiella species are found on the skin, pharynx or digestive tract. The 

bacterium is found in sterile wounds, urine, and may be considered normal flora of 

the small intestine and bile ducts (Campos et al., 2004).  Klebsiella is transmitted 

from one patient to another through contaminated medical devices, contaminated 

hands of hospital staff, and blood products, while areas causing infection by 

Klebsiella spp., Surgical wounds, peritoneum, catheter insertion sites, Urinary 

ducts, gastrointestinal and biliary tracts (Wilson’s, 2006). Klebsiella pneumoniae is 

the cause of urinary tract infections, neonatal arthritis, meningitis, wound 

infections, nosocomial pneumonia, bacteremia, septicemia, and soft tissue 

infections (Lin et al., 2004). Hospital-acquired pneumonia is a severe disease with 

high mortality associated with rapid invasion, high fever, bloody sputum and 

visible abscesses on chest radiographs. The mortality rate is about 25 to 50% 

(Campos et al., 2004). Klebsiella pneumoniae cause syndrome which is the reason 

for septicemia with liver abscesses, which brings about 10 to 40% of deaths. K1 

capsular serotype is the dominant serotype of Klebsiella pneumoniae in the 

development of hepatic abscesses (Williams et al., 1983). Various underlying 

diseases including diabetes, alcohol overuse, bile duct disease, malignancies, liver 

cirrhosis, kidney disease, intra-abdominal infections, history of steroids, history of 

abdominal surgery and history of antibiotic use (Roberts et al., 1989), all are risk 

factors for liver abscess infection due to the K1 capsular serotype in Klebsiella 

pneumoniae (Cbat, 1989). Klebsiella pneumoniae as a common pathogen causing 

bacterial endophthalmitis of intrinsic origin associated with liver abscess in Asia. 

Klebsiella pneumoniae K1 capsular serotype has the ability to cause central 

nervous system infection as a complication of purulent liver abscesses in patients. 

Klebsiella pneumoniae is also associated with chronic diarrhea in HIV-positive 

people (Hbjak et al., 1987).  

 

Antibiotic Resistance Mechanisms in Klebsiella 

Antibiotics are natural products or synthetic organic compounds that usually inhibit 

or destroy certain bacteria at low concentrations. Antibiotics are divided into 5 

categories in terms of function. 1) Cell wall synthesis inhibitor 2) Protein synthesis 

inhibitor 3) Interference with nucleic acid synthesis 4) Inhibition of metabolic 

pathway 5) Degradation of membrane structure. 



Frequency of Prevalence of Klebsiella pneumoniae in Clinical Samples and the  

Evaluation of the Role of Efflux Pump in Determining Antibiotic Resistance 45 

Resistance to antibiotics 

Resistance to antibiotics is applied in two ways. 1. Genetic dependent 2. Non-

genetic dependent. Genetically dependent resistance is either dependent on the 

chromosome or the plasmid (Izard et al., 1981).  

Drug resistance dependent on Klebsiella efflux pump 

Nowadays one of the mechanisms of drug resistance in bacteria is the existence of 

efflux pump in bacteria. efflux pumps are transfer protein like toxins and 

antibiotics from the cell to the environment (Izard et al., 1981). In recent years, 

Klebsiella drug-resistant strains have been widely observed, and resistance to 

quinolones is generally one of the most important object. On the other hand, the 

mechanism of resistance to quinolone antibiotics reports the presence of efflux 

pumps in these bacteria (Bagley et al., 1981). A common feature of all efflux 

systems is the ability to remove a variety of antibacterial substances such as 

antibiotics, biocides, dyes, cleaners, fatty acids and organic solvents (Ferragut et 

al., 1983). Efflux pumps reduce the concentration of drug inside the cell and create 

resistant strains of bacteria by increasing the lowest inhibitory concentration 

(MIC). In bacteria, there are five families of efflux pumps that are divided into two 

groups according to the energy acquisition method for substrate transport: first-

class pumps that use ATP energy for transport and only include ABC pumps or 

(cascade-dependent proteins to ATP). Second-class pumps use the gradient energy 

of the proton concentration to transport the substrates (Sakazaki et al., 1989). The 

five major classes of efflux pumps are the MFS or Major facilitator superfamily, 

the SMR or Small multidrug resistant family, the RND or Resistant nodulation 

division family, the MATE or Multidrug and toxic efflux family, and the ABC or 

ATP binding cassette family (Gavini et al., 1983). Efflux pumps are either single or 

triple. One-part efflux pumps direct the protein out of the bacterial cell after protein 

absorption, while three-part efflux pumps excrete it directly after the drug is 

absorbed (Ferragut et al., 1983; Drancourt et al., 2001; Alves et al., 2006).  

Multidrug resistance (MDR) is a bacterial pathogenic ability to withstand deadly 

doses of structurally diverse drugs capable of eradicating non-resistant strains. MDR 

is recognized as a major threat to human health by the World Health Organization. 

Of the four general mechanisms that cause antibiotic resistance, including target 

transformation, drug inactivation, permeability reduction, and increased efflux 

activity, efflux pump removal, which acts as an important MDR mechanism. 

The efflux pump can not only remove a wide range of antibiotics due to its multi-

substrate property, but also provide additional resistance mechanisms that reduce 

intracellular antibiotic concentration and increase mutation accumulation. The 
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over-expression of multi-drug efflux pumps is increasingly indicative of clinical 

drug resistance. On the other hand, the evidence gathered indicates that efflux 

pumps have physiological function in bacteria and that their expression is in tune 

with different types of environmental and physiological signals (Bsgfg, 2006).  

Mechanism of drug secretion by efflux pump 

Efflux pumps are prominent in terms of their high drug efficacy and broad 

substrate properties, due to their multidrug resistance. The fact that all bacterial 

genomes contain the efflux pump gene, particularly in stressful situations, 

development, pathogenesis and contagion, their expression is closely monitored by 

a number of local and global transcription regulators. It has been suggested that 

drug efflux pumps have physiological function. The evidence gathered suggests 

that efflux pumps actually play a general role in detoxification in different 

physiological processes of bacteria. 

Although efflux genes are distributed throughout bacterial genomes, with the 

exception of a few native efflux systems, most of them are under strict control by 

different transcriptional regulators and their role is to facilitate the adaptation of 

bacteria to specific stimuli. 

Given the capacity of efflux pumps for a wide range of indirect structural 

chemicals, it is predictable that over-expression of efflux pumps may lead to 

unintended withdrawal of metabolites or other signaling molecules, resulting in 

deleterious effects, affects cellular physiology. 

 Therefore, expression of efflux pumps is usually well regulated and expressed 

only at low levels under normal and normal growth conditions. Although the 

composition and performance of MDR, efflux pumps are relatively conserved in 

different species, their regulatory mechanism is significantly different. 

Given the high importance of Klebsiella pneumoniae multidrug resistance in the 

treatment of infectious diseases as well as the strong role of oqxAB efflux pumps 

in the development of this type of resistance, we aimed to investigate the frequency 

of efflux pump-dependent antibiotic resistance in isolates. Clinical Klebsiella 

pneumoniae isolated from patients referred to Shiraz hospitals. 

Literature review 

In a study by Ziqing Deng and colleagues in 2014 on the efflux pump, they 

concluded that the efflux pump can not only remove a wide range of antibiotics due 

to its Poly-substrate property, but also gain mechanisms. Additional resistance is 

also found, which reduces intracellular antibiotic concentration and increases 
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mutation accumulation. Overexpression of multi-drug efflux pumps is increasingly 

associated with clinical drug resistance. On the other hand, the evidence gathered 

indicates that efflux pumps have physiological function in bacteria and that their 

expression is in tune with different types of environmental and physiological 

signals (Sun et al., 2014).  

In 2007 According to study by the Department of Microbiology and Immunology 

at Kingston University, the efflux pump is found in almost all bacterial species, and 

the genes of this type of proteins are put on chromosomes or plasmids. Membrane 

scattered regions, energy sources and substrates, bacterial efflux pumps are divided 

into five families: RND family, large facilitator family (MFS), ATP family 

(adenosine triphosphate), family (ABC), small multiple family (SMR) (Poole, 

2007; Piddock, 2006).  

In a 2013 study by Jadwiga and Anna, apart from the RND family found only in 

gram-negative bacteria, the output systems of the other four families MFS, ABC, 

SMR and MATE are widely used in both bacteria. Gram positive and negative are 

distributed (Handzlik et al., 2013).  

In a 2004 study by Nikaido, Efflux pumps, which are single-component 

transducers or multicomponent systems, include not only an inner membrane 

receptor but also an outer membrane channel and a pre-plasmatic adapter protein 

similar to the efflux pumps such as RND (Li & Nikaido, 2004).  

According to a 2006 study by the University of Birmingham, RND family pumps 

are widely used, due to tripartiite compounds that directly release various drugs 

from the cytosol or periplasmic space out of the bacterial cells. It is known with 

significant antibiotic resistance, such as AcrB in Escherichia coli, Salmonella 

typhimurium, and MexB in Pseudomonas aeruginosa. In gram-positive bacteria, 

efflux pumps are clinical members of the MFS family (Piddock, 2006).  

In 2013 at Rakuno Gakuen University in Sapporo, Japan on 50 clinical specimens 

obtained on E.coli, isolated from human clinical specimens and canine feces, show 

a strong correlation in overexpression of AcrAB pumps with It is highly resistant to 

fluoroquinolone (Sato et al., 2013).  

In another study conducted by Dr. Pakzad et al. (2013) at the University of Ilam on 

the Klebsiella pneumoniae strain, 52 of the 40 patients who were hospitalized at 

Shahid Motahari Hospital in Tehran, all 40 isolates of ciprofloxacin, tetracycline, 

Ceftazidime and gentamicin showed high levels of AcrAB efflux pump, especially 

in ciprofloxacin-resistant strains (Pakzad et al., 2013).  
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Also, a 2012 study by Wayne State University in the United States reported a 

relationship between over-expression of the efflux pump with appropriate clinical 

MDR in Gram-positive bacteria. Among the several hundred clinical specimens of 

S. aureus isolated by Christos et al., It was found that overexpression of the pump 

gene was geographically widespread. These strains were predominantly resistant to 

methicillin and their resistance was correlated with norA and mepA expression 

(Kosmidis et al., 2013).  

According to the findings, at the University of Birmingham in 2006, the Efflux 

pump is prominent in terms of its high drug delivery efficiency and its broad 

substrate properties, due to its multidrug resistance (Piddock, 2006).  

In 2015, Jing Sun et al., Realized that all bacterial genomes contained the efflux 

pump gene, Espicially under stressful conditions, development, pathogenicity, and 

contagion, their expression being closely monitored by a number of Local and 

global transcriptional regulators have suggested that medicinal efflux pumps have 

physiological function. Evidence was collected that efflux pumps actually play a 

general detoxification role in different physiological processes of bacteria (Zou et 

al., 2015).  

According to a study done at the Department of Microbial Biotechnology in 

Madrid in 2004, although efflux genes are distributed everywhere in bacterial 

genomes, with the exception of a few autophagy systems, most of them are under 

strict control by different transcriptional regulators. And their role is to facilitate 

the adaptation of bacteria to specific stimuli (Alonso et al., 2004).  

According to a 2009 study by the School of Microbiology and Infectious Diseases 

at the University of Saka, Japan, given the efflux pump's capacity for a wide range 

of indirect structural chemicals, it is predictable that over-expression of the efflux 

pumps may be Lead to the unwanted secretion of metabolites or other signaling 

molecules, which in turn has deleterious effects on cellular physiology. Therefore, 

expression of efflux pumps is usually well regulated and expressed only at low 

levels under normal growth conditions. Although the composition and performance 

of MDR efflux pumps are relatively conserved in different species, their regulatory 

mechanism is significantly different (Nishino et al., 2009).  

 

Methodology  

In this study, SPSS software version 20 “Statistical Package for the Social 

Sciences” and the statistical program, Student's t-distribution and Chi Square were 

used to analyze the data. 
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Collection of clinical specimens 

The following statistical formula was used to determine sample size: 

z pq
n

d
=

2

2
  

where in; 

 z: The value of the standard normal variable is 95% and is 1.96 

 p:  A proportion of people in the community who had the desired attribute were 

considered to be 0.5. 

 q: A proportion of people in the community who did not have the desired attribute 

were considered to be 0.5. 

 d: And the error value is equal to 0.05. 

Due to the above relation, sample size is calculated as follows: 384 

A total of 384 specimens, from those who had clinical symptoms, the sampling was 

done randomly included pharyngitis patients swabs, sinus secretions of patients 

with chronic sinusitis, secretion of middle ear infections patients, pulmonary 

secretions of patients with respiratory failure who were admitted to the intensive 

care unit, and samples of urinary tract infections, in Dena and Namazi hospital 

were collected. The sampling  period lasted from 3 months from May 2019 to July 

2019 

Phenotypic isolation and identification of clinical specimens 

Klebsiella pneumoniae isolates are Gram-negative bacilli, oxidase negative and 

lactose positive which in acidic and yellow environment in TSI medium acidic and 

yellow which are associated with gas production. In terms of endolysis and MR test 

negative and VP reaction and citrate test positive. These organisms are positive for 

the lysine decarboxylase test and are generally immobilized and their urea 

hydrolysis test is also positive. 

Preservance Preservation of Klebsiella strains 

After identifying the isolates for long-term storage, the bacteria were first cultured 

in vials containing TSB medium and incubated at 37 ° C with 20% sterile glycerol 
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and then incubated until the tests were performed. The culture was stored in a -70 ° 

C freezer (BMB, 2012).  

Confirmation of the identification of Klebsiella by molecular method 

To confirm the phenotypic identification, 5 isolates were selected by chance and 

evaluated using 16SrRNA primer. 

Determination of susceptibility of Klebsiella isolates to antibiotics by disk 

diffusion method 

The test was performed using the Kirby Bauer standard method according to the 

International Laboratory Standards Institute (CLSI) guidelines. Muller Hinton Agar 

medium, antibiotic discs with standard table were used for this test. Muller Hinton 

agar medium was prepared and its pH was adjusted from 7.2 to 7.4. The plates 

were incubated at 35 ° C for 24 h to control infection. Containers containing 

antibiotic discs of ampicillin, cefazolin, piperacillin, tobramycin and imipenem 

were then transferred from a -20 ° C freezer (long-term storage) to a 4-degree 

refrigerator (short-term storage) (MAST UK antibiotic discs were purchased). A 

few minutes before the test, the disc containers were kept in the laboratory to reach 

room temperature. Next, a standard microbial suspension was prepared for the test. 

Since the strains that were not cultured for more than 24 hours were used for the 

preparation of the suspension, the samples were cultured on simple gel medium the 

day before antibiogram. They were then incubated at 35 ° C for 24 h. Transfer 

some of the colon to a tube containing 2 ml of sterile physiological serum, and after 

mixing with the mixer, the resulting suspension turbidity was adjusted to half-

McFarland's turbidity. The sterile cotton swab was then immersed in the prepared 

bacterial suspension and then squeezed onto the lateral wall of the test tube to drain 

off the excess fluid, then cultured on a Muller Hinton agar medium by rotating the 

culture angle, for three times. 15 minutes after the inoculation of the antibiotic 

discs that were brought to room temperature, they were placed on a plate at a 

distance of at least 2.25 cm from each other as well as from the edge of the plate. 

Plates were incubated at 35 ° C for 24 hours. Then, using the ruler, the diameter of 

the growth zone around each disk was measured and the corresponding results 

were recorded in the prepared forms. 

Table 1. Features of Klebsiella 

Antibiotics Klebsiella 

Antibiogram 

Sensitive 

to 

Resistance 

to 

Intermediate 

to 

Cefazolin 13% 88% - 

Ceftriaxon 23% 77% - 

Cefixime 22% 78% _ 
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Nalidixic acid 18% 82% - 

Tobramycin 33% 50% 17% 

Pipracillin _ 100% _ 

Cefepime 63% 38% - 

Imipenem 100% - - 

Meropenem 45% 54.00% _ 

Chloramphenicol 81% 18% - 

Ampicillin - 100% - 

Nitrofurantoin 66% 33% _ 

Cefotaxim 26.08% 74% - 

 

DNA extraction for genotypic identification and determination of efflux pump 

genes 

DNA extraction was performed in this study using the Total Extraction Kit, a 

product of Sinaagen. The basis of DNA extraction using the kit was that the high 

concentration of salt binds DNA to the matrix with a silica filter. Reversibly, under 

conditions of low salt concentration, such as in the wash solution or Tris-HCL 10 

mM, the DNA is extracted from the silica filter and inserted into the above 

solutions. The ributinase enzyme in this kit digests the RNA and protein together 

with the DNA, making the resulting DNA readily available for polymerase chain 

reaction or PCR. 

The steps of DNA extraction 

For this test, 5 ml of the bacterial suspension containing 1.5 108 108 bacteria per 

ml were centrifuged at 300 rpm for 5 minutes. The solution was then discarded and 

the precipitate was washed with PBS. This operation was repeated twice. 

Subsequently, the addition of 10µl of periclase buffer and 10µl of ributinase was 

added and slowly vortexed for a few seconds. The test tubes were then incubated at 

55 ° C for 30 min. From the above sample, 10µl was added to a 1.5 sterile 

Ependorf tube. Then 400µl of Laisse buffer solution was added and vortexed for 20 

seconds at high speed. Afterwards, 300µl of the solution was added to the tube and 

vortexed at high speed for 20 seconds. After completion of this step, the sample 

was transferred to the spin column and centrifuged at 1 g for 1 minute. The spin 

column was transferred to a new collecting tube, and 400µL of the wash buffer was 

added and centrifuged for 1 minute at 13,000 rpm. This operation was repeated 

twice. 
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The spin column was again inserted into a new collection tube and this time 30µL 

of buffer was added and then incubated at 65 ° C for 3–5 minutes. Finally, the 

sample was centrifuged at 13,000 rpm for 1 minute to wash the DNA. 

 

Determination of extracted DNA purity: 

Optical absorption of the DNA extracted at 260 and 280 nm was measured by a 

nanodrop machine. If the resulting number is equal to or greater than 1.8 ng / μl, 

the extraction steps are well performed. 

The primers used in the present study 

16SrRNA-F5´-AGA GTT TGA TCM TGG CTC AG-3´ 

16SrRNA-R 5´-CGG TTA CCT TGT TAC GAC TT-3´ 

OqxA-F 5′-GCGTCTCGGGATACATTGAT-3′ 

OqxA-R 5′-GGCGAGGTTTTGATAGTGGA-3′ 

OqxB-F 5′-CTGGGCTTCTCGCTGAATAC-3′ 

OqxB-R 5′-CAGGTACACCGCAAACACTG-3′ 

PCR reaction was performed using positive and negative controls. The standard 

strain of Klebsiella pneumoniae ATCC 700603 was used for positive control and 

the distilled water without DNA was used for negative control. 

Polymerase Chain Reaction and Test Procedures 

In order to increase the efficiency, accuracy and ease of carrying out the 

polymerase chain reaction, the Master Kit made by Synagen was used. This kit 

contains all the ingredients needed to carry out the reaction, with the exception of 

DNA template and primers. Polymerase Chain Reaction was performed in a 

volume of 12.5 µL and in 0.2 ml sterile microtubes. 

The following equation can be used to calculate the melting temperature or 

Annealing Temperature: 

Formula for calculating Ta: Ta = 0.3 x Tm(primer) + 0.7 Tm (product) – 14.9 

1. Tm(primer) = Melting temperature of the primers 
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2. Tm(product) = Melting temperature of the product 

Primer Tm calculation: Tm = 4(G + C) + 2(A + T) =°C 

It should be noted that all primers used in this study were extracted from validated 

sources. Therefore, no gradient temperature program was required to perform PCR. 

Electrophoresis 

In this method, the products of the polymerase chain reaction were electrophoresed 

and the bands formed on the gel, the presence or absence of the desired gene in the 

isolates genome was evaluated. 

Solutions and buffers used in electrophoresis: 

Buffer {(X50) TAE} (X 502) Tris-acetate EDTA 

Use of Whonet software to analyze the effect of antibiotics on clinical isolates 

Whonet is a software program designed to inform antimicrobial resistance based on 

WHO laboratory evaluation of infections. 

This software is a tool for evaluating microbial epidemiology, selecting antibiotics, 

spreading disease and identifying problems in laboratory tests. In the present study 

Whonet version 5.6 software was used. 

Phenotypic Evaluation of efflux Pumps in Klebsiella pneumoniae Isolates 

Using Cartwheel (Ethidium Bromide) 

For this purpose ethidium bromide solution was used and 3 different dilutions of 

1/2, 1/4 and 1/8 were prepared using sterile distilled water. When working with 

ethidium bromide solution, safety conditions such as gloves, masks, goggles and 

hoods were observed. Then 4 g of the powder was dissolved and autoclaved in 200 

ml of distilled water, followed by removal of the culture medium to autoclave 

when the temperature reached 40 ° C using a sample of one cc of each sample. 

Diluted ethidium bromide dilutions were poured into a 10 cm sterile plate and then 

added to the culture medium and stirred to mix with ethidium bromide solution, 

then allowed to completely solidify. Klebsiella specimens isolated by sterile loops 

were drawn as a straight line. Plates were incubated in a 37 ° C incubator for 24 

hours after which the results were recorded and documented by UVTEC gel 

apparatus. 
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Determination of dependence of antibiotic resistance on efflux pump in 

Klebsiella clinical isolates 

At this stage of the experiment, initially isolates are all resistant to ciprofloxacin, 

tetracycline and chloramphenicol. MIC test or minimum inhibitory concentration 

were calculated, then the resistant strains were cultured independently in Muller 

Hinton liquid medium overnight. In 10 tubes containing 1 ml of Muller Hinton's 

liquid medium, different dilutions of antibiotics and then bacterial suspension were 

added. Minimum inhibitory concentration was measured after 24 hours with or 

without turbidity. 

Similarly, after the Muller Hinton liquid medium was cooled, 100 mg / lt of PAβN 

(phenylalanine-arginine beta naphthylamide inhibitor) was added.  

 

Statistics Analysis 

In this study, the results were analyzed using SPSS software version 20. Analytical 

methods in the present study including descriptive analysis (Cross tab) and 

determination of significant relationships with Parametric and Nonparametric 

methods including Chi-square were studied. Finally, the significance level of 

statistical relationships was evaluated at p <0.05. 

 

Data analysis and conclusion 

Phenotypic and Genotypic Identification and Determination of Klebsiella 

Occurrence in Clinical Specimens 

Overall, 50.2% of the collected samples contained Klebsiella by the 

bacteriological, cultural and biochemical tests. Thus, 193 of 384 clinical specimens 

contained Klebsiella. Of the 193 positive samples, inguinal had the highest 

percentage and abscess the lowest percentage of Klebsiella infection, although 

Klebsiella was significantly removed from the throat, sputum, and foley catheter. 

Overall, 18.65% of clinical samples in both Dena and Namazi hospitals contained 

Klebsiella, which, given the ethical issues and commitments that were considered 

at the time of sampling, indicated the incidence of this bacterium in the listed 

hospitals separately was avoided. On the other hand, phenotypic identification of 

Klebsiella isolates showed that all isolates belonged to the pneumoniae species. To 

confirm the phenotypic identification, 5 strains were selected by chance and 
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evaluated using 16SrRNA primer, all of which confirmed the phenotypic 

identification. 

Table 2. Klebsiella’s resistance or sensitive 

Clinical 

Sample 
No Kl. Percentage Resistance Sensitive 

Determination 

of antibiotic 

resistance 

spectrum and 

their 

percentage 

Trachea 50 9 18% - 
 

XDR (18) 

MDR(46) 

Urine 63 10 15.87% 
  

MDR(20) 

Sputum 6 1 16.6%  
 

- 

Nasal 

Swab 

16 2 12.5%  
 

- 

Inguinal 17 6 35.3% 
 

 MDR(50) 

Throat 20 5 25% 
 

 MDR(20) 

Abscess 9 1 11.11%   MDR(100) 

Foley 

catheter 

12 2 16.6% 
 

 MDR(100) 

The results shown in the table show the highest antibiotic resistance in strains 

isolated from trachea samples and then inguinal and foley catheter and the lowest 

antibiotic resistance in strains isolated from urine, sputum and nasal swabs. 

However, the highest sensitivity was evaluated in Klebsiella strains isolated from 

urine and then sputum. On the other hand, all Klebsiella strains were susceptible to 

cefazolin antibiotic and partially and not all Klebsiella strains isolated to 

chloramphenicol, tetracycline and cefipime antibiotics. 

As previously described, resistance to at least one agent in three or more groups of 

antibiotics defined for MDR, resistance to at least one agent in all antibiotic groups 

except one or two XDR groups, and resistance to all antibiotic agents in all. Groups 

are considered PDRs. Therefore, the results of the present study showed that only 

XDR was observed in strains isolated from the trachea, while the rest of the clinical 

specimens contained the MDR Klebsiella pneumoniae strains except sputum and 

nasal swab samples. 
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Antibiotic effect analysis by using Whonet software 

The results of data analysis using Whonet software showed that Klebsiella clinical 

isolates were the most resistant to cefepamin and ceftriaxon antibiotics and the 

most susceptible to nitrofurans and chloramphenicol. 

 

Figure 1. Percentage of resistance of Klebsiella isolates to antibiotics 

 

Figure 2.  Percentage of Klebsiella strains resistance to antibiotics 
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Figure 3. Percentage of susceptibility of Klebsiella strains to antibiotics 

Genotypic evaluation of Efflux pump in Klebsiella pneumoniae isolates using 

oqxAB genes 

Following the results of the Cartwheel test for phenotypic identification of the 

efflux pump in isolated Klebsiella, it was shown that some Klebsiella strains were 

unable to maintain this dye after exposure to ethidium bromide. However, some 

Klebsiella strains were able to maintain this color. Therefore, it was concluded that 

strains that were not able to maintain dye were likely to contain an efflux pump to 

remove antibiotics from the cell. 

The results of genotypic evaluation of efflux pump in isolated Klebsiella showed 

that all strains in the phenotypic test likely contained efflux pump gene containing 

oqxAB genes.  

The results showed that antibacterial, cefazolin, ceftazidime, ciprofloxacin, 

chloramphenicol, tetracycline had more antibacterial activity after blocking the 

efflux pump inhibitor. These antibiotics were antibiotics whose resistance to 

Klebsiella pneumoniae isolates was dependent on the efflux pump as their growth 

inhibitory region was changed from the original antibiogram. Results were 

analyzed using Whonet 5 and SPSS v22 software. According to the Whonet 

software, the horizontal axis in these graphs shows the bacterial growth inhibition 

diameter and the vertical plot in percent of the isolation growth inhibition diameter. 
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Figure 4. OqxA gene electrophoresis gel band size: 200 pairs 

 

Figure 5. OqxB gene electrophoresis gel band size: 150 pairs 

Evaluation of dependence of antibiotic resistance of Klebsiella isolates on 

efflux pump 

The results of evaluation of antibiotic resistance of Klebsiella isolates to efflux 

pump showed that addition of efflux pump inhibitor (phenylalanine-arginine- beta-

naphthylamide) to culture medium increased susceptibility of Klebsiella isolates to 

ciprofloxacin and tetracycline antibiotics was  Resistance to other antibiotics 

dependent on the efflux pump was not evaluated. 
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Statistical analysis of data 

In the present study, the relationship between resistance of Klebsiella pneumoniae 

to antibiotics and presence and absence of efflux pump genes was examined by 

chi-squared test. The results showed that there was a significant relationship 

between the antibiotic resistance of Klebsiella isolates to ciprofloxacin and 

tetracycline antibiotics with P value <0.05. Chi-squared test was used for statistical 

analysis and the results showed a significant relationship with P value <0.05 

between isolates resistant to some antibiotics such as ciprofloxacin and tetracycline 

and presence of oqxAB genes. 

Discussion 

Nowadays The high prevalence of Klebsiella pneumoniae in the hospital 

environment today has limited the options available to treat infections caused by 

this bacterium. However, antibiotic control politics are important along with the 

implementation of infection control measures. In a 2013 study by Derakhshan et al. 

In Tehran. Antibiotic susceptibility testing was performed for 116 clinical isolates 

of Klebsiella pneumoniae strain. The results showed that the antibiotic resistance of 

gentamicin, amikacin is 60% and 37%, which is higher than the resistance of these 

drugs in the present study (Liu, 2012). In a study conducted by Pakzad et al. (2013) 

in Tehran. Antibiotic susceptibility testing was performed for 52 Klebsiella 

pneumoniae isolates isolated from burn samples. The results showed that 

gentamicin resistance was 73% which is higher than the resistance of these drugs in 

the present study (Pakzad et al., 2013). In a 2011 study by Galani et al in Greece, 

antibiotic susceptibility testing was performed on 14 Klebsiella pneumoniae 

isolates with high MIC for amikacin, gentamicin, which had a 48.2% and 8.1% 

frequency of resistance to amikacin and gentamicin, respectively (Galani et al., 

2012).  

A study by Ma et al. (2008) in Taiwan. Antibiotic susceptibility testing was 

performed for 235 Klebsiella pneumoniae isolates and the gentamicin and amikacin 

antibiotic resistance were 94.4% and 91.1%, respectively. In a study conducted by 

Habeeb et al. (2013) in Pakistan, of the 25 isolates of Klebsiella pneumoniae 

producing beta lactamase with a wide range of 60% rmtB gene expression was 

reported. Results showed that rmtB gene expression in these strains was very high 

at this hospital in Pakistan. In another study the 55 isolates of Klebsiella 

pneumoniae resistant to several drugs, cefotaxime, ciprofloxacin and amikacin 

were observed (Yang et al., 2011). A study by Kang et al. (2008) at the Korea 

Teaching Hospital between 40 Klebsiella pneumoniae strains with high levels of 

aminoglycosides, including amikacin, tobramycin, gentamicin and kanamycin, 28 
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isolates containing armA and 9 isolates containing rmtB.  Multiplex PCR assay 

was performed for simultaneous detection of 7 aminoglycoside resistance genes in 

Enterobacteriaceae (Hu et al., 2013). Thirty isolates of Klebsiella pneumoniae 

resistant to gentamicin, tobramycin and amikacin contained rmtB and armA genes 

(Yang et al., 2011). A study by Wang et al. (2007) in Korea from 7127 

Enterobacteriaceae isolates, 463 isolates were highly resistant to amikacin (6.5%). 

218 isolates carried the armA and rmtB genes. Of the 218 isolates, 153 strains 

contained armA and 51 isolates contained rmtB (Kang et al., 2009). A study by Yu 

et al. (2008) in China of the 337 Klebsiella pneumoniae isolates, 39 isolates had 

very high resistance to gentamicin, amikacin, and tobramycin (MIC≥ 256 μg / ml) 

(Yu et al., 2009). Wu et al. (2009) in Shanghai determined that among 202 

Klebsiella pneumoniae isolates, 35 were resistant to gentamicin and amikacin. 

Feyzabadi et al. (2010) reported that antibiotic susceptibility testing was performed 

on 89 clinical samples of Klebsiella pneumoniae. Results showed that the 

resistance to gentamicin, amikacin were 34.8% and 16.9%, respectively, which is 

lower than the drug resistance in the present study. In this study, resistance to 

amikacin was higher than gentamicin. A 2013 study of Klebsiella pneumoniae 

specimens collected from various locations such as Taiwan-Australia-Argentina-

Belgium-Turkey-South Africa found that 100% of the isolated isolates of the 

OqxAB efflux pump were present (Alexander & Rietschel, 2001). The results of 

Saadatian Farivar study on Klebsiella pneumoniae isolates isolated from Tehran 

hospitals showed that 96% of samples had OqxAB efflux pump (Nassif & 

Sansonetti, 1986). In a descriptive study conducted by Hashemi et al. (2014) they 

concluded that the prevalence of OqxA and OqxB pumps was 50% and in 

ciprofloxacin-resistant strains a 2/3 times increase in OqxAB efflux pump was 

observed. Also, studies conducted in 2013 and 2015 showed the presence of both 

OqxA and OqxB genes was 60.2 percent and in the next study in 2015 the presence 

of OqxA 56.7 percent and OqxB, 54.6 percent were reported. Beta-lactamase-

producing enterobacteria are among the major emerging pathogens in nosocomial 

infections (Joppa et al., 2006).  

There is a high prevalence of beta-lactamase-producing Klebsiella pneumoniae in 

hospitals. As the treatment options available are limited, antibiotic control politics 

along with the implementation of infection control measures are important.  

In another study conducted on the Klebsiella pneumoniae strain, 52 patients who 

were burned and hospitalized at Shahid Motahari Hospital in Tehran showed all 40 

isolates resistant to ciprofloxacin, tetracycline, ceftazidime and gentamicin, with 

high levels of efflux pump. AcrAB was especially expressed in ciprofloxacin-

resistant strains (Alves et al., 2006).  
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Conclusion 

The results of the present study showed that resistance to Klebsiella bacteria 

isolated from clinical specimens showed a high level of resistance to antibiotics. 

However, the mechanism of resistance in these bacteria cannot be largely related to 

the role of the efflux pump. However, based on the findings, resistance to 

tetracycline and ciprofloxacin antibiotics is dependent on the efflux pump function. 

On the other hand, the results of this study showed that antibiotic resistance in 

Klebsiella pneumoniae strains isolated from clinical specimens was very high, so 

physicians should be careful in prescribing the drug to be the best option. Use 

medication for the patient. Antibiogram testing for all isolates at the hospital 

should also be able to identify antibiotic resistance mechanisms, especially those 

associated with efflux pumps, and inform physicians. However, alternative drugs to 

reduce the bacterial resistance of this bacterium should be considered. 
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Abstract 

The aim of this review was to summarize data from studies making inquiries on levels of 

the cytokines in pathogenesis of peri-implant diseases. Here we reviewed the recent 

developments on IL-1β, IL-10, IL-17, IL-21, and IL-33. We highlighted recent advances 

during the last few years in this area and discussed their roles in immune regulation in 

patients with peri-implant disease.Our results revealed that identifying the levels of these 

cytokines (IL-1β, IL-10, IL-17, IL-21, and IL-33) may help to predict the diagnosis of peri-

implant diseases. From a safety perspective, this study emphasized the need to consider the 

impact of these interleukin on peri-implant diseases. 

Keywords: Peri-implant diseases, cytokines, interleukins  

 

Introduction 

Dental implantation is a surgical process of alloplastic material insertion into the 

hard and soft tissues of maxillary and mandibular jaws (Petkovic-Curcin et al., 

2011). The immune reaction of organism against any artificial material into the 

body is going to protect the organism against pathogens and injuries, and these 

reactions will lead to complete recovery of the tissues and accepting implants or 

break the implant functionality and cause implant failure, so that, in worst 

conditions the implant should be removed (Petkovic-Curcin et al., 2011; 

Kondyurina & Kondyurin, 2020). Peri-implant lesions have shown to contain a 

wide range of inflammatory cell infiltrate, with greater proportions of plasma cells, 

neutrophils and macrophages (Schincaglia et al., 2016). 

Cytokines are small messenger proteins which are mostly secreted by immune cells 

and act as key modulators of immune response by playing a strategic role in 

differentiation, maturation, and activation of various cells types. (Lipiäinen et al., 

2015; Su et al., 2012) Depending on specific local environments, cytokines exhibit 
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either pro-inflammatory effects or anti-inflammatory effects or both (Su et al., 

2012). 

Pro-inflammatory cytokines are immune-regulatory cytokines that promote 

inflammation (Proinflammatory cytokines, 2020).  They are mainly produced by 

activated macrophages and involved in up-regulation of inflammatory process. 

Major pro-inflammatory cytokines include IL-1β, IL-6, and TNF-α (Proinflam-

matory cytokines list, 2020). The anti-inflammatory cytokines are a sequence of 

immune-regulatory molecules that control the Pro-inflammatory response. The 

typical anti-inflammatory cytokines are interleukin (IL)-1 receptor antagonist, IL-4, 

IL-10, IL-11, and IL-13 (Anti-inflammatory cytokines, 2020).  In order to maintain 

health, there should be a balance between pro-inflammatory and anti-inflammatory 

cytokines (Inflammatory cytokine, 2020). Imbalances between these two usually 

obstruct the resolution of inflammation and, instead, lead to tissue destruction 

(Duarte et al., 2016). Inflammatory cytokines can perform as a predictive and 

preventive biological tool as well (Farhad et al., 2019). 

The expression of cytokines is affected by genetic, epigenetic, microbiota 

heterogeneity and environmental factors (Teixeira et al., 2016). Peri-implant 

mucositis and peri- implantitis are two main inflammatory processes affecting 

tissues around the functional dental implant and due to inflammatory disorders, the 

process may cause implant loss. Nevertheless, evaluating the inflammatory 

cytokine levels could be a tool for early diagnose, prevention and therapy of peri-

implant disease (Severino et al., 2016). 

In this sense, saliva is an abundant biological fluid and it’s used as a diagnostic tool 

for a variety and range of diseases. More than 3000 proteins and peptides have 

been characterized by recent proteomic approaches in human saliva involved in 

different biological functions in the oral cavity (Bhattarai et al., 2018; Ventura et 

al., 2018). Thus, salivary cytokines could be important to analyze the changes in 

peri-implant diseases (Fonseca et al., 2012).  Moreover, saliva samples are easy to 

be collected in a noninvasive manner and at low-price, but in few articles, authors 

examined salivary biomarkers to investigate the presence and progression of the 

peri-implant disease (Teixeira et al., 2016). 

The present study was designed to determine the importance of IL-1β, IL-10, IL-

17, IL-21, IL-33 as biochemical markers for early diagnosis and early prevention of 

peri-implant diseases. 

Interleukin 1 beta (IL-1β) - IL-1β is a pro-inflammatory cytokine present in 

healthy peri-implant tissues in certain concentration. The progression of gingival 
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inflammation is due to the consequence of IL-1β and IL-6 activities, which cause a 

significant tissue damage by osteoclasts activation (Petkovic-Curcin et al., 2011).  

 

Interleukin 10, 17 and 21 (IL-10, IL-17 and IL-21) - IL‐10 and IL‐17 are among 

the new cytokines that have not yet been extensively investigated in prior 

researches (Farhad et al., 2019). IL‐10 is a human cytokine with potent anti-

inflammatory properties. Thereby, IL‐10 prevents host damaging by limiting 

immune response to pathogens.  IL‐17 is a pro-inflammatory cytokine that plays 

both protective and tissue destruction role in immune system. The main role of IL-

17 against infection is to influence on neutrophils and activate macrophages in the 

infectious origin (Farhad et al., 2019).  The occurrence of peri-implant disease is 

the result of a dysregulated host immune response to periodontal bacteria.  A 

number of existing studies have recently focused on presence and function of IL-17 

in these diseases (Farhad et al., 2019; Lira-Junior et al., 2019).  According to the 

result of a study conducted in 2014, concentrations of IL-17 reduced as a 

consequence of the progression of gingivitis to periodontitis means that in the 

presence of higher depth of dental pocket the level of IL-17 was decreased 

(Johnson et al., 2004).  In another comparative study between mucositis and peri-

implantitis sites reported in 2016, a significant increase has been found in IL-21 

levels in mucositis than peri-implantitis according to author’s judgment that was 

the first study to investigate the expression of IL-21 in peri-implant disease 

(Teixeira et al., 2016).  

Interleukin 33 (IL-33) - The IL-33 is a member of the IL-1 family and plays a 

central role in immune responses where has recently demonstrated that the 

Production of IL-33 by induction of RANKL is Associated with periodontal 

disease. Therefore, by increasing the levels of IL-33 the tissue destruction may 

increase in mucositis and peri-implantitis (Severino et al., 2016). 

Currently, the frequent diagnostic tools for peri-implant disease are radiographic 

parameters and clinical signs including probing depth, bleeding on probing, 

suppuration, degree of implant mobility and bone loss (Duarte et al., 2016). 

Though, it is not easy to perform all of these diagnostic methods or might not be 

sufficient enough to differentiate the peri-implant disease onset, activity and 

progression; That is why, there is a need of an investigative effort to identify the 

levels of different cytokines which may help to predict more accurate diagnosis, 

activity and progression of peri-implant disease. Particularly few studies have been 

carried out and explored the role of interleukins in the pathogenesis of peri-implant 

diseases (Farhad et al., 2019). 

https://en.wikipedia.org/wiki/Interleukin_1
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Conclusion 

The available evidence suggests that levels of certain interleukins (IL-1β, IL-10, 

IL-17, IL-21, and IL-33) may aid in the diagnosis and early prevention of peri-

implant diseases when used in combination with other biomarkers and approaches. 

Consequently, further research is needed to obtain determinative results in this 

regard. 
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Abstract    

Sources of tolerance salinity stress in plants are the results of sets of the simple effect 

and interaction among genes. A systematic perspective at the polygenic trait process 

of resistance to environmental stresses, including salinity stress, and the interactions 

among genes and their inheritance, may provide new insights into the process of 

integrating beneficial genes into genotypes. In this study, we aimed interaction of 

candidate genes include NHX1,  TPS1,  ERF2,  SOD, CIPK,  PP2C. Salinity was 

selected and their correlation was calculated using their pathway. The results showed 

that the effect of antioxidant gene alignment including SOD, the most direct effect 

and the genes most effective in regulating sodium / potassium channels and 

antiporters were the second most effective factor. The relationship between these two 

groups of genes and their protein activity was positive and highly significant (Pvalue 

<0.001). This result showed that, strengthening of antioxidant systems in cotton 

either directly or indirectly through environmental induction or through trans 

activators can be effective in salt stress tolerance of genotypes. If we ignore the 

effects of environmental induction regulated by agro-ecophysiological conditions, 

most transcriptional factors study focused on ERF1. It was through binding to CIS 

elements that were effective in resisting to salt stress. 

Keywords:  pathway studio, cotton, salt stress, genetic tolerance   
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Introduction 

Three categories of soil affected by salt was classified in: saline soils, alkaline soils 

and salt-alkaline soils (Novo et al., 2006). Saline soils comprise excessive amount of 

neutral salts, which include NaCl and Na2SO4, as a major part, resulting in salt 

stress. NaOH and Na2CO3 are responsible for the saline and alkalization of soils by 

creating a high pH value, with a destructive effect on plants growth (Shi et al., 2005). 

Stress resulted from alkaline soils causes several issues of osmotic pressure stress, 

diferent types of ionic injuries and high pH stress. Plants under salt-alkaline 

conditions sufer from both salt stress caused by excessive salt ions and alkaline stress 

caused by high pH (Zhang et al., 2013). There are different genes for biological 

processing, cellular component and molecular function in the cotton under salt stress 

(Figure 1).   

In general, most of the genes and proteins related to Na+ stress (treated with NaCl) 

and high pH (treated with NaOH) are also involved in the pathways against Na2CO3 

stress. High pH leads to oxygen deprivation stress, which causes cotton organs 

nigrities. High pH also increases the synthesis of pectin-related enzymes, that 

strengthens cell wall to defense damage of high pH. In the process of the hydrolysis 

of ATPase, extra H+ produced help to neutralize OH− within the cytoplasm  

(Figure 2).  

Besides, genes and proteins related with ion homeostasis under Na+ stress were also 

found in our study, such as protein kinases, transcription and transporters. These 

genes and proteins have been reported in previous studies. MYBs that regulate genes 

of the anthocyanin pathway were up-regulated under Na2CO3 stress, which always 

cause leaves to turn red or orange in apple (Min et al., 2016). Here, our study 

provides some candidate genes, particularly responding to high pH and Na+ stresses. 

For instance, Hexokinase (HXK) acted as a sugar sensor in eukaryotic cells (Min et 

al., 2016), being found to be up-regulated under high pH stress, which indicates that 

genes encoding HXK may be related to high pH stress (Bingeli et al., 2018). 

There are several different genes on the Na+ tolerance mechanism and other stress 

resistant, which had complicity interaction between. 
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Figure 1. Different genes for biological processing, cellular component and molecular 

function in the cotton under salt stress (Bingeli et al., 2018) 



System Perspective Analysis for Molecular and Genetic Source of Salt  

Tolerance in Cotton 73 

 

Figure 2. Model of the regulatory networks to Na+ stress and high pH [Bingeli et al., 2018] 

 

Trehalose-6-phosphase synthase (TPS) 

Trehalose, a non-reducing disaccharide, is composed of two glucose molecules that 

are connected by α, α-1, 1- glycosidic linkage and exist in bacteria, fungi, algae and 

plants (Elbein et al., 2001). TPS was synthesized in the high osmolarity cell 

condition. Trehalose protects bioactive substances and cell structures, such as 

proteins, nucleic acids, and biological membranes, under adverse environmental 

stresses, such as drought, freezing, oxidation, high salt, high temperature and low 

temperature (Garg et al., 2002). Trehalose synthesis in plants is a two-step process: 

first, TPS catalyzes UDP-glucose and glucose-6-phosphate to generate trehalose-6-

phosphate (T6P); second, trehalose-6- phosphate phosphatase catalyzes the 

dephosphorylation of trehalose-6-phosphate to trehalose. The structure of TPS 

proteins in plants contains two domains: TPS and TPP; however, many studies have 

shown that the TPP domain in TPS proteins appears to have lost enzymatic activity 

during evolution (Vandesteene et al., 2010). The 3d structure of TPS on the figure 3 

was shown. 
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Figure 3. The 3D structure of Trehalose-6-phosphase synthase (TPS) 

A TPS gene was cloned named as AtTPS1 which had the trehalose-6-phosphase 

synthetase function from higher plants (Blazquez et al., 1998). The AtTPS1 mutant 

TPS1 was a recessive embryonic lethal gene [Eastmond et al, 2002]. Even so, 

AtTPS1 played an important role in the process of vegetative growth and transition to 

flowering (WGomes et al., 2006). Studies showed that TPS expression levels in 

cotton increased under drought stress (Kosmas et al., 2006) and TPS genes in maize 

were also found upregulated in response to both salt and temperature stress (Jian et 

al., 2010). OsTPS1 might enhance the abiotic stress tolerance of rice by increasing 

the trehalose and proline content (Li et al., 2011). Many studies have suggested that 

TPSs play a vital role in plants adjusting to environmental stresses. 

Profiling of Protein Phosphatases (PP2C): 

The protein kinases (PKs) and protein phosphatases (PPs) are known to regulate the 

protein function, and are the fundamental molecular mechanism, by reversing protein 

phosphorylation during cellular signaling (Hamna et al., 2019). Thus, it is involved 

in many biological processes, such as signal transduction, development, and 

environmental stimuli. The PKs phosphorylate largely serine (Ser), threonine (Thr), 

and tyrosine (Tyr), whereas PPs can reverse this function by eliminating the 

phosphate group (Li et al., 2014).  Mg2+-dependent protein phosphatase (PP2C) is 

evolutionarily conserved from Archaea to higher plants that pointedly modulate 

stress signaling pathways and reverse the stress-induced PK cascades to complex 
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environmental stimuli (Cao et al., 2016). From various literature, several key stress-

responsive protein kinases genes have been extensively studied and proven to 

respond in diverse stress conditions including biotic and abiotic factors (Boudsocq et 

al., 2004). 

In Arabidopsis, several members of PP2c such as PLL4 and PLL5 (POL-like gene) 

are known to adjust leaf development, though with no obvious functions within the 

meristem (Song et al., 2005). Cotton, as an oil crop and an important source of 

natural textile fiber, plays a crucial role in agriculture and industry all around the 

world. However, its production is mainly constrained due to various abiotic and 

biotic stress conditions. The release of Gossypium whole-genome data in four 

different cotton species, such as Gossypium arboreum (Li et al., 2014), Gossypium 

barbadense (Yuan et al., 2015), Gossypium hirsutum (Zhang et al., 2015) and 

Gossypium raimondii (Wong et al., 2012) and their publicly available database 

allows us to comprehensively characterize the PP2C gene family based on 

bioinformatic tools.  

 

Figure 4. The 3D structure of Profiling of Protein Phosphatases (PP2C) 

Following the gene structure organization analysis, conserved protein motifs, and cis-

elements, we traced the duplication gene pairs and their evolutionary divergence that 

likely resulted in the widespread extension of the PP2C gene family. The protein 

phosphatase (PP2C) gene family, known to participate in cellular processes, is one of 

the momentous and conserved plant-specific gene families that regulate signal 

transduction in eukaryotic organisms. Recently, PP2Cs were identified in 
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Arabidopsis and various other crop species, but analysis of PP2C in cotton is yet to 

be reported.  

NHX1 

Protein of NHX1 with molecular function potassium and sodium antiporter activity 

contend potassium ion transmembrane transport source and regulation of intracellular 

pH. Sodium ion import across plasma membrane can be established resistance to salt 

stress in plant. 

Plants have developed a complex mechanism to prevent damages caused by 

environmental changes. ABA is a pivotal element in this mechanism. ABA functions 

in seed germination inhibition, growth regulation, fruit abscission, and stomatal 

closure (Raghavendra et al., 2010). These better salt-tolerant accessions could be 

selected as parents to accelerate the progress of cotton tolerance breeding by 

molecular design (Rai et al., 2011). 

 

 

Figure 5. The 3D structure of NHX1 

Salt tolerance is a genetically and physiologically complex trait controlled by 

multiple small effect genes (Flowers, 2004). With the fast development of SNP 

arrays and next-generation sequencing technology, GWAS is becoming a novel and 

effective method for determining useful genes in crop plants. Association analysis 

has been successfully used in mining candidate genes of important agronomic traits 

https://www.ebi.ac.uk/QuickGO/term/GO:0071805
https://www.ebi.ac.uk/QuickGO/term/GO:0051453
https://www.ebi.ac.uk/QuickGO/term/GO:0051453
https://www.ebi.ac.uk/QuickGO/term/GO:0098719
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in cotton, such as fiber quality, yield and its components, and Verticillium wilt 

resistance (Wang et al., 2017). The cotton accessions consisting of diverse 

germplasms worldwide showed large variations in RSR and STL under salt stress. A 

total of 10 and 15 SNPs significantly associated with RSR and STL were identified, 

respectively, of which the two SNPs i46598Gh and i47388Gh on D09 were 

simultaneously associated with the two traits (Sun et al., 2018). 

 

CBL-interacting protein kinase (CIPK) 

A few studies have indicated that the CIPKs function in plant development (Held et 

al., 2011), nutrient uptake (Qingchen et al., 2017), and pollen tube elongation (Zhou 

et al., 2015). The CIPKs perform major functions in stress responses. The first 

characterized CBL-CIPK network is the SOS network. Plasma membrane-localized 

SOS3 (AtCBL4) recruits SOS2 (AtCIPK24). Subsequently, the CBL-CIPK complex 

activates a NaC/HC antiporter SOS1 (AtNHX7), enhances sodium export, and 

promotes salt tolerance (Qiu et al., 2002). The atcipk3 mutant shows a hypersensitive 

phenotype when treated with salt and ABA (Kim et al., 2007). The atcipk23 mutant 

exhibits enhanced drought tolerance by regulating leaf transpiration (Cheong et al., 

2007), whereas the atcipk21 mutant presents impaired salt and osmotic tolerance 

(Pandey et al., 2015). Similar CBL-CIPK networks are also found in other plant 

species including wheat. TaCIPK25 negatively regulated salt tolerance in transgenic 

wheat (Jin et al., 2016). The over expression of the constitutively activated form of 

BnCIPK6 enhances salt and low-KC tolerances, as well as ABA sensitivity in 

Arabidopsis (Chen et al., 2012). 

 

ETHYLENE RESPONSE FACTORS  

Cotton is native to tropical and subtropical zones and is relatively resistant to stress 

(Zhou et al., 2016). Its long growth period makes it suffer from a variety of abiotic 

stresses that reduce production or quality. During the reproductive growth stage, 

yield reduction and fiber quality compromises are inescapable when drought stress 

conditions override the plant’s protective mechanisms (Loka & Oosterhuis, 2014). 

Cotton is also susceptible to salt and cold stresses during seed germination (Shannon 

& Francois, 1976). Therefore, improving the comprehensive tolerance of cotton to 

numerous stresses for instance drought, salt, and extreme temperature is very fruitful 

and vital for cotton breeding. ROS are oxygen-containing substances of metabolites 

and their derivatives are generated through oxidation in plants directly or indirectly 

(Mettler et al., 2011). ROS play a role in stress signal transduction, but excessive 
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active oxygen oxidation harms the plants. Additionally, fourteen genes were 

identified as responsive to stresses, such as heat, dehydration and phosphate stress. 

Examples of these genes are late embryogenesis-abundant protein 2, late 

embryogenesis-abundant protein and dehydrin. (Zhou et al., 2016). 

 

 

Figure 6. Ethylene-activated signaling pathway  

Ethylene response factors (ERFs) are transcription factors that play crucial roles 

in plant immunity (Na Song et al., 2019). In Arabidopsis, several ERFs have 

been identified as important regulators in Botrytis resistance, such as ORA59, 

ERF1, and RAP2.2 (Zhao et al., 2012). Most ERFs are able to bind specifically 

to DNA sequences containing a GCC (GCC box) and/or a dehydration-

responsive element/C-repeat (DRE/CRT box, A/GCCGAC) (Na Song et al., 

2019). 

https://www.ebi.ac.uk/QuickGO/term/GO:0009873
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Figure 7. The 3D structure of ERF2 (Source: PDB) 

 

 

Figure 8. The relationship between genes and proteins to effect on the cotton salt tolerance 

stress  

The analysis of the relationship between genes and proteins to effect on the cotton 

salt tolerance stress with pathway studio showed that, ABA-induced AtNHX1 

expression was also decreased in abi1-1 but not in abi2-1. Accumulation of JA after 

inoculation with different Pst strains. Activities of enzymes involved in scavenging 

of reactive oxygen species such as SOD and ascorbate peroxidase also increased 

during leaf maturation and showed significant fluctuations in mature leaves. After 

inoculation with Pst / avrRpt2, the accumulation of SA in pad4 mutants was similar 
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to that in WT plants, in accordance with the observation that pad4 does not display an 

enhanced susceptibility to this pathogen strain. Although total SOD activity slightly 

increased in chloroplasts of salt-treated Lem plants, differentiation between SOD 

types revealed that only stromal Cu/ZnSOD activity increased (Mittova et al., 2000).  
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Abstract 

The mountain grey-cinnamon (chestnut) soils which are irrigated by the Shamkirchay water 

reservoir is formed mainly on the foothill, plain and partly on the mountainousborders and 

orographically on the northern east slope of the Little Caucasus are situated between 40039/ 

- 41000/ north latitude and 45050/ - 46020/ east longitude. The classification of mountain 

grey-cinnamon soils in the zone with 54263,74 ha on subtypes and analysis of the 

morphogenetic diagnostic indices has been given in the article. 7 subtypes of mountain 

grey-cinnamon soils are formed in the zone: separate morphological description of each 

subtype was analyzed in the article. At the same time, a modern state of the main 

physicochemical and fertility indices of the soils in the basin zone and information about 

the researches performed in the soils inside of the Shamkir, Goy-gol and Samukh borders 

have been presented. The diagnostic indices of the soil sections in the characteristic places, 

morphological description and agrochemical features of the soil profiles on subtypes and 

their analysis result were explanatory analyzed. Humus, total nitrogen, phosphorus and 

potassium, granulometric composition (sand, dust, silt and clay fractions) environment 

reaction of soil (pH) and calcareous (CaCO3) were fixed, statistically analyzed. 

Keywords: water reservoir, canal, agro-ecological evolution, mountain grey-

cinnamon (chestnut), humus layer. 

  

Introduction 

One of the most global problems of the XXI century is protection of the 

environment, including soil cover. Though the man plays a main role in nature-

human-nature relations, it directly and indirectly depends on nature. Air, water, 

material blessings, natural resources, raw materials for industry are important 
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blessings which are presented to the man by the nature. Recently, the environment 

has been subjected to anthropogenic change. The high development of the modern 

scientific-technical progress deepened this process (Babayev et al., 2011a; 

Babayev et al., 2011; Sadig & Mammadov, 2018; Sadigov, 2013; Sadigov, 2018b). 

The zones which are irrigated by the Shamkirchay water reservoir developed 

historically as a farming zone. Here 6 soil types and 12 subtypes are formed in the 

zone with 72279,34 ha. The information about mountain grey-cinnamon (chestnut) 

soils (54263,74 ha) is given in the article. 

The zone of mountain grey-cinnamon (chestnut) soils on subtypes is given in 

hectare scale on the first table. The mostly spreading subtype is ordinary grey-

cinnamon (chestnut) soils which form 17063,25 ha, but the lastly spreading 

subtype is fully undeveloped mountain grey-cinnamon (chestnut) soil with 4480,47 

ha. The soils analyzed are presented with blue color on Table 1 in the article (Sadig 

& Mammadov, 2018; Sadigov, 2013; Sadigov, 2018a). 

Mountain grey-cinnamon soils spread at 200-600 meter height from sea level in the 

research zone. Here the vegetation mat grass-tipsak different grassy plants and 

wormwood-ephemera-grain plants spread in dry steppes. The soil forming rocks 

are lime-stones, lime-stony conglomerates, tuffaceous breccia and their soft 

weathering products.  

The winter of the zone is dry, but the summer is subtropical climatic. The days 

with the temperatures above 100 C are 210-240, but the days with the temperatures 

above 50 C are 240-270. 

Generally, mountain grey-cinnoman soils cover  75,07 % of the research zone. 

Before us, study of the soil cover of the Little Caucasus was performed by 

V.V.Dochucaev, M.M.Sibirtsev, M.P.Babayev, V.H.Hasanov, Ch.M.Jafarova, 

H.M.Hajiyev, B.G.Shakuri, K.A.Alakbarov, V.R.Volobuev, M.E.Salaev, 

A.A.Ibrahimov, A.M.Shikhlinsky, A.N.Izyumov and other scientist (Babayev  et 

al., 2011; Ministr, 1972; Mammadov, 2007; Sadigov, 2013). 

Table 1. Soil types and subtypes included in the Shamkirchay  

№ Name of lands Areas (ha) 

On types On subtypes 

1. Mountain cinnamon-meadow 725,77  

2. Mountain-forest-cinnamon  2498,43  

3. Mountain grey-cinnamon (chestnut) 54263,74  

3.1. Fully undeveloped mountain grey-cinnamon 

(chestnut) 

 4480,47 

3.2. Anciently irrigated solonetzlike ordinary grey-  3912,56 
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cinnamon (chestnut) 

3.3. Irrigated mountain bright grey-cinnamon (chestnut)  7603,44 

3.4. Irrigated solonetzlike ordinary grey-cinnamon 

(chestnut) 

 17063,25 

3.5. Irrigated gazh mountain ordinary grey-cinnamon 

(chestnut) 

 5086,97 

3.6. Irrigated mountain ordinary grey-cinnamon 

(chestnut) 

 6299,59 

3.7. Anciently irrigated saline mountain ordinary grey-

cinnamon (chestnut) 

 9817,46 

4. Mountain grey-cinnamon (chestnut) meadow 10522,55  

4.1. Irrigated mountain grey-cinnamon (chestnut) 

meadow 

 10522,55 

5. Alluvial-meadow 683,96  

5.1. Leached alluvial-meadow  546,44 

5.2. Weakly developed calcareous alluvial-meadow  137,52 

6. Alluvial-meadow-forest 558,75  

6.1. Glayey-alluvial-meadow-forest  558,75 

7. Strong high gypsum fully developed clayey-salty 

rocks-soil-grounds 

837,98  

8. Cobblestone fine sediments of the riverbeds 2168,16  

Total 72279,34 

 

Material and methods  

The material for the research was determined in 2 parts: theoretic and practical 

part. So, the result of the long complex researches about classifiation, nomenclature 

and diagnostics of soils in Azerbaijan has been analyzed in the theoretic part. The 

alalyses were performed in the soil section. On the basic of the modern methods 

used in the world experiment , the results were obtained in the practical part. The 

land map was compiled on the basis od ArcCIS program and the soil types and 

subtypes were concerned to the International Land Names (WRB). During the 

research, the soil horizons indexing was performed.  The genetic indications of 

soils were adapted to the correlation with the main indices of Azerbaijan land 

classifications od WRB system (Soil groups). 

The main aim of the research is an investigation on subtypes of the mountain grey-

cinnoman soil type in which the Shamkirchay water reservoir is nutrient, study of 

the impact of natural and antropogenic factors, regulation of the fertility indices in 

these soils, adapting  of morphogenetic diagnostics and soil subtypes nomenclature 

to modern classification.  

Mountain grey-cinnamon soils with nutrient source of Shamkirchay reservoir 
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widely spread in 54263,74 ha in three districs (in Shamkir, Goy-gol, Samukh 

regions). Mountain grey-cinnamon soils in the same regions are taken as a research 

object. Anciently, irrigated solonetzlike mountain ordinary grey cinnamon 

(chestnut), irrigated solontzlike ordinary grey-cinnamon (chestnut), irrigated 

mountain bright grey-cinnamon (chestnut), irrigated gazh mountain ordinary grey-

cinnamon (chestnut), irrigated mountain ordinary grey-cinnamon (chestnut), 

anciently irrigated saline mountain ordinary grey-cinnamon (chestnut) soils have 

been analyzed.  Recently, there have been couple of analyses on some 

mountaninous zones such as irrigated solonetzlike mountain. 

Table 2. Classification of mountain grey-cinnamon soils of WRB (Soil groups) 

№ Name of soils Clasification on WRB  

1 Mountain grey-cinnamon (chestnut) Mgc 

1.1 Fully undeveloped mountain grey-

cinnamon (chestnut) 

Mgcfu 

 

1.2 Anciently irrigated solonetzlike 

ordinary grey-cinnamon (chestnut) 

Mgcai.slo 

 

1.3 Irrigated mountain bright grey-

cinnamon (chestnut) 

Mgc1
ib 

 

1.4 Irrigated solonetzlike ordinary grey-

cinnamon (chestnut) 

Mgc2
i.sl 

 

1.5 Irrigated gazh mountain ordinary 

grey-cinnamon (chestnut) 

Mgc2
i 

 

1.6 Irrigated mountain ordinary grey-

cinnamon (chestnut) 

Mgc2
i 

 

 

1.7 Anciently irrigated saline mountain 

ordinary grey-cinnamon (chestnut) 

Mgc2
a.is 

 

 

The researches were conducted in mountain grey-cinnamon (chestnut) soils on 

certain routes in 2015-2020. The sections were applied in the characteristic places 

(definition on geigraphical coordinates). The soil section was taken from 

characteristic places (one soil section on each subtype).  It’s density, granulometric 

composition, colour, structure, hardness and some morphological indications were 

registered. The geographical coordinates of the taken soil samples were defined by 

“Garmin GPS map 62s” apparatus. The taken soil was given to the laboratory of 

“Agroecology and Bonitation of Soils” in the Istitute of Soil Science and 

Agrochemstry of ANAS for physicochemical analyses and the required prosedures 

were realized on the basis of the adopted methods (AZS ISO, 2013; Ministry, 

1972; Mammadov, 2007; Sadigov, 2016). 

 



 

88 Ramil Sadigov 

During the field researches, the total humus was investigated by I.M.Turin’s 

method, total nitrogen-by Keildal and carbonates-by Calcimeter apparatus. In the 

form of CaCO3, was analyzed by the titration method, total phosporius (P) and total 

potassium (K) by ICP-MS (agilent) apparatus, granulometric composition from one 

leading factors was analyzed by N.A.Kaachinsky’s method. To define the 

absorbing ability, the absorbed cations were fixed by D.Ivanov’s method, 

hygroscopic hymidity-by thermal method (soil is dried at 0,50 temperature), the 

environment reaction of soil was fixed by pH meter (in 1:5 ratio) in water solution, 

ammoniac absorbed from nitrogen forms by Konvey, ammoniac solving in water 

by Nesler, nitrates by Grandal-lian method. The accuracy of the results was 

specified by the mathematic statistic (V.A.Dospekhov) method (Mammadov, 2007; 

Sadigov, 2016).   

   

Results 

 One of the important problems is an investigation of mountain grey-cinnamon 

soils with nutriens source of New Shamkirchay reservoir. The mountain grey-

cinnoman soils were attracted to the agricultural circulation since ancient times and 

it is in use today.  

The sections in the characteristic places are concerned with the “Antropogenic 

changed soils class”. Studying the water and air regime in such types of soil, 

controling the change of biological activity, defining formation of the cultured 

layer, observing  the agroirrigation horizons formation in the profile and other 

investigation problems were performed. 

The research zone concerned the “accumulative carbonate section” from the  

viewpoint of  the section and types character of soil. Here, the soils used in 

agriculture were formed in sinceancient times. During periods of flood and abundent 

water, the river debris are rich in salts in some zones and nutrient on the upper layers 

of soils in the zones which were irrigated with muddy water of the Shamkirchay 

since ancient times. The cultural soil forming process occurs under an impact of the 

river debris products on upper layers in 40-80 cm of density in these soils.  

Generated morphological description of the mountain grey-cinnamon soils 

historically formed in the research zone was given below: 

0-20 cm: is observed with density and hardnes of gazh layer. The thickest layer 

and richness of humus are aviable. The color is dark-cinnamon, porous. Air 

permeability is good. It has small heaplike structure. It is medium clayey, moist 
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and rich in root and rootlets of plant, the insect ways activate, air and water 

conductivity. The soil fissures is clearly noticed. It is clearly transitional and boils 

under an influence of HCl. Depth of carbonate layer is slightly noticed.  

20-50 cm: color is brownish, brown-cinnamon, large granular structural, porous. It 

is medium clayey, strong miost, plant roots, insect ways are slightly observed. The 

carbonate traces are clearly noticed in the soil. The large cracks are observed. It is 

clearly transitional and boils under an influence of HCl. Depth on carbonate layer 

is clearly noticed.  

50-100 cm: color is bright cinnamon, humus layer is slightly noticed. It is heavy 

clayey, granular structural, hard, little moist, gradual transitional. It has separate 

tree and plant roots, and doesn’t boil under an impact of HCl. Depth of carbonate 

layer is clearly noticed.  

The diagnostic indices have been analyzed in order to define fertility parameters of 

soils spreading in the zone. The analyses are explanatory described on Table 3.  

The list of the sections applied in the characteristic places on subtypes of mountain 

grey-cinnamon soils aviable in the research area is  given on Table 4.  

It is clear from morphological description of different soil section applied in the 

research area of a result of the performed field-soil and cameral laboratorial 

researches that there are differences between AUa-density of humus layer, a 

quantity of nitrogen by percentage, formation Bca-layer with illuvial calcareous, 

depth and hardness, their structural-aggregates, granulometric composition, 

hydroscopic humidity and other morpho-diagnostic indications in different 

formations and farming areas.  

In Table 3, the section concerning the fully undevoloped mountain grey-cinnamon 

(chestnut) soil subtype, an analysis of diagnostic indices of the 19th section fertility 

parameters was analyzed. The section was fixed on geographic coordinates. X 

ccordinate (the east lenght) of the 19th section was fixed 460 3/ 53,690// E, but Y 

coordinate (the north width) was fixed at 400 43/ 28,922// N (Table 4). These soils 

spread in 4480,47 ha area (Table 1). The humus layer density is 4,09-1,30 % along 

the profile in these soils. Nitrogen is 0,291-0,161 % according to humus. 

Hygroscopic humidity is 7,45-4,72 %, CO2 % 18,48-7,82 %, CaCO3 14,02-7,82 % 

due to CO2, a sum of absorbed bases is 40,42-29,97 mg-ekv, pH vibrates by 7,0-

8,1. In granulometric composition of subtype, the percentage quantity less than 

<0,001 mm is 28,07-32,96 %, but the percentage amount less than <0,01 mm is 

56,76-65,13 %. It is clear from the granulometric analysis that these soils are 

mainly medium and heavy clayey.  



 

90 Ramil Sadigov 



Classification of Grey-Cinnamon (Chestnut) Soils with Nutrient Source of the  

Shamkirchay Reservoir and Analysis of Morphogenetic Diagnostic Indices 91 



 

92 Ramil Sadigov 

The analysis of diagnostic indices of the fertility parameters in the 92th section 

concerning the Anciently irrigated solonetzlike mountain ordinary grey-cinnamon 

(chestnut) soil subtype was performed (Table 3). These soils are 3912,56 ha in the 

research zone (Table 1). The cut was fixed on geographical coordinates. X 

coordinate of the Section 92 (the east lenght) is at 460 17/ 3,536// E, Y coordinate 

(the north width) is at 400 48/ 6,586// N (Table 4). In Anciently irrigated 

solonetzlike mountain ordinary grey-cinnamon (chestnut) soils, the humus layer 

density  along the profile is 4,63-1,13 %. According to humus nitrogen is 0,324-

0,157 %. Hygroscopic humidity is 7,03-5,71 %, 11,35-13,36 % with CO2, CaCO3 is 

12,38-14,03 % with CO2, a sum of absorbed bases is 36,44-28,12 mg-ekv, pH 7,4-

8,0. The percentage quantity less than  <0,001 mm is 25,65-30,39 %, the 

percentage amount less than <0,01 mm is 58,05-65,15 %. It is clear from 

granulometric analysis that these soils are medium and heavy clayey (Table 3).  

The analysis of diagnostic indices of the fertility parameters in the 81th section 

concerning the  irrigated mountain bright grey-cinnamon (chestnut) soil subtype 

was also conducted (Table 3). These soils are 7603,44 ha in the research zone 

(Table 1). The cut was fixed on geographical coordinates. X coordinate of the 

Section 81 (the east lenght) is at 460 12/ 35,697// E, Y coordinate (the north width) 

is at 400 53/ 25,626// N (Table 4). In  irrigated mountain bright grey-cinnamon 

(chestnut) soils, the humus layer density  along the profile is 4,84-1,60 %. 

According to humus nitrogen is 0,338-0,135 %. Hygroscopic humidity is 7,53-5,52 

%, 16,71-12,04 % with CO2, CaCO3 is 15,34-10,69 %, with CO2, a sum of 

absorbed bases is 31,80-28,75 mg-ekv, pH 7,0-7,9. The percentage quantity less 

than  <0,001 mm is 28,55-25,23 %, the percentage amount less than <0,01 mm is 

61,12-69,19 %. It is clear from granulometric analysis that these soils are medium 

and heavy clayey (Table 3). 

Irrigated solontzlike mountain ordinary grey-cinnamon (chestnut) soils 

The analysis of the diagnostic indices of section 48 fertility parameters, due to this 

soil subtype, was analyzed. These soils spread in 17063,25 ha zone (Table 1). The 

section is fixed on geographical coordinates. X coordinate of the Section 48 (the 

east lenght) is at 460 16/ 5,315//E, Y coordinate (the north width) is at 400 45/ 

12,766// N (Table 4). The humus layer density  along the profile is 3,47-1,45 %. 

Nitrogen corresponding to humus is 0,252-0,126 % in these soils. Hygroscopic 

moisture is 7,01-5,60 %. 21,36-11,96 % with CO2, CaCO3 is 20,63-11,96 %, due to 

CO2, a sum of absorbed bases is 39,56-35,36 mg-ekv, pH is 7,6-8,2. The 

percentage quantity less than  <0,001 mm is 25,71-30,50 %, the percentage amount 

less than <0,01 mm is 54,89-62,16 %. It was clear that these soils are medium and 
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heavy clayey. Through dry residue isn’t observed on the upper layers but it is 

observed towards low layers (Table 3). 

The analysis of the diagnostic indices of section 102 fertility parameters 

concerning Irrigated gazh mountain ordinary grey-cinnamon (chestnut) soil 

subtype was analyzed. These soils spread in 5086,97 ha zone (Table 1). The section 

is fixed on geographical coordinates. X coordinate of the Section 102 (the east 

lenght) is at 450 56/ 2,709// E, Y coordinate (the north width) is at 400 57/ 14,711// N 

(Table 4). The humus layer density along the profile is 2,12-0,73 %. Corresponding 

to humus nitrogen is 0,167-0,131 % in these soils. Hygroscopic moisture is 7,87-

6,83 %. 18,67-12,99 % with CO2, CaCO3 is 17,30-14,71 %, due to CO2, a sum of 

absorbed bases (SAB) is 41,05-29,33 mg-ekv, pH is 7,1-7,8. The percentage 

quantity less than  <0,001 mm is 25,43-28,57 %, the percentage amount less than 

<0,01 mm is 55,73-61,71 %. It was clear that these soils are medium and heavy 

clayey look like another soil subtypes. Through dry residue isn’t observed on the 

upper layers but it is observed towards low layers, too (Table 3). 

Table 4. List of the sections applied on mountain grey-cinnamon (chestnut) soil subtypes in 

the characteristic places (fixing on geographical coordinates) 

№ Name of soil subtypes Classificatio

n on WRB  

Number of 

section 

X coordinate 

(east lenght) 

Y coordinate 

(north width) 

Mountain grey-cinnamon (chestnut)  (Mgc) 

1 Fully undeveloped 

mountain grey-cinnamon 

(chestnut) 

Mgcfu 

 

Section 19 460 3/ 53,690// E 400 43/ 

28,922// N 

2 Anciently irrigated 

solonetzlike ordinary 

grey-cinnamon 

(chestnut) 

Mgcai.slo 

 

Section 92 460 17/ 3,536// E 400 48/ 6,586// 

N 

3 Irrigated mountain bright 

grey-cinnamon 

(chestnut) 

Mgc1
ib Section 81 460 12/ 35,697// E 400 53/ 

25,626// N 

4 Irrigated solonetzlike 

ordinary grey-cinnamon 

(chestnut) 

Mgc2
i.sl 

 

Section 48 460 16/ 5,315// E 400 45/ 

12,766// N 

5 Irrigated gazh mountain 

ordinary grey-cinnamon 

(chestnut) 

Mgc2
i 

 

Section 102 450 56/ 2,709// E 400 57/ 

14,711// N 

6 Irrigated mountain 

ordinary grey-cinnamon 

(chestnut) 

Mgc2
i 

 

 

Section 61 460 0/ 10,346// E 400 51/ 

51,172// N 

7 Anciently irrigated saline 

mountain ordinary grey-

cinnamon (chestnut) 

Mgc2
a.is 

 

 

Section 76 460 11/ 24,947// E 400 49/ 

25,428// N 
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Irrigated mountain ordinary grey-cinnamon (chestnut) soil subtype 

The analysis of the diagnostic indices of section 61 fertility parameters concerning 

to this soil subtype was analyzed. These soils spread in 6299,59 ha zone (Table 1). 

The section is fixed on geographical coordinates. X coordinate of the Section 61 

(the east lenght) is at 460 0/ 10,346// E, Y coordinate (the north width) is at 400 51/ 

51,172//  N (Table 4). The humus layer density along the profile is 4,36-0,98 %. 

Corresponding to humus nitrogen is 0,307-0,133 % in these soils. Hygroscopic 

humidity is 8,04-6,40 %. 9,02-7,93 % with CO2, CaCO3 is 9,77-4,71 %, due to 

CO2, a sum of absorbed bases (SAB) is 35,80-30,94 mg-ekv, pH is 7,0-7,6. The 

percentage quantity less than  <0,001 mm is 24,56-27,99 %, the percentage amount 

less than <0,01 mm is 54,50-61,22 %. It was clear from granulometric composition 

that these soils are medium and heavy clayey, too. Through dry residue isn’t 

observed on the upper layers but it is observed towards low layers (Table 3). 

 

Anciently irrigated saline mountain ordinary grey-cinnamon (chestnut) soil 

subtype 

 
Figure 1. Sections applied in the characteristic places of mountain grey-cinnamon soils in 

the research zone 
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The analysis of the diagnostic indices of section 76 fertility parameters concerning 

to this soil subtype was analyzed. These soils spread in 9817,46 ha zone (Table 1). 

The section is fixed on geographical coordinates. X coordinate of the Section 61 

(the east lenght) is at 460 11/ 24,947// E, Y coordinate (the north width) is at 400 49/ 

25,428// N (Table 4). The humus layer density along the profile is 3,54-1,02 %. 

Corresponding to humus nitrogen is 0,256-0,113 % in these soils. Hygroscopic 

moisture is 7,53-5,52 %. 23,09-7,85 % with CO2, CaCO3 is 18,59-7,85 %, due to 

CO2, a sum of absorbed bases (SAB) is 38,63-24,23 mg-ekv, pH is 7,0-7,6. The 

percentage quantity less than  <0,001 mm is 25,53-30,96 %, the percentage amount 

less than <0,01 mm is 66,95-71,11 %. It was clear from granulometric analysis that 

these soils are heavy clayey and clayey. Through dry residue isn’t observed on the 

upper layers but it is observed towards low layers (Table 3). The sections applied 

in the characteristic zone are shown in figure 1.  

 

Conslution 

1. The main physicochemical and nutrient on upper layer of soils were analyzed 

with modern methods as a result of the chemical analyses in soil samples 

taken from mountain grey-cinnamon (chestnut) soils. 

2. On Table 1, the soil types and subtypes including in the Shamkirchay water 

reservoir, their zones (ha) are given. At the same time, the classification on 

WRB (soil groups) of mountain grey-cinnamon (chestnut) soils is shown on 

Table 2.  

3. On Table 3, the analyses of the fertility parameters in the fertility parameters 

of the sections applied in the characteristic places on mountain grey-cinnamon 

(chestnut) soil subtypes was given. An analysis of the table was reflected in 

the article.  

4. The sections applied in the characteristic places on mountain grey-cinnamon 

(chestnut) soil subtypes in the research area were shown both in table and map 

forms. 

5. The diagnostic indices were studied by new methods on 7 subtypes of 

mountain grey-cinnamon (chestnut) soil subtypes.  The ecological processes 

were analyzed and important results were obtained. So, humus, nitrogen, 

hygroscopic humidity, CO2, CaCO3 due CO2, a sum of absorbed bases, pH 

environment of the zone, granulometric composition in 2 forms (<0,001 mm 

and <0,01), dry residue AUa, A/B, Bta, B/C and C profils were studied in each 

soil section (Table 3). 
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Abstract 

The importance of pressure, volume and temperature (PVT) properties, bubble 

pressure, gas-to-oil solubility ratio and oil volume factor have made it necessary to 

precisely determine these properties for the calculation of reservoir performance. In 

the absence of laboratory measurements to determine the PVT properties of crude 

oil, two methods, used commonly, include the equations of state and the 

experimental relations of PVT. The equation of state is based on the information 

concerned with the fluid composition details of the reservoir, which is very 

expensive and time-consuming to determine. Whereas, PVT relationships are based 

on data obtained from easily measured ground layers. These data include reservoir 

pressure, reservoir temperature, and the specific gravity of oil and gas. Recent 

Studies show that artificial neural networks have a great ability to predict the PVT 

properties. Due to the training capability in neural networks, these networks were 

rapidly applied in engineering and were widely used in petroleum engineering. 

Estimation of porosity and permeability of reservoirs, prediction of outflow 

generated by oil wells, estimation of oil recovery, prediction of asphaltene 

deposition and estimation of PVT properties are the most important applications of 

artificial neural networks in petroleum engineering. By preparing and collecting 

more than 1000 PVT data related to southern Iran reservoirs, 577 data were 

selected to be used in the project and were randomly divided into two parts, 486 

data for network training and 91 data for testing. The three-layer structure (one 

hidden layer with 6 neurons) was selected as the best structure and the batch back-

propagation training method as the best learning algorithm. The results of the 

network were in a good agreement with experimental data, which the average 

relative error using training set in estimation of the volume factor and densities of 

oil were 0.557 and 0.509% respectively and using test data were 1.032 and 1.104% 

respectively. 

mailto:mmehrizadeh@khazar.org
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Introduction 

PVT properties such as oil formation volume factor )( OB and density )( O are 

used extensively in almost all petroleum engineering issues, especially in the 

reservoir engineering sector. For example, the application of these properties can 

be seen in issues such as material balance, well testing, reservoir simulation, etc 

(Al-Marhoun & Osman, 2002). 

Actually, these properties should be experimentally determined in the laboratory, 

but usually experimental data are not always available and require a great deal of 

time and investment. There are many empirical correlations that estimate the 

different PVT properties. These relationships are obtained using linear or nonlinear 

regressions and sometimes predict these properties in the form of graphs. These 

relationships and correlations mainly are not accurate due to using limited 

empirical data extracting them. These relations and correlations are not accurate 

due mainly to applying limited empirical data out of which they are extracted. 

Researchers have recently used the idea of  artificial neural networks to determine 

the PVT properties. Applying this method, albeit of having the limitations 

mentioned in the paragraph above, has an important learning advantage, which 

means one can train the network and update the network whenever new data is 

available. 

 

Subject literature and previous studies 

Gharbi and Elsharkawy (1999) presented a neural network model for predicting 

PVT properties of Middle Eastern crude oil. The data used to train this network 

(498 data) include the most collected ones to develop the model for predicting PVT 

properties from Middle Eastern crude oil resources. The model can predict bubble 

pressure and oil volume factor as a function of dissolved gas to oil ratio, gas 

specific gravity, oil specific gravity and temperature. In this study, the network 

results are compared with the results of the empirical relations for the Middle East. 

The empirical relationships whose results are compared with the network results 

include; Al-Marhoun, Standing and GlasØ. 
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Marhoun and Osman (2002) developed a PVT neural network to estimate bubble 

point pressure. The model design uses 803 recorded data collected from Malaysia, 

Middle East, Gulf of Mexico and Colombia. Network input data include gas to oil 

ratio, API °, relative gas density and reservoir temperature. This model is more 

accurate than other experimental models (Goda et al., 2003). 

Goda et al. (2003) presented a model that predicts bubble point pressure and oil 

volume factor through two interconnected neural networks. The first network has 

four layers which reservoir temperature, API °, relative gas density and gas to oil 

ratio are the input to first layer. Their network has two hidden layers, each has 10 

neurons, that are activated by the Log Sigmoid transfer function. The output layer 

has a neuron whose transfer function is of pure linear type. This network uses 160 

data from the Middle East region for training and another 20 data for network 

testing. 

The second network also has four layers. The purpose of the network is to estimate 

the oil volume factor. The input layer has five neurons for the five input data types 

including reservoir temperature, API °, relative gas density, gas-to-oil ratio and 

finally the bubble point pressure predicted from the first grid.  Each of its two 

hidden layers has 8 neurons with the Log Sigmoid transfer function. The output 

layer has a neuron with the oil volume factor output data. The main difference 

between this network and previous PVT predicting networks is that other networks 

use four common input data to predict the oil volume factor, but in addition to the 

four data, this model uses the bubble point pressure estimated by another neural 

network (Moghadassi et al., 2008). 

Moghadasi et al. (2008) presented a new model for predicting reservoir PVT 

properties. The data set used to design this model is extracted from Perry's 

Chemical Engineers' Handbook. Different training schemes such as SCG, LM and 

RP have been used/applied for the back-propagation algorithm. The LM algorithm 

with 60 neurons in the hidden layer with the lowest mean square error (MSE) of 

0.000606 was selected as the best network (Laugier & Richon, 2003). 

 

Neural network structure 

Preparing and collecting the data required for neural network were one of the most 

difficult parts of this research. After collecting more than 1000 experimental PVT 

data from over 55 samples of under-saturated (Pres < Pbubble) reservoirs in Iran, 577 

data on oil formation volume factor and density were selected. These data were 
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then randomly divided into two sections, out of which 486 were used for network 

training and the rest (91) for network testing. 

Reviewing numerous/wide volume of books and articles; pressure (P), temperature 

(T), oil API degree, relative coefficient of dissolved gas (Rs) and specific gas 

density (γg) were selected as network input parameters. 

The first step to design a neural network is to determine the number of layers, 

neurons of each layer and the transfer function of each layer. It is always clear that 

the number of neurons in the first layer is the same as the parameters input to the 

neural network and it is a function of the problem type. Therefore, the first layer in 

this case study consists of 5 neurons. The first layer neurons, i.e. the input 

information, transfer their values directly to the second layer. 

 

Table 1. Overview of total data used 

Number of 

Points 

PVT Property Minimum Maximum Mean 

577 Pressure, psi 535 9300 3764.12 

577 Temperature, °F 116 277 215.145 

577 Solution GOR, SCF/STB 66.8 1998.39 922.305 

577 S.G. of Total Gas Evolved 0.77 1.61 1.056 

577 Stock Tank Oil Gravity, °API 7.24 42.89 26.99 

577 FVF, bbl/STB 1.039 2.408 1.593 

577 Oil Density, lb/ft3 33.14 62.085 44.368 

 

To reduce the range of input variables in order to make more stable in proposed 

neural network, all the input variables as well as the target variables according to 

eq. 1 have become dimensionless and then are used in the network. 

                                                                    

                                                                       (1) 

 

The number of neurons in the output layer is also equal to the number of target 

parameters. 

To determine the network structure, all possible modes have been investigated and 

for each case, the Average Absolute Percent Relative Error and relative square root 
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mean square error (RMS) have been calculated for train and test data. The 

following equations illustrate the relationships used: 
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RMS or the relative root mean square error represents the distribution of data 

around the deviation from zero error, and r or the Correlation Coefficient is a 

measure of the success rate of the proposed relationship in reducing the standard 

deviation. After investigating the results, two modes of one hidden layer with 6 

neurons and two hidden layers (each of 5 neurons) were selected and different 

modes were investigated on these two structures to determine the optimal state. For 

instance, several transfer functions were used and the weights obtained in the 

previous step were used/applied/considered as the initial weights in the next step. 

Finally, the three-layer structure (one hidden layer with 6 neurons) was chosen as 

the final structure with Tanh transfer function for the hidden layer and linear 

transfer function for the output layer. Batch back propagation was Also identified 

as the best network training method. 
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Figure 1. Schematic of proposed network 

Table 2 Proposed Network’s Weights and Bias Values 

Connections Weights Connections Weights Connections Weights 

N1L1-N1L2 -1.1444 N3L1-N6L2 1.1901 B1-N5L2 0.6623 

N1L1-N2L2 -0.0814 N4L1-N1L2 0.7074 B1-N6L2 0.3032 

N1L1-N3L2 0.2933 N4L1-N2L2 0.4247 N1L2-N1L3 0.7084 

N1L1-N4L2 0.2293 N4L1-N3L2 -0.6211 N1L2-N2L3 -0.3885 

N1L1-N5L2 0.0806 N4L1-N4L2 0.7755 N2L2-N1L3 -0.5457 

N1L1-N6L2 -0.3875 N4L1-N5L2 0.2433 N2L2-N2L3 -0.1033 

N2L1-N1L2 0.7034 N4L1-N6L2 0.3784 N3L2-N1L3 0.3992 

N2L1-N2L2 0.3061 N5L1-N1L2 -0.0271 N3L2-N2L3 0.152 

N2L1-N3L2 0.176 N5L1-N2L2 0.6449 N4L2-N1L3 0.1444 

N2L1-N4L2 0.7632 N5L1-N3L2 0.4846 N4L2-N2L3 -0.7827 

N2L1-N5L2 0.2602 N5L1-N4L2 0.1442 N5L2-N1L3 0.3189 

N2L1-N6L2 0.1391 N5L1-N5L2 0.8289 N5L2-N2L3 -0.0003 

N3L1-N1L2 1.238 N5L1-N6L2 -0.5597 N6L2-N1L3 0.247 

N3L1-N2L2 -0.9579 B1-N1L2 1.6673 N6L2-N2L3 -0.4815 

N3L1-N3L2 0.5877 B1-N2L2 0.6059 B2-N1L3 0.2195 

N3L1-N4L2 0.9374 B1-N3L2 0.1885 B2-N2L3 -0.1374 

N3L1-N5L2 0.3539 B1-N4L2 0.3618   
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Result  

After selecting the optimal structure for the neural network and its training, the 

second part of the data (91 data) was used to test estimation accuracy of the 

network. 

Table 3 presents the error values of the network results. Figures 2, 3, 4, and 5 also 

show the scatter plots comparing experimental results with those estimated by the 

network: 

Table 3. Network Results Error Values 

Correlation 

Coefficient 
RMS Ea (%) Emax (%) Emin (%)  

0.999590131 1.020049926 0.556592298 5.84041065 9.36841E-05 )(TrainBo  

0.982429677 1.047043715 0.508632407 7.098559348 0.000652503 )(Traino  

0.99909827 1.480137336 1.032430012 5.138218685 0.001333529 )(TestBo  

0.956828755 1.538169325 1.104391183 5.971239206 0.004537934 )(Testo  

 

 

Figure 2. Comparison between experimental values of and values estimated by the network 

for data used in training 
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Figure 3. Comparison between the experimental values and the values estimated by the 

network for the data used in training 

 

Figure 4.   Comparison between experimental values and values estimated by the network 

for the data used in testing 
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Figure 5. Comparison between experimental values and values estimated by the network for 

the data used in testing 

Comparison with empirical relationships 

To evaluate the accuracy of the presented network compared with the empirical 

relationships published, several relationships are selected and the results are 

compared. To use the empirical equations and due to this fact that the samples are 

under-saturated, i.e. their pressure is above the bubble pressure, the volume factor 

and density are calculated in two steps. First, by/through using the empirical 

relation, their value at the bubble point is determined, then by defining the 

Coefficient of Isothermal Compressibility, that value is calculated at the desired 

pressure: The first step goes through applying the empirical relation by which their 

value at the bubble point is determined and following that by defining the 

Coefficient of Isothermal Compressibility, the value is calculated at the desired 

pressure.  

)]([0 ppcEXPBB boob −=                                                                                    (6) 

)]([0 boob ppcEXPBB −=                                                                                    (7) 

As can be seen, the above relationships need to calculate the value of that property 

at the bubble point, determine the bubble pressure and determine the coefficient of 

isothermal compressibility. They are, therefore, used to calculate a property in the 

supersaturated sample. 
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Many researchers have proposed empirical relationships to determine the PVT 

properties of which the most reliable relations have been attempted to be used 

while comparing   the proposed network. (In cases where all 3 relationships were 

not available from one researcher, the relationship by another researcher was 

assumed to be relevant). 

The relationships used are as follows (Laugier, S. & Richon, 2003; Danesh, 1998; 

William, 1990): 

Ahmed’s Correlations: 

sssob RaRaRaPaPaPaTaTaTaFB 9

2
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1 105243973.4 −−=a                             
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5542509.53 −=a                                       
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5 109528992.3 −−=a                            289473.166 =a  
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7 108718887.3 −=a                               
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8 100703685.7 −=a  

4358395.19 −=a                                        12869353.010 −=a  

023484894.011 =a                                     015966573.012 =a  
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1)0025999.0588893.4( −+−= sRB  

The Al-Marhoun equation is used to calculate the bubble pressure. 

))]()(([ bobo aPEXPaPEXPBEXP −= 
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The Standing relation is used to calculate the density at the bubble point . 

Standing’s Correlations:                                                                          
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The Vesquez-Beggs relation is used to calculate Co . 

 

 

Glaso’s Correlations: 
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Here the Standing equation was used to calculate the bubble pressure and the 

Vesquez-Beggs relation to calculate Co. 
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After computing the results of the empirical relationships, they were compared 

with the results from the neural network which are shown in the following tables: 

(In each case, the relative error of absolute mean, minimum error, maximum error, 

and root relative squared error were compared). 

Table 4. Comparison of Neural Network Error with Other Experimental Equations 

to Esimate Oil Volume factor (Training Data) 

Table 5. Comparison of neural network error with Ahmed empirical equation to 

estimate oil density (training data) 

 Emax (%) Emin (%) Ea (%) RMS 

ANN 7.0985 0.00065 0.508 1.047 

Ahmed 14.463 0.021 4.132 4.946 

Table 6. Comparison of Neural Network Error with Other Experimental Equations 

to estimate Oil Volume factor (Test Data) 

 Emax (%) Emin (%) Ea (%) RMS 

ANN 5.1382 0.0013 1.0324 1.480 

Ahmed 17.792 0.216 7.337 8.508 

Standing 16.089 0.110 3.035 4.173 

Glaso 14.298 0.027 2.185 3.080 

 RMS Ea (%) Emin Emax (%) 

ANN 1.020 0.5565 0.000094 5.8404 

Ahmed 8.649 7.535 0.019 18.258 

Standing 4.266 3.138 0.007 16.089 

Glaso 3.034 2.291 0.003 14.298 
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Table  4. Comparison of neural network error with Ahmed empirical equation to 

estimate oil density (test data) 

 Emax (%) Emin (%) Ea (%) RMS 

ANN 5.971 0.00453 1.1043 1.538 

Ahmed 13.780 0.354 4.070 4.895 

 

The results obtained indicate the high accuracy of the proposed network with 

respect to these experimental relationships. 

 

Conclusion 

1. A new model was presented to determine the oil volume factor and density for 

Iran's under-saturated reservoirs. The proposed model is based on artificial 

neural networks and has been developed using 577 empirical data from over 

55 Iranian under-saturated samples. 

2. From 577 data, 486 data were used for network training and 91 data for 

network testing. 

3. The proposed network has an input layer with 5 neurons representing the 

network inputs and one hidden layer with 6 neurons and an output layer with 2 

neurons representing the network outputs. Batch back propagation algorithm 

was also used for network training. 

4. The results showed that the network is capable of estimating oil volume factor 

and oil density with high accuracy and provides better results than existing 

empirical relationships. The average network error in determining these 

properties was about 0.5% for training data and about 1% for test data. 
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