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Abstract
BACKGROUND: The nucleotide changes in different genetic loci increased the incidence risk of breast cancer.

AIM: The aim of present study was to investigate genotype distribution at codon 72 of the TP53 gene (rs1042522)
in breast cancer patients to achieve a potential diagnostic marker related to some demographic feathers.

METHODS: In our case-control study, blood samples were collected from a total of 34 patients harboured breast
cancer. DNA was extracted, and nested-PCR was performed. Products were digested with Accll and
subsequently were sequenced. Results were compared with samples characteristics.

RESULTS: The PCR results indicated the correct implementation of extraction and amplification protocol. The
genotypic distribution at codon 72 of TP53 in control group was 20%, 62.4% and 16.6% for Arg (wildtype), Arg/Pro
(heterozygous) and Pro (homozygous variant) respectively. Also, this distribution in the patient group was 23.52%
homozygous, 50% heterozygous, and 26.47% another homozygous variant (Adjusted odds ratio: 1.12 and 95%ClI
= 0.57 to 2.2, P = 0.03). The absence of Arg at codon 72 of TP53 is relevant with age higher than 40 years and
metastasis to other organs.

CONCLUSION: Polymorphism at codon 72 of TP53 was associated with high-grades of breast cancer risk and
different responses to chemotherapy treatment. It is recommended genotype distribution of codon 72 of TP53
before chemotherapy.

Competing Interests: The authors have declared that no
competing interests exist

Introduction

Breast cancer (BC) is one of the most
common types of cancer that causes mortality rates
each year. Despite advances in early diagnosis and
proper treatment for this disease, it remains the main
cause of death among women [1], [2], [3]. The most
common sites of BC metastasis are bones, lunge and
liver. Metastasis of BC to the brain less occur. The
growth of cancer cells in BC is considered in three

stages. BCs stage | or Il are in the initial stage. If the
tumour extends to the underlying muscles of the chest
wall or skin, BC is type Ill. This Stage also includes
BCs involving inflammatory system, in which case the
breast is red or swollen [4], [5], [6]. BC stage IV refers
to tumours that metastasise to the outside of the
breast and the lymph nodes, as well as to the brain,
bones, skin, and other organs. The basics of cancer
genetics is the occurrence of changes in signalling
pathways and genes regulatory networks [5].
Changes in different codons of the genes, including
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BRCA1, BRCA2, and TP53 etc. increase the risk of
developing breast cancer. In some cases due to a
mutation in TP53, the occurrence of BC can be
accompanied by brain tumours and leukaemia. TP53
(also known as BCC7, LFS1) is a TSG. This gene is
encoded on the human chromosome 17 at position
p13.1 (HGNC ID: 11998). Different transcripts are
reported for this gene (Figure 1). Some of these
transcripts are not protein coding
(ENSG00000141510). This gene is very important in
the coordination of the cell cycle as well as in
preventing the development of cancer [2].
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Figure 1: View of the TP53 chromosome position and the Ensemble
databank of variants and SNPs of the TP53 gene. The codon 72 is
shown by the blue arrow

In addition, the TP53 gene has a variety of
anti-cancer activities, such as apoptosis, genome
stability (preventing the appearance of mutation in the
genome) and preventing angiogenesis [3]. P53
Protein plays a major role in the initiation of apoptosis.
The amount of P53 protein increases when the cell is
exposed to stress [3], [6]. The defects in DNA repair
are often the result of mutations, which may lead to
the loss of DNA repairing proteins activity. DNA
polymorphisms may also alter the structure of
repairing enzymes and reduce their repair ability. Key
polymorphisms in some genes, including TP53, may
increase the risk of BC and may lead to a difference in
treatment. Several SNPs have been recorded for this
gene. One of these polymorphisms is the nucleotide
change in codon 72 of this gene which can lead to a
missense amino acid residue conversion Arg (CGC)
to Pro (CCC). Rs1042522 is one of 25 important
SNPs reported to increased risk for BC [7]. The G and
C of this polymorphism allele encode an Arg and Pro
respectively at position 72 of the P53. It has been
reported that alteration of this codon is likely to be
associated with an increased risk of some of the
diseases [8], [9], [10], [11]. This association is related
to population type. African population with two copies
of G (G;G) in rs1042522 in TP53 were 2.15 times
more susceptible to die due to rectal cancer than
those with (C;G) or (C;C) at mentioned polymorphism.
Also in Caucasians, there was no association
between survival and rs1042522. In Asadi et al., study
were detected no association between rs1042522 C >
G polymorphism and Risk of Colorectal Cancer in the
Iranian Azari Population [12]. In his another study,
also was detected No association between rs1042522
C > G SNP and neuroblastoma risk using TagMan
genotyping [13]. There has been no report on the
relationship between the rs1042522 polymorphism in

TP53 and tumour grade, age, Body mass index (BMI)
and the response rate to chemotherapy in BC patients
of Markazi province of Iranian population. The aim of
present study was to evaluate the polymorphism at
codon 72 of TP53 in patients with BC and investigate
the relationship between genotype distributions with
above factors in patients with BC in aforementioned
Iranian population.

Materials and Methods

In present case-control study, samples were
collected from Ayatollah-Khansari hospital in Arak city.
This study was performed between November 2016
and June 2017. A total of 34 pathological and clinical
data were classified for the collected breast cancer
samples (median age: 48 years). Also, normal
samples from non-tumour individuals were equal
numbers of patients group. Three ml of blood was
collected from each sample in CBC test vial. The
study was approved by the Research Ethics
Committee of Arak University of Medical Sciences
(Ethics number 618B/3090). Participants of present
study agreed with and signed a consent form.

DNA extraction was performed from 500 ul
whole blood using the Diatom DNA Kit (IsoGene,
Moscow, Russia) based on its instruction. Samples
were loaded on 1% agarose gel, (YTA, Iran).

In Polymerase chain reaction, 50 mM MgCI2
(Cinagene, Iran), 10X Buffer (Cinagene, Iran), 10 mM
dNTP (Cinagene, lIran), 1unit Taq polymerase
(Cinagene, Iran), and specific primers at a suitable
concentration of 10 pmol were used. Annealing
temperature for the primers [9] was optimised at
52.7°C.

In this study, PCR products of the first stage
were used in a thermocycler machine (Eppendorf,
Germany) as a template in the second stage PCR
using a pair of internal primers in order to more
specificity and enhancing the amplified bands. A non-
template sample was used as a negative control. The
sequence of these primers is shown in Table 1.

Table 1: The used primer sequence in this study

Primer ID Sequence (5'-3")

p53 F GCTCTTTTCACCCATCTACAG
p53 R TGAAGTCTCATGGAAGCCAGC
P53 Inner-F TCCCCCTTGCCGTCCCAA
P53 Inner-R CGTGCAAGTCACAGACTT

Restriction enzyme digestion was performed
by Accll (Vivantis, Malasia) at 37°C for 3-16 hours.
Production of one fragment of 300bp indicated the
presence of the wildtype allele (Arg). The presence of
the variant allele (Pro) was determined by the
observation of two fragments of 160 bp and 140bp.
The produced amplicons were sent for sequencing.
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The sequencing was carried out with the ABI Applied
Biosystem machine-Model 3730XL (Macrogene,
South Korea). Sequencing results were analysed
using Chromas, Mega 4.0, Blast and Blat software.

Validation of genotypes was evaluated by
comparison of sequences results with data banks
such as UCSC. Chi-sq Hardy-Weinberg equilibrium
(HWE) test calculator were used for biallelic markers
including SNPs. The difference between the groups
was determined by one-way ANOVA GraphPad prism
7.0. P values less than 0.05 were considered
statistically significant.

Results

The results of the amplification reaction
indicated the accurate of the extracted DNA, the
correct implementation of the temperature protocol
and used primers. Figure 2 shows the 300bp amplicon
of the TP53 gene.

Figure 2: Steps of Nested-PCR steps in this study. The yellow arrow
shows the 300 bp amplicon of TP53 gene

In below figure columns 1-4 indicated bands
of heterozygous samples that have three bands (300,
160 and 140 bp). Also, Figure 3b shows the sequence
analysis of the 8 homozygous amplicons.
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Figure 3: A) Agarose gel of digestion reaction. Column 1-4 showed
heterozygote samples (Arg/Pro) and column 5 showed a
homozygote wildtype (Arg); B) Nucleotide sequences from the
sequencing of clinical samples (Chromas and Mega4 software)

The genotypic distribution in the patient group
was 23.52% homozygous wildtype (Arg), 50%
heterozygous (Arg/Pro), and 26.47% another
homozygous variant (Pro). These genotypes in the
control group were 20%, 62.4% and 16.6% for
homozygous wildtype, heterozygous and homozygous
variant respectively.

The C allele freq = 0.48; G allele freq = 0.52
was the frequency of changes in codon 72 of the
TP53 gene in patient group (HWE calculator, p <

0.05). The Chi-square in control group was not
significant (X2 = 6.8, p > 0.05).

Table 2: different patterns from digestion reaction using Mboll
enzyme

Pattern of Band (bp) Genotype Patients Odds %90 CI %95 Cl %99 P
RFLP (%)  Ratio Cl value
Pattern A 300 GG 2352 112 0.64-1.98 0.57-2.2 0.46- <0.05
homozygote 2.72
Pattern B 300, 160, CG 50 1.07 0.66-1.71 0.61- 0.51- <0.05
140 heterozygote 1.87 2.23
Pattern C 160, 140 CcC 2647 141 0.79-251 0.71-28 0.57- <0.05
homozygote 3.48

The Figure 4 showed that there are a
significant association between the changing at codon
72 (Arg72 Pro) of TP53 gene sequences and the Age
> 40, BMI > 22, WHR > 0.8, metastasis to other
organs, positive ER and PR status and less response
to chemotherapy in BC samples than the control
group. These associations are statistically significant.
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Figure 4: A) This chart shows the relationship between amplicons
sequences and the characteristics of the used clinical samples; B)
GraphPad Prism 7.0 software showed association between the Pro
at codon 72 of TP53 gene and the Age > 40, BMI > 22, WHR > 0.8
and negative response to chemotherapy (One-way ANOVA test, P
=0.03)

Discussion

The incidence rates of BC increase with an
ascending trend so that its frequency has doubled
over the past 20 years. In Iran, BC is the most
common type of cancer after stomach and
oesophagus cancers. Therefore, diagnosis at first
stages and study of the molecular mechanisms of BC
are necessary [1], [2], [3]. Molecular events that
regulate cell survival, apoptosis, growth and
differentiation of the cell, played an important role in
the overall kinetics of tumour growth as benign or
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malignant [14]. Mutation of TP53 is the most common
genetic change in human cancers and is associated
with  poor response to treatment including
chemotherapy and radiotherapy. Recent studies have
shown the probably beneficial and valuable effects of
gene therapy with the goal of TP53 as a
complementary therapy in cancers. Studies in 1997
and 1998 found that p53 plays a critical role in
controlling of the cell cycle since its normal function
not forces the cell to stop the cell cycle so that it can
enter a period of interruption to repair the DNA
damage. If the cell could not repair damage to the cell,
it would commit suicide to prevent mutations in the
cells [6], [7]. Injury to the TP53 gene occurs during the
life-span of the individual, but in rare cases, involved
about 1% the cases of sporadic BCs [15], [16], [17],
[18]. In a study in 2009, numbers of 1836 articles from
1986 to 2008 were reviewed for involved genes in BC
[3]. In the TP53 gene, the importance of codon 72 has
been shown to identify changes in the various
populations. This codon site is within the active site of
the p53 protein. In studies conducted in 2006 and
2007, it was found that using some of the pathological
characteristics of BC, such as the tumor size, negative
status of PR, positive status of the lymph nodes and
high differentiation can be predicted that a patient will
be more likely to develop metastasis [19], [20], [21],
[22]. Other studies showed significant differences in
the prevalence of codon 72 in TP53 polymorphism in
endometriosis in a Brazilian population [23].

The present study showed that the frequency
of changes in codon 72 of the TP53 gene in the
studied population was common and totally 76.7 % of
the studied patients had this change. Also, there are
associations between a polymorphism at microRNA
binding site in BRCA2 with BC susceptibility [24], [25].
Also, there are an association of polymorphisms in
FCGR2A and FCGR3A with a degree of Trastuzumab
in the Adjuvant treatment of ERBB2/HER2- positive
BC [26]. A study results at 2017 showed a significantly
association between six SNPs including FGFR2
(rs2981582), HCN1 (rs981782), MAP3K1 (rs889312),
TOX3 (rs3803662), ZNF365 (rs10822013), and
RAD51B (rs3784099), with breast cancer risk [25]. A
study in South Korea on persons with gastric cancer
that treated with cisplatin and paclitaxel chemotherapy
indicated that rs1042522 (G/G and C/G) genotypes
compared to rsl042522 (C;C) were significantly
associated with lower response rate to the
chemotherapy treatment (35.7 vs. 66.7%, p-value
0.019) [28]. Another study at 2014 on patients with
NSCLC showed that G/G genotype of rs1042522 was
more resistant to the first-line chemotherapy drugs,
such as cisplatin [29]. In the present study, we
evaluated all changes in studied amplicon compared
to the control samples by sequencing method. The
results of our study indicated the relationship between
the rs1042522 polymorphism with age, BMI,
metastasis, positive status of PR and ER and
treatment response rate in these patients (Table 3).

Table 3: Some demographic features of the studied samples
and differences in genotypes distribution of TP53 at codon 72
in this study (P value < 0.05)

Characteristic Detail Total No. Of Gg Dif. Gc arg Dif. Cc Dif.
no. patients  arg(%) Ipro(%) pro(%)
(%)

Age <40 8 23.52 8.82 -16.8 11.76  -38.24 2.94 -22.06
>40 26 76.47 14.070 -10.3 38.23 -11.17 2352 -1.48
Menopausal No 16 47.05 11.76 -10.3 2352 -26.48 11.76 -13.24
age <52 3 8.82 2.94 -13.24 2.94 -47.06 2.94 -22.06
>52 15 4411 8.82 -22.06 17.64 -32.36 17.64 -7.36
Er status Positive 8 23.52 5.88 -19.12 11.76  -38.24 5.88 -19.12
Negative 26 76.47 17.64 -7.36 35.29 -14.71 2352 -1.48
Pr status Positive 8 23.52 5.88 -19.12 11.76  -38.24 5.88 -19.12
Negative 26 76.47 17.64 -7.36 35.29 -14.71 2352 -1.48
Her2 status Positive 15 4411 11.76 -13.24 20.58 -29.42 11.76 -13.24
Negative 19 55.88 11.76 -13.24 26.47 2343 17.64 -7.36
Metastasis Yes 6 17.64 5.88 -19.12 8.82 -41.18 2.94 -22.06
No 28 82.35 17.64 -7.36 41.17 -8.83 23.52 -1.48
Treatment Chemo- 6 17.64 2.94 -22.06 8.82 -41.18 5.88 -19.12

therapy+ 30 88.23 8.82 -16.8 41.17 -8.83 29.41 441
Chemo-
therapy-

Bmi >22 7 20.58 8.82 -16.8 8.82 -41.18 2.94 -22.06

<22 27 79.41 14.70 -10.3 38.23 -11.77 26.47 1.47
Whr (waist to <0.8 14 41.17 8.82 -16.8 20.58 -29.42 11.76 -13.24
hip ratio) >0.8 20 58.82 11.76 -13.24 2.94 -47.06 17.64 -7.36
Histological Invasive 34 100 23.52 -1.48 50 0 26.47 1.48
type ductal

carcinoma

dif: the difference between expected and observed genotypes in HWE equation; p2: GG, 2pq: G/C, q2: CC)

In the present study, we investigated that
rs1042522 SNP may be associated with susceptibility
to BC among Iranian women with higher age and BMI.
The distribution of C Allele in individuals with age of
higher than 40 years was 1.2 times more than lower
ages. Also, the frequency of G allele is associated to
lower BMI and WHR. Our data showed there was a
direct association between C/G and C/C genotype of
rs1042522 with a negative response to chemotherapy
(1.13 times).

Based on the new issue of “personalised
medicine” in modern medicine, patients can be treated
according to their molecular feathers. Therefore, it can
be inferred that determination of TP53 variants for BC
patients is suitable before the starting the treatment
protocol. Cancer is a multi-factorial disease and, in
addition to genetic, environmental factors such as
smoking, family income etc. also contributes to its
development. The results of this study revealed the
lack of significant correlation between these factors
including family income, Educational level, the age of
marriage and cigarette smoking with the studied
polymorphism (data not shown). However, any of
these factors may be effective in the overall survival
rate and severity of the disease.

However any of these factors may be
effective in overall survival rate and severity of the
disease. Performance of molecular diagnostic tests for
the evaluation of cancer genes in medical centers is
critical. Hence, the determination of polymorphism in
the mentioned codon can be used as a potential
candidate diagnostic marker for high risk BC.
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Introduction

Carbapenemase-producing P.
to almost all

strains are resistant

Abstract

AIMS: This study aims to evaluate the ability of ChromID Carba agar, and Pseudomonas aeruginosa modified
Hodge test (PAE-MHT) for detection of carbapenemase-producing P. aeruginosa and to determine the associated
carbapenemase gene classes by PCR.

METHODS: One hundred Carbapenem-resistant P. aeruginosa (CRPA) isolates were tested for: i)
carbapenemases production by ChromID carba agar, Modified Hodge test (MHT) and (PAE-MHT) and ii)
detection of some carbapenemase genes by PCR.

RESULTS: All (100%) of the isolates showed growth on ChromID Carba agar with 100% sensitivity. Using MHT,
54% of isolates were positive, 3% were indeterminate, and 43% were negative, demonstrating 58.9% sensitivity
and 80% specificity. On performing PAE-MHT, 91% of the strains were positive, 3% were intermediate, and 6%
were negative, demonstrating 97.9% sensitivity and 80% specificity. The most prevalent gene was blaKPC (81%),
followed by blaVIM (74%); blaIMP was detected in only one isolate, and blaOXA-48 in 34% of the isolates.

CONCLUSIONS: We conclude that PAE-MHT and ChromID Carba are sensitive, specific, simple and cost-
effective screening tests for detection of CRPA isolates compared to the traditional MHT.

Several inhibitor-based tests have been
developed for the detection of carbapenemases in P.
aeruginosa. However, misdetection of newly emerging
isolates with a combination of carbapenemases could

aeruginosa _
occur with these methods [3].

B-lactams.

Carbapenem-resistant P. aeruginosa (CRPA) can be
produced as a different consequence mechanism,
such as decreased bacterial outer membrane
permeability, overexpression of AmpCs or expression
of carbapenemases [1].

Carbapenemases production in P. aeruginosa
belong to the Ambler class A (KPC- and GES-type -
lactamases) and most commonly the Ambler class B
(Metallo-B-lactamases) (MBLs) of the VIM, IMP, SPM,
GIM, AIM, DIM, FIM, and NDM types [1], also OXA
beta-lactamase genes in Pseudomonas aeruginosa
have been identified [2].

Using a novel indicator strain, K. pneumoniae
ATCC 700603, the MHT was optimised for more
accurate and reliable detection of carbapenemase
production in P. aeruginosa, and this test was named
the P. aeruginosa MHT (PAE-MHTSs) [3]. Chromogenic
media containing a carbapenem (chromID Carba,
chromID KPC, chromID ESBL) are convenient tools

for the screening and rapid detection of
carbapenemase-producing  Gram-negative  bacilli
(CPGNB). Among these media, chromID Carba

demonstrated the highest sensitivity and specificity.
Different genotypic methods have been applied for the
detection of carbapenemases encoding genes in
clinical isolates of P. aeuroginosa [4].
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Thus, we performed ChromID Carba agar
chromogenic medium, MHT and PAE-MHT to
evaluate their ability for detection of CRPA and
compared the results to PC.

Methods

The study included 100 carbapenem-resistant
P. aeruginosa isolates (imipenem and/or meropenem)
detected by disk diffusion method according to CLSI,
2015 [5] among different isolates recovered from
different specimens referred to Central Microbiology
Laboratory for routine culture and sensitivity. The
selected CRPA isolates had been referred from the
following departments of Ain Shams University
Hospitals; burn unit (55%), ICU (22%), surgery
department (16%), and from the internal medicine
department (7%). They were recovered from {pus
(71%), respiratory (17 %), urine (11%) and only one
strain (1%) from blood specimens. All isolates were
subjected to:

A) Phenotypic detection of
carbapenemases producing P. aeruginosa

1. ChromID carba agar

After, overnight incubation of blood agar
plates at 36 + 1°C, isolates were suspended in one
mL of 0.9% sterile saline solution and the inoculum
was adjusted to a density of a 0.5 McFarland standard
(10° CFU/ mL). Then, ten pL (10° CFU/ mL) of this
suspension was streaked by 10 uL standard loop onto
ChromID Carba agar (bioMérieux, France).

Figure 1: P. aeruginosa on ChromID Carba. Five strains are
colourless, and five show brown pigmentation

All plates were incubated in ambient air at 36
1 1°C for 24 hours. Some carbapenemase producing
Pseudomonas strains were colourless, and some

showed brown pigmentation (Figure 1). Non-
carbapenemase producing Pseudomonas strains
showed no growth [4].

2. Modified Hodge test (MHT)

Modified Hodge test was performed according
to CLSI [6]. An inoculum of the indicator organisms (E.
coli ATCC 25922), was adjusted to a 0.5 McFarland
turbidity standard then a 1/10 dilution was made by
adding 1ml of 0.5 McFarland turbidity tube to 9ml
sterile saline and inoculated on the surfaces of
Mueller-Hinton agar plates by swabbing. After the
plates had been allowed to stand for 10 min at room
temperature, a disk of meropenem, 10 ug (Oxoid, UK)
was placed in the centre of each plate. Subsequently,
four colonies of the test organisms, grown overnight
on blood agar plate, were inoculated onto the plate in
a straight line from the edge of the disk to the
periphery of the plate (without touching the disc) by
swabbing. A positive result is indicated by the
enhanced growth of the indicator strain towards a
meropenem disk, clover leaf-type indentation at the
point of intersection of the isolate with the indicator
strain. Whereas, no enhanced growth of the indicator
strain towards a meropenem disk (no clover leaf-type
indentation at the point of intersection of the isolate
with the indicator strain is considered negative.
Indeterminate results showed inhibition of the growth
of the indicator strain produced by the test isolate
(Figure 2 & 3).

Figure 2: A) MHT,; isolates 1, and 4 show positive results, isolates 2,
and 3 show negative results; B) PAE-MHT; isolates 1, 2, 3, 4 show
positive results

3. Pseudomonas aeruginosa modified Hodge
test (PAE-MHT)

The same procedure as MHT was performed
but K. pneumonia ATCC 700603 was used as
indicator strain [7]. Interpretation of results was the
same as in MHT (Figure 2 & 3).

B) Genotypic detection of carbapenemase
encoding genes

All isolates were subjected to molecular
identification of carbapenemase encoding genes
using conventional PCR for (blaKPC) [8] and
conventional multiplex PCR for (blavIiM, blaIMP, and

2284

https://www.id-press.eu/mjms/index



Othman et al. Pseudomonas Aeruginosa-Modified Hodge Test (PAE-MHT) and Chromid Carba Agar

blaOXA-48) [9]. DNA extraction was done using
Boiling method [10].

Figure 3: A) MHT; isolates 1, 2 show indeterminate results, isolate
3 shows a negative result, isolate 4 shows positive results; B) PAE-
MHT; isolates 1, 2 show indeterminate result, Isolate 3 shows a
negative result, isolate 4 shows a positive result

All PCR reactions were performed with My
Tag HS Red mix (Bioline, UK) 2 X and carried out on
a Thermal Cycler 2720 (Applied Biosystem, USA)
instrument. The primers (Table 1) and the
components of the master mix were added to templet
DNA in a two separate reaction mixture; one for
blakPC gene and the other for blaIMP, blaviIM and
blaOXA-48 genes in a final volume of 25 pL for each
reaction mixture.

Table 1: Primers sequences of carbapenemase encoding
genes

PCR product size

Primer name Primer sequence (op) Refrences

KPC (forward) 5-ATGTCACTGTATCGCCGTCT-3} 893-b 8l

KPC (reverse) 5-TTTTCAGAGCCTTACTGCCC-3' P

IMP-A (forward) 5-GAAGGY GTT TAT GTT CAT AC-3'

IMP-B (reverse) 5-GTAMGT TTC AAG AGT GATGC-3' 587-bp 9]
(whereY=CorTand M=AorC)

VIM2004A 5-GTT TGG TCG CAT ATC GCA AC-3'

(forward) 382-bp 190)

VIM2004B , ,

(reverse) 5-AAT GCG CAG CAC CAG GATAG-3

Oxa 48A (forward) 5-TTGGTGGCATCGATTATCGG-3' 744-bp 131]

Oxa 48B (reverse) 5'-GAGCACTTCTTTTGTGATGGC-3

Stock solution of primers = 100 pmol/1 pL; Working solution of primers = 4 pmol/1 pL.
Stock solution of primers = 100 pmol/1 pL; Working solution of primers = 4 pmol/1 pL.

The amplification program for blaKPC was
composed of initial denaturation at 95°C for 15 min, 38
cycles of denaturation for one minute at 94°C,
annealing at 62°C for one minute, and an extension
step at 72°C for one minute, then final extension for
ten minutes at 72°C. As for blaIMP, blaviM and
blaOXA-48, it was composed of an initial denaturation

step at 94°C for 5 min, followed by 30 cycles of DNA
denaturation at 94°C for one minute, primer annealing
at 54°C for one minute, and primer extension at 72°C
for one and half minute.

For detection of the amplified Products; ten pl
were examined by 1.2% agarose gel in Tris-boric acid
EDTA buffer (TBE). A DNA size marker was included
for comparison. Electrophoresis was performed at 80
volts, and the gel was then stained by ethidium
bromide (0.5 pg/ml) for 30 minutes. Then, it is
visualised wusing a UV transilluminator and
photographed. BlakPC, blaIMP, blavIiM, and blaOXA-

48 genes gave bands at 893, 587, 382, and 744 bp.
Respectively (Figure 4).

10 11

12 13 14

Figure 4: Gel electrophoresis of PCR products; Lane M is DNA
ladder; Lanes 2, 4 & 5 are positive for KPC (893 bp); Lanes 6, 7, 9
& 12 are positive for VIM (382 bp); Lane 8 is positive for IMP (587
bp); Lane 10 is positive for for both oxa 48 (744 bp) with VIM
(382bp); Lanes 1, 3, 11, 13 & 14 are negative

Results

All (100%) of the CRPA isolates showed
growth on ChromID Carba agar after overnight
incubation at 36 * 1°C indicating carbapenemase
production. Detection of carbapenemase by MHT
showed that; (54%) of isolates were positive, three
(83%) produced indeterminate results and (43%) were
negative. On performing PAE-MHT, (91%) of the
strains were positive, three (3%) produced
indeterminate results and (6%) were negative. False
positive results were 20%, and false negative results
were 2.1%.

Results of PCR for detection of the four
carbapenemases encoding genes (blakPC, blaVvIM,
blaIMP, blaOXA-48) on 100 CRPA isolates showed
that; blakPC, blaVvIM, blaIMP and blaOXA-48 were
detected in 81%, 74%, 1%, and 34% of the isolates
respectively. The four carbapenemase genes were
positive in (95%) of CRPA isolates. Five strains were
negative for all the four carbapenemase genes
included in the study.

PCR results showed that 19% isolates were
positive for only one gene; nine (%) isolates for
blakPC and ten (10%) isolates for blaVIM. Fifty seven
(57%) strains were positive for two genes; blakPC +
blaviM 41 (41%) strains, blakPC + blaIMP one (1%)
strain, blakPC + blaOXA-48 11 (11%) strains and
blaviM + blaOXA-48 four (4%) strains. Nineteen
strains (19%) were positive for three genes (blakPC +
blavIM + blaOXA-48) collectively. No strains were
positive for the four genes collectively (Table 2).
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Table 2: The distribution of carbapenemase encoding genes
among 95 PCR-positive isolates (Per isolate)

Carbapenemasegenes n (%)
Onegeneonly detected:
KPC only 9 (9.5)
VIM only 10 (10.5)
Total 19 (20)
Two genes detected:
KPC +VIM a1 (43.2)
KPC + IMP 1 (1)
KPC + OXA-48 11 (11.6)
VIM + OXA-48 4 4.2)
Total 57 (60)

Three genes detected:
KPC +VIM + OXA-48 19 (20)
Total 19 (20

In our study, the performances of MHT, PAE-
MHT and ChromID Carba were compared to PCR,
which is recommended as a standard gold method for
detection of carbapenemase production [11]. MHT
gave 58.9% sensitivity, 80% specificity, 20% false
positive rate and 41.1% false negative rate. On the
other hand, PAE-MHT showed higher sensitivity
(97.8%), specificity was 80%.

When results of ChromID Carba were
compared to PCR results, 95 strains, that were PCR
positive, showed growth on the ChromID Carba. The
remaining five isolates that showed growth on
ChromID Carba were negative by PCR. Thus, the
sensitivity of ChromID Carba was 100% (compared to
PCR), but the specificity could not be calculated as
the test didn’t show any negative results.

Regarding the five isolates that were PCR
negative but showed growth on the ChromID Carba,
three of them gave positive results by both MHT and
PAE-MHT while the remaining two were negative.

In the present study, 3% of the CRPA isolates
gave indeterminate results by both MHT and PAE-
MHT; 2% were only MBL producers (blavIM), and 1%
was both KPC and MBL (blaVIM) producer.

Discussion

Carbapenemase-producing P. aeruginosa
strains are resistant to almost all B-Lactams. So, their
spread in hospital settings is extremely dangerous.
Also, carbapenemase genes are usually located on
transferable genetic determinants such as plasmids,
leading to their rapid dissemination. Hence, detection
of carbapenemases is important for early
implementation of infection control measures [1].

On performing MHT, 54% of our strains were
positive, 3% of showed indeterminate result and 43%
were negative. In a previous study, among the 32
meropenem resistant P. aeruginosa, only 9 (28.1%)
were positive for carbapenemases by MHT. However,
16 (50.0%) were MBL producers by EDTA disk
synergy test [12].

In our study, the sensitivity of MHT was
58.95%, and specificity was 80%. False positive

results were detected in 20% of the strains, and
41.1% were a false negative. The false positive results
might be due to the co-production of CTX-M and
hyperproduction of AmpC which may result in the
minor hydrolysis of carbapenems [13].

The false negative results might be related to
the presence of NDM type of MBLs [11]. This was
consistent with our results, where 4/10 (44%) strains
carrying only MBL genes, gave negative result by
MHT. Also, MHT does not distinguish between
carbapenemase types and lack sensitivity for MBL
detection unless it is performed on MacConkey’s agar
or Zn*? added to the carbapenem disk [14]. Moreover,
it noted that the sensitivity and specificity of the test
for detecting low-level Metallo-B-lactamase production
are not known, and no data exists on the usefulness
of this test for the detection of carbapenemase
production in non-fermenting gram-negative bacilli like
Pseudomonas [5]. On the other hand, our study
revealed that six out of nine strains carrying blakKPC
(66%) were negative for MHT and all the eleven
strains (100%) carrying both blakPC and blaOXA-48
were also negative for MHT.

A study carried on 64 P. aeruginosa isolates
(42 carbapenemase producers and 22
carbapenemase non-producers) revealed that the
MHT showed 78% sensitivity and 57% specificity.
When the test was repeated on 15 strains, ten
carbapenemase producers and five carbapenemase
non-producers, nine strains out of 15 showed variable
results over the test period (repeatability; 40%) [7].

In our study, 3% of the CRPA isolates
produced indeterminate results by MHT; 2% were
MBL producers (blavIM), and 1% was both KPC and
MBL (blaVIM) producer. This could be justified by a
possible secretion of a substance such as colicin, a
bacteriocin-peptide released by some GNB, which
may inhibit the growth of the indicator strain and
interfere with the results of the test [15].

Indeterminate results by MHT in 12% of MBL
P. aeruginosa producers, which were not obtained for
KPC producers, were observed in a previous study.
Similarly, they reported a high proportion of
indeterminate  results (22% and 43%  of
carbapenemase and non- carbapenemase producers
respectively) which occurred at a rate ten times higher
in P. aeruginosa than that for Enterobacteriaceae.
They optimised the MHT for more accurate and
reliable detection of carbapenemase production in P.
aeruginosa by using a novel indicator strain, K.
pneumoniae ATCC 700603, and named this test the
P. aeruginosa MHT (PAE-MHT). First, the test was
performed using 64 P. aeruginosa isolates (42
carbapenemase producers and 22 carbapenemase
non-producers), and it demonstrated 100% sensitivity
and 98% specificity for detection of carbapenemase
activity without indeterminate results [7].

In the present study, 91% of the strains of
CRPA isolates were positive by PAE-MHT, 3%
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demonstrated indeterminate results and 6% were
negative. The sensitivity of PAE-MHT was (97.81%),
specificity was (80%), false positive results were 20%,
and false negative results were 2.1%.

The false positive results in our study might
be explained as previously mentioned in MHT by the
overproduction of cephalosporinases as AmpC
enzymes or some ESBL enzymes as (CTM-X) that
may  have minor hydrolytic activity  on
carbapenemases [7], [13].

In the current study, two strains showed false
negative results with PAE-MHT; one was carrying
blakPC only while the other was carrying both
blakPC and blaOXA-48. This may be explained by
the possibility of failure of the phenotypic expression
of these genes [16].

On performing PAE-MHT, 3% of our CRPA
isolates showed indeterminate results which may be
due to the production of substances by the tested
isolates that inhibit the growth of the indicator strain as
reported for MHT [17]. This was discordant with
Pasteran et al., who reported no indeterminate results

[71.

All of the (100) CRPA isolates, in our work,
showed growth on ChromID Carba and 95% of
isolates that were proved to carry carbapenemase
genes by PCR showed growth on ChromID Carba, so
the estimated sensitivity of the ChromID Carba was
100%. However, the test showed false-positive results
in five isolates that were negative by PCR.

False positive results with ChromID Carba
have different explanations. Simner et al. reported that
growth on a chromogenic medium only signifies
carbapenem resistance (e.g. AmpC producer with
porin loss may grow) but does not confirm the
production of a carbapenemase. In their study,
ChromID Carba agar demonstrated 89.8% sensitivity
in detecting carbapenemase producing GNB but still
could grow carbapenemase negative GNB (included
16.7 % of ESBL producers and 6.7% of AmpC
producers) [4].

The second explanation could be the
presence of other carbapenemase genes not included
in our study as out of our five PCR negative isolates
(positive by ChromID Carba), three strains were
positive in both MHT and PAE-MHT, but the remaining
two strains were negative by both tests.

One limitation of the ChromID Carba agar
which is mentioned by the manufacturer and several
studies[18], [19], [20], is the limited detection of OXA-
48 producers, because of the low hydrolysing activity
of this enzyme on carbapenem. However, in our
study, this was not observed because all OXA-48
producing strains showed growth on Chrom ID Carba.
This could be attributed to the finding that all OXA-48
isolates in our study were co-producer of other
carbapenemases (KPC or VIM).

Diene and Rolain reported that the VIM
carbapenemases enzymes, composed of around 33
variants, have been widely described in P.aeruginosa
and lesser found in enterobacterial species [21].

Carrér et al. reported that most
carbapenemases in clinical isolates of GNB including
P. aeruginosa are IMP/VIM and KPC [22].

Among our 100 CRPA isolates,
carbapenemase genes (blakPC, blaviM, blalMP,
blaOXA-48) were detected in 95% of the isolates.
Only five isolates produced negative results for all of
these four carbapenemases. PCR results revealed
that blaKkPC was the most prevalent gene as it was
detected in 81% of the isolates, followed by blaVvIM
which was detected in 74% of the isolates, blaOXA-48
in 34% of the isolates, while blaIMP was found in one
per cent of the isolates. Fifty seven (57%) of the
strains was positive for two genes; (41%:

blaKPC + blaVvIiM), (1%: blakPC + blalMP),
(11%: blaKPC + blaOXA-48) and (4%: blavIM + bla
OXA-48). Nineteen strains (19%) were positive for
three genes (blakPC + blaVIM + blaOXA-48).

The five isolates with negative PCR results
may carry other carbapenemase genes not included in
our study (as mentioned previously) or may be due to
the presence of another mechanism of carbapenem
resistance, e.g. efflux pump and porin loss [23].

Comparable to our results Pasteran et al.,
reported that in 74 carbapenemase-producing P.
aeruginosa isolates, 36 (48.6%) isolates carried
blakPC, 21 (28.37%) blaVIM, 9%) blaIMP and 8
(10.8%) carried blaSPM [3]. Huang et al. found that
out of 135 Enterobacteriaceae isolates, 72 isolates
(53%) were carbapenemase producers, and out of
221 P. aeruginosa isolates, 55 (25%) isolates were
carbapenemase producers confirmed by PCR.
BlaOXA-48 carbapenemase was the predominant
carbapenemase gene (82%) found in
Enterobacteriaceae, while blavVIM gene was largely
predominated (93%) in P. aeruginosa [20].

In contrast to our results, some studies
reported that in Pseudomonas species,
carbapenemases are mostly MBLs of VIM, IMP, SPM,
GIM, AIM, DIM and NDM types and to lesser extent
Ambler class A carbapenemases of the KPC and GES
types[24], [25], [26].

Koutsogiannou et al. reported that all of MBL
positive CRPA isolates (49 isolates) were carrying the
blaviIM gene and were spread in all hospital wards,
especially among the non-ICU patients [27].

Simner et al. found that out of 49
carbapenemases producing GNB
(Enterobacteriaceae, P. aeruginosa and

Acinetobacter) 16 isolates carried the blakKPC gene
(one P. aeruginosa), 12 carried the blavIM gene (five
P. aeruginosa), and four isolates carried blaIMP (one
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P. aeruginosa). One of these GNB isolates (E.
cloacae) carried both blavIM and blaOXA-48 [4].

Previous studies revealed association of
MBLs (VIM/IMP) with KPC (blaKPC + blaviM and
blakPC + blalMP) in certain CRPA clones (ST564) in
different areas of the world, indicating that this clone is
a successful, worldwide multidrug-resistant clone with
the ability to acquire relevant carbapenemases [24],
[28].

Peshattiwar and Peerapur reported that the
percentage of MBL (detected by a phenotypic method;
IMP-EDTA DDST) in the imipenem resistant P.
aeruginosa isolates was 62.5%. They concluded that
carbapenem resistance in P. aeruginosa is
predominantly via MBL production [29]. A nearly
comparable rate was noted by Noyal et al., that
attributed 50% of imipenem resistant P. aeruginosa
isolates to the production of MBL [12]. Upadhyay et al.
reported a high prevalence of MBL 56 (46.6%) among
120 AmpC producing isolates [30].
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Introduction

Abstract

AIM: A previous study confirmed the contamination of water sources with this parasite in Arak, Markazi Province,
Iran. The current study investigated soil sources and determined the predominant genotype of Acanthamoeba in
this region of Iran.

MATERIAL AND METHODS: Forty-eight soil samples, collected from different regions of Arak, Markazi province,
Iran, were evaluated in this study. The samples were processed and identified by culturing on a specific medium,
performing PCR assay, and sequencing the PCR products. Finally, using the NCBI database, the genotypes were
determined.

RESULTS: Of 48 soil samples, 33.3% and 31.25% were contaminated with Acanthamoeba according to the
culture and molecular assays, respectively. The majority of these isolates belonged to the T4, T5 and T6
genotypes of Acanthamoeba.

CONCLUSION: The genotypes of most isolates from soil samples in Arak similar to other regions of Iran belong
to T4 genotype of this parasite. New sequence accession numbers include MG066681 and MG298785-
MG298794.

Tehran were contaminated with this parasite; also, all
soil samples were contaminated [4]. Also, 71.6% and
26% of water and soil samples from south of Iran
were contaminated with Acanthamoeba, respectively

Acanthamoeba is described as a free-living
amoeba with a widespread distribution in the water
and soil of various regions [1]. Host infection occurs
through the entry of parasite cysts into the nose and
eyes. Depending on the host conditions, this can lead
to various diseases, such as granulomatous amebic
encephalitis (GAE) or keratitis [2]. Water and soil are
important reservoirs of this parasite, and to date,
parasites have been isolated from different
environmental sources in Iran [3]. For instance,
46.25% of environmental samples collected from

[5].

A limited number of studies have examined
water sources in different regions of Iran. In Isfahan,
45.16% of water sources were contaminated with this
parasite, and a higher prevalence was found in
environmental water sources in comparison with tap
water [6]. Similar results have been reported from
West Azerbaijan Province (Northwest of Iran) [7] and
Shiraz [8]. Moreover, 70.3% of surface water samples
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were contaminated with Acanthamoeba in North of
Iran (Gilan Province) [9].

Morphological and molecular studies have
revealed that the T4 strain is the predominant
Acanthamoeba genotype in the environmental
sources of Iran [3]. Considering the high prevalence of
pathogenic Acanthamoeba strains in the environment,
it is recognised as a dangerous organism. Also, it
seems that fine airborne dust plays a role in the
dissemination and transmission of this parasite [10].
The contamination of water sources with
Acanthamoeba was confirmed by a previous study
conducted in Markazi Province [11]; however, there is
no information regarding the prevalence and isolates
of this parasite in the soil of Markazi Province.

Therefore, this study aimed to assess the
contamination status and genotypes of this parasite in
soil samples from this region.

Material and Methods

Forty-eight soil samples were collected from
Arak, capital of Markazi Province, located on the
crossroad of northern, eastern, southern, and western
provinces of Iran (Arak, Iran; 34°00' N 49°40' E;
Figure 1). Because of the presence of various
industries, this city has many immigrants. In this
study, the soil of parks and gardens were collected for
analysis. For this purpose, approximately 50 g of soil
was collected in sterile bags and transferred to the
Parasitology and Mycology Laboratory, Arak
University of Medical Sciences.

LRIRAN

Markazi Province

Arak City

Figure 1: Geographic Location of Arak city in Iran

The soil samples were prepared using a 250-
um sieve and then a 0.45-um nitrocellulose filter, as
described in Figure 2. The nitrocellulose filter was
transferred to a non-nutrient agar (NNA) plate, coated
with E. coli (killed) at a temperature of 28°C. After
monitoring the plates for four weeks, the surface of
positive cultures was rinsed with sterile Page’s saline.
The parasites were centrifuged for 5 minutes at 1500
x g after collecting and washing them with phosphate
buffer. These samples were used for molecular
analysis.

According to the literature, the phenol-
chloroform method was used for DNA extraction [12,

13]. For PCR amplification, genus-specific primers
were used. To amplify a nearly 500-bp fragment of
Acanthamoeba-specific 18S ribosomal DNA, reverse
primer JDP2 (5- TCTCACAAGCTGCTAGGGGAG
TCA-3) and forward primer  JDP1 (5'-
GGCCCAGATCGTTTACCGTGAA-3') were used [14].

Each sample

48 soil sample  |wmm—s | sieved with 2

250 um mesh

1 gramof
sieved soil was The su
suspended in
10 mlof
normal saline

spension passed
through a 0.45 um
nitrocellulose filter

The samples were
cultured onnon-nutrient
agar plates (NNA)

Positive culture Negative culture

Extraction of DNA
DNA use for PCR

and the genotype was
identified

Figure 2: Preparation and testing steps on soil samples

A Master Mix Kit (CinnaGen Co.) was used to
optimise the PCR reactions. A final volume of 50 pL
was used for amplification in an Eppendorf
thermocycler with incubation at 95°C for 3 minutes,
followed by 35 cycles at 94°C for 45 seconds, at 55°C
for 45 seconds, at 72°C for 45 seconds, and
incubation at 72°C for 10 minutes. Using
electrophoresis on 1.5% agarose gel, the products
were assessed and then visualised under ultraviolet
light. After sequencing the PCR products from positive
samples, homology analysis was conducted through
comparison of the sequences with Acanthamoeba
DNA sequences available in the GenBank. The
sequences generated in the current study were
submitted to the GenBank database.

Results

Sixteen out of 48 soil samples contained
Acanthamoeba isolates according to the culturing
method (16 samples, 33.3%). Molecular evaluation of
the positive samples confirmed 15 (31.25%) isolates.

The eleven sequences (11 sequences)
reported in the current study were submitted to the
GenBank (accession numbers, MGO066681 and
MG298785-MG298794). Using the BLAST tool,
homology of sequences was compared with the

Open Access Maced J Med Sci. 2018 Dec 20; 6(12):2290-2294.
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sequences available in the GenBank. The specificity
of the detected isolates is presented in Table 1.

Table 1: Comparison of Acanthamoeba spp. isolates from Arak
soil samples with available strains found in the GenBank
database

Accession
number of

similar Region of
sequence origin
(Genotype)

Genoy  Name of simiar
° isolates in
p BLAST

Isolate Name
Accession

of Reference
number Isolate

Isolate sequence

Arc-TOL V\:\\‘FAWDZQB 1 United

Kingdom
MF470259.1 United Asif,

ND; Kingdom  Unpublished
MF470254.1  United  Asif,
(ND; Kingdom  Unpublished
BYB 2017-2 1\17F113385 1 USA Martin-Perez et

) al.2017[15]
MF470280.1 Asif,

Astl,
Unpublished

AGGTGAAATTCTTGGATTTATG Arc-B08
AAAGATTAACTTCTGCGAAAGC
ATCTGCCAAGGATGTTTTCATT
AATCAAGAACGAAAGTTAGGG
GATCGAAGACGATCAGATACC
GTCGTAGTCTTAACCATAAACG
ATGCCGACCAGCGATTAGGAG MG298785  Acsz - ND  poyy3
ACGTTGAATACAAAACACCACC

ATGTATAATTCAGTATATGGCC Arc-E08
AGTCAAATGGTTGTA

TATTGTTTGTACATG Arc-S07

Arc-NBO3

D) Unpublished
MF470243.1 Asif,

(ND; Unpublished
MF470242.1 Asif,

(ND) Unpublished
Rasti
al.2016,
Unpublished

LC184519.1
RG-HD186 (ND)
GGCCCAGATCGTTTACCGTGA
AAAAATTAGAGTGTTCAAAGCA
GGCAGATTCAATTTTCTGCCAC
CGAATACATTAGCATGGGATAA
TGGAATAGGACCCTGTCCTCCT MG066681  AcAS4 T4 SSH40
ATCTTCAGTTGGTTAACTTGTA
GAGGATCAGGGTAATGATTAAT
AGGGATAGTTGGGGGCAT

Reyes-Batlle et

KU885380.1
(T4) al. 2016[20]

Spain

CTGGGGCCCAGATCGTTTACC

GTGAAAAAATTAGAGTGTTCAA

AGCAGGCAGATTCAATTTTCTG

CCACCGAATACATTAGCATGGG EU273827.1 Thomas V.
ATAATGGAATAGGACCCTGTCC MG298786  Acs5  T6 CRIB-25 T6) France (2008) [21]
TCCTTTTTTCAGTTGGTTAATAA

CAGAGAGGATCAGGGTAATGA

TTAATAGGGATAGTTG

GGGGTTGGCCCAGATCGTTTA

CCGTGAAAAAATTAGAGTGTTC
AAAGCAGGCAGATCCAATTTTC
TGCCACCGAATACATTAGCATG

GGATAATGGAATAGGACCCTGT EF050490.1

CCTCCTATTTTCAGTTGGTTTTG MC298787  po7  ND EGM3 (ND) ndia
GCAGCGCGAGGACTAGGGTAA

TGATTAATAGGGATAGTTGGGG

GCATTAATA

Anand et al.
Unpublished

Arc-SKO7 mF470308 1

Asif,
AAAATTAGAGTGTTCAAAGCAG Unpublished
GCAGATTCAATTTTCTGCCACC MP470264.1 Asif biished
GAATACATTAGCATGGGATAAT (ND) Unpublishe
GGAATAGGACCCTGTCCTCCT Acs9 Tos6C JQB69661.2
CTTTTCAGTTGGTTAATTTACGT MG298788 ND (ND)
GTGAGGATCAGGGTAATGATTA
ATAGGGATAGTTGGGGGCATT EF378672.1

T51
A (5
6QU87290.1
(T2)

Arc-NB06
rary,
USA Unpublished

Wildschutte et
al. 2007 [23)

Year et al

250GILLE 2007 [24]

France

ATTTTGGCCCAGATCGTTTACC
GTGAAAAAATTAGAGTGTTCAA

AGCGGGCAGATATTTTTCCTGC

CACCGAATACATTAGCATGGGA

TAATGGAATAGGACCCTGACCT

CCTATTTTCAGTTGGTTTTGTTT MCG298789  Acsi0 TS FL1
ACAGCGAGGTTATATCAGGGTA

ATGATTAATAGGGATAGTTGGG

GGCATTAAT

JQ418506.1
(T5) Brazil

Otta e
(2012) [25]

GGCCCAGATCGTTACCGTGAA
AAAATTAGAGTGTTCAAAGCGG
GCAGATATTTTTCCTGCCACCG
AATACATTAGCATGGGATAATG
GAATAGGACCCTGACCTCCTAT
TTTCAGTTGGTTTTGTTTACAGC
GAGGTTATATCAGGGTAATGAT
TAATAGGGATAGTTGGGGGCA

®

Garcia et

MG298790  Acsll ND (2013) [26]

AG-2012 clone JQ678613.1
ARS51 (ND) Spain

TGAGATGGCCCAGATCGTTTAC
CGTGAAAAAATTAGAGTGTTCA
AAGCAGGCAGATCCAATTTTCT
GCCACCGAATACATTAGCATGG

KM189416.1
JSs-2 T4

Todd CD.
Jamaica 015 (p7)
KM189412.1 Todd CD.
JWs-37 (T4) Jamaica (2015) [27]
GATAATGGAATAGGACCCTGTC
CTCCTATTTTCAGTTGGTTTTG

GCAGCGCGAGGACTAGGGTAA

MG298791  Acs12 T4

15524 KM189408.1 Jamaica odd CD.

T
TGATTAATAGGGATAGTTGGGG (T4) (2015) [27]

GCATTAAT

TTTTTGGCCCAGATCGTTTACC
GTGAAAAAATTAGAGTGTTCAA

AGCAGGCAGATCCAATTTTCTG

CCACCGAATACATTAGCATGGG

ATAATGGAATAGGACCCTGTCC KT934544.1
TCCTATTTTCAGTTGGTITTGG  MG298792  Acs13 T4 A29 (Ta)
CAGCGCGAGGACTAGGGTAAT

GATTAATAGGGATAGTTGGGG

GCATTAATA

Venezuela Wagner (2015)
28]

ATCGTTTACCGTGAAAAAATTA
GAGTGTTCAAAGCGGGCAGAA
ACTTTTTCCTGCCACCGAATAC
ATTAGCATGGGATAATGGAATA
GGACCCTGACCTCCTATTTTCA MG298793  Acsl4 T5

Alves Dde S.

b7 JQ268238.1
(T5) (2012) [29]

Brazil

GTTGGTTTTGTTTACAGCGAGG JWS-26
TTCATCAGGGTAATGATTAATA
GGGATAGTTGGGGGCATTAA

KM189414.1(T odd CD.
5) 0.

3 T
amaica 015 (p7]

TGAAAAAAATTAGAGGGTTCAA
AGCAGGCAGATTCAATTTTCTG
CCACCGAATACATTAGCATGGG
ATAATGGAATAGGACCCTGTCC
TCCTATTTTCAGTTGGTTTTGG  MG298794 . T4 SSH40
CAGCGCGAGGACTAGGGTAAT
GATTAATAGGGATAGTTGGGG

KU885380.1 Reyes-Batlle
(T4) Spain M. (2016) [20]

ND: not determined.

The genotyping study of these 11 positive
specimens showed that 4 (36.4%), 2 (18.2%) and one
(9.1%) sequence belonged to T4, T5 and T6
genotypes of Acanthamoeba, respectively. Phylogenic

tree with the neighbor-joining method was shown in
Figure 3.

CRIB-25
AZ29
ACAS-6

EGM3
S5H40
JWS-26

Arc-TO8

J58-2
ACAS-10

ACAS-3
ACAS-12
ACAS-9
AcAS-1
JWS-37

Arc-B08

ACAS-11

ACAS-15

ACAS-14

ACAS-7
ACAS-13
ACAS-5
FL1

i Mm

ACAS-18

BYB 2017-2

[ AG-2012 clone ARSS1
S 4

NIg

AcAS-2

Arc-TO1

Arc-NBO8
Arc-SK0O7

!

Figure 3: Phylogenic tree constructed with the neighbour-joining
tree using nucleotide sequences of DF3 region of the 18S rRNA
gene by MEGAS software

Discussion

Presence of Acanthamoeba spp. in natural
resources of Iran has been confirmed in several
studies. This organism is involved in dangerous
infections of the nervous system and eyes [3]. The
present study showed that 33.3% of soil samples from
different parts of Arak were contaminated with free-
living amoeba, and molecular examination confirmed
that 31.25% of these contaminants were related to
Acanthamoeba. Since previous studies have shown
that water sources in Arak are contaminated with this
parasite, the current results were not unexpected.
However, the rate of soil contamination and the
genotypes of the identified parasites should also be
taken into consideration. In this study, seven out of
eleven molecular-positive samples were contaminated
with T4, T5 and T6 Acanthamoeba genotypes, while
genotype of others cases was not determined.

The geographic location and climatic
conditions of Markazi province have exposed it to the
phenomenon of fine airborne dust. Airborne dust is a
source of many microorganisms and has the potential
to transfer Acanthamoeba. Therefore, identification of
pathogenic microorganisms that can be transmitted by
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soil and dust is important for proper planning and
prevention of their spread. Strains of Acanthamoeba
have been identified and reported in environmental
sources from some regions in Iran. In the majority of
these reports, the most prevalent Acanthamoeba
genotype was T4 in water sources, comprising
62.96%, 91.7%, 83.3%, and 71.6% of water source
samples from Shiraz [8], Tehran [30], Mazandaran
[31], and Ahvaz [5], respectively. Also, the results of a
systematic review showed that Acanthamoeba
genotypes T4, T5, and T2 comprised 39%, 17%, and
16% of Acanthamoeba in water sources of Iran,
respectively [32].

Some similar studies have examined soil and
dust in Iran; T4 was the most common genotype of
this parasite in soil and dust specimens in our country.
Rezaeian et al., (2008) reported Acanthamoeba
contamination in 100% of soil samples and 45.9% of
dust samples; however, they did not investigate the
parasite genotypes [4]. Niyyati and colleagues (2009)
identified the first case of pathogenic genotype
Acanthamoeba in dust samples collected from
hospital wards of Iran. The isolated strains were
related to genotypes T4, T5, and T11 (84.6%, 7.6%,
and 7.6%, respectively) [10]. In another study
conducted in South of Iran, three genotypes of
Acanthamoeba, T2, T5, and T4, were isolated from
soil, and T4 (86.6%) was the predominant genotype
[5]. Another study demonstrated that 17.3% of soil
samples were molecularly positive for T4 genotype
Acanthamoeba [33]. Moreover, the soil samples in
East Azerbaijan were contaminated with T3, T4, T5,
and T11 genotypes of Acanthamoeba [34].

Comparison of genotypes obtained in the
current study with other studies from Iran indicates
that the genotypes of most isolates from soil samples
belong to the unclassified group in Arak. All of these
genotypes have been reported in environmental
samples from other parts of the world, whereas T4
genotype was dominant in other regions of Iran.
Future research should determine the causes of
genetic differences between the isolates in our study
and other research in Iran.

The results of this study confirmed that soil
from parks and gardens has the potential for
transgenic transmission of Acanthamoeba to humans.
Therefore, individuals, especially children and
immunocompromised people, are more likely to
develop parasitic infections.
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Introduction

Thyroid cancer represented the most common
malignancy [1].
of all
incidence has notable geographic variation [2].
Papillary thyroid carcinoma (PTC) is the commonest
form of malignant thyroid tumour accounting for 75%
to 85% of all thyroid cancer cases [3].

endocrine
accounts for about 1%

Abstract

BACKGROUND: CD10 was initially recognised as a cell-surface antigen expressed by acute lymphoblastic
leukaemias, and hence it's early designation as Common Acute Lymphoblastic Leukemia Antigen (CALLA). Also,
it has been proven to be reactive in various non-lymphoid cells and tissue and different types of neoplasms.

AIM: To evaluate the immunohistochemical expression of CD10 in malignant thyroid neoplasms and different
benign lesions and to assess whether CD10 can be used as a malignancy marker in thyroid pathology or not.

MATERIAL AND METHODS: A total of 83 archived, formalin fixed, paraffin embedded tissue blocks of 83 cases
of malignant thyroid neoplasms and different benign lesions. The samples were immunohistochemically analysed
for CD10 expression. A p-value of less than 0.05 was considered statistically significant.

RESULTS: CD10 was expressed in 91% of the studied malignant thyroid neoplasms and 58% of benign thyroid
lesions. It was expressed in 26 of 28 (92.9%) conventional papillary carcinomas, ten of 10 (100%) follicular
variants of papillary carcinoma, seven of nine (77.8%) minimally invasive follicular carcinomas, two of three
(66.7%) widely invasive follicular carcinomas, and seven of 7 (100%) undifferentiated carcinomas, seven of 11
(66.7%) adenomatous nodules and eight of 15 (53.3%) follicular adenomas. No statistically significant correlations
were detected between CD10 expression and patients’ age, sex, lymph node metastasis, tumour stage and
capsular invasion.

CONCLUSION: CD10 shows strong sensitivity (91.2%) and moderate specificity (42.3%) in the diagnosis of
malignancy overall and shows strong sensitivity (86.4%) and moderate specificity (42.3%) in the diagnosis of
malignancy in the follicular-patterned lesions. So, CD10 might be useful in differentiating malignant from benign
thyroid lesions (good positive test) and in the diagnosis of follicular variant of papillary carcinoma.

(FC), and follicular variant of papillary thyroid
carcinoma (FVPTC) [4]; the discrimination of
minimally invasive follicular carcinoma from follicular
adenoma or adenomatous nodule and the correct
diagnosis of follicular carcinoma [5], [6], [7]. FC is
differentiated from FA when there is a capsular,
vascular, or extra-thyroid invasion or if there are nodal
or distant metastases [8]. Furthermore, the differential
diagnosis of follicular cell-derived hyperplastic and
neoplastic lesions may be very problematic, and the
matter is rarely solved by immunohistochemistry [9].

carcinoma
and its

Thyroid
cancers,

There are two main obstacles to the diagnosis

of thyroid lesions especially the follicular-patterned
ones which encompass four entities: adenomatous
nodule, follicular adenoma (FA), follicular carcinoma

Moreover, some of the encapsulated thyroid
nodules showing follicular morphology may exhibit
diffuse or focally intermediate nuclear features of
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papillary carcinoma. Thus, it may become another
source of controversy [10]. As long as the lesion
shows capsular and/or vascular invasion, it is possible
to make a diagnosis of well-differentiated carcinoma
without further subtyping. On the contrary, if there is
no invasion, follicular adenoma (FA) and papillary
carcinoma follicular variant (PCFV) should be
considered in the diagnosis. This crucial issue cannot
be solved by morphology only and even
immunohistochemically for some nodules. In this
situation, these cases are stated as ‘well-differentiated
tumour of uncertain malignant potential’ (WDTUMP)
[10].

Several immunohistochemical markers such
as HBME1, CK19 and galectin 3 have been used to
overcome this problem [10], [11]. These antibodies
can be valuable, especially when used together, but
all display some disadvantages and limitations [10],
[11], [12], [13], [14], [15]. So, more reliable markers
are still required to differentiate between benign and
malignant thyroid neoplasms.

Structurally, CD10 is known as a single-chain,
90-110-kDa cell surface zinc-dependent
metalloprotease that inactivates many bioactive
neuropeptides [16]. Lately, it has been established to
be reactive in various non-lymphoid cells and tissues
and different types of neoplasms [17]. In thyroid
pathology, it was positive in thyroid marginal zone
non-Hodgkin lymphoma [18]. The utility of CD10
marker in differentiating different benign and
malignant thyroid lesions has been demonstrated in
some reports [17], [19].

Material and Methods

This cross-sectional study included 83 cases
with different benign and malignant thyroid lesions
obtained through the collection of archived paraffin
blocks, from the Department of Pathology, Faculty of
Medicine, Cairo University, Cairo, Egypt, during the
period from June 2016 till September 2017. Cases
with deficient clinical data, tiny biopsies or poorly fixed
specimens were not included in the study. The
medical records which included clinical and
histopathological data such as age, gender, site and
size of the tumours were revised.

Each paraffin block was re-cut by rotator
microtome at 5 p thickness then mounted on glass
slides to be stained by Haematoxylin and Eosin (H&E)
for histopathological re-evaluation by two pathologists.
Histopathologic examination of H&E stained slides
was performed under low power than high power for
confirming the diagnosis. Histological classification for
thyroid tumours was done according to WHO
classification 2004 [20].

Cases included 11 adenomatous nodules, 15

follicular adenomas, 12 follicular carcinomas, 38
papillary carcinomas and 7 undifferentiated
carcinomas.

Paraffin blocks were cut at 5 p thickness then
mounted on charged slides and stained manually for
immunohistochemistry. The sections were
deparaffinized in xylene, for 10 min, then dehydrated
in descending series of ethanol (100%, 96%, 70%),
followed by washes in TBS (0.05 mmol/L Tris-buffer
physiological saline, pH 7.4-7.6), for 5 min.

Antigen retrieval was achieved by heating the
samples without boiling in 10 mmol/L sodium citrate
buffer, pH 6.0 (200 mL) in a microwave oven. This
treatment was conducted twice for 7 min. The
sections were washed in TBS buffer for 30 min.

The endogenous peroxide was blocked by
0.3% hydrogen peroxide in methanol for 5 min. The
sections were washed in TBS for 15 minutes. To
inhibit non-specific background staining; the samples
were incubated in a superblock for 5-10 minutes at
room temperature.

The primary antibody was monoclonal mouse
CD10 antibody clone GM003 (Genemed, South San
Francisco, CA, USA) was purchased from SNF
medical Company, LOT NO.L 60125051, at 1:50
dilution for one hour at room temperature. The dilution
was based on dilution experiments. The antibody was
diluted with 20 mmol/L TBS, pH 7.4 (10 mmol/L CacCl,,
0.1% NaN3 and 1% BSA). The sections were
incubated in the diluted antibody. The incubation took
place in incubation boxes overnight. The secondary
antibody (4.5 pL biotinylated anti-mouse antibody in 1
mL of 1% BSA) was pipetted onto the sections and
incubated in the moist box for 30 min. The secondary
antibody was washed in TBS buffer for 15 min.

The final staining was  done in
diaminobenzidine tetrahydrochloride (DAB) solution
(49 mL TBS-buffer, 34 mg imidazole, 17 pyL 30%
hydrogen peroxide and 1 mL 30% DAB), for 5-15 min.
The slides were washed with distilled water, 70%
ethanol for 1 min, then in distilled water. The nuclei
were stained with Mayer’'s hematoxylin for 30 seconds
as a counterstain. The extra stain was washed with
tap water. The slides were then transferred through
ascending ethanol series, and xylene before
mounting.

Positive control for cases stained for CD10
was done using sections obtained from tonsils, which
exhibited a strong intensity of CD10 immunostaining
and the negative control was obtained by omitting the
primary antibody. Tumour tissue sections were
examined and scored under LEICA ICC50HD
microscope at low power than high power
magnification by two independent pathologists who
were not informed of the histological diagnosis. The
sections were regarded as positive when
immunoreactivity was observed in the cytoplasm and
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cell membrane. For each case, 10 high power fields
were evaluated. Immunoreactivity was graded as 0
(negative) when less than 10% of tumour cells were
positive, 1 (weak) when 10-49% of tumour cells were
positive and 2 (strong) when 50% or more of tumour
cells was positive. The immunoreactivity interpreted
based on the percentage of the stained -cells
irrespective of the intensity of the staining.

Data were collected, coded and analysed
using the Statistical Package for Social Science
(SPSS version 21.0). Data presented in the form of
mean, standard deviation and percentage. For
categorical variables, differences were analysed using
Chi-square (X?) test and Fisher's-exact test. Cohen's
kappa is used for measurement of the agreement. A
p-value of less than 0.05 was considered significant.
Sensitivity, specificity, and diagnostic accuracy were
assessed. Sensitivity means the true positive rate;
specificity means the true negative rate.

Results

Clinicopathological characteristics of the
studied cases and their correlation with CD10
expression are summarised in (Table 1).

Table 1: Clinicopathological characteristics of the studied
cases and its correlation with CD10 expression

Table 2: Immunoreactivity of CD10 in each diagnostic category

CD10

Parameter Number (%) (Negative) (3’2;% CD10 (strong) P value
expression
Age
< 45 years 54 (65.1%) 5 (13.9%) 8(22.2%)  23(63.9%) ;o4
> 45 years 29 (34.9%) 0 (0.0%) 6(28.6%) 15 (71.4%) :
Gender
Male 15 (18%) 0 (0.0%) 5 (45.5%) 6 (54.5%) 0.141
Female 68 (82%) 5 (10.9%) 9(19.6%) 32 (69.6%) :
Category
Malignant 57 (68.7%) 5 (8.8%) 14 (24.6%)  38(66.7%) g0
Benign 26 (31.3%) 11 (42.3%) 6 (23.1%) 9 (34.6%) :
Pathologic tumour stage (T)
18 (31.6%) 2 (11.1%) 3(16.7%) 13 (72.2%)
T2 20 (35.1%) 2 (10.0%) 2(10.0%) 16 (80.0%) 1o0
T3 16 (28.1%) 1 (6.3%) 8 (50.0%) 7 (43.8%) :
T4 3 (5.3%) 0 (0.0%) 1(33.3%) 2 (66.7%)
Lymph Node (LN) Metastasis
NO 43 (75%) 5 (11.6%) 9(20.9%) 29 (67.4%) ,.g
N1 14 (25%) 0 (0.0%) 5 (35.7%) 9 (64.3%) :
Stage
Stage | 37 (64.9%) 5 (13.5%) 8(21.6%) 24 (64.9%)
Stage Il 9 (15.8%) 0 (0.0%) 3(33.3%) 6 (66.7%) 0.778
Stage Il 7 (12.3%) 0 (0.0%) 2 (28.6%) 5 (71.4%)
Stage IV 4(7.0%) 0 (0.0%) 1 (25.0%) 3 (75.0%)
Papillary carcinoma cases
With capsular 17 44700 0(0.0%)  7(412%) 10 (58.8%)

invasion
Without 0.2
capsular 21 (55.3%) 2 (9.5%) 4 (19.0%) 15 (71.5%)

invasion

CD10 immunostaining was identified in 26 of
28 (92.9%) conventional papillary carcinomas, ten of
10 (100%) follicular variants of papillary carcinoma,
seven of nine (77.8%) minimally invasive follicular
carcinomas, two of three (66.7%) widely invasive
follicular carcinomas, seven of seven (100%)
undifferentiated carcinomas, eight of 15 (53.3%)
follicular adenomas and seven of 11 (63.6%)
adenomatous nodules (Table2).

D . Total case CD10 (Negative) CD10 CD10
iagnosis d
number expression (weak) (strong)

Conventional PC 28 2 (7.1%) 8 (28.6%) (641.2%)
Follicular variant of PC 38 0 (0.0%) 3(30.0%) 7 (70.0%)
Minimally invasive FC 9 2 (22.2%) 0(0.0%) 7 (77.8%)
Widely invasive FC 3 1 (33.3%) 2 (66.7%) 0 (0.0%)
Undifferentiated carcinoma 7 0 (0.0%) 1(14.3%) 6 (85.7%)
Follicular adenoma 15 7 (46.7%) 2 (13.3%) 6 (40.0%)
Adenomatous nodule 11 4 (36.4%) 4 (36.4%) 3 (27.3%)

Studied cases are categorised into two

groups (benign and malignant). Ninety-one per cent of
malignant cases showed positive CD10 expression
and the remaining 9% showed negative CD10
expression, while 58% of benign cases showed
positive CD10 expression and the remaining 42%
showed negative CD10 expression.

To evaluate the value of CD10
immunostaining in the diagnosis of malignancy, we
performed sensitivity, specificity and diagnostic
accuracy. CD10 shows strong sensitivity (91.2%),
95% Confidence Interval (95% CI) (80.7 to 97%),
moderate specificity (42.3%), 95% CI (23.35% to
63.08%) and diagnostic accuracy (75.9%), 95% CI
(65.27% to 84.62%). Cohen's k was run to determine
if there was an agreement between CD10 and the
diagnostic tool (by H&E). There was moderate
agreementk =4, p <0.01.

Besides, we separate a subset of 48 thyroid
lesions with a follicular growth pattern (15 follicular
adenomas, 12 follicular carcinomas, 11 adenomatous
nodules and 10 follicular variants of papillary
carcinoma). Sensitivity, specificity, and diagnostic

accuracy of CD10 for the diagnosis of malignancy in
these lesions were 86%, 95% CI (65.09% to 97.09%),
42%, 95%CI (23.35% to 63.08%) , and 62.5%, 95%
Cl (47.35% to 76.05%) respectively.

= | Cali
%

e

Figure 1:
showing strong CD10 staining (score 2+) (original magnification X
400); B: Follicular variant of papillary carcinoma showing strong
CD10 staining (original magnification X 400); C: Adenomatous
nodule showing positive CD10 staining (score 2+) (original
magnification X 100); D: Follicular adenoma showing positive CD10
staining (score 2+) (original magnification X 100)

Follicular-patterned lesions; A: Follicular carcinoma
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All the undifferentiated thyroid tumours and
90% of the differentiated tumours showed positive
CD10 staining, but there is no statistically significant
relationship between CD10 expression and
differentiation of thyroid tumours (p = 0.8) (Table 3).

Table 3: Correlation of CD10 immunohistochemical expression
with the differentiation of thyroid tumours

€b1o Total P
Negative Weak Strong value

Differentiated thyroid
carcinoma 5 (10%) 13 (26%) 32 (64%) 50 (100.0%) 08

Undifferentiated thyroid 0(0.0%)  1(14.3%) 6(85.7%) 7 (100.0%)
carcinoma

Category

Moreover, we assess the correlation of CD10
expression with some prognostic factors as lymph
node metastasis, tumour stage and capsular invasion.
No statistically significant relationships were observed
between the previously mentioned parameters and
CD10 expression (P-value =
respectively) (Tablel).

0.27, 0.77, 0.2

Figure 2: Both differentiated (papillary and follicular carcinomas) and
undifferentiated carcinomas showing positive CD10 staining (score
2+); A: Conventional papillary carcinoma (original magnification X
100); B: High power of A (original magnification X 400); C: Follicular
carcinoma (original magnification X 100); D: Undifferentiated
carcinoma (original magnification X 100)

Discussion

In this study, we aimed to assess the value of
CD10 in differentiating benign and malignant tumours
of the thyroid especially the follicular patterned thyroid
nodules.

The distinction between benign and malignant
follicular tumours may be occasionally problematic as
it relies mainly on the presence of capsular and/or
vascular invasion. If the focus of invasion is small or
not evident, right diagnosis becomes difficult.

Furthermore, benign follicular tumours are sometimes
misdiagnosed as follicular variants of papillary
carcinoma. Lloyd and his colleagues assessed the
observer variation in the diagnosis of follicular variant
of papillary carcinoma; all ten skilled thyroid
pathologists agreed in the diagnosis in only 39% of
cases [21].

In order to overcome the previous limitations,
several markers of malignancy such as CK19, HBMEL1,
and galectin 3 have been studied in thyroid
specimens, but unfortunately, all present some
disadvantages and limitations [10], [11]. Also, a
marker of malignancy may be used as a preoperative
diagnostic tool for suspicious lesions. Thus the extent
of surgery and the complementary treatments could
be planned before thyroid operations.

Originally, CD10 was thought to be a tumour-
specific antigen [22], but studies have shown that it is
expressed by a variety of cell types including
bronchial epithelial cells, renal proximal tubular
epithelial cells, cultured fibroblasts, bone marrow
stromal cells, breast myoepithelium, biliary canaliculi,
fetal intestine, and certain solid tumours [17], [23],
[24].

Tomoda et al., 2003 was the first report on the
expression of CD10 marker in thyroid neoplasms.
They evaluated CD10 expression in 70 thyroid
neoplasms and reported that CD10 was negative in
benign lesions and pure papillary carcinomas but was
positive in 80% and 77% of follicular carcinomas and
follicular variant of PTC, respectively. They deduced
that CD10 immunostaining could be a useful marker
of follicular carcinoma to distinguish it from follicular
adenoma and benign hyperplastic nodules and in
diagnosing follicular variants of papillary thyroid
carcinoma [17].

Another research was done by Yegen et al.,
who have investigated the staining pattern of CD10 in
different benign (n = 14) and malignant (n = 61)
thyroid lesions. They reported their results as follows:
CD10 was negative in adenomatous nodules,
minimally invasive follicular carcinomas and well-
differentiated carcinomas. It was positive in
conventional papillary carcinomas (64.2%), follicular
variants of papillary carcinoma (16.6%), papillary
microcarcinomas (50%), widely invasive follicular
carcinomas (11.1%) and follicular adenomas (30%).
They concluded that, despite CD10 strong positivity in
conventional papillary carcinoma, it could not be used
as a useful marker for differentiating benign and
malignant thyroid lesion [19].

Mokhtari and Ameri, 2014 reported a
significant correlation between CD10 expression and
both benign and malignant thyroid lesions (P < 0.001)
as they found CD10 positivity in 29.9% of PTC cases,
but in none of the thyroid benign lesions (0%) [25].

Chu and Arber have investigated CD10
expression in 505 non-hematopoietic neoplasms
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including 55 thyroid tumors [follicular adenoma (n =
24), papillary carcinoma (n = 10), medullary
carcinoma (n = 16) and follicular carcinoma (n = 5)] by
IHC. They detected that CD10 expression was
negative in all the examined thyroid tumours [22].

In like manner, Yasuda et al., have studied
the availability of CD10, as a histopathological marker,
in different non-hematopoietic neoplasms including
thyroid tumours. They reported that CD10 was not
present in thyroid tumours and showed no diagnostic
value for this group of non-hematopoietic neoplasms
[27].

In contrast with the previously mentioned
studies, we observed CD10 expression in benign
lesions both in FA and adenomatous nodules as well
as in carcinomas. Malignant tumours and benign
lesions showed 91% and 58% positivity overall
respectively. CD10 was identified in 26 of 28 (92.9%)
conventional papillary carcinomas, ten of 10 (100%)
follicular variants of papillary carcinoma, seven of nine
(77.8%) minimally invasive follicular carcinomas, two
of three (66.7%) widely invasive follicular carcinomas,
seven of seven (100%) undifferentiated carcinomas,
eight of 15 (53.3%) follicular adenomas and seven of
11 (63.6%) adenomatous nodules.

Statistically, CD10 shows strong sensitivity
(91.2%), 95% CI (80.7 to 97%) and moderate
specificity (42.3%), 95% CI (23.35% to 63.08%) in the
diagnosis of malignancy overall with diagnostic
accuracy (75.9%), 95% CI (65.27% to 84.62%).
Furthermore, in the follicular-patterned lesions, it was
found that sensitivity, specificity, and diagnostic
accuracy of CD10 for the diagnosis of malignancy in
these lesions were 86%, 95% CI (65.09% to 97.09%),
42%, 95%CI (23.35% to 63.08%) , and 62.5%, 95%
Cl (47.35% to 76.05%) respectively.

Our results are not consistent with the results
of previous studies. We observed a higher frequency
of positivity in both benign and malignant lesions. This
discrepancy could be explained by geographic and
genetic variability between patients, different sample
size, technical variations and different antibodies,
clones and brands. A well-kknown fact in
immunohistochemistry is that the specificity and
sensitivity of the antibodies may show variations with
different clones and brands. Moreover, some studies
did not evaluate different malignant thyroid lesions
and did not perform CD10 sensitivity and specificity.
The strengths of our data are the great variability of
the thyroid lesions analysed by IHC using CD10
expression, as well as performing its sensitivity and
specificity in the diagnosis of thyroid lesions.

In conclusion, CD10 is highly expressed in
malignant tumours (95% of papillary carcinoma, 75%
of follicular carcinomas and 100% of undifferentiated
carcinoma. CD10 showed strong sensitivity (91.2%)
and moderate specificity (42.3%) in the diagnosis of
malignancy overall and showed strong sensitivity
(86.4%) and moderate specificity (42.3%) in the

diagnosis of malignancy in the follicular-patterned
lesions. So, CD10 might be useful in differentiating
malignant from benign thyroid lesions (good positive
test) and in the diagnosis of follicular variant of
papillary carcinoma being observed in 100% of these
tumours.
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Introduction

Department of Surgery, Alborz University of Medical Sciences, Karaj,

Abstract

BACKGROUND: Severe pain is one of the major problems in patients with leg bone fracture. Various methods
have been proposed to relieve pain. Opioids are one of the most important available medications to control these
types of pain. Among the opioids available, fentanyl can be applied for its unique properties as transdermal
patches.

AIM: Therefore, the current study aimed to investigate the effect of intravenous morphine and fentanyl skin patch
in patients with a lower leg fracture.

METHODS: We entered 60 patients in this randomised, one-blind randomised clinical trial among patients
referring to the emergency department of Vali-e-Asr Hospital in Arak with a fracture of the leg. Demographic and
clinical data were recorded for patients. The case group (n = 30) received the fentanyl patch in the same area.
Patients in the control group (30) received 0.1mcg/kg of morphine intravenously. In both groups, the severity of
pain was measured every 20 minutes within two hours after onset of treatment based on VAS criteria and
subsequently recorded in the checklist. Data were analysed by SPSS v.22 software package.

RESULTS: The results of the present study demonstrated that the mean visual analogue scale (VAS) pain score
at minutes 20, 40, 60 and 80 were statistically lower in intervention group when compared with the control group
(p = 0.000).

CONCLUSION: Our results indicated a considerable risk-benefit profile for the treatment of pain in patients
suffering from dysphagia, nausea and vomiting, or resistance to other opioids. The use of fentanyl patch is also
suitable for patients who are not able to take their medication at their scheduled time.

common causes of amputation is open fractures, most
commonly occurring in the legs of 21.9% [1] and
consisting 25% of open fractures [2].

The increasing use of machinery and vehicles
has led to vehicle-related accidents and serious
physical injuries, which has become a major health
problem for humans. Due to the occurrence of
accidents at high speeds, vehicle-related injuries are a
considerable risk of provoking a severe complication
and often results in disability, amputation and death of
the injured patients. One of the most common causes
of amputation is open fractures, one of the most

On the one hand, the type of soft tissue injury
causes acute and life-threatening infections in open
fractures; on the other, creates chronic and resistant
bone infection [3]. Leg bone fractures (tibia and fibula
fractures) are the most common bone fracture in the
body that occurs in the majority of men at younger
ages [4], due to the low soft tissue coverage in
anterior and anteromedial parts and inadequate blood
supply and soft tissue in this area [5]; whereas tibia
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nonunion account for the highest percentage of total
referrals [6]. Pain is one of the most preventable
complications in surgeries, but usually, it is not
enough to treat it. Pain can indirectly increase
morbidity and mortality, while also contributing to
increased costs and lower quality of life.

Pain relief is a challenge after surgery, which
requires pain relievers with minimal side effects and
the highest level of safety for the patient [7]. Currently,
postoperative pain treatment has been highly
considered. Some studies have reported a high
prevalence of postoperative pain. Severe pain not
only causes pain and discomfort but also prevent
patients from returning to daily activities, which is
considered an important socio-economic factor [8].

Severe pain is one of the major problems for
patients with leg bone fracture. Various methods have
been proposed to relieve pain associated with bone
fracture. Opioids can be mentioned as the most
important compounds with the most availability
regarding controlling this type of pain. Pain control
using oral and intravenous opioids requires effective
dosage and regular use of medications. In most
cases, regular use of these compounds may be
difficult due to problems with patient’s problem and

forgetfulness and ultimately leads to insufficient
control of the patient's pain.
Therefore, various methods have been

introduced for transferring the drug, which can be
referred to transdermal adhesives [9]. Among the
opioids available, fentanyl can be applied for its
unique  properties as transdermal  patches
(adhesives). Fentanyl has been considered as an
artificial opioid due to its fatty properties and high
analgesic power compared to morphine in the 1990s
[10]. Fentanyl transdermal patch can be effectively
used, especially for patients suffering from dysphagia,
nausea and vomiting, or resistance to treatment, or
intolerance to other opioids.

Also, this method is appropriate for patients
who are not able to take their medication at the
prescribed time [11]. Fentanyl is an artificial opiate
drug that was first made in 1960 and has been used
as part of the anaesthetic regimen for about 30 years.
Physical properties of the drug include low molecular
weight, high solubility in fat and high power, which has
led to the use of fentanyl in transdermal drug delivery
systems [12]. There is a controversy about the
effectiveness of the fentanyl skin patch method, where
some studies have not yet succeeded in exhibiting
this effect well. The researchers attribute the causes
of these differences to the differences in the
methodology and quality of the studies, as well as
sample sizes and comparison groups.

The current study aimed to compare the
effectiveness of the fentanyl transdermal patch with
the effect of intravenous morphine in patients.

Material and Methods

We enrolled 60 (43 man and 17 women) in
this, single-blind randomised controlled clinical trial.
The statistical population consisted of patients who
referred to the emergency department of Vali-e-Asr
Hospital in Arak, with a fracture of the leg. All of them
were in the first and second classes (ASA Il and 1) of
the American Society of Anesthesiologists (ASA). The
primary diagnosis was based on four criteria including
localised tenderness, pain, deformity, and crepitation.
Patients were entered the treatment groups using a
random number table after filling the inclusion criteria.
The primary examination of the patient was done by a
specialist, and the final diagnosis was performed by
the two physicians. Early demographic and clinical
characteristics of patients were recorded. The
patients' pain was then checked by the VAS criteria
and data recorded in the checklist.

In the case group (30 patients), subjects
received the fentanyl transdermal patches in the same
areas. The patch placement includes 1: left deltoid
muscle; 2: right deltoid muscle; 3: left chest on the top
of the nipple; 4: right chest on the top of the nipple.

In the control group (30 patients), subjects
also received 0.1 mcg/kg of morphine intravenously.

In both groups, pain intensity was measured
every 20 minutes during two hours after treatment
based on VAS criteria and finally recorded in the
checkilist.

All data were analysed by SPSS v.22
software package. To present the results, mean
indexes, standard deviation, standard error, the
percentage of frequency were applied. Furthermore,
tests such as covariance analysis, Chi-square,
Independent T-test or its nonparametric equivalents
were employed to compare the means. P < 0.05 was
considered as statistically significant.

Inclusion criteria included the age of over 18
years, patients with leg fractures, obtaining an
informed consent form,

Exclusion criteria include Patients' refusal to
participate in the study, the failure to diagnose
fractures in the radiographic images, the incidence of
complications and the sensitivity to the drug
administration, and the history of related diseases, as
well as the transferring the patient to the operating
room within two hours after entering the emergency
room.

The informed consent of the participation in
the study was taken optionally, and the confidentiality
of the information was retained. This research project
was approved by the Ethics Committee of the
Research Council of Arak University of Medical
Sciences with the number 2792 (ethics code:
IR.ARAKMU.REC.1395.298).
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Results

Of the 30 patients in the experimental group,
20 were men (66.6%) and the rest were women. Also,
the control group consisted of 23 male patients
(76.7%) and 17 female patients. To test the
homogeneity of the two groups, Chi-square test was
applied, where showed no significant difference in
both groups (P = 0.22). In the test group, the majority
of patients (73.3%) were in the age group of 21-30
years, while the lowest frequency (3. 3%) was in the
age group of fewer than 20. Moreover, most of the
patients in the control group (70%) were seen in the
age group of 20-30 years, and the lowest (6.7%)
belonged to the age group of fewer than 20 years old.
Based on the Fisher test, the two groups did not
exhibit a significant difference in age (P = 0.42). Base
on the use of t-test, there was no significant difference
between the mean VAS pain score at 0 minutes (P =
0.37) in both groups. There was no significant
difference between the two groups regarding the vital
signs of the patients (Table 1).

Table 1: Comparison of pain intensity and vital signs at zero
minute

Table 3: Comparison of severity of pain and vital signs in 40
the minute

Variable Fentanyl Morphine Analysis text

VAS 20.5+.92 21.4+.76 0.000

O2saturation 30.93+57.1 23.96+27.1 0.310
24.12+01.5 86.13+49.1 0.000

T 99.36+.19 8.36+.24 0.002

RR 36.21+09.6 40.22+78.4 0.460

PR 20.96+72.3 53.98+06.9 0.190

As shown in Table 4, the mean pain score
(VAS) of 60 minutes was lower in the morphine group
than in the fentanyl group (P = 0.000). There was no
significant difference between the two groups
regarding OZ2saturation, RR, and PR symptoms in
both groups. However, the mean values of P and T in
both groups were significantly different based on the
T-test.

Table 4: Comparison of the severity of pain and vital signs in
the 60th minute

Variable Fentanyl Morphine Analysis text

VAS 1.4+.75 16.3+.79 0.000

O2saturation 23.96+7.12 26.96+31.1 0.920
21.124£91.2 91.13+4.1 0.001

T 97.36+.21 86.36+.22 0.005

RR 63.20£78.5 40.22+78.4 0.200

PR 83.95+.70 46.98465.1 0.140

Variable Fentanyl Morphine Analysis text
VAS 06.9+.66 8+.78 0.370
O2saturation 36.95+20.3 36.95+45.3 0.100
BP 63.13+25.1 73.13£15.1 0.710
T 37+.45 01.37+.13 0.09
RR 36.22+78.4 30.21£36.5 0.140
PR 53.98+60.9 90.95+45.3 0.140

Using t-test, the mean VAS pain score at 20
minutes in both groups was significantly different (P =
0.000). A pain score of the morphine group
significantly decreased more than the other group.
Furthermore, the vital signs of the patients in both
groups were evaluated using a t-test, where the
findings did not emphasise the significant difference
between the two groups (Table 2).

Table 2: Comparison of pain severity and vital signs in the 20
the minute

Table 5 demonstrated a significant difference
between the mean VAS pain score at 80 minutes in
both groups (P = 0.000). Also, there were no
significant differences in O2 saturation, RR, and PR
symptoms in both groups. However, the mean value
of BP and T in both groups was remarkably different
(Table 5).

Table 5: Comparison of pain severity and vital signs in the 80th
minute

Variable Fentanyl Morphine Analysis text
VAS 06.4+.73 23.3+.77 0.000
O2saturation 36.96+17.2 26.96+31.1 0.760
BP 11.12468.2 76.13+46.1 0.002
T 97.36+.21 86.36+.22 0.005
RR 93.20+£92.5 43.22+80.4 0.280
PR 9.96+89.3 46.98+06.9 0.170

Variable Fentanyl Morphine Analysis text
VAS 54.8+.66 26.4+.69 0.000
O2saturation 23.96+27.1 23.9647.1 0.640
BP 73.13+15.1 81.13+54.1 0.770
T 97.36+.17 37+.45 0.730
RR 40.22+78.4 40.22+52.4 1.000
PR 53.96+45.3 46.98+06.9 0.270

The mean VAS pain score in both groups was
statistically significant at 40 minutes (P = 0.000); in
other words, the mean VAS pain score of morphine
group was markedly decreased as compared to
another group. There was no significant difference
between the two groups regarding O, saturation, RR
and PR in both groups. However, we found that the
mean of BP and T in both groups was statistically
different from t-test (Table 3).

As indicated in Table 6, the mean VAS pain
score for 100th minutes in the fentanyl group was less
than the other group (P = 0.000). On the other hand,
there were no significant differences in the 02
saturation, RR, and PR in both groups. However, the
mean value of BP and T in both groups revealed a
significant difference by using t-test.

Table 6: Severity of pain and vital signs in the 100th minute

Variable Fentanyl Morphine Analysis text
VAS 56.3+.50 13.4+£.77 0.001
O2saturation 36.96+21.1 33.96+26.1 0.920
BP 44.12+40.2 89.13+48.1 0.000
T 96.36+.20 85.36+.23 0.005
RR 55.21+01.1 16.22+.89 0.620
PR 64.94+19.5 53.97+6.9 0.009

Our results revealed that the mean VAS pain
score in the 100th minute in the fentanyl group was
not significantly different compared with morphine

Open Access Maced J Med Sci. 2018 Dec 20; 6(12):2301-2305.

2303



Clinical Science

group (P = .000). We did not find a significant
difference in the vital signs of O2 saturation, RR and
PR in patients in both groups. Nevertheless, the mean
values of BP and T in both groups were significantly
different by using T-test (Table 7).

Table 7: Comparison of severity of pain and vital signs in 120
the minute

Variable Morphine Fentanyl Analysis text
VAS 06.3+.36 03.4+.76 0.000
O2saturation 89.96+22.2 40.96+47.1 0.270
BP 42.12+45.6 82.13+24.5 0.000
T 94.36+.25 46.36+.22 0.050
RR 30.20+85.4 53.22+89.4 0.080
PR 10.95+17.4 60.98+08.9 0.060

We compared the mean VAS pain at minutes
0 to 120 in the two groups of fentanyl and morphine.
The results exhibited that there was no significant
difference between the two groups in only O minutes,
but in the remaining minutes, this difference was
statistically significant (Table 8).

Table 8: VAS pain score at minutes 0 to 120

Variable Fentanyl Morphine Analysis text

VASO
VAS20
VAS40
VAS60
VAS80
VAS100
VAS120

06.9+.66
54.8+.66
20.5+.92
1.4+£.75
06.4+.73
56.3+.50
06.3+.36

8+.78
26.4£.69
21.4+£.76
16.3+.79
23.3t.77
13.4£.77
03.4+.76

0.370
0.000
0.000
0.000
0.000
0.001
0.000

Discussion

In this clinical trial study, 60 patients were
randomly divided into intervention and control groups
during 2017 in Valiasr Hospital. The study showed
that the oldest person in the intervention group was 94
years old, and the youngest was 49 years old.
Moreover, the oldest person in the control group
belonged to a 64 years old individual and the
youngest person was 16 years old. Using statistical
tests, the mean age of the two groups was not found
to be significantly different (p = 0.42).

Furthermore, the mean height of the subjects
in the intervention group was determined to be 6.2 +
1.71. In the intervention group, the mean height of the
patients was calculated as 15.60 + 1.69. There was
no statistically significant difference between the
mean height of the control and intervention groups (p
= 0.12). This study aimed to compare the pain in
patients with fracture of the leg in the use of fentanyl
skin patches and injectable morphine ampoule. Before
the onset of the intervention, by comparing the pain
with VAS scores, it was revealed that the mean score
of pain in both groups was not significantly different
(P-value = 37.7).

Regarding the random sampling and the
similarity of pain between the two groups, the pain

was accordingly the same between the two groups
before each intervention. Based on the results
presented in this study, the pain score between the
two intervention and treatment groups was statistically
significant at 20, 40, 60 and 80 minutes, so that the
pain score of the control group (morphine) was lower
than that of the intervention group (P = 0.000). In
other words, morphine has been able to produce more
analgesic effects at these times. The onset of
analgesic effect of intravenous morphine (0.1-0.05
mg.kg) is 10-20 minutes after injection, but the onset
of analgesic effect of fentanyl skin patch could be
started after one hour [13].

Also, fentanyl patch is not predictable, which
its effects may be started up to several hours,
depending on the body temperature, and the previous
dose of the drug, as well as other factors such as the
location of use, hemodynamics and the general
condition of the patient (fragility, hypovolemia).

Absorption continues for a few hours
unpredictably following removal of the patch [14].
These results are consistent with our findings. Also,
due to the slow start of fentanyl absorption, patients
may use a patch from the day before surgery.
Localised blood flow to the patch site can affect the
absorption of the drug. Heat blankets, moisture or
sepsis, can increase blood flow to the skin, leading to
an increase in total systemic absorption [14]. The
results of our study demonstrated that the mean score
of pain at 100 and 120 minutes was significantly
different, where the mean score of pain in the
intervention group was significantly lower as
compared to the control group (p = 0.00). In other
words, patients in the intervention group who used
fentanyl skin patch had less pain after one hour than
those in the control group. The unique properties of
fentanyl include its 75-fold strength compared to
morphine, low molecular weight, and lipophilicity, as
well as higher skin absorption capacity than morphine.

Inconsistent with our results, these features
reduce pain by initiating the effect of fentanyl [15]. In
2004, Clark found that the analgesic effect of fentanyl
skin patch was significantly higher than that of
morphine [16], which is in agreement with our results.
In another study by Hemmati et al., The results
showed that fentanyl skin patch significantly reduced
the pain of patients with soft tissue tumours compared
to placebo [17]. Another study evaluated the safety
and therapeutic effect of 12-month use with fentanyl
patch. This mentioned study indicated a reasonable
risk-benefit profile for managing moderate to severe
chronic pain in non-cancer patients treated with
fentanyl patch under long-term compared with
patients who treated with other opiate drugs.
Respiratory depression, drug dependence, and drug
discontinuation were rarely observed in patients [18].

Some of the properties of the drug that leads
to better tolerance of the drug by the patient, its
effectiveness and its relative safety include the need
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for repeated administration of the drug, lower peak
plasma concentration, and lack of liver first pass
metabolism [19]. In patients with cancer pain, the use
of this drug leads to prolonged and effective
analgesia. Four different drug types are available
including 25, 50, 75 and 100 micrograms per hour.

The fentanyl patch needs 24 to 72 hours to
reach a sustained level of blood, and absorption of
remaining fentanyl lasts for several hours after
removing the patch. After removing the fentanyl patch,
it takes about 17 hours to reduce the plasma
concentration of the drug by 50%. Therefore, there is
a potential for drug interruption with anaesthetics,
sleep apnea and other opioids several hours after
removing the patch. Therefore, the risk of drug
interruption is not eliminated immediately following the
removal of the patch. It is worth noting that the
fentanyl patch releases the drug for up to 72 hours
and has been proposed as a synthetic drug with short-
term analgesia [20].

On the other hand, fentanyl provides an
appropriate plasma concentration up to 72 hours,
where the blood concentration of the drug gradually
increases, leading to a reduced risk of complications.
Fentanyl metabolites are not pharmacologically active
and are not affected by the liver first pass metabolism
or gastrointestinal absorption. Fentanyl with a high
tendency and specifically binds to the p2-opioid
receptor. Therefore, the side effects of activating the
p2-opioid receptor such as nausea, vomiting and
constipation that is seen with the use of morphine are
not seen with this drug. It should be taken into
consideration that the complications of accumulation
of metabolites are not seen in patients receiving this
drug [21].

In summary, this study exhibited that the
fentanyl skin patch has a significantly more analgesic
effect in patients with fractures after one hour than
morphine. The use of transdermal fentanyl is useful
especially for patients suffering from dysphagia,
nausea, vomiting, or other forms of resistance to other
opioids. It is also suitable for patients who are not able
to take their medication at their scheduled time.
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Abstract

BACKGROUND: The success of a woman in following the exclusive breastfeeding program is determined by the
significant effort of a woman in giving breast milk and providing additional food to the baby. This problem can be
solved by using the vibration effect on the postpartum mother's breast through DC Motor Vibratory (DMV) system.

AIM: Therefore, the research aims to analyse the effectiveness of DMV among postpartum woman on giving
breast milk. This intervention will assist to stimulate the prolactin hormone and to remove the oxytocin hormone of
the breast milk.

METHODS: The study is a quasi-experiment, with only post-test design and control group. The sample of the
study included 76 postpartum women in University of Sumatera Utara (USU) Hospital and maternity clinic in
Medan, Indonesia with accidental sampling technique. The data were collected by using questionnaires, such as
demographic questionnaire and observation of breast milk expenditure. The study was analysed by using the
Mann-Whitney test.

RESULTS: The Result of the study showed that the DMV could accelerate the process of breastfeeding for a
postpartum woman with a significant value of p < 0.05.

CONCLUSION: The research concluded that DMV could be applied in the postnatal care process, especially in
stimulating breast milk expenditure.

Competing Interests: The authors have declared that no
competing interests exist

Introduction

The high rate of new-born deaths is
commonly based on many factors, including maternal
behaviour and the role of health workers. Infection in
infants and low birth weight are a major factor in the
occurrence of morbidity and mortality [1]. This
condition is closely related to the still low health status
of mothers and new-borns; low access and quality of
maternal and infant health services, especially during
pregnancy, childbirth and immediately after birth [2].
Maternal and family behaviour which are preventive
and curative is still minimal; community involvement in
care, especially the perception of breastfeeding for
new-born babies, is still a lot of negatives [3].

Morbidity and mortality rates in infants can be
prevented by early breastfeeding, which is
immediately after birth and following the exclusive
breast milk (ASI) program [4]. Based on data from
UNICEF (2006), as many as 30,000 infant deaths in
Indonesia and 10 million deaths of infants and
toddlers were recorded in the world each year which
can be prevented through exclusive breastfeeding for
six months, without having to provide additional food
and drinks to infants. Breastfeeding is one of the
adaptation processes experienced by postpartum
mothers. Breast milk (ASI) is a natural nutrient for
babies with the most suitable nutritional content for
optimal growth [5]. Breastfeeding is revealed to be
effective to protect maternal and infant health [6].

The maximum breastfeeding since the baby is
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born can meet the nutritional needs accordingly so
that the baby will avoid pain and death. The World
Health Organization (WHO) recommends that every
new-born baby get exclusive breastfeeding for six
months, but in some mothers do not give exclusive
breastfeeding because the US does not come out or
only slightly so that it does not meet the needs of the
baby [7]. Postpartum mothers often experience breast
swelling after giving birth with nearly 90%, on the
second day until the fourth day. This happens due to
the lack of breastmilk expenditure and is a strong
reason for mothers to stop breastfeeding and provide
additional food such as formula milk [8]. The Basic
Health Research of Indonesia (RISKESDA) (2010)
reported that exclusive breastfeeding for infants aged
< 6 months was reported to be less than 40% [3].
Many ways have been used to facilitate postpartum
maternal breast milk expenditure such as brash care,
oxytocin massage, acupuncture and acupressure [9].

This method is still considered to be less
effective as it uses invasive methods, long duration,
not practical, must have the skills and techniques in its
implementation. Postpartum treatment in optimising
breastmilk expenditures uses a lot of non-invasive
methods to be considered as alternatives in
accelerating breastmilk expulsion, because with
effective therapeutic methods with a relatively short
time and easy to do by postpartum mothers [10].

Based on that information, a tool needed to
be designed as a stimulus therapy to accelerate the
release of breast milk postpartum mothers who are
simpler, economical, and practical by utilising DC
Motor Vibratory which provides a vibration effect for
activating prolactin and oxytocin hormones. The DC
vibratory motor method is a method of vibration
propagation that vibrates the ions in the breast which
is directed to the activation of the prolactin and
oxytocin hormones which results in the stimulus of the
alveoli in flowing milk through the ductulus to the
lactiferous duct and into the milk sinus and the nipple
hole.

Methods

This research is quantitative research using a
quasi-experimental method research design: with the
use of Current ASI DMV tools and only post-test
design in the intervention and control groups. This
study was conducted on postpartum mothers in USU
hospital and maternity clinics by observing feeding to
infants whether only breastfeeding or providing
additional food other than ASI. Data analysis was
carried out with frequency distribution and
presentation, independent t-test with a significance
level of 5% (a = 0.05). The tool used is the ASI DMV
made by the researcher as displayed in figure 1.

Figure 1: DC Motor Vibrilatory Stimulant

Results

The characteristics of the postpartum woman
are described in Table 1 below.

Table 1: Demografic Data of Respondent Characteristic (n = 38)
in Intervention Group

Mother Characteristic Frequency (n) Percentage (%)

Age

Risk (< 20 and 35) Years 13 34
No Risk (20-35)Years 25 66
Obstetric History

Primi (1) 9 24
2-3 23 61
>3 6 15

Education
Low (Elementary — Junior Hight

School) 272 ég
Middle (Senior High School) 9 24
High (university)

Work

Housewife 17 45
Government Employee 8 21
Entrepreneur 13 34
Total 38 100

Based on Table 1, it shows that most
postpartum mothers are in the age range of 20-35
years with 25 people or 66% of the total. Most of the
mother parity is 2-3 people as many as 61 people.
Mother’'s education level in a senior high school
dominated the sample with 22 people as much as
58%, and most mothers are 17% housewife with no
occupation.

Table 2: Demografic Data of Respondent Characteristic (n = 38)
in Control Group

Mother Characteristic Frequency (n) Percentage (%)

Age
Risk (< 20 and 35) Years 14 35
No Risk (20-35)Years 24 63
Obstetric History
Primi (1) 9 24
2-3 22 58
>3 7 18
Education
Low (Elementary — Junior Hight

5 13
School) 24 63
Middle (Senior High School) 9 24
High (university)
Work
Housewife 18 47
Government Employee 9 24
Entrepreneur 11 29
Total 38 100

Based on Table 2, it indicates that most
postpartum mothers are in the age range between 20-
35 years with 24 people or 63% of the total. Most of
the mother parity is 2-3 people as many as 58%of
sample. Mother’s education level in a senior high
school dominated the sample with 63%, and most
mothers are 18% housewife.
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Table 3: Distribution of Food Giving to New-borns Intervention
Groups and Control Groups

. Intervention Control
Feeding Infants N % N %
Breast Milk 30 78.9 16 42.1
Supplementary Infant Feeding 16 211 22 57.9
Total 38 100 38 100

Based on Table 3, postpartum mothers who
only gave the breast milk were recorded as 78.9%,
and 21.1% of them were giving additional food, while
postpartum mothers in the control group who only
gave breast milk were 42.1% and 57.9% of
postpartum mothers provide additional food.

Table 4: Effectiveness of DC Motor Vibrilatory Stimulus on
Giving Breast Milk in Intervention and Control Group

Variable Mean Sum .ranks ZP.

27.50
11.50

Intervention
Control

522.50 -5.187 0.000
218.50

Lastly, the effectiveness of DMV on breast
milk production is described in table 4. Based on table
4, the result shows a p-value of 0.000, which means
that the value of p <0.05 indicates the significant
difference in infant feeding in the intervention group
and control group.

Discussion

Breast milk (ASI) is a natural nutrient and the
most suitable food for babies because the nutritional
content in ASI is best suited for optimal growth and
development of infants [11]. Breast milk is the only
nutrient source that also contributes to the rapid and
healthy growth of the baby's brain and nervous
system, the maturation of the digestive system and
the development of the immune system and immunity
[12]. According to the World Health Organisation
(WHO), exclusive breastfeeding is only given for 6
(six) months without any additional liquid either
formula milk, water, orange juice, or other
supplementary foods before reaching the age of six
months [13]. The success of exclusive breastfeeding
begins with the success of early breastfeeding. In
general, the failure of breastfeeding mothers at the
beginning of a baby's birth is caused by ASI that has
not been released immediately [14].

To speed up the process of removing breast
milk requires the process of breast care in postpartum
mothers. Some of the treatments that have been done
frequently include oxytocin massage, acupressure
and acupuncture. But the process of breast care is
certainly inseparable from the development of
technology in the health sector so that there will be
some of the latest innovations in the development of
breast care. So every postpartum mother can do
breast care independently. But not all postpartum
mothers immediately excrete milk because the milk

supply is a very complex interaction between
mechanical stimuli [3], nerves and various hormones
that affect oxytocin release. The release of the
oxytocin hormone besides being influenced by baby
suction is also influenced by receptors located in the
ductal system when the ducts dilate or become soft;
oxytocin is reflexively removed by the pituitary which
acts to squeeze milk from the alveoli [2]. Hormones
that affect the production of breast milk (ASI) include
oxytocin. This hormone causes the contraction of
epithelial cells around the alveoli, urging breast milk to
enter the lactiferous duct. Stimulation of the nipple
causes the release of oxytocin for 3-4 seconds into
the bloodstream for every 5-15 minutes [15]. Prolactin
is produced by the anterior pituitary which functions to
stimulate the ASI gland to produce breast milk,
prolactin release occurs in response to a direct
stimulus to the nipple or areola which controls
autocrine in lactogenesis. Prolactin will come out if
there is a space of milk in the breast. Decreasing
production and expenditure of breast milk in the first
day after giving birth can be caused by a lack of
stimulation of the prolactin and oxytocin hormones
which greatly contribute to the smooth production and
expenditure of breast milk [11].

Breast care should be performed immediately
after the baby delivery process (1-2 days), and the
mother must do it regularly. By providing stimulation to
the muscles of the breast will help to stimulate the
hormone prolactin to help to produce milk [5]. Lack of
breast milk production is one of the causes of the
mother deciding to give formula milk to her baby.
UNICEF insists that babies who use formula milk have
a chance of dying in the first month of birth, and the
possibility of formula-fed infants is 25 times higher
than the number of babies whose mothers
breastfeeding exclusively [16].

Constraints in breastfeeding have been
identified including the factors such as lack of
information, apathy on the side of health care
providers, inappropriate hospital practices such as
providing water and supplements for babies without
any medical needs and lack of follow-up care at the
beginning of the postpartum period [3], [17]. The low
maternal behaviour in breastfeeding is also influenced
by various factors, namely socio-cultural community,
psychological condition, the physical condition of the
mother, lack of information from health workers,
incessant promotion of formula or canned milk, the
condition of newborns, and lack of knowledge about
breastfeeding. Moreover, there is a complaint of
breast milk that has not been produced and
insufficient for the baby's needs. These reasons and
problems cause mothers and families to make
decisions from experiences and habits that are
contrary to health, such as not breastfeeding and
providing additional food to babies.

The results of the study generally show that
DC Vibratory Motor (smooth DMV ASI) can accelerate
the release of breast milk and affect the behaviour of
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mothers in providing food to infants, namely the
intervention group can generally provide only breast
milk in infants when compared with the control group.
Use or Implementation of Dc Vibratory Motor which
consists of Arduino Nano components: As the brain of
the tool, which is useful in controlling motor speed and
setting the use time of the tool? Transistor: To provide
more current to the motor so that the motor can be
faster. Diodes: As a voltage rectifier. Potential set the
motor speed by changing the resistance value. The
laser is used to shooting light to the intended point.
Led is to provide more lighting on therapy. Vibratory
motor: As a vibrator. The tools used in this
intervention will help stimulate the hormone prolactin
and the hormone oxytocin in the removal of breast
milk. Vibration propagation methods that vibrate ions
in the breast are directed directly to activation of the
prolactin and oxytocin hormones which results in a
stimulus to the alveoli and drain the milk through the
ductulus to the lactiferous duct and into the sinuses
and leave the breast through the nipple.

The presence of vibrations causes the smooth
muscles of the breast to contract and accelerate
expenditure, due to increased oxytocin secretion.
Increased secretion of oxytocin is caused by
vibrations that stimulate the surrounding nervous
system and continue stimulation to the anterior
pituitary in the brain so that prolactin is secreted and
continued into the anterior pituitary. Through this
intervention, it is expected that postpartum mothers
can perform breast care independently with practically
and overcome problems in the process of
breastfeeding. The use of this tool is expected to
provide a solution for mothers who do not breastfeed
their babies because ASI does not come out, or
breastfeeding is insufficient. The provision of
maximum and immediate breastfeeding in newborns
can meet the nutritional and nutritional elements so
that babies avoid pain and death which in turn can
improve the level of infant health in Indonesia.

In conclusion, the DMV tool can increase and
accelerate the release of breast milk so that it affects
the postpartum mothers in providing food to infants
only by using breast milk. This can be seen from the
statistical value which shows the value of p < 0.05 (p
=0.000).
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