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Amag: Karbapenemaz lireten Enterobacteriaceae kaynakl enfeksiyonlar tiim diinyada halk saghgini tehdit eden gilincel saglik sorunlarindandir.
Tedavisinde dakikalarin bile 6nemli oldugu bu bakterilerde karbapenemaz tespiti icin gesitli hizli tani testleri kullanilmaktadir. Enzim-substrat
etkilesimine dayali reaksiyon temelli kolormatik hizli tani yontemi; yaklasik bir saatte, in vitro ortamda bakterideki karbapenemazin karbapenemi
hidroliz etmesiyle ortam pH’ini duistirerek fenol kirmizisinin renginin degismesi prensibiyle galisir. Calismamizda karbapenem direngli Klebsiella
pneumoniae izolatlarinda karbapenemaz varligi, bu yontemle tespit edilerek yontemin duyarlilik ve 6zgulliigiiniin arastiriimasi amaglanmistir.

Gereg ve Yontem: Calismamiza hastanemiz mikrobiyoloji laboratuvarina 2018-2023 vyillari arasinda goénderilmis gesitli klinik 6rneklerden
elde edilen rutin laboratuvar testleriyle tanimlanip antimikrobiyal duyarliliklari belirlenmis karbapenem direngli 100, karbapenem duyarli 25
K. pneumoniae izolati dahil edilmistir. izolatlarin tiimiinde enzim-substrat iliskisine dayali reaksiyon temelli yéntem ile karbapenemaz varligi
arastirilmistir. Yontemin duyarlilik ve 6zgulltigu, bu tanida altin standart olan PZR ile karbapenemaz genlerinin (oxa-48, ndm, kpc, imp ve vim)
tespitiyle belirlenmistir.

Bulgular: PZR ile karbapenem direngli izolatlarin 97’sinde (oxa-48 n=58, ndm n=16, oxa-48+ndm n=15 ve kpc n=8) karbapenemaz geni tespit
edilmistir. Bu izolatlarin 94'G enzim-substrat iliskisine dayali reaksiyon temelli yéntem ile karbapenemaz pozitif saptanmistir. Karbapenem
duyarli izolatlarin timu hizli tani yéntemiyle karbapenemaz negatif saptanmistir. Hizli tani yonteminin; duyarlhgi %96,9, 6zgilligu %100, pozitif
prediktif degeri %100, negatif prediktif degeri ise %90,3 olarak hesaplanmistir.

Sonug: Karbapenemaz uretiminin hizh tespiti igin kullanilan testlerde maliyet, zaman ve uzman personel gereksinimi gibi birtakim sorunlar
bulunmaktadir. Calismamizda test ettig§imiz yontem uygun maliyetli, kolay uygulanabilir ve ortalama 1 saatte karbapenemaz varligini
yuksek duyarllik ve 6zgiillikte tespit etmektedir. Kisa siirede dogru ve glivenilir sonug veren bu yontemin rutin laboratuvarlarda kullanimi
degerlendirilmelidir.

Anahtar kelimeler: Klebsiella pneumoniae, karbapenem direnci, karbapenemaz, hizli tani testi

JOHESAM 2024; 4 (2): 29-35 Copyright © 2024 Marmara University Press
ISSN:2757-6914 DOI: 10.29228/JOHESAM.33


https://orcid.org/0009-0002-2929-1262
https://orcid.org/0000-0003-2004-8477
https://orcid.org/0000-0002-3439-9158

Sura Basdag

l Arastirma Makalesi (Research Article) l

[

ABSTRACT

Obijective: Infections caused by carbapenemase-producing Enterobacteriaceae are among the current health problems that threaten public
health all over the world. Various rapid diagnostic tests are used to detect carbapenemase in these bacteria, for which even minutes are
important in their treatment. Reaction-based colormatic rapid diagnostic method based on enzyme-substrate interaction works on the
principle of changing the color of phenol red by lowering the pH of the environment when the carbapenemase in the bacteria hydrolyzes the
carbapenem. In our study, we aimed to detect the presence of carbapenemase in carbapenem-resistant Klebsiella pneumoniae isolates with
this method and to investigate the sensitivity and specificity of the method.

Methods: Our studyincluded 100 carbapenem-resistant and 25 carbapenem-sensitive K. pneumoniae isolates, whose antimicrobial susceptibility
was determined by routine laboratory tests obtained from various clinical samples sent microbiology laboratory between 2018 and 2023.
The presence of carbapenemase was investigated in all isolates with a reaction-based method based on enzyme-substrate interaction. The
sensitivity and specificity of the method were determined by the detection of carbapenemase genes (oxa-48, ndm, kpc, imp and vim) by PCR
that used as the gold standard for this diagnosis.

Results: Carbapenemase gene was detected in 97 of the carbapenem-resistant isolates (oxa-48, n=58; ndm, n=16; oxa-48+ndm, n=15 and kpc,
n=8) by PCR. Ninety-four of these isolates were detected as carbapenemase positive by the reaction-based method based on enzyme-substrate
interaction. All carbapenem-susceptible isolates were detected as carbapenemase negative by rapid diagnostic method. For rapid diagnostic
method; tts sensitivity was calculated as 96.9%, specificity as 100%, positive predictive value as 100%, and negative predictive value as 90.3%.

Conclusion: There are problems in the tests used for the rapid detection of carbapenemase production, such as cost, time and the need for
expertised personnel. The method tested in our study is cost-effective, easily applicable, and detects the presence of carbapenemase with high
sensitivity and specificity in approximately 1 hour. The routine utilization of this method which provides accurate and reliable results in a short
time period should be evaluated in clinical laboratories.

Keywords: Klebsiella pneumoniae, carbapenem resistance, carbapenemase, rapid diagnostic testenhancing awareness of a healthy lifestyle.

\

\ Keywords: Anxiety, COVID-19, Mental health, Healthy lifestyle, Stress.
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1. GiRiS

Dinya’da ve tlkemizde en 6nemli halk sagligi sorunlarindan
biri antibiyotiklere direngli bakterilerin yol actigi enfeksiyon
hastaliklaridir. Antibiyotiklere direngli patojenler, tedaviyi
zorlastirarak morbidite ve mortalitede artisa yol agmaktadir.
Gram negatif bakterilerden Enterobacteriaceae ailesine Uye
Klebsiella pneumoniae, hastane kaynakli enfeksiyonlarda
en sik karsilasilan patojenlerdendir. K. pneumoniae, basta
beta-laktam antibiyotikler olmak (izere florokinolonlar ve
aminoglikozitler gibi birgok antibiyotik grubuna karsi direng
gostermektedir (Ferreira ve ark., 2019).

Uglincii kusak sefalosporinler dahil ¢ogu antibiyotige direncgli
K. pneumoniae kaynakl enfeksiyonlarin tedavisinde kurtarici
antibiyotik olarak kullanilan karbapenem grubu antibiyotiklere
karsi direng tim dinyada oldugu gibi Ulkemizde de ciddi
oranlarda saptanmaya baslamistir. Diinya Saglhk Orgiiti’niin
2020 yih Orta Asya ve Avrupa Antimikrobiyal Diren¢ Gozetimi
Raporu’nda (CAESAR) Turkiye'de invaziv orneklerden elde
edilen K. pneumoniae izolatlarinda karbapenem direncinin
%39-51 arasinda degistigi bildirilmistir (WHO, 2020).

Gram negatif bakterilerde karbapenemlere direng, basta
antibiyotigin yikimina yol acan karbapenemaz enzimlerinin
Uretimi olmak Uzere, porin kaybina bagll azalmis membran
gecirgenligi veya efluks pompasi yoluyla antibiyotigin disa
atimi gibi mekanizmalara bagli gerceklesmektedir (Stuart
ve ark., 2010). K. pneumoniae karbapenem direncini
genellikle c¢esitli karbapenemazlar (Klebsiella pneumoniae
carbapenemase (KPC), New Delhi metallo-B-lactamase (NDM),
Imipenem-resistant Pseudomonas (IMP), Verona integron-
encoded metallo-B — laktamase (VIM), Oxacillinase-48 (OXA-
48) vb.) lreterek saglamaktadir. Hastalik Kontrol ve Onleme
Merkezi'nin (CDC) yayinladigi raporda karbapenemaz Ureten

Enterobacteriaceae Uyeleri, “Acil Tehdit Olusturan Bakteriler”
listesinde yer almaktadir (CDC, 2019). Dolayisiyla bu bakteride
karbapenemaz Uretiminin tespiti gerekli olup bu amagla
kullanilacak yontemin seg¢imi, hizli ve dogru sonuglar elde
edilmesi agisindan blylik 6nem tasimaktadir.

Bu amaca yonelik olarak karbapenemaz tiretimini tespit etmek
icin cesitli hizh tani yontemleri gelistirilmis ve kullaniimaktadir.
Kullanilacak yontemin yuksek duyarlilik ve o6zgillige sahip
olmasi, yontem tercihinde dikkat edilen dncelikli faktorlerdir.
Enzim-substrat etkilesimine dayali reaksiyon temelli kolormatik
hizli taniyéntemi; in vitro ortamda bakterideki karbapenemazin
imipenemi hidroliz etmesiyle ortam pH’sini disirerek fenol
kirmizisinin renginin degismesi prensibiyle calismaktadir. Bu
baglamda; karbapenemaz Ureten K. pneumoniae kaynakli
enfeksiyonlarin siklikla karsilasildigi Glkemizde, bahsi gecen
hizli tani yonteminin duyarlilik ve 6zgulliginin belirlenmesi
yaygin kullanima girebilmesi agisindan nemlidir.

Calismamizin amaci ¢esitli klinik érneklerden elde edilen K.
pneumoniae izolatlarinda karbapenemaz varligini enzim-
substrat etkilesimine dayali reaksiyon temelli kolormatik
hizli tani yontemi ve polimeraz zincir reaksiyonu (PZR) ile
karsilastirmali sekilde tespit ederek yontemin duyarlilik ve
6zgllliguni degerlendirmektir.

2. GEREG VE YONTEM

2.1. Bakteri izolatlarinin belirlenmesi ve canlandirilmasi

Calismaya, Marmara Universitesi Pendik Egitim ve Arastirma
Hastanesi Mikrobiyoloji Laboratuvari’na 2018-2023 yillarinda
gonderilmis cesitli klinik orneklerden elde edilen, rutin
laboratuvarda tir diizeyinde tanimlamasi (MALDI-TOF MS,
BioMerieux, Fransa) yapilmis ve antimikrobiyal duyarlilik
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testleriyle (disk difuzyon ve/veya VITEK 2 otomotize
sistem) karbapenemlere duyarliliklari belirlenmis 125
adet K. pneumoniae izolati dahil edilmistir. izolatlardaki
karbapenemaz enziminin klonal kokenli olmamasi ve farkh
tirdeki enzimlerin test edilebilmesi amaciyla; yakin tarihlerde
ayni servisten alinmis olmamasi ve ayni hastadan alinan
ornekler olmamasi gibi kriterlere dikkat edilerek secilmistir.
Antimikrobiyal duyarlilik sonuclari “European Committee on
Antimicrobial Susceptibility Testing” (EUCAST) kriterlerine
gore degerlendirilmistir (Versiyon 13.1, Haziran 2023).

Skim milk besiyeri (gliserollll) igerisinde — 80°C’lik derin
dondurucuda saklanan izolatlar MacConkey agar besiyerine
(Biomeriux, Fransa) ekilmis ve 379C’de 18-24 saat aerobik
ortamda inkibe edilmistir. Ureyen mikroorganizmalarin
tir tanimlamasi MALDI-TOF MS (BioMerieux, Fransa) ile
dogrulandiktan sonra enzim-substrat etkilesimine dayal
reaksiyon temelli kolormatik hizli tani yénteminde kullaniimak
Gizere Mueller Hinton agar besiyerine pasajlanmistir.

2.2. Enzim-substrat etkilesimine dayali reaksiyon temelli
kolormatik hizli tani yéntemi ile karbapenemaz varliginin
belirlenmesi

Test edilecek izolatta hiicre icinde bulunan karbapenemazin
serbest kalmasi ve testte calisir hale gelebilmesi igin
bakteri, lizis amaciyla 1:10 oraninda Tris HCl (20 mmol/L)
iceren ortamda 30 dakika boyunca inkibe edilmistir. Test
asamasinda test edilecek her bir bakteri izolati icin 2 tlp
hazirlanmistir. Kontrol tipiinde pH 7,8’e ayarlanmis 100uL
fenol kirmizisi + ZnSO,4 soliisyonu (10mM) bulunmaktadir.
Test tlpinde ise 100uL fenol kirmizisi + ZnSO4 + 6 mg/mL
imipenem-silastatin solisyonu bulunmaktadir. Kontrol ve
test tlplerinin hazirlanmasindan sonra her iki tiipe de 30 uL
lizis edilmis bakteri slispansiyonundan eklenmistir. Ardindan
tipler 1 saat boyunca oda sicakhginda bekletilmistir. Stre
sonunda tiplerdeki renk degisimi incelenmistir.

Her ¢alismada kontrol amaciyla karbapenemaz geni tasidig
bilinen bir pozitif kontrol susu ve negatif kontrol amaciyla
karbapenem duyarli Escherichia coli ATCC 25922 susu test
edilmistir. Ayrica test sonuclarinin gecerli kabul edilebilmesi
icin kontrol tiiplnde renk degisikligi meydana gelmemelidir.
Kontrol tlpl kirmizi renkte olup, test tupl sar veya
turuncuya donmds izolatlar karbapenemaz pozitif seklinde
yorumlanmustir. (Resim 1)

Resim 1. Test sonuglarinin yorumlanmasi (a. Kontrol tiipiindeki renk

degisikligi sebebiyle gegersiz test sonucu, b. Karbapenemaz negatif

test sonucu, c. Karbapenemaz pozitif test sonucu) C: Kontrol tiipdi,
T: Test tipti

2.3. Karbapenemaz direng genlerinin belirlenmesi

izolatlarda PZR amaciyla kullanilacak genomik DNA
ekstraksiyonu kaynatma yontemi ile yapilmistir. Steril ependorf
tlipinde 100pL distile su ile bes 6ze dolusu (10uLlik 6ze) koloni
karistirlmistir. Ardindan tip, 1 dk boyunca vortekslenmistir.
Homojenizasyonu saglanan bu slspansiyon 952C’de 10 dk
boyunca isi blogunda bekletilmistir. Stispansiyon 15000 rpm’de
2 dk santriftj edilmistir DNA bulunan sipernatant kismi
alinarak steril baska bir ependorf tlipe aktariimistir.

PZR ile karbapenemaz direng genlerinin (oxa-48, ndm, kpc,
imp ve vim) belirlenmesi islemleri tablo 1'de verilen primerler
ve reaksiyon kosullari kullanilarak gerceklestirilmistir. PZR
islemi sonrasi olugan Urlinler, %1 konsantrasyonda hazirlanan
agaroz jele yikleme sonrasi elektroforez ile saptanmistir. Bu
amagla ornekler 25 dakika boyunca 80 V altinda yirttilmustdr.
Yurltme islemi sonrasi elde edilen bantlar UV goériintileyicide
incelenmistir. Gozlenen bant profilleri DNA ladder ve pozitif
kontrol ile karsilastirilarak degerlendirilmistir. (Tablo 1) (Resim 2)

PK 1022 6122 2723 323 3723 4423 DL 56123 62723 76/23 116/23 247/23 277/23 331/23 1821

s00bp

Mwmc-w—.'"’

by
-0 bp

Resim 2. blaOXA-48 pozitif izolatlarin ve karbapenem duyarli izolatin
jel gérintlisti [blaOXA-48 pozitif 6rnekler: KLB 10/22, 61/22, 2/23,
3/23, 37/23, 44/23, 56/23, 62/23, 76/23, 116/23, 247/23, 277/23,
331/23, karbapenem duyarli 6rnek: KLB18/21; PK: blaOXA-48 pozitif
kontrol susu, DL: 100-1000 bp DNA Ladder (GeneMark, ABD)]

Tablo 1. Arastirilan karbapenemaz genlerine ait primer dizileri ve
déngdi kosullari
Primer Dizi
5 TTG GTG GCATCG ATT
OXA-48 R ATCGG 3’
OXA-48 F 5 GAG CACTTCTTT TGT
GAT GGC 3’
5" GGG CAG TCG CTT CCA
NDMR ACGGT3

Boyut (bp) Amplifikasyon Kogullari

942C 5dk, 35 dongii (94eC
743 60sn,562C 45sn,72°C
60sn), 72°C 7 dk

952C 5dk, 30 déngt, (952C
475 30sn,602C 40sn,722C

NDMF 5" GTA GTG CTC AGT GTC
i 50sn), 722C 6 dk
GGCAT 3
5" GAA GGY GTT TAT GTT P
) ) 959 5dk, 35 déng, (95°C
IMPR  CATAC3
. K 587 45sn,602C 45sn,72°C
IMPF 5 GTA MGT TTC AAG AGT
, 60sn), 729C 8 dk
GATGC 3

5" GTT TGG TCG CAT ATC
VIMR GCAAC3
VIMF  5’AAT GCG CAG CAC CAG
GAT AG 3
5" TCT GGA CCG CTG GGA
KPCR  GCT GG 3’
KPCF 5 TGCCCG TTG ACG CCC
AATCC3
KPC: Klebsiella pneumoniae carbapenemase, NDM: New Delhi metallo-8-

lactamase, IMP: Imipenem-resistant Pseudomonas, VIM: Verona integron-
encoded metallo-8 — laktamase, OXA-48: Oxacillinase-48

952C 5dk, 35 déng, (95°C
389 45sn,602C 45sn,72°C
60sn), 722C 8 dk

952C 2dk, 35 dongii, (942C

399
2sn,622C 10sn,722C 15sn)
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Enzim-substrat etkilesimine dayali reaksiyon temelli
kolormatik hizli tani testi ile karbapenemaz negatif sonug
veren 3 izolatta PZR c¢alismasi ile blaOXA-48 geni varlig
tespit edilmistir. Bu izolatlar icin Oncelikle test ayni
kosullarda tekrar edilmistir. Ancak sonuclar degismemistir.
Daha sonra bu izolatlar igin iki farkh yaklasimla, antibiyotik
miktari 8 mg/ml’ye cikarilarak ve bakteri yogunlugu 2
katina c¢ikarilarak test yinelenmistir. Sonuglarda herhangi
bir degisiklik gézlenmemistir. Ancak dikkat ¢ekici olarak,
bakteri yogunlugu arttirildiginda pozitif kontrol olarak
kullanilan OXA-48 enzimine sahip izolatin ¢ok daha hizli
(normalde 30-60 dk; bu sartlarda 2-3 dk) renk degisimi
gOsterdigi gozlenmistir.

2.4. Verilerin istatistiksel analizi

Verilerin istatistiksel analizi SPSS sirim 26.0 (IBM,
Armonik, NY, ABD) kullanilarak yapilmistir. Calismamizda
kullandigimiz enzim-substrat etkilesimine dayali reaksiyon
temelli kolormatik hizli tani ydnteminin duyarlilik,
ozgullik, pozitif prediktif degeri (PPV) ve negatif prediktif
degeri (NPV) altin standart olarak kullanilan PZR testi ile
karsilastirilarak hesaplanmistir. iki y&ntem arasindaki
niteliksel uyum, Phi Cramer’s korelasyonu kullanilarak
belirlenmistir.

3. BULGULAR

Cesitli klinik 6rneklerden elde edilmis, rutin antibiyotik
duyarlihk test sonuglarina gore karbapenemlerden
en az birine direngli oldugu saptanan 100 adet ve
karbapenemlere duyarli oldugu saptanan 25 adet K.
pneumoniae izolatl galismamiza dahil edilmistir.

Karbapenem direngli K. pneumoniae suslarinin (n:100)
elde edildikleri kliniklere gore dagilimi incelendiginde,
yogun bakim Unitelerinden (n:52), dahiliye servislerinden
(n:7) ve degisen oranlarda farkli bélimlerden (n:41) izole
edildikleri belirlenmistir. izolatlarin elde edildigi 6rneklerin
dagilimi incelendiginde ise, sirasiyla; derin trekeal aspirat
(n:33), idrar (n:24), kan (n:16), balgam (n:5), yara (n:5) ve
diger 6rnekler (n:17) olarak dizildikleri belirlenmistir.

Test edilen K. pneumoniae suslarinin enzim-substrat
etkilesimine dayali reaksiyon temelli kolormatik hizh
tani yontemi ve PZR karsilastirmali sonuclari tablo 2’de
gosterilmistir. Altin  standart yontemle karsilastirma
sonucu elde ettigimiz bulgulara gére enzim-substrat
etkilesimine dayali reaksiyon temelli kolormatik hizli tani
yonteminin; duyarlihgl %96,9, 6zgulligi %100, pozitif
prediktif degeri %100, negatif prediktif degeri ise %90,3
olarak hesaplanmistir. Ayrica kullandigimiz yoéntem ile PZR
testi arasinda uyumluluk agisindan ¢ok gigli anlaml bir
iliski saptanmistir (Phi Cramer’s p= 0.936, p<0.001). (Tablo
2)

Tablo 2. Enzim-substrat etkilesimine dayali reaksiyon temelli
kolormatik hizli tani yéntemi ve PZR testi karsilastirmali sonuglari

Karbapeneme

Enzim-Substrat Etkilesimine

DINET PZR Dayali Reaksiyon Temelli
DI Y] Sonucu Kolormatik Hizli Tani Yontemi
Karbapenemaz Karbapenemaz
Pozitif Negatif
OXA-48 (n=58) 55 3
OXA-48+NDM (n=15) 15 0
Direngli (n=100) NDM (n=16) 16 0
KPC (n=8) 8 0
Gen Saptanmadi (n=3) 3
Duyarli (n=25) | Gen Saptanmadi (n=25) 25
PZR:  Polimeraz =~ Zincir ~Reaksiyonu, KPC: Klebsiella pneumoniae

carbapenemase, NDM: New Delhi metallo-8-lactamase, IMP: Imipenem-
resistant Pseudomonas, VIM: Verona integron-encoded metallo-8 —
laktamase, OXA-48: Oxacillinase-48

4. TARTISMA VE SONUC

“Karbapenem direngli enfeksiyonlar” tim diinyada oldugu
gibi Glkemizde de 6nemli saghk sorunlari arasindandir. Bu
enfeksiyonlar, mortalite ve morbidite oranlarinda artis,
hastanede kalis siresinin uzamasi, hasta basi maliyetin
artmasi ve is gict kaybi gibi sosyo-ekonomik agidan birgok
soruna yol agmaktadir. Ayrica antibiyotik direnci sebebiyle
de boyle enfeksiyonlarda tedavi zorlasmaktadir. Antibiyotik
direncli bakterilerin neden oldugu enfeksiyonlarda hastalara
en kisa zamanda, etkili antibiyotik tedavisinin verilmesi hayat
kurtaricidir. Kritik hastalarda uygun antibiyotik tedavisinin
verilmesindeki 1 saatlik gecikmenin hastanin 6lim riskini
%20 oraninda artirdigi gésterilmistir (Kumar ve ark., 2006).

K. pneumoniae’de karbapenem direnciesas olarak antibiyotigi
parcalayarak etkisiz kilan karbapenemaz enzimlerinin
Uretiminden kaynaklanmaktadir. Bu durum ayni zamanda
hastada mortalite ve morbiditede artisa yol agmaktadir.
Dolayisiyla enfeksiyon kontrolii ve halk saghgini koruma
acisindan K. pneumoniae’de karbapenemaz varliginin hizh
tespiti gereklidir ve yasamsal 6neme sahiptir.

Karbapenemaz tespiti igin gelistirilmis bircok fenotipik
(Modifiye Hodge testi (MHT), Karbapenem inaktivasyon
metodu (CIM) vb.) ve genotipik yéntem bulunmaktadir
(Osei Sekyere ve ark., 2015). Bu yontemler genel olarak
degerlendirildiginde,  testlerin  sonuglanmasinin  uzun
siirmesi, bazi direng enzimlerini saptamada duyarhligin
ve Ozgulligin dusik olmasi gibi birtakim sorunlar goze
garpmaktadir. Ornegin; MHT, c¢ogu karbapenemaz igin,
ozellikle KPC enzimleri icin kabul edilebilir duyarlihk
(>%90) gosterirken, NDM ve IMP gibi karbapenemazlari
saptamada dislk duyarliliga sahiptir (Girlich ve ark., 2012).
Ayrica test maliyetinin disik ve uygulanabilirligi kolay
olmasina ragmen testin sonuglanmasi igin 24 saate ihtiyag
duyulmaktadir. Karbapenem inaktivasyon metodu da (CIM),
MHT yéntemine benzer sekilde, sonuglanmasi icin bir gecelik
inklibasyona ihtiya¢ duymaktadir. Bunlara ek olarak, yapilan
calismalarda bu yontemin OXA-48 ve NDM (reten izolatlari
saptamada yetersiz oldugu gosterilmistir (Tekintas ve ark.,
2017; Gelmez ve ark., 2021). Calismamizda kullandigimiz

JOHESAM 2024; 4 (2): 29-35

32

DOI: 10.29228/JOHESAM.33



Sura Basdag

l Arastirma Makalesi (Research Article) l

yonteme benzer bir metodoloji kullanan CARBA NP testi
diger fenotipik yontemlere kiyasla ortalama 2 saat gibi kisa
surede sonuglanmasi sebebiyle daha avantajli gérilmesine
karsin yapilan galismalarda testin duyarhligi %73 ile %100
arasinda rapor edilmistir (Vasoo ve ark., 2014; Yusuf ve
ark., 2014). Bununla birlikte hem tlkemizde endemik olan
OXA-48 benzeri karbapenemazlara karsi duyarliigi énemli
Olglide duslktir hem de maliyeti oldukga ylksektir (Poirel ve
ark., 2012; Gelmez ve ark., 2020). Karbapenemaz genlerini
saptamaya yonelik kullanilan genotipik yontemler ise altin
standart olmasina ragmen maliyet ylksekligi, deneyimli
personel ve donanimli laboratuvar altyapisi gereksinimi gibi
nedenler dolayisiyla tercih edilmemektedir. Galismamizda
kullandigimiz  enzim-substrat iliskisine dayali reaksiyon
temelli hizli kolormatik yontem dastik maliyetli, kolay
uygulanabilir, 1-2 saat gibi cok kisa stirede sonug verebilen bir
test olmasinin yani sira Glkemiz agisindan énem tagiyan OXA-
48 tipi karbapenemazlari yiiksek duyarhlikla (%95,9; 55/58)
saptamaktadir.

Kullandigimiz enzim-substrat iliskisine dayali reaksiyon
temelli hizli kolormatik yontem, bu alanda yaygin kullanimda
olan ticari CARBA NP testinden bazi basamaklarda avantaj
saglayan farkliliklar icermektedir. Bunlar bakteri lizis
asamasinda santriftj islemine gereksinim duyulmamasi,
testin direkt inokiilasyon ile gergeklestirilmesi, saf imipenem
yerine ticari olarak kolaylikla temin edilebilen imipenem-
silastatin antibiyotigini icermesi, reaksiyonun 372C’lik etiv
icerisinde degil 25°C’lik oda sicakhiginda gerceklesmesi,
2 saat yerine 1 saatlik inkiibasyon ile testin sonuglanmasi
ve Ulkemizde endemik olan OXA-48 enzimini saptamada
yuksek duyarhhga (%95,9) sahip olmasi seklinde siralanabilir.
Ayrica kullandigimiz yontemin test bagi maliyeti 5 TL iken
ticari CARBA NP testinin test basi maliyeti 4 dolar olarak
hesaplanmistir (120 TL, Subat 2024).

Test ettigimiz yonteme benzer olarak literatiirde in-house
CARBA NP testi olarak gegcen bazi biyokimyasal testler
mevcuttur. 2016 yilinda Osterblad ve ark. tarafindan yapilan,
karbapenemaz pozitif 57 — karbapenemaz negatif 37 gram
negatif basilin degerlendirildigi calismada karbapenemaz
pozitif izolatlarin 41’i in-house CARBA NP testi ile
karbapenemaz pozitif bulunmustur (Osterblad ve ark., 2016).
Karbapenemaz negatif suslarin tamami ayni test ile negatif
bulunmustur. Yazarlar, ¢calismalarindaki yanhs negatif sonug
verenizolatlarin gogunlugunun karbapenemleri zayif hidrolize
ettigi bilinen OXA-48 veya OXA-181 dreticisi oldugunu
saptamis ve vyanhs negatif sonuclarin bundan kaynakl
olabilecegini belirtmistir. Ayni tarihli Pires ve ark. tarafindan
yapilan karbapenemaz pozitif 30 — karbapenemaz negatif
33 Enterobacteriaceae izolatinin degerlendirildigi baska bir
¢alismada ise in-house CARBA NP testinin %100 duyarlhk
ve %98,9 ozglilliige sahip oldugu gosterilmistir (Pires ve ark.,
2016). Calismada OXA-48 enzimi bulunan izolatlarda zayif
karbapenem hidrolizi sebebiyle renk degisiminin daha zayif
oldugunu ancak bu durumu da pozitif olarak kabul ettikleri
ifade edilmistir. Ayrica yanls pozitif sonug veren izolatlarda
AmpC enzimi varhgini gerekge gostermis ve bu enzimin
disiik diizeyde de olsa imipenem hidrolizine yol agmasini sz

konusu uyumsuz sonuglarla iliskilendirmislerdir. 2019 yilinda
Bir ve ark. tarafindan yapilan bir galismada, karbapenemaz
pozitif 32 — karbapenemaz negatif 5 ve karbapenemlere
artan dozda duyarli 3 Enterobacteriaceae izolati ile elde
edilen veriler 1siginda, in-house CARBA NP testinin duyarhligi
%93,9 ve 0zgulligu %71,4 olarak hesaplanmistir (Bir ve ark.,
2019). Calismada OXA-48 enzimi tasiyan bir izolatta alinan
yanlis negatif sonucun enzime bagh zayif karbapenemi
hidrolizinden kaynakli olabilecegi belirtilmistir. Ancak yanls
pozitif bulunan izolatlarla ilgili bir yorum yapilmamistir. Akyar
ve ark. tarafindan karbapenemaz pozitif 153 — karbapenemaz
negatif 16 Klebsiella spp. ve E. coli izolatinin degerlendirildigi
calismada, in-house CARBA NP testinin %96,7 duyarlilik ve
%100 6zglllige sahip oldugu gosterilmistir (Akyar ve ark.,
2019). Gahsmalarinda yanhs negatif sonug veren izolatlarda
inklibasyon suresi arttirildiginda (4 saat), duyarliigin %100’e
ylkseldigini belirtilmistir. Bu izolatlardaki sonucu, disik
karbapenemaz aktivitesine sahip enzimlerle, 6zellikle de OXA
grubu enzim Ureticileriyle iliskilendirmislerdir. Calismamizda
da kullandigimiz yontemle yanlis negatif olarak saptanan 3
izolatta PZR ile OXA-48 enzimi varligi saptanmistir. Bu izolatlar
icin test ayni kosullarda inkiibasyon siresi 2 saate uzatilarak
tekrar edilmesine ragmen sonug degismemistir.

Yukarida paylastigimiz literatlirdeki in-house CARBA NP
testlerinin ¢ogunun 0Ozgulligl ylksektir ancak 6zgulliglin
dislik olarak saptandigin calismalarda suslardaki AmpC
enziminin yanls pozitiflige neden olabilecegi yorumu
yapilmistir (Pires ve ark., 2016; Osterblad ve ark., 2016).
Ayrica in-house CARBA NP testlerinin duyarlilik oranlari
da cogu calismada yuksek bulunmus ve orani disiiren
neden var ise zayif karbapenem hidrolizi dolayisiyla OXA
tipi karbapenemazlar ile iliskilendirmislerdir (Osterblad ve
ark., 2016; Akyar ve ark., 2019). Calismamizda da literatirle
uyumlu olarak enzim-substrat iliskisine dayali reaksiyon
temelli hizli kolormatik yontem ile duyarlilik %96,9, 6zgillik
ise %100 bulunmustur.

Calismamizda hem PZR (taranan blaOXA-48, blaNDM, blakPC,
blaVIM ve blaIMP icin) hem de enzim-substrat iliskisine dayali
reaksiyon temelli hizli kolormatik yontem ile karbapenemaz
negatif sonug veren 3 izolat bulunmaktadir. Yukarida bahsi
gecen calismalarda oldugu gibi calismamizda da kullandigimiz
yontemin duyarlilik oranini disliren temel faktér, OXA-48
enzimitasiyan bu 3izolatin yanlis negatif olarak saptanmasidir.
OXA-48 benzeri enzimlerin karbapenemler (zerinde zayif
hidrolitik etki sergiledigi dikkate alindiginda, bu 3 izolatta
elde ettigimiz yanhs negatif sonuglarin b/laOXA-48 alt tipleri
ile iliskili olabilecegini dislinmekteyiz.

K. penumoniae’de karbapenem direncine neden olan en
temel mekanizma karbapenemaz Uretimi olmasina ragmen
baska mekanizmalarin da direncte rol oynadigi bilinmektedir
(Alizadeh ve ark., 2020; Ranjbar ve ark., 2019). Ulkemizde
diger tip karbapenemazlarin gorilme sikligi ve fenotipik
test ile de karbapenemaz negatif bulunmalari gibi nedenler
distnildiginde, bu izolatlardaki karbapenem direncinin
karbapenemaz uretimi yoluyla degil, porin kaybina bagh
(OmpK35 ve OmpK36) membran gecirgenliginin azalmasi
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veya efluks pompalari ile ilacin hiicre disina atiliminin
saglamasi yoluyla olabilecegi 6ngoriilmektedir.

Sonug olarak, karbapenem direnci lilkemizde ve diinyada
halk saghgini tehdit eden ciddi bir saglik sorunudur. EUCAST’a
gore; karbapenem direnci tespit edilen izolatlarda, enfeksiyon
kontrolli ve halk saghgi acgisindan karbapenemaz tespitinin
hizli yapilmasi gerekli ve 6nemlidir. Yaygin kullanilan fenotipik
karbapenemaz dogrulama testlerinde (CIM, MHT vb.)
sonucglanma sirelerinin 48 saatten uzun siirmesi, enzim
tipine gore duyarhhk ve 6zglllik oranlarinin disik olmasi
gibi birtakim sorunlar bulunmaktadir. Genotipik testler
altin standart olmasina ragmen maliyetinin yiiksek olmasi,
deneyimli personel ihtiyaci ve donanimli laboratuvar altyapisi
gereksinimi gibi sebepler dolayisiyla rutin laboratuvar
sireclerinde yer alamamaktadir. Bu sorunlardan yola ¢ikarak
c¢alismamizda maliyeti uygun, kisa sirede sonuglanan
ve laboratuvarda kolay uygulanabilecek enzim-substrat
iliskisine dayah reaksiyon temelli hizli kolormatik “in-house”
yontemi degerlendirdik. Ulkemiz acgisindan ele alindiginda,
karbapenemaz tespitinde kullanilan hizli tani testi segiminde
temel faktor, kullanilacak testin Ulkemizde yaygin gorilen
karbapenemazlari saptamadaki duyarliik ve o6zgullGgidar.
Galismamizda kullandigimiz enzim-substrat iligkisine dayal
reaksiyon temelli hizl kolormatik test, %96,9 duyarhlik ve
%100 Ozgillige sahip olmasinin yani sira, benzerlerinden
farkli olarak, tGlkemiz agisindan biylik énem tasiyan OXA-48
tipikarbapenemazlariyiksek duyarhhk (%95,9)ile kisa siirede,
dogru ve glvenilir sekilde saptayabilmektedir. Bu yontemin
klinik laboratuvarlarda rutin kullanimi degerlendirilmelidir.
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ABSTRACT

Aim:Proprioceptionassessmentisimportantinshoulderrehabilitation. Proprioceptionsense can be evaluated with differentmethodsintheclinical
setting. The aim of this study was to compare shoulder proprioception measurements made with universal goniometer and isokinetic system.
Methods: A total of 52 healthy individuals with a mean age of 24.6 +4.29 years were included in the study. Shoulder proprioception was
evaluated three times with a universal goniometer and isokinetic device at 30, 45 and 60 degrees shoulder flexion angles with eyes closed in a
sitting position and mean values were recorded.

Results: When the results obtained with the two measurement methods were compared, it was determined that there was a significant
difference between the mean values (for 30, 45 and 60 degrees shoulder flexion angles, p=0.003, 0.005, 0.000, respectively) and there was no
correlation relationship between the results of the two measurement methods (p<0.05). However, when the mean deviation from the target
angle was compared with both measurement methods, it was determined that there was no significant difference between the measurement
methods (p<0.05).

Conclusion: The findings of this study demonstrated that when shoulder proprioception was measured using a goniometer or an isokinetic
dynamometer at various angles, different values could be obtained. However, since the differences compared to the target angle are similar for
the two measurement methods, both assessment methods can be used for proprioception evaluation.

Keywords: Assessment, shoulder, proprioception, rehabilitation

0z

Amag: Omuzrehabilitasyonunda propriyosepsiyon degerlendirmesi dnemtasimaktadir. Propriyosepsiyon duyusuklinikortamdafarkliyontemlerle
degerlendirilebilir. Bu galismanin amaci universal gonyometre ve izokinetik sistem ile yapilan omuz propriosepsiyon 6lgtimlerini karsilastirmakti.
Gereg ve Yontem: Calismaya yas ortalamasi 24,6 + 4,29 yil olan toplam 52 saglikli birey dahil edildi. Omuz propriosepsiyonu, oturur pozisyonda
gozler kapali iken 30, 45 ve 60 derece omuz fleksiyon agilarinda universal gonyometre ve izokinetik cihaz ile ti¢ kez degerlendirildi ve ortalama
degerler kaydedildi.

Bulgular: iki 6lciim ydntemi ile elde edilen sonuglar karsilastirildiginda, ortalama degerler arasinda anlamli fark oldugu (30, 45 ve 60 derece
omuz fleksiyon agilari igin sirasiyla p=0,003, 0,005, 0,000) ve iki 6lgim yonteminin sonuglari arasinda korelasyon iliskisi olmadigi tespit edildi
(p<0,05). Ancak hedef agidan ortalama sapma her iki 6lgiim yontemi ile karsilastirildiginda 6l¢im yontemleri arasinda anlamli bir fark olmadigi
tespit edilmistir (p<0,005).

Sonug: Bu calismanin bulgulari, omuz propriyosepsiyonu gonyometre veya izokinetik dinamometre kullanilarak gesitli agilarda 6lgiildtigiinde
farkl degerler elde edilebilecegini gdstermistir. Bununla birlikte, hedef agiya kiyasla farklliklar iki 6l¢tim yontemi igin benzer oldugundan, her iki
degerlendirme yontemi de propriyosepsiyon degerlendirmesi igin kullanilabilir.

Anahtar Kelimeler: Degerlendirme, omuz, propriosepsiyon, rehabilitasyon
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1. INTRODUCTION

The sense of position and motion of the limbs was first
referred to as proprioception by Sir Charles Bell in the early
1830s as the “sixth sense” (1). Sherrington (2) went into
greater detail about it at the start of the 20th century.

Proprioception, whichmeans “belongingtooneself,” isderived
from the Latin word proprius. The full Turkish translation
is “perception of one’s own self” (3). Thermoreception,
nociception, equilibrioception, mechanoreception, and
proprioception are among the somatosensory senses, also
referred to as the sixth sense. Proprioception includes the
senses of passive and active joint position, kinesthesia, force
or tension, and feeling of speed change (3-5).

Our capacity to sense where our limbs and joints are in
relation to our bodies and environments (both in position
and while moving) without visual feedback is known
as proprioception. Sensorimotor control depends on
proprioception. Proprioception is crucial for movement
acuity, joint stability, coordination, and balance, as well as for
sensorimotor control and regulation of muscle tension based
on feedback and feedforward feedback (2,4).

Proprioception or proprioceptive acuity is a complex system
that requires both peripheral and central systems to work
in harmony with each other. Since sensory information
is derived from changes in internal structures, it is also
recognised as interoceptive information. Evidence for the
major proprioceptive receptor supports muscle afferent
input, particularly from muscle spindles. These receptors are
specialised fibres within the muscle that detect the change
in muscle length as well as the rate of contraction. They also
detect body part movement as a first derivative of length, i.e.
the rate of change in length. During contractions, the muscle
spindle is under fusimotor (gamma system) control, which
has the capacity to change the calibration or sensitivity of
the receptor by changing its internal length (3-7).

According to Proske and Gandevia, the perception of joint
position and movement is also influenced by cutaneous
receptors found in the skin, particularly those found in the
fingers, elbow, and knee (6). Joint structures also contain
receptors that resemble cutaneous receptors. It is possible
to detect static joint position, intra-articular pressure, and
possibly joint motion in terms of amplitude and velocity
thanks to ruffini bodies found in the joint capsule, ligaments,
and menisci. Deeper tissues’ Pacinian corpuscles are
responsive to changes in velocity. Movement restrictions
affect the Golgi tendon organ, which is a part of the ligaments
and menisci (5). These sensory inputs from within the body
contribute to proprioception (5).

Tests to assess joint position sense, kinesthesia, or force
sense should be used in clinical proprioception assessments.
Custom-built instruments or expensive computer interfaces
are frequently used in laboratories. It can be difficult to
use specialised and computerised systems during clinical
practice and to access these devices at all times. In a clinical
setting, goniometers, inclinometers, pressure sensors, and

laser pointers are accessible and simple to use. There is also
potential for new, reasonably priced, and precise technology,
such as cellphones with integrated gyros and accelerometers,
Wii Balance Board, Kinect and other tecnologic systems (4).

A goniometer is a tool used to measure the angle of a joint in
the body. It is a simple and inexpensive device that is widely
used in physical therapy and sports medicine to assess an
individual’s range of motion and joint stability. In addition to
measuringjointangles,agoniometercanalsobeusedtoassess
proprioception. The goniometer is a useful tool for assessing
proprioception as it provides objective data that can be used
to guide the development of effective rehabilitation plans.
Its low cost and ease of use make it a valuable tool in both
clinical and research settings (8,9). Isokinetic testing is a type
of physical performance test that measures an individual’s
strength and muscular endurance through controlled joint
movements. The Isokinetic Dynamometer System is also used
to assess proprioception, which is the ability of an individual
to perceive the position and movement of their body in
space. The system measures the individual’s ability to control
their movements and maintain balance during exercises that
simulate real-life movements (10,11). With the hypothesis
that proprioception measurements with goniometer and
isokinetic system will be similar, the aim of this study was to
compare shoulder proprioception measurements made with
universal goniometer and isokinetic system.

2. METHODS

The study was carried out between April 2023 and May
2023 at Marmara University, Faculty of Health Sciences,
Department of Physiotherapy and Rehabilitation Laboratory.
The ethics approval for the study was obtained from the
Ethics Committee of Marmara University, Faculty of Health
Sciences (30.03.2023/49) and it was conducted in accordance
with the Declaration of Helsinki. Each participant signed
informed consent forms after informing about the study. A
descriptive and cross-sectional study was conducted.

2.1. Participants

The study sample was selected from healthy young
individuals who are university students attending face-to-
face education. Participants were invited to the study via
email and whatsapp groups. Being over 18 years of age and
healthy were the inclusion criteria. Injury or surgical operation
related to the shoulder joint, any congenital or orthopedic
problem, presence of neurological and rheumatic diseases,
and pregnancy were determined as exclusion criteria.

2.2. Assessment

To assess proprioception using a goniometer and the
isokinetic system the individual was asked to perform
movements such as flexion and extension of a joint while
blindfolded. The same physical therapist then measured the
joint angle using the goniometer or isokinetic device and
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compared it to the target angle. The difference between the
actual angle and the target angle provides information about
the individual’s ability to perceive the position of their joint
in space (4,9,10). Resting the participant for 2 — 3 minutes
between two different measurements requested.

Goniometric Measurement

To perform goniometric measurements, the participant
was asked to sit on a chair with back support. They were
instructed to sit with their feet flat on the ground and their
knees flexed at 90 degrees. The measurements were initiated
by placing the pivot point of the goniometer (Baseline®, 12-
inch plastic goniometer, Fabrication Enterprises, Inc: White
Plains, NY / USA) on the acromion of the participant’s
shoulder joint. The fixed arm of the goniometer was
positioned parallel to the participant’s midaxillary line. The
movable arm was fixed parallel to the humerus and followed
the humerus during shoulder flexion to measure the angles.
Prior to measurements, the participant was asked to perform
angular movements with their eyes open and the positions
of the angles were taught in three repeated cycles. After
the learning period, the participant was asked to close their
eyes and three repetitions of 30, 45, and 60-degree shoulder
flexion angles were performed and the mean values were
recorded.

Isokinetic Dynamometer Measurement

Isokinetic Dynamometer assessment was performed with
Biodex® device (Biodex System 3 Pro Multi Joint System®,
Biodex Medical Inc, Shirley, NY / USA) which can be used
for many different tests and are designed to measure
parameters such as weight lifting capacity, force generating
capacity, range of motion, muscle strength, endurance and
proprioception.

For measurements, the participant was seated on the
Isokinetic Dynamometer device with their feet in full contact
with the ground. Then they were asked to position their
knees at 90 degrees of flexion. After the positioning process
was completed, the relevant arm apparatus of the device
was adjusted to fit the individual. During measurement, the
test procedure was carried out with the participant’s arm
moving in full extension. First, the participant was taught the
activity they were going to perform. The activity consisted
of the participant performing 30, 45, and 60 degrees of
shoulder flexion angles while the movement was monitored
on the device screen and the participant’s eyes were kept
open to observe the movement. The learning process of
each angle consisted of three repetitions. After the teaching
process was completed, the participant was asked to close
their eyes and sequentially find these angles by flexing their
shoulders with the relevant apparatus of the device (Figure
1). These measurements were repeated three times, and the
measurement averages were recorded.

Figure 1. Proprioception assessment with Biodex® Isokinetic Device.

2.3. Statistical Analysis

SPSS (Statistical Package for Social Sciences) Windows v22.0
(SPSS Inc, IBM Corp, Armonk, New York) was used for all
statistical analyses in the study. Mean and standard deviation
(SD) were used for quantitative results, and percentage (%)
values were used for qualitative results. Normal distribution
of data was assessed by the “One-Sample Kolmogorov-
Smirnov Test” and by examining histograms. Pearson
correlation analysis was used to evaluate the relationship
between parameters. We evaluated the difference between
measurement methods with the Mann-Whitney U test. The
level of statistical significance was set at p<0.05.

3. RESULTS

This study included 19 male and 33 female participants
with a mean age of 24.6 + 4.29 years. The mean height was
165.7cm, mean weight was 64.7 kg and mean BMI was 25.3.

The evaluations conducted with Goniometer and Isokinetic
Dynamometer assessment system at 30, 45, and 60 degrees
of shoulder flexion angles are presented in Table 1.

Table 1. Differences between angular measurements.

Goniometer Isokinetic

Target Shoulder N —— Dynamometer

Flexion Angles Measurements

(n=52) .Mean.(SD) Mean (SD) PZICD

Median (min — max) Median (min — max)

30 degrees 32.1(3.4) 30.4(2.2) 0.003
31.1(25.6 -50) 30.6 (25 - 35.6) )

45 degrees 456 (2.1) 44.1 (2.6) 0.001
45.8 (41-51.6) 44.1(37.9-54.8) ’

60 degrees 60.1(4.6) 58.5(2.4) 0.000
60.6 (33.6-66.6)  58.7(52.7-63.3) )

SD: Standart Deviation, min:minimum, max:maximum, Statistical Method:
Mann-Whitney U Test
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The box plot and violin plot images of the angular
measurements are shown in Figure 2. The box plot and violin
plot images present the graphical representations of the
means of the measurements and the numerical values of
the outliers. Additionally, the plots provide insights into the
normal distribution of the measurements. Upon examining
the graphs, it is anticipated that the angular measurements
do not adhere to a normal distribution.

<
4

30 Degrees. Me : reme
N
I\
m\_c_<,
\
/
//\\
\
\J/
=
\.

Goniometsr Meaurements  hokineic Dynamometer Measurements
Measurement Methods

S~
b} S B
§ 0 é [” ~
: ™\ 2 “'-\fﬁ//’

i}

Goniometer Measwements  sokinetic Dynamometer Measurements
Measurement Methods

ees Measuremer

60 Degre

Figure 2. Violin and box plots of angular values measured in the
study.

The deviations of the angular measurements from the target
angle form the basis of the study. Therefore, the distances
between the obtained values from the target angular
value were calculated. After determining the distances to
the angular target, the absolute values were taken for the
negative values. Through the descriptive analysis conducted
based on the absolute values, it was observed that the
distance values from the target angles did not conform to
a normal distribution, as indicated by the Shapiro-Wilk test
results (p<0.05).

Due to the non-normal distribution of the measurements,
the Mann-Whitney U test was employed to evaluate
the significance level of the differences between
the measurements. According to the test results, no
significant difference was found between the goniometer
measurements and the measurements conducted with
the Isokinetic Dynamometer device (U = 1114, p>0.05
for 30-degree measurements; U = 1317, p>0.05 for
45-degree measurements; U = 1311, p>0.05 for 60-degree
measurements; Table 2; Figure 3).

Table 2. Evaluation of the difference between the distance values to
the target angles.

Statistic p  Mean Difference Effect Size
MD in 30 Degrees 1114  0.122 0.37 0.1764
MD in 45 Degrees 1317  0.822 0.06 0.0259
MD in 60 Degrees 1311  0.79 0.1 0.0307
Note HO u0 # ul

MD: Measurements Distance, Statistical Method: Mann-Whitney U Test

There was no significant difference found between the
medians of the distance values from the target angle in
the goniometric measurements (30 degrees = 1.67; 45
degrees = 1.67; 60 degrees = 1.67) and the medians of the

measurements conducted with the Isokinetic Dynamometer
device (30 degrees = 1.61; 45 degrees = 1.55; 60 degrees =
2.29) (Table 2, Figure 3).

MD in 30 Degrees
N
P
MD in 45 Degrees
5

20

15 i

GM 1DM GM IDM
Measurement Type Measurement Type

35

30

{ © Mean (95% ClI)

25 o Median

MD in 60 Degrees

=]
20 ‘

=]

GM DM

Measurement Type

Figure 3. Descriptive plots of distances to target angles according to
measurement methods.

(*MD: Measurements Distance; GM: Goniometric Measurements; IDM:
Isokinetic Dynamometer Measurements; Cl: Confidence Interval)

Non-parametric Spearman’s rho correlation analysis was
conducted to assess the relationship between the distances
fromthe targetangleinthe goniometric measurementsandthe
measurements performed with the Isokinetic Dynamometer
device for the target shoulder flexion angles in the correlation
analysis considering the differences in measurement methods
for the measured angular values, no significant relationship
was found (r = — 0.003, p>0.05 for 30-degree measurements;
r =—0.216, p>0.05 for 45-degree measurements; r = —0.181,
p>0.05 for 60-degree measurements). The correlation plot for
the respective measurements is provided in Figure 4.

T T T T T T
P 0.0 25 50 75 100

Y 2
30 Degrees Correlation Matrix 45 Degrees Correlation Matrix

60 Degrees Correlation Matrix

Figure 4. Correlation matrix of distance to target angle according to
measurement methods.
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4. DISCUSSION

The results of this study showed that different values can
be obtained when shoulder proprioception was evaluated
at different angles using a goniometer or an isokinetic
dynamometer. It was also found that the results obtained
with two different proprioception assessment methods were
not correlated. When the mean deviation from the target
angle was compared with both measurement methods, it
was determined that there was no significant difference
between the measurement methods.

According to the median values, the results of proprioception
assessment with isokinetic dynamometer were closer to the
target angle at 30 and 45 degrees shoulder flexion, while the
results of proprioception assessment with goniometer were
closer to the target angle at 60 degrees shoulder flexion.

The proprioceptive mechanism integrates the static and
dynamic functions of joint stabilizers.

Both passive (bony structures, capsule, and ligaments) and
active (muscles) stabilizers contribute to the stability of the
shoulder. A watertight capsule, corresponding surfaces, and
joint fluid all work together to create negative pressure, which
is what gives an object its stability at rest. The joint maintains
its stability while in motion by balancing muscle activity and
by capsular and ligamentous restraints in extreme motion.
The central nervous system is in charge of stabilizing the
system [12-16]. Shoulder proprioception has been shown to
be affected after surgical treatments and shoulder problems
(15,16). Therefore assessment of shoulder proprioception is
of clinical importance for physiotherapists.

Inasystematicanalysisof shoulder proprioceptionassessment
methods in the literature, 21 studies were included (17).
The researchers reported that the most reliable movement
in the evaluation of shoulder proprioception was internal
rotation in 90° abduction and the device was isokinetic
dynamometer (17). Shoulder proprioception with shoulder
flexion movement was evaluated in 6 studies (17). However,
isokinetic evaluation was preferred for evaluation in most
of the studies. Only one study examined the validity and
reliability of using a goniometer for shoulder proprioception
assessment (17,18).

Vafadar et al. (2016) reported that in shoulder proprioception
evaluations performed with a goniometer, there was more
error at small range of motion values of shoulder flexion,
while this margin of error decreased at medium and high
angle values (18). In our study, the maximum difference
between the target angle and the shoulder flexion angle
reached by the subject was 30 degrees, but the difference
between the target angle and the achieved angle was smaller
for 60 and 90 degrees of shoulder flexion. Vafar et al. (2016)
reported interrater and intrarater intraclass correlation
coefficients for the goniometer as .60 and .50, respectively;
and the authors did not recommend goniometry for shoulder
proprioception assessment in the clinic (18).

In a recent study, shoulder internal rotation and external
rotation position sense were evaluated with an isokinetic
dynamometer and the researchers reported that the intra-
rater and inter-rater reliability of the internal rotation
position sense tests were moderate to good, and the intra-
rater test reliability of external rotation was poor and inter-
rater reliability was moderate to good (19). Inter-rater and
inter-rater agreement for shoulder flexion position sense
assessment was not examined in the present study.

Batista et al. (2006) evaluated the range of motion of the
knee joint in 38 healthy subjects with a universal goniometer
and isokinetic dynamometer and reported that the results
were correlated (0.90) and reliable. The difference between
the results of this study and other studies may be due to the
evaluation of the knee joint or the range of motion of the
joint.

To the best of our knowledge, there is no study in the English
and Turkish literature that measured shoulder proprioception
with isokinetic dynamometer and goniometer and compared
the results obtained.

Another important finding of this study is that there was no
correlation between the measurements made by goniometer
and isokinetic dynamometer. There was a difference of 0.37,
0.06 and 0.1 between the mean values obtained with both
measurement methods at 30, 60 and 90 degrees of shoulder
flexion, respectively, so we think that if the number of
individuals included in the evaluation increases, there will be
agreement between the two measurement methods.

Goniometer assessment results may vary depending on
the skill and experience of the assessor. On the other hand,
isokinetic dynamometer devices offer a more technological
and standardized approach. These fundamental differences
between these two techniques may lead to a certain lack
of correlation between the measurement processes, even
though the overall measurement values are similar. This
result of the present study shows that more care should
be taken when using different measurement techniques.
An important issue to consider is that it is not possible for
clinicians to perform isokinetic device assessments for every
individual undergoing shoulder rehabilitation.

Vafadar et al. (2016) recommended clinicians to use
an inclinometer and laser pointer for proprioception
measurement during shoulder rehabilitation.

Limitations

In this study, only proprioception assessment of shoulder
flexion movement was performed, and proprioception
assessment of other range of motion positions of the joint
was not performed. Another limitation of our study is that
intrarater and interrater reliability assessments were not
performed for the two measurement methods. We suggest
that in future studies, intra — and interrater reliability analyses
of different methods should be performed with a larger sample
size including different age groups so that physiotherapists
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working in the field of shoulder rehabilitation can be provided
with methods that they can apply in the clinic.
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Amag: Son on yilda karbapenem direngli Pseudomonas aeruginosa izolatlarinin artisi enfeksiyon tedavisinde énemli bir saglik sorunu haline
gelmistir. Rutin laboratuvarda karbapenem direncinin saptanmasi igin gereken siire yaklasik 48 saattir. Bu durum, ozellikle kritik hastalarda etkili
tedavinin baslatilmasinda gecikmeye neden olur. Bu nedenle galismalar antimikrobiyal direncin daha erken tespit edilmesi igin yeni yontemlere
odaklanmaktadir. Bu ¢alismada, karbapenem direngli P. aeruginosa izolatlarinda karbapenemaz urretimine bagli direncin fenotipik ve genotipik
yontemlerle arastiriimasi amaglanmistir.

Gereg ve Yontem: Marmara Universitesi Pendik Egitim ve Arastirma Hastanesi Mikrobiyoloji Laboratuvar’nda Ocak 2018 ile Subat 2023 tarihleri
arasinda gesitli klinik 6rneklerden izole edilen 120 P. aeruginosa izolati rutin antibiyogram sonuglarina bakilarak ¢alismamiza dahil edilmistir.
Karbapenemaz Uretimi fenotipik test olarak enzim-substrat etkilesimine dayal reaksiyon temelli kolormatik yontem ve genotipik test olarak
polimeraz zincir reaksiyonu ile tespit edilmistir.

Bulgular: Bu calismada karbapenem direngli 100 izolatin 46’sinda (%46) genotipik yontemle karbapenemaz kodlayan genler tespit edilmistir.
Fenotipik test ile karbapenemaz enzimi tasiyan 46 izolatin 31’'inde (%67) 1 saat iginde pozitif sonuglar kaydedilmistir. Geriye kalan 13 izolat yanhs
negatif olarak; molekiler yontem ile direng genlerini tasimadigi belirlenen 2 izolat ise yanlis pozitif olarak degerlendirilmistir. Fenotipik testin
duyarlilik ve 6zglllugu sirasiyla; %67.4 ve %97.3 (p<0.0001) olarak bulunmustur.

Sonug: Sonug olarak, karbapenem direngli P. aeruginosa izolatlarinin hizli ve dogru tanimlanmasi, zamaninda uygun tedavinin verilmesi ve
enfeksiyon kontrol onlemlerinin basarili bir sekilde uygulanmasi agisindan olduk¢a 6nemlidir. Calismamizda kullandigimiz enzim-substrat
etkilesimine dayali reaksiyon temelli kolormatik testin performansinin degerlendirilebilmesi igin daha fazla 6rnek igeren in vitro ¢alismalara
ihtiyag vardir.

Anahtar Kelimeler: Pseudomonas aeruginosa, antibiyotik direnci, karbapenem, karbapenemaz, fenotipik test
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ABSTRACT

Obijective: The increase in carbapenem-resistant Pseudomonas aeruginosa isolates has become an important health problem in infection
treatment in the last decade. The time required to detect carbapenem resistance in the routine laboratory setting is about 48 hours. So, it
causes a delay in the initiation of effective treatment, especially in critically ill patients. For this reason, studies focus on new methods to
detect antimicrobial resistance earlier. It aimed to investigate carbapenemase-dependent resistance by phenotypic and genotypic methods in
carbapenem-resistant clinical P. aeruginosa isolates in this study.

Methods: A hundred twenty P. aeruginosa isolates obtained from clinical samples between January 2018 to February 2023 in the Microbiology
Laboratory of Marmara University Pendik Training and Research Hospital, were included in our study based on routine antibiogram results.
Carbapenemase production was detected by enzyme-substrate reaction-based colorimetric method as a phenotypic test and polymerase chain
reaction as a genotypic test.

Results: In this study, carbapenemase-coding genes were detected in 46 (46%) of 100 carbapenem-resistant isolates by genotypic method. With
the phenotypic test, positive results were recorded within 1 hour in 31 of 46 isolates (67%) carrying the carbapenemase enzyme. The remaining
13 isolates were false negatives; 2 isolates determined not to carry the resistance genes by molecular method were evaluated as false positives.
The sensitivity and specificity of the phenotypic test were 67.4% and 97.3%, respectively (p<0.0001).

Conclusion: In conclusion, rapid and accurate identification of carbapenem-resistant P. aeruginosa isolates is very important for the timely
administration of appropriate treatment and successful implementation of infection control measures. In vitro studies with a larger number

\

\\

of samples are needed to evaluate the performance of the enzyme-substrate reaction-based colorimetric test that we used in our study.

Keywords: Pseudomonas aeruginosa, antibiotic resistance, carbapenem, carbapenemase, phenotypic test
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1. GiRIS

Pseudomonas aeruginosa, karbapenem grubu da dahil birgok
sinifta yer alan antibiyotiklere karsi hizla gelistirdigi direng
nedeni ile tedavide énemli bir saglk sorunu haline gelmistir
(Zhang et al., 2016). Antibiyotik direnci, ulusal ve uluslararasi
kuruluglarin raporlarina gore, enfeksiyon hastaliklarinin tedavi
etkinligini biyiik 6lclide sinirlamisti. Diinya Saglk Orgiitil
(DSO)'niin 2017 yilinda yayinlanan raporuna gére, karbapenem
direngli P. aeruginosa’nin antibiyotik diren¢g sonuglarinin 20
bakteri tlir arasinda ikinci sirada yer aldigi ve kritik ncelikli bir
bakteri oldugu bildirilmistir (Tacconelli et al., 2018). Ek olarak, P.
aeruginosa Amerikan Hastalik Onleme ve Kontrol Merkezi'nin
’insan Saglig1 icin Ciddi Tehdit Olusturan Bakteriler’ listesinde yer
almaktadir (CDC, 2019).

P. aeruginosa’da karbapenemlere direng gelisiminde OprD porin
proteini kaybi, disa atim pompalarinin asiri ekspresyonu ve
karbapenemaz uretimi gibi farkli direng mekanizmalari rol oynar
(Jean et al., 2022). Son yillarda P. aeruginosa’da karbapenemlere
karsi gelisen direng oraninin hizla arttigi bildirilmistir. Bununla
birlikte, karbapenemaz liretimine bagl direng gelisimi de sik sik
rapor edilmektedir (Copur ve ark. 2021).

Karbapenem direnci daha vyiliksek morbidite ve mortalite
oranlari, maliyetin artmasi ve hastanede vyatis siiresinin
uzamasl ile sonuglanmaktadir (Shaaban et al., 2017). Dolayisiyla
karbapenemaz enzimlerinin varliginin hizli tespit edilmesi
antimikrobiyal yonetimin ve enfeksiyon kontrol énlemlerinin
erken asamada etkili olabilmesi icin 6nemlidir (Osei et al., 2015).
Genotipik testler, direng genlerinin tespit edilmesinde altin
standarttir. Genotipik yontemler deneyimli personel gerektirmesi
ve pahall olmasi gibi dezavantajlara sahiptir (Malkogoglu ve
ark., 2017). Bu nedenle rutin laboratuvarda uygulanabilmesi
icin karbapenemaz Uretimini hizli tespit eden, basit, glivenilir
ve uygun maliyetli testlere ihtiya¢ vardir (Aktas ve ark., 2017
ve Osei et al., 2015). Son yillarda, karbapenemazlarin fenotipik
olarak saptanmasi amaciyla bircok farkli yéntem (Modifiye

Hodge testi, Karbapenem inaktivasyon Metodu, Carba NP test
vb.) gelistirilmistir. Enzim-substrat etkilesimine dayali reaksiyon
temelli kolormatik test, karbapenemaz aktivitesinin saptanmasi
icin gelistirilen fenotipik yontemlerden biridir. Bu yontem
karbapenemlerin beta-laktam halkasinin enzimatik hidrolizi
sonucu olusan pH degisikligine bagl olarak pH indikatoriinde
renk degisimi ile karbapenemaz Uretiminin tespitini saglar
(Nordmann et al., 2012).

Calismamizda klinik P aeruginosa izolatlarinda karbapenem
direncinde 6ne ¢ikan mekanizma olan karbapenemaz varliginin
enzim-substrat etkilesimine dayali reaksiyon temelli kolormatik
yontem ve polimeraz zincir reaksiyonu (PZR) ile degerlendirilmesi
amaclanmistir.

2. YONTEM VE GERECLER

Bu calisma, Marmara Universitesi Tip Fakiiltesi Klinik Arastirmalar
Etik Kurulu tarafindan (03.02.2023 tarih ve 265 kayit numarasi)
onaylanmistir.

2.1. Bakterilerin Secimi

Calismamizda, son 5 yila ait (2018 Ocak-2023 Subat) Marmara
Universitesi Pendik Egitim ve Arastirma Hastanesi Mikrobiyoloji
Laboratuvari’'nda cesitli klinik 6rneklerden etken olarak izole
edilen ve rutin antibiyogram sonuglarina bakilarak imipenem,
meropenem veya doripenemden en az birine direngli oldugu
saptanan 100 P. aeruginosa izolati kullanilmistir. Negatif
kontrol grubu olarak karbapenem duyarli oldugu saptanan
20 P. aeruginosa izolati calismaya dahil edilmistir. Bakteriler —
80°C derin dondurucudan cikartilarak, pasajlanmis ve Avrupa
Antimikrobik Duyarlilik Testleri Komitesi (EUCAST) standartlarina
gore disk difiizyon yontemi ile doripenem (10 pg), imipenem (10
ug) veya meropenem (10 pg) diskleri kullanilarak test edilmistir.
inhibisyon zon caplari &lglimiinde doripenem icin <22 mm,
imipenem icin <22 mm ve meropenem igin <14 mm direngli
kabul edilmistir.
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2.2. Karbapenemaz Uretiminin Fenotipik Tespiti

Karbapenemaz (retiminin saptanmasinda laboratuvarda
hazirlanan enzim-substrat etkilesimine dayal reaksiyon
temelli fenotipik yontem kullanilmistir. Test edilecek her
izolat icin bir kontrol tipi (sadece pH indikatori iceren) ve bir
test tlpi (antibiyotik ve pH indikatori iceren) hazirlanmistir.
Kontrol tipl 100 pL fenol kirmizisi (Sigma, ABD) sollisyonu
(%0.5, pH 7.8) ve 10 mmol/L ZnSO, (Merck, Almanya)
cozeltisi icermektedir. Test tiplnde, kontrol tiipil icerigine ek
olarak 6 mg/mL imipenem/silastatin (Tiim Ekip ilag, Tiirkiye)
icermektedir.

Calismaya dahil edilen P. aeruginosa izolatlari — 80°C derin
dondurucudan alinmis ve MacConkey agara (bioMérieux,
Marcy-I'Etoile, Fransa) ekilerek canlandirilmistir. Ardindan
bakteriler Mueller Hinton agarda (Oxoid/ingiltere) 37°C'de
18-24 saat inklibasyon ile Uretilmistir. Test edilen izolattan 4
Oze dolusu alinarak 400 pL Tris—HCI (HiMedia, Hindistan) lizis
tamponunda (20 mmol/L) stispanse edilmistir. Karisim homojen
hale gelene kadar vortekslenmis, oda sicakliginda 30 dakika
inklibe edilmistir. Stispansiyondan 30 pL kontrol ve test tliplerine
eklenmis ve oda sicakliginda 1 saat inkiibe edilmistir. TUpler
15,30,45 ve 60. dakikalarda renk degimi icin degerlendirilmistir.
inkiibasyon siiresi 2 saate uzatilmis sonuglarda degisiklik olup
olmayacagi degerlendirilmistir. Kirmizidan sariya renk degisimi
olan tlpler pozitif sonug olarak degerlendirilmistir (Resim
1). Galismamizda pozitif kontrol kokenleri olarak; Klebsiella
pneumoniae CCUG 56233 (KPC pozitif kbken), Escherichia coli
NCTC 13476 (IMP porzitif kdken), K. pneumoniae NCTC 13440
(VIM porzitif kéken), K. pneumoniae NCTC 13443 (NDM-1 pozitif
koken), K. pneumoniae NCTC 13442 (OXA-48 pozitif koken),
negatif kontrol kokenleri olarak da E. coli ATCC 25922 ve P.
aeruginosa ATCC 27853 kullanilmistir (EUCAST, 2017).

Tablo 1. PZR’de kullanilan primerler ve amplifikasyon kosullar

Resim 1. Enzim-substrat iliskisine dayali reaksiyon temelli fenotipik
yéntemde pozitif izolat iceren soliisyonun zamana bagl degisen goriintiisii

2.3. Karbapenemaz Uretiminin Genotipik Tespiti

Bakteri DNA izolasyonu igin, Mueller-Hinton agarda 18-24 saat
inkiibasyon sonunda Ureyen bakterilerden birkag koloni alinmig
ve 250 pl steril distile su ile homojenize edilmistir. Karisim kuru
blok isiticida 95°C’de 15 dk tutulmus ve 13000 rpm’de 5 dk
santrifdij edildikten sonra stipernatant kismi alinarak polimeraz
zincir reaksiyonunda (PZR) kalip DNA olarak kullanilmistir (Doyle
et al., 2012). PZR amplifikasyonlari, 12.5 uL 2x PZR Master
Miksi (Thermo Scientific, ABD), 1 pL her bir primer, 2 pL hedef
DNA ve steril su eklenerek toplam 25 pL hacimde PZR karisimi
icinde gerceklestirilmistir. Ambler siniflandirmasina gore en sik
gozlemlenen karbapenemazlar olan sinif A (KPC, GES), sinif B
(NDM, IMP, ViM) ve sinif D (OXA-48) beta-laktamazlari kodlayan
genler spesifik primerler ve amplifikasyon kosullari kullanilarak
PZR ile tespit edilmistir (Tablo 1). Tum PZR drinleri, boyut
belirteci olarak 1 kbp DNA Ladder (Thermo Scientific, ABD) ile 1x
TBE tamponu ve etidyum bromiir iceren %1.5’luk agaroz jelde
yurittlmus, ultraviyole 15181 altinda goriintiilenmistir.

Primer Dizi Boyut(bp) Amplifikasyon Kosullar Referans
iMP-R 5’-GAAGGCGTTTATGTTCATAC-3’
i 587 95°C 5 dk 35 siklus (95 °C 45 sn, 60 °C 45 sn, 72 °C 1 dk), 72 °C8 dk  Pitout et al., 2005
IMP-F 5’-GTACGTTTCAAGAGTGATGC-3’
KPC-R 5’-TCTGGACCGCTGGGAGCTGG-3’
399 95°C 2 dk 35 siklus (94 °C 2 sn, 62 °C 10 sn, 72 °C 15 sn) Poirel et al., 2011
KPC-F 5’-TGCCCGTTGACGCCCAATCC-3’
NDM-R 5’-GGGCAGTCGCTTCCAACGGT-3’
475 95°C 5 dk 30 siklus (95 °C 30 sn, 60 °C40sn, 72°C50sn), 72°C6dk  Perry et al., 2011
NDM-F 5’-GTAGTGCTCAGTGTCGGCAT-3’
OXA-48-R 5’-TTGGTGGCATCGATTATCGG-3’
743 94°C 5 dk 35 siklus (95 °C 1 dk, 56 °C 45 sn, 72 °C 1 dk), 72°C7 dk  Aktas ve ark., 2008
OXA-48-F  5-GAGCACTTCTTTTGTGATGGC-3’
ViM-R 5'-GTTTGGTCGCATATCGCAAC-3’
. 389 95°C 5 dk 35 siklus (95 °C 45 sn, 60 °C 45 sn, 72 °C 1 dk), 72 °C8 dk  Pitout et al., 2005
VIM-F 5’-AATGCGCAGCACCAGGATAG-3'
GES-CASA  5’-ACAAAGATTTCCATCTCAAGGGAT-3
860 94°C 5 dk 35 siklus (95 °C 45 sn, 56 °C 45 sn, 72 °C 1 dk), 72 °C 7 dk Celik, 2007
GES-CASB 5’-GTTTTAGACGGGCGTCAACT-3’
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2.4. Verilerin istatistiksel Analizi

Verilerin istatistiksel analizi SPSS striim 26.0 (IBM, Armonik,
NY, ABD) kullanilarak yapilmistir. Calismamizda kullanilan
enzim-substrat  etkilesimine dayali reaksiyon temelli
kolormatik testin duyarhlik, 6zgillik, pozitif prediktif degeri
(PPV) ve negatif prediktif degeri (NPV) altin standart olarak
kullanilan PZR testi ile karsilastirilarak hesaplanmistir. iki
yontem arasindaki niteliksel uyum, Phi Cramer’s korelasyonu
kullanilarak belirlenistir.

3. BULGULAR

Calismamiza dahil edilen karbapenem direngli 100 P
aeruginosa izolatinin genotipik test sonuglarina gére 46’sinin
(%46) bir veya daha fazla direng geni tasidigl, negatif kontrol
grubunun test edilen hicbir karbapenemaz genini tasimadigi
tespit edilmistir. Fenotipik test ile karbapenemaz enzimi
taslyan 46 izolatin 31'i (%67) pozitif saptanmistir. Geriye
kalan 13 izolat yanhs negatif olarak; molekiler yontem ile
arastirilan direng genlerini tasimadigi belirlenen 2 izolat ise
yanlis pozitif seklinde degerlendirilmistir. Negatif kontrol
grubunun timiinde fenotipik test negatif sonuglanmistir.
46 izolatta genlerin dagihmi, bla = (n=36), bla_, (n=2),
bla,,, (n=2), bla,,, (n=2), bla_, . (n=1), bla,, ile bla
birlikteligi(n=1), bla . ile bla  , birlikteligi (n=1) ve bla
ile bla,,,,, birlikteligi (n=1) seklinde saptanmistir. Hicbir
izolatta bla ,_geni tespit edilmemigtir. Calisilan P. aeruginosa
izolatlarinin izole edildikleri klinik 6rneklere gére dagihimi
Tablo 2’de verilmistir.

Tablo 2. P. aeruginosa izolatlarinin izole edildikleri klinik 6rneklere
gére dagilimi (n=120)

Klinik Ornek YBU n(%) YBU Disi n(%)
Solunum yolu 15(12.5) 25(20.8)

idrar 6(5) 12(10)

Katater ucu 7(5.8) 6(5)

Siriintd 6(5) 8(6.7)

Kan 4(3.3) 4(3.3)

Diger steril 6rnekler 12(10) 15(12.5)

Toplam 50(42) 70(58)
*YBU: Yogun bakim iinitesi
Enzim-substrat etkilesimine dayali reaksiyon temelli

kolormatik testin pozitif ve negatif prediktif degerleri
sirasiyla; %93.9 ve %82.8 olarak hesaplanmistir. Testin
duyarlilik ve 6zglllGga sirasiyla; %67.4 ve %97.3 (p<0.0001)
oldugu bulunmustur. Korelasyon analizi sonucunda fenotipik
test ile PZR testi arasinda ¢ok gticli anlamli bir iliski oldugu
saptanmistir (Phi Cramer’s p=0.704, p<0.001) (Tablo 3).

Tablo 3. Enzim-substrat etkilesimine dayali reaksiyon temelli
kolormatik testin PZR sonucu ile karsilastiriimasi

PZR Sonucu
T—— Duy:rllllk Ozgiillik PPD NPD [) :
% % % %  degeri

Enzim- X
Substrat Negatif 72 15
Etkilesimine
Dayali 67,4 97,3 93,9 82,8 <0,001
Reaksiyon  Pozitif 2 31
Temelli
Yontem

*PZR: Polimeraz zincir reaksiyonu, PPD: Pozitif prediktif deger, NPD: Negatif
prediktif deger

4. TARTISMA VE SONUC

P. aeruginosa saglik bakimiyla iligkili enfeksiyonlari olan
hastalarda en sik izole edilen patojenlerden birisidir
ve ¢ok sayida antibiyotige karsi dogal direnclidir (Halat
and Moubareck, 2022). Bununla birlikte pseudomal
enfeksiyonlarin tedavisinde son segenek olarak kabul edilen
karbapenemler de dahil pek ¢ok antibiyotik grubuna karsi
diren¢ kazanmasi kiresel bir saglik sorunu haline gelmistir
(Zhang et al., 2016). Bu durum enfeksiyonlarin tedavisini
zorlastirmaktadir ve hastaneye vyatirilan veya bagisiklik
sistemi zayiflamis hastalar arasinda morbidite ve mortalite
oranlarini arttirmaktadir (Shaaban et al., 2017). DSO, P.
aeruginosa’yl saglik bakimiyla iliskili enfeksiyonlarda ve
salginlarda 6ncelikli tehdit olusturan alti mikroorganizmadan
biri olarak gostermektedir (Tacconelli et al., 2018).

Avrupa Hastallk Onleme ve Kontrol Merkezi’nin 2022
slirveyans verilerine gore diinya genelinde P. aeruginosa’da
karbapenem direng oraninin %18.1, Turkiye'de ise %39
oldugu bildirilmistir (ECDC, 2022).

P. geruginosa’da karbapenem direncinin gelismesinde
OprD porin kaybi, disa atim pompalarinin asiri ekspresyonu
ve karbapenemaz uretimi gibi ¢cok sayida mekanizma rol
oynar (Jean et al.,, 2022). Karbapenemazlar, plazmid ve
transpozon gibi mobil genetik elemanlar aracihgiyla gesitli
bakteri klonlari arasinda hizla aktarilip yayilabildiginden
bu mekanizmalar iginde kritik dnem tasimaktadir (Henry
et al.,, 2011). P. aeruginosa’da Ambler sinif A (KPC ve GES
tipi beta-laktamazlari), sinif B (IMP, VIM ve NDM gibi farkli
metalo-B-laktamazlar) ve sinif D (OXA-48) gibi ¢ok sayida
karbapenemaz tanimlanmistir. Karbapenemazlarin dagilimi
Ulkeler arasinda farklilik géstermektedir. ViM, IMP ve NDM
metalo-beta-laktamazlar en yaygin olanlardir (Walsh et al.,
2005). Bunun yani sira diinya genelinde; KPC, GES ve OXA
gibi beta-laktamaz tirlerinin varhginin giderek arttigi rapor
edilmistir (Potron et al., 2015).

Karbapenemaz (retimine bagh direng, diinya c¢apinda P
aeruginosa’nin  karbapenemlere karsi direng gelistirdigi
belirtilen vakalarin %39’unu olusturmaktadir. Avrupa’da ise
bu oran %30,6’dir (Rizek, C et al., 2014; Castanheira, M et
al., 2014). Calismamizda karbapenem direngli 100 izolattan
46'sinin  (%46) genotipik yontemle bir veya daha fazla
karbapenemaz geni tasidigl tespit edilmistir. Karbapenem
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direngli olan fakat diren¢ geni saptanmayan 54 izolatin
ise diger mekanizmalari kullanarak direng kazandigi
disunulmektedir.

P.aeruginosa’dakarbapenemdirenciprevalansipekcokiilkede
%10-50 arasinda degismektedir. Son yillarda karbapenemlere
karsi gelisen direncin tim diinyada giderek artmasi nedeniyle
bu direngli mikroorganizmanin direng mekanizmasinin erken
saptanmasina yonelik yeni yontemlerin gelistiriimesine
ihtiyag dogmustur (Copur ve ark., 2021).

Karbapenemaz genlerinin genotipik tekniklerle tespit
edilmesi altin standarttir. Fakat bu yontem yiiksek maliyetlidir,
uzmanlik ve uygun laboratuvar olanaklari gerektirmektedir
(Malkogoglu ve ark., 2017). Ek olarak bilinmeyen ve yeni
direng genlerinin varligi tespit edilemeyeceginden yanlis
negatif sonug riski bulunmaktadir (Aktas ve ark., 2017).
Karbapenemazlarin saptanmasi amaciyla cesitli fenotipik
yontemler (Modifiye Hodge testi, karbapenem inaktivasyon
metodu, imminokromatografik testler, Carba Np testi vb.)
gelistirilmistir. Tim bu fenotipik testlerin hiz, maliyet, duyarhhk
ve Ozglllikleri yoniinden sinirlamalari  bulunmaktadir.
Dolayisiyla  rutin  laboratuvarda uygulanabilmesi icin
karbapenemaz tretimini hizh tespit eden, basit, glvenilir ve
uygun maliyetli yeni testlere ihtiya¢ vardir (Osei et al., 2015;
Aktas ve ark., 2017). Son yillarda, Nordmann ve c¢alisma
arkadaslari tarafindan karbapenemazlarin hizli ve ucuz
tespiti icin Carba NP (Carbapenemase Nordmann-Poirel)
testi gelistirilmis ve ticari olarak pazara verilmistir (Nordman
et al.2012; Dortet et al., 2014). Carba NP, karbapenem grubu
ilaclarin beta-laktam halkasinin enzimatik hidrolizi sonucu
pH indikatoriinin renk degisikligine dayanan kolorimetrik bir
testtir (Dortet et al., 2014). Klinik ve Laboratuvar Standartlar
Enstitlist (CLSI) ve EUCAST kilavuzlarinda yer alan Carba-NP
testi, yuksek dogruluk oranlarina sahip olmasi ve 2 saat gibi
kisa stre icinde karbapenemaz aktivitesini saptamasiyla
diger fenotipik yontemlere gore biyik bir avantaj saglamistir
(CLSI, 2015; EUCAST, 2017). Carba NP testinin, karbapenemaz
Ureten Pseudomonas spp. icin %100 spesifik ve %94.4
duyarh oldugu bildirilmistir (Nordmann ve Poirel, 2013).
Fakat mukoid izolatlarda ve OXA-48 gibi zayif karbapenemaz
aktivitesi gosteren izolatlar tespit etmede zorlanmasi gibi
dezavantajlari vardir. (Tijet et al., 2013).

Carba NP testinin sinirlamalarinin  lstesinden gelmek,
maliyeti azaltmak ve islem siresini kisaltmak amaciyla gesitli
modifikasyonlari gelistirilmistir. Calismamizda kullandigimiz
enzim-substrat etkilesimine dayali reaksiyon temelli
kolormatik test, CLSI'de agiklanan Carba NP testinin bir
modifikasyonudur (CLSI, 2015). Kullandigimiz enzim-substrat
etkilesimine dayali reaksiyon temelli yéntemde Carba NP ‘den
farkl olarak bazi degisiklikler yapilmistir: Bakteri inokilim
miktari arttirilmis ve Tris-HCl lizis tamponunda silispanse
edilmistir. Bakteri stispansiyonu santrifiijleme yapilmadan
homojen hale gelene kadar vortekslenmis ve testte bltin
bakteri lizati kullanilarak, etliv yerine oda sicakliginda 30
dakika inklbe edilmistir. Ek olarak imipenem monohidrat (3
mg/ml) yerine ticari olarak bulunabilen imipenem-silastatin
(6 mg/ml) kullanilmistir (Abdel Ghani et al., 2015). Calisma

icin 1,5 ml'lik mikrottpler kullaniimig ve sonuglar 2 saat
yerine 1 saat sonunda degerlendirilmistir (Dortet et al., 2014;
Nordmann et al.,, 2012). Bu degisiklikler yapilarak testin
ylksek maliyetinin ve testin uygulama siresinin azaltiimasi
hedeflenmistir.

blaNDM ve 3 izolat c¢oklu
+ bla bla__. + bla,  ve

Calismamizda 36 izolat
karbapenemaz genleri (bla, O oks DM
bla,,,,+ bla,,, ,,) varlig molekiler ydontemle tespit edilmistir.
Coklu karbapenemazlarin goruldigi ve ayni protokoller
uygulanarak Modifiye Carba NP testinin degerlendirildigi bir
calismada 25 P. aeruginosa izolati calisiimistir. Yedi izolatta
blaNDM direncg geni ve 6 izolatta ¢coklu karbapenemaz direng
geni (blaNDM + blaOXA 48 benzeri, blaNDM + blaViM,
blaNDM + blaiMP, blaViM + blaOXA 48 benzeri gen) dahil
edilerek toplam izolat 16 karbapenemaz pozitif saptanmistir.
Calismamiza benzer sekilde higbirinde blakKPC geni
saptanmamistir. Karbapenemaz geni saptanmayan 9 6rnegin
tamami fenotipik yontemlerle direncli olarak tanimlanmistir.
Modifiye Carba NP testi NDM ireten izolatlardan yalnizca
3’Uinde (%43) ve c¢oklu karbapenemaz Ureten izolatlardan
3’linde (%50) dogru sonug vermistir. Calismamizda c¢oklu
enzim iceren izolatlarin tamami (n=3) fenotipik yontem
ile dogru tanimlanmistir. NDM (reten izolatlarin %75’inde
(n=27) fenotipik yontem ile pozitif sonug gézlemlenmis olup
bu sonuglar, gcalismamizda ¢oklu enzim veya NDM (reten
izolatlarin daha iyi tanimlandigini géstermektedir (Rudresh
et al., 2017).

Yapilan ¢alismalarda, enfeksiyon etkeni olan P. aeruginosa’da
karbapenem direncinin hizl tespiti 6zellikle vurgulanmaktadir
(Nordmann et al., 2012; Nordmann 2014). Calismamizin
dnemli sonuglarindan biri; NDM, ViM, iIMP, OXA-48 VE GES
tipi karbapenemazlarin fenotipik test kullanilarak 1 saat
gibi kisa siirede tespiti saglanmistir. inkiibasyon siiresi 2
saate kadar uzatilarak sonuglar tekrar degerlendirilmis ve
tiplerde herhangi bir renk degisimi gozlemlenmemistir.
Kritik hastalarda uygun antibiyotik tedavisinin verilmesindeki
1 saatlik gecikmenin hastanin 6lim riskini %20 artirdigl
dikkate alindiginda, testin inklibasyon siresinin 2 saatten
1 saate dismesi hastaya zamaninda uygun tedaviyi vermek
acisindan buyik 6énem tasimaktadir (Kumar et al., 2006).
Buna ek olarak 3 izolatta testin ilk 20 dakika icinde pozitif
sonug verdigi tespit edilmistir. PZR analizlerinde bu izolatlarin
blaNDM geni tasidigi belirlenmistir. Negatif kontrol grubunda
fenotipik testle de negatif saptanmistir. Buna karsin PZR ile
karbapenemaz geni saptanan 13 izolat fenotipik testle yanlis
negatif sonug vermistir. Benzer bir calismada karbapenemaz
Ureticisi oldugu saptanan fakat fenotipik test ile negatif
sonuglanan izolatlarin, direng genlerinin ekspresyonunun hig
olmadigl veya duslk seviyede oldugu icin fenotipik yontem
ile karbapenemaz varligi tespit edilemedigi bildirilmistir
(Dortet et al., 2014).

Literattrdeki bir calismada bakteri ekstrakti miktarinin
arttirlmasiyla duyarlilk ve 6zgulligin sirasiyla %72,5 ve
%69,2’'den %80 ve %77,3’e arttigi gosterilmistir (Tijet et al.,
2013). Ozellikle OXA-48 ve GES enzimlerinde bakteriinokiilim
miktarinin artisiyla duyarhligin yikseldigi gosterilmistir
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(Aguirre-Quifionero,  ve Martinez-Martinez, 2017).
Calismamizda yanhs negatif sonug veren izolatlardan bakteri
inokllim miktari ve antibiyotik dlzeyi arttirilarak deney
tekrar edildiginde test sonucumuzda herhangi bir degisiklik
gozlemlenmemistir. Ayrica ¢alismamizda slspanse edilmesi
zor olan ¢ok sayida mukoid izolat ile karsilagilmistir. Mukoid
izolatlar kullanilan yontemin en 6nemli dezavantajlarindan
biridir. Yanhs negatif sonuglar, OXA-48 alt tipleri gibi distk
hidrolitik karbapenemaz aktivitesine sahip enzimlerin
varligina ya da mukoid yapidaki izolatlarla iliskilendirilebilir
(Yusuf et al., 2014). Daha 6nce yapilan ¢alismalarda mukoid
izolatlarin yanlis negatif sonuglara yatkin oldugu belirtilmistir
(Tijet et al., 2013; Tijet et al., 2014).

Karbapenemaz aktivitesinin enzim-substrat etkilesimine
dayali reaksiyon temelli kolormatik test ile tespiti icin
standart bir protokol bulunmasa da benzer prosedirlerin
uygulandigl bircok calisma yapilmistir. Farkh calismalarda
testlerin duyarhliklari ve ozgillikleri %94-100 ve %98-
100 araliginda bulunmustur (Mangayarkarasi et al., 2018;
Yusuf et al., 2014; Tamma et al., 2017; Bayramoglu ve ark.,
2016). Calismamizda karbapenemaz Uretimi icin fenotipik
testin duyarlilik ve 6zgillGgi sirasiyla %67,4 ve %97.3 olarak
bulunmustur. Duyarllik oranimiz hem ulkemizdeki diger
calismalarda hem de diinya literatiiriinde verilen oranlardan
distktar (Thomson et al.,, 2017; Aguirre-Quifionero, ve
Martinez-Martinez, 2017;, Bayramoglu ve ark., 2016). Ote
yandan suslardaki karbapenemaz enzimlerinin dagilimi ve
mukoid izolatlar calismalar arasindaki farliliklari aciklayabilir.
Calismamizda kullanilan izolatlarin  ¢ogunlugu NDM
taslyicisidir.

Enzim-substratetkilesiminedayalireaksiyontemellikolormatik
testin en 6nemli avantajlarindan biri uygulanmasinin kolay
olmasi ve uzmanlik gerektirmemesidir. Rutin laboratuvarda
bulunan ekipmanlarla Greme gézlemlenen klinik 6rneklerden
kisa surede karbapenemaz aktivitesi hakkinda bilgi sahibi
olunabilir.

DSO, karbapenemaz aktivitesini saptamada uygun maliyetli
testlerin gelistirilmesini 6nermektedir. Calismamizda test
basina maliyet yaklasik 5 TL (0.14 Euro, 26.01.2024) olarak
hesaplanmistir. Benzer bir ¢alismada bir izolat icin test
maliyeti yaklasik 0.31 euro, farkl bir calismada ise test basina
maliyet <0.2 dolar olarak belirtilmistir (Yusuf et al., 2014;
Rudresh et al., 2017).

Enzim-substrat etkilesimine dayali reaksiyon temelli
kolormatik testin bir diger avantaji molekiler yontemlerle
tespit edilemeyenler de dahil olmak tizere tiim karbapenemaz
tirlerini tespit edebilmesidir (Akhi et al., 2017; Nordmann,
2017). Buna karsin test c¢iplak gozle subjektif olarak
yorumlandigi icin kuglik renk degisiklikleri yanls veya belirsiz
sonuclara yol acabilmektedir (Simner et al., 2018).

Sonug olarak, karbapenem direngli P. aeruginosa izolatlarinin
hizli ve dogru tanimlanmasi, zamaninda uygun tedavinin
verilmesi ve enfeksiyon kontrol onlemlerini basarili bir
sekilde uygulanmasi acgisindan ¢ok dnemlidir. Diger fenotipik
yontemlerle karsilastirildiginda, enzim-substrat etkilesimine

dayali reaksiyon temelli kolormatik test, sonucun hizl elde
edilmesi, kolaylkla uygulanabilmesi ve kisith bitceye sahip
laboratuvarlarda kullanilabilmesi gibi avantajlari nedeniyle
one cikmaktadir. Calismamizda kullandigimiz enzim-substrat
etkilesimine dayali reaksiyon temelli kolormatik testin
performansinin  degerlendirilmesine yonelik daha fazla
sayida ornek iceren in vitro calismalara ihtiya¢ oldugunu
dusiiniyoruz.

Finansman: Bu calisma Marmara Universitesi Bilimsel
Arastirma Projeleri Koordinasyon Birimi (BAPKO) tarafindan
TYL-2023-11039 nolu proje ile desteklenmistir.

*Calismamiz 28-30 Eyliil 2023’te istanbul’da diizenlenen Bio
Turkiye-Uluslararasi Biyoteknoloji Kongresi’nde sunulmustur.
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ABSTRACT
Obijective: The aim of this study was to evaluate the nutritional status, eating habits and behavior of children with autism spectrum disorder.

Methods: This observational study included 109 individuals from Istanbul diagnosed with autism spectrum disorder aged 3-18 years; the
patients were receiving daytime rehabilitation. A questionnaire including socio-demographic characteristics, nutritional behavior and eating
habits of participants was applied by face-to-face interview method, anthropometric measurements (body weight and height) and food
consumption records were taken, using a 24-hour dietary recall taken by the researchers.

Results: Of all, 66.1% (n=72) of the participants were male. It was determined that 16.2% (n=6) of the female participants were overweight
and 27.0% (n=10) were obese, while 33.3% (n=24) of the male participants were overweight and 29.2% (n=21) were obese. The rate of food
selectivity was found to be 59.6%; 28.4% of the participants received additional support during mealtimes, 13.8% followed various special
diets, including gluten-free and casein-free diets. Most of the participants’ energy intake (60.6%), vitamin D (100.0%) and calcium (71.6%) were
below reference values. The majority of the participants’ vitamin A (92.7%) and sodium (92.7%) intakes were above the recommended values.

Conclusion: The findings of the study reveal that children and adolescents with autism spectrum disorder have high rates of obesity and food
selectivity. The need for additional support at mealtimes, and the inadequate or excessive intake of nutrients are among other nutrition-related
problems faced by this population.

Keywords: Nutrition, children, autism spectrum disorder

(074
Amag: Bu calismada, otizm spektrum bozuklugu olan gocuklarin beslenme durumlarinin, yeme aliskanlklarinin ve davranislarinin
degerlendirilmesi amaglanmistir.

Gereg ve Yontem: Bu gozlemsel ¢alismaya istanbul’da giindiizlii rehabilitasyon géren, 3-18 yas arasi, otizm spektrum bozuklugu olan 109 birey
dahil edilmistir. Katilimcilara yiiz yiize gériisme metoduyla sosyo-demografik ozellikleri, beslenme davranislari ve yemek yeme aliskanhklarini
iceren bir anket uygulanmis, antropometrik 6lgtimleri (viicut agirligi ve boy uzunlugu) ve 24 saatlik hatirlatma yontemi ile besin tiiketim kayitlari
arastirmacilar tarafindan alinmistir.

Bulgular: Yiiz dokuz katilimcinin %66,1 (n=72)’inin erkek oldugu saptanmistir. Kizlarin %16,2 (n=6)'sinin hafif sisman, %27,0 (n=10)’sinin obez
oldugu, erkek katilimcilarin ise %33,3 (n=24)"tnun hafif sisman ve %29,2 (n=21)'sinin obez oldugu belirlenmistir. Katilimcilarda, besin segicilik
orani %59,6 olarak bulunmus ve katimcilarin %28,4’tG 6glin zamanlarinda ek destek aldigi, %13,8’i gliitensiz ve kazeinsiz diyet de dahil olmak
Uzere gesitli 6zel diyetler uyguladigi belirlenmistir. Katimcilarin gogunun enerji (%60,6), D vitamini (%100,0) ve kalsiyum (%71,6) alimlari referans
degerlerin altinda; A vitamini (%92,7) ve sodyum (%92,7) alimlari 6nerilen degerlerin Gzerinde bulunmustur. Sonug: Calismanin bulgulari, Otizm
Spektrum Bozuklugu olan ¢ocuk ve addlesanlarda yiiksek oranda obezite ve besin segiciligi oldugunu ortaya koymaktadir. Ogiin zamanlarinda
ek destege ihtiya¢ duyulmasi, yetersiz veya fazla besin 6gesi alimi, bu popilasyonun karsilastigi diger beslenme ile ilintili sorunlar arasindadir.

Anahtar Kelimeler: Beslenme, gcocuk, otizm spektrum bozuklugu
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1. INTRODUCTION

Autism  spectrum  disorder (ASD) is a lifelong
neurodevelopmental disorder that can generally be
diagnosed before the age of three. According to the
Diagnostic and Statistical Manual of Mental Disorders 5
(DSM-5), some criteria have been determined for a person
to be diagnosed with ASD. Examples of these criteria include
deficits in social communication and interaction, persistent
behavior in monotonous tasks, stereotyped and repetitive
motor movements, excessive perception of sensory stimuli,
overly rigid constancy in one’s interests, and social and
sensory contrasts (APA, 2013). In March 2023, the Centers
for Disease Control and Prevention (CDC) proclaimed that
according to the Autism and Developmental Disabilities
Monitoring Network, the prevalence of ASD was at a rate of
1/36 (CDC, 2023).

There are medical, nutritional and behavioral contextual
factors that affect the nutritional status of individuals with
ASD. There are three main subcategories of behavioral
contextual factors; problem eating behaviors, sensory
processing difficulties, and family factors. The most frequent
problematical eating behaviors include food selectivity, food
refusal and sometimes overeating, chewing difficulty and
eating inedible substances (Ozeren, 2013). In the literature,
there are significant differences in the incidence of these
eating problems and food selectivity in this population
(Gilger & Redel, 2009).

When the metabolic and nutritional status of individuals with
ASD were compared with neurotypical individuals, many
differences were found between the two groups (Adams
et al., 2011). It is stated that children with ASD are more
prone to being overweight and obese between the ages of
2-5 and being underweight between the ages of 5-11. It is
also emphasized that among individuals with ASD obesity
increases after childhood (Li et al., 2020).

The incidence of gastrointestinal system (GIS) symptoms in
individuals with ASD has been reported as between 9-70%,
and common GIS problems include chronic diarrhea, chronic
abdominal pain, gastroesophageal reflux disease (GERD), and
constipation (Buie et al., 2010). Some types of medications
used in individuals with ASD, including antiepileptic agents,
stimulants, and atypical antipsychotic medications may
have side effects that can affect nutrition (i.e., increasing
appetite or malabsorption of some specific nutrients)
(West et al., 2009). Furthermore, it has been emphasized
that there is insufficient (suboptimal) nutritional intake in
children with ASD, and attention should be paid especially
to bone health, focusing on calcium and vitamin D (Hyman
et al., 2012; Geraghty et al., 2010). Nutritional deficiencies
in ASD are thought to be related to inadequate digestion and
absorption of nutrients caused by GIS problems, anomalies
in metabolic utilization of nutrients, elimination diets and
eating problems. Nutrient deficiencies can be associated
with food selectivity if one of the food groups is completely
skipped or food variety decreases (Kirby & Danner, 2009).

In this study, it was aimed to evaluate the nutritional status
of children with ASD who received daytime rehabilitation,
as well as to investigate eating problems in these individuals
and to determine the effects of these problems on their
nutritional status.

2. MATERIALS AND METHODS

2.1. Study Design and Participants

This observational cross-sectional study was conducted
with volunteer parents/caregivers of children with autism
spectrum disorder (ASD) who received daytime rehabilitation
in Istanbul.

This study was conducted between February and June 2018.
Four daytime rehabilitation centers located on the Anatolian
side of Istanbul were selected randomly. The study population
was 152 children receiving outpatient treatment in the four
rehabilitation centers. The sample size was calculated using
the Epi Info program. In this calculation, the sample size was
determined as n=109 when the frequency of the event was
taken as 50%, the level of error as 5%, the pattern effect as
1, and the 95% confidence interval. A total of 115 children
with ASD between the ages of 3-18 were invited to the
study and the study was completed with 109 children. The
children whose anthropometric measurements could not
be taken (n=4) or who had problems with oral intake (n=2)
were excluded from the study. Ethical approval for the study
was obtained from the Clinical Research Ethics Committee of
Marmara University Faculty of Medicine, decision number
09.2017.045 on 06.01.2017. Prior to the application of the
questionnaire and measurements, written consent was
obtained from the legal guardians of the participants with a
voluntary information form.

2.2, Data Collection

Anthropometric measurements of the participants were
measured by researchers in the presence of parents/
caregivers and educators working in rehabilitation centers.
Body Mass Index (BMI) was calculated with the formula
“body weight (kg)/height (m)?”.

The 24-hour dietary recalls were taken from the parents/
caregivers of participants. The amount of ingredientsincluded
in the meals were calculated by using the “Standard Recipes”
book, and the measurement amounts were calculated using
the “Food Photo Catalog” book.

Socio-demographic information, nutritional behavior and
eating habits of the participants were investigated with the
face-to-face interview method.

2.3. Data Analyses

World Health Organization — Multicenter Growth Reference
Study (WHO-MGRS) Growth Curves were used for children
aged 0-5 (WHO, 2007; WHO, 2006). Body weight for age,
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height for age and body mass index for age were evaluated
according to Z-scores for children aged 5-19 years, using
the AnthroPlus Computer program, based on the reference
values created by WHO in 2007 (WHO, 2023).

The food consumption records obtained were analyzed
using the “Nutrition Information Systems Package Program
(BeBiS) Version 7.0” (EBISpro, 2023). The intake of energy,
macronutrients and micronutrients of the participants
were analyzed and compared to the Estimated Average
Requirement (EAR) and Adequate Intake (Al) values for the
Turkish population (TUBER, 2019). The food consumption of
each participant was calculated according to the reference
values of their age groups. Macro — and micronutrients that
are frequently inadequate or over-intake in children with
ASD were evaluated (Bicer & Alsaffar, 2016). Percentages of
children with inadequate and excess intakes of energy and
macro — and micronutrients were calculated in comparison
with EAR/AI reference values.

All data were evaluated by using the “SPSS 21.0 Computer
Package Program”. The distribution of data is expressed as
numbers (n) and percentages (%).

3. RESULTS

One hundred and nine children aged between 3 and18
participated in the present study. Of these, 66.1% (n=72) of
the participants were male. Table 1 presents the distribution
of BMI classifications of participants by gender. Of all the
male participants, 33.3% (n=24) were overweight, and 29.2%
(n=21) were obese. In female participants, 46.0% (n=17) were
in the normal range of BMI, and 27.0% (n=10) were obese.

Table 1. BMI classification by gender

BMI Classification Male (n=72) Female (n=37)

n % n %
Underweight 2 2.8 4 10.8
Normal 25 34.7 17 46.0
Overweight 24 333 6 16.2
Obese 21 29.2 10 27.0

BMI: Body Mass Index

The eating and mealtime behaviors of the participants are
given in Table 2. It was stated that out of 15 (13.8%) children
followed a special diet; 8 followed a gluten-free and casein-
free diet, 3 a diabetic diet, one DASH diet, one a low-
cholesterol diet, one a lactose-free diet, and one a protein-
based diet (not shown in the table).

The frequency of participants’ energy and nutrient intakes
being below or above the EAR/AI values according to the
recommended values for their age is given in Figure 1. It was
found that the majority of the participants’ energy (60.6%),
fiber (51.4%), vitamin D (100.0%) and calcium (71.6%)
intakes were below the EAR/AI values. The vitamin A (92.7%)
and sodium (92.7%) intakes of most of the participants were
above the EAR/AI reference values.

Table 2. Eating and mealtime behaviors

Variables ] %
Food selectivity Yes 65 59.6
No 44 40.4
Eating place Table 83 76.1
In front of TV 10 9.2
Couch 6 5.5
Standing 5 4.6
Wandering around 5 4.6
Eating with Alone 19 17.4
Family 77 70.6
Friends 3 2.8
Caregiver 10 9.2
Getting additional support Yes 31 28.4
No 78 71.6
Special Diet Yes 15 13.8
No 94 86.2
Energy**
Protein**
Carbohydrate**
Fiber**
Vitamin A* 92.7
Vitamin D*  100.0
Vitamin E**
Vitamin B12**
Vitamin C*
Sodium** 92.7
Iron*
Calcium*
@ *Below EAR (Estimated Avarege Requirement); **Below Al (Adequate Intake)
O *Above EAR (Estimated Avarege Requirement); **Above Al (Adequate Intake)

Figure 1. Energy and nutrient intakes below or above the EAR/AI (%)

4. DISCUSSION

In this study, which aimed to evaluate the nutritional
status of individuals with ASD who were receiving daytime
rehabilitation, the rate of overweight and obese participants
was found to be high; 59.6% of them had food selectivity, and
most of the participants’ energy, fiber, vitamin D, and calcium
intakes were found to be below the recommended values.

According to a CDC press release in March 2023, ASD is
nearly four times higher in boys than girls (CDC, 2023). In
the study by Shmaya et al., with 91 individuals, 80.4% of the
participants were male (Shmaya et al., 2017). Similarly, the
rate of male participants was found to be higher (66.1%) in
this study.

Recent studies have reported that psychiatric disorders such
as attention-deficit/hyperactivity disorder and ASD in children
may be related to obesity and being overweight (Kummer et
al., 2016). A meta-analysis compiling 15 studies with a total
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of 1,045,538 ASD cases showed that obesity, not overweight,
was associated with ASD (Zheng et al., 2017). According to the
study by Egan and colleagues, 17.16% of 273 children with
ASD were overweight and 21.89% were obese (Egan et al.,
2013). In a study conducted with 51 children with ASD, it was
found that 44.9% of the children were within the normal BMI
range and 16.8% were obese (Molina — Lépez et al., 2021). In
the study of Bicer & Alsaffar, 32.3% of individuals with ASD
were found to be obese (Bicer & Alsaffar, 2013). Considering
the general population in Turkey, 17.9% of children aged 0-5
are overweight and 8.5% are obese; 14.3% of children aged
6-18 years are overweight and 8.2% are obese; and in the
18-30 age group 26.9% are overweight and 10.2% are obese
(TBSA, 2014). In this study, it was determined that 16.2%
of female participants were overweight, 27% were obese
and 33.3% of male participants were overweight, 29.2% of
them were found to be obese. These results show that, in
parallel with the literature, the rates of being overweight and
obesity are higher in individuals with ASD than in the general
population.

Studies have reported the prevalence of mealtime eating
problems inindividuals with ASD as being between 43.6% and
96% (Mayes & Zickgraf, 2019; Gray et al., 2018; Seiverling et
al., 2018), and the most frequently seen eating problem was
food selectivity. For instance, in the study of Cornish et al., it
was stated that 70% of children with ASD have food selectivity
(Cornish, 1998); in a more recent study, this rate was found
to be 72% (Schreck & Williams, 2006). In the study conducted
by Williams et al., 67% of parents stated that they faced the
problem of food selectivity. In addition, the factors affecting
this selectivity were texture (69%), appearance (58%), taste
(45%), smell (36%), and temperature (22%). Moreover, it
has been emphasized that individuals with ASD have a small
repertoire of foods (60%) (Williams et al., 2000). In the study
of Schreck et al., it was also stated that 57% of individuals
with ASD exhibited food refusal (Schreck & Williams, 2006).
In the current study, similar to these studies, it was found
that 59.6% of participants exhibited food selectivity.

Among other atypical eating behaviors, it has been shown
that individuals with ASD have difficulty sitting at the table
until mealtime is over (Gray et al., 2018; Attlee et al., 2015).
In the current study, 76.1% of participants sat at the table
until the end of mealtime, whereas 4.6% stood and 4.6%
wandered around during mealtimes. In a study, mothers who
have children with ASD emphasized that it was difficult to
eat together as a family at mealtimes and important for their
children to eat with at least one family member (Ausderau &
Juarez, 2013). It was also emphasized that individuals with
ASD needed additional support at mealtimes (Marquenie et
al., 2011; Williams & Seiverling, 2010). In the current study,
the rate of participants who ate alone was 17.4%, and of all,
28.4% of the participants received help during mealtimes.
These results show similarities with previous studies.

Although the gluten-free and casein-free (GFCF) diet does not
cause a significant improvement in ASD symptoms or ASD-
related nutritional or eating problems, it is the most studied

diet in the literature and is the most preferred one by families
of individuals with ASD (Cornish, 2002). In the current study,
it was found that 7.3% of participants followed the GFCF diet.

Food selectivity that restricts food consumption is common
in individuals with ASD, and this may lead to nutrient
deficiencies (Esteban-Figuerola et al., 2019). Many studies
have reported various nutrient deficiencies in individuals
with ASD (Molina — Lépez et al., 2021; Esteban-Figuerola
et al., 2019; Stewart et al., 2015; Hyman et al., 2012). In a
study with 288 children with ASD between the ages of 2
and 11 it was stated that more than 40% of children were
at risk of insufficient intake of vitamins D and E, calcium,
choline, potassium, and pantothenic acid (Stewart et al.,
2015). In another study with a control group paired with
ASD, children with ASD consumed fewer calories, vitamins
A and C, and zinc; the majority met the recommended
reference values for vitamins K and E. Certain age groups
consume excessive amounts of sodium, folate, manganese,
zing, vitamin A, selenium, and copper (Hyman et al., 2012). In
another case-control study, a greater percentage of children
with ASD were below the RDA for energy and fiber intake
(for energy, ASD group: 34.9% and control group: 15.3%; for
fiber, ASD group: 37.2% and control group: 8.5%). Although
no significant difference was observed between the groups
in terms of vitamin and mineral intakes, more children with
ASD showed greater deficiencies in vitamins such as vitamin
B2 and retinol, and minerals such as calcium, magnesium,
iron, selenium, and iodine (Molina — Lopez et al., 2021). A
meta-analysis stated that children with ASD consumed less
protein, calcium, phosphorus, selenium, vitamin D, thiamine,
riboflavin, and vitamin B12 and more polyunsaturated
fatty acids and vitamin E than the control group (Esteban-
Figuerola et al., 2019). Contrary to the results of those
studies that found insufficient calcium intake in children
with ASD, Plaza-Diaz et al. found that approximately 79% of
children with ASD had adequate calcium intake, which was
a higher rate than neurotypical children (Plaza-Diaz et al.,
2021). In this study, especially energy, vitamin D, and calcium
intake were found to be below the recommended values in
most children with ASD. The results of different studies on
nutrient intakes are affected by many environmental and
cultural factors. Different results in the literature may differ
depending on conditions such as special diet applications
and food selectivity in the sampled participants.

Limitations of this study include the participants being from
one city of Turkey, which makes it difficult to represent
the whole population, and not having a control group to
compare. Moreover, taking 24-hour dietary recalls may
not be representative for their general nutritional intakes,
but individuals with ASD have a routine eating pattern so
it is thought that 24-hour dietary recalls might actually
represent their daily nutrient intakes. In addition to their
anthropometric measurements and food records, mealtime
behaviors of participants were also assessed; this is a strength
of this study.
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5. CONCLUSION

In conclusion, most of the participants were overweight
or obese, and had a high rate of food selectivity, one of
the major eating problems of this population. Some of the
participants received additional support during mealtimes
and followed a specific diet (i.e., gluten-free and casein-free
diet). Fiber, calcium and vitamin D intakes were some of the
nutrients which were below the recommended values as
well as energy intakes. Further research with a wider sample
size is needed to explore additional factors contributing to
nutritional challenges and eating problems faced by this
population.
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ABSTRACT

Microfluidics focuses on the movement and interactions of fluidic substances, such as liquids or gases, on a microscopic scale. In general,
it provides to take controls and handles fluids by utilizing devices and systems that possess microscale structures within 1-500 micrometer.
Microfluidic technology has emerged as a powerful tool for detecting various substances, including pathogens, biomarkers, pesticide residues,
gases, and airborne microorganisms. Detection is a key aspect of microfluidic devices by quantifying analyte concentrations on the order of
micrometers or determining the mere absence or presence of an analyte.

In microfluidic systems, the detection of various analytes can be achieved through various integrated modules that utilize different physical
principles, including electrochemical, optical, magnetic, and thermal methods. The versatility of these integration modules enables researchers
to develop their detection strategies to suit diverse application requirements in biomedical, clinical, environmental monitoring, and food safety
fields. The benefits of microfluidic systems include rapid detection, ease of use, cost-effectiveness, and high accuracy for the identification of
infectious diseases.

In this review, the utilization of detection methods within microfluidic systems and their applications across various domains including
biomedical, clinical, environmental monitoring, food safety, and point-of-care diagnostics are being extensively explored by searching English
articles published between 2001-2023 in academic databases Pub Med and Google scholar .The review aims to provide a comprehensive
understanding of how microfluidic technology enhances detection capabilities, thereby contributing to advancements in healthcare,
environmental science and food safety.

Keywords: Microfluidics, Detection, Electrochemical detection, Optical detection, Magnetic detection.

oz

Mikroakiskanlar, sivilar veya gazlar gibi akiskan maddelerin mikroskobik dlgekteki hareketi ve etkilesimleri Gizerine odaklanir. Genel olarak 1-500
mikrometre arasinda mikro 6lgekli yapiya sahip olan bu cihazlar ve sistemler, sivilari kontrol etmeyi ve islemeyi saglar. Mikroakiskan teknolojisi
patojenler, biyobelirtegler, pestisit kalintilari, gazlar ve havadan yayilan mikroorganizmalar gibi ¢esitli maddeleri tespit etmek icin giiglii bir arag
olarak ortaya ¢ikmistir. Mikroakiskan cihazlarin tespit 6zelligi, analit konsantrasyonlarini mikrometre diizeyinde Glgerek veya bir analitin basit
varligini veya yoklugunu belirleyerek anahtar bir 6zelliktir.

Mikroakigkan sistemlerde, gesitli analitlerin tespiti, elektrokimyasal, optik, manyetik ve termal yontemler gibi farkli fiziksel prensipleri kullanan
cesitli birlestirilmis modiller araciligiyla gergeklestirilebilir. Bu entegrasyon modiuillerinin ¢ok yonlulGgl, arastirmacilara biyomedikal, klinik,
cevresel izleme ve gida glivenligi alanlarinda gesitli uygulama gereksinimlerine uygun tespit stratejileri gelistirmelerini saglar. Mikroakiskan
sistemlerin faydalari, enfeksiyon hastaliklarinin tanimlanmasi igin hizli tespit, kullanim kolayligi, maliyet etkinligi ve ylksek dogruluk igerir.

Bu derlemede, mikroakigkan sistemlerdeki tespit yontemlerinin kullanimi ve biyomedikal, klinik, cevresel izleme, gida glivenligi ve bakim
noktasi tanilari gibi gesitli alanlardaki uygulamalari kapsamli bir sekilde incelenmektedir. Bu inceleme i¢in PubMed ve Google Scholar akademik
veri tabanlarinda 2001-2023 yillari arasinda yayinlanmis ingilizce makaleler taranmistir.

Derleme, mikroakiskan teknolojisinin tespit yeteneklerini nasil gelistirdigine dair kapsamli bir anlayis saglamayi ve boylece saglik hizmetleri,
gevre bilimi ve gida giivenligi alanlarindaki gelismelere katkida bulunmayi amaglamaktadir.

Anahtar Kelimeler: Mikroakiskan, Tespit, Elektrokimyasal Tespit, Optik Tespit, Manyetik Tespit.
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1. INTRODUCTION

Microfluidics in detection

Microfluidic devices have gained significant attention for
their potential detection applications owing to their ability
to manipulate small volumes of fluids with high precision
and sensitivity (Zimmerman et al., 2006; Nasseri et al., 2018).
It has the potential to integrate all experimental processes
in a research laboratory (sample preparation, reaction,
separation, and detection) into a microscale device (Wang et
al., 2018). The detecting system is the essential component
thatis in charge of signal acquisition ever since the micro total
analysis system (mTAS) was originally presented by Manz et
al.in 1990 in order to read out the analytical data acquired by
a microchip (Jin et al., 2018). These devices typically consist
of microchannels, chambers, valves, pumps and integrated
components such as sensors, detectors and actuators. One of
the most promising applications of microfluidics is its use in
detection. Microfluidic devices can accurately and precisely
identify a wide range of substances, including biomarkers,
drugs, toxins, and pathogens. Furthermore, these devices
can integrate various detection techniques, such as optical,
electrical, and chemical sensing, into a single device,
enhancing their capabilities in detection applications. Such
as, programmable microfluidic devices based on paper are a
well-known type of microfluidic device. It provides improved
control over the manipulation of fluid samples, allowing for
the automation of single — and multi-step assays as well as
the very sensitive detection of a variety of biomarkers (Soum
etal., 2019).

Microfluidic electrochemical devices offer numerous
advantages in the realm of detection, primarily due to their
small sample volume requirement. This feature not only
reduces the amount of sample needed for analysis but also
enables rapid and high-throughput detection. Additionally,
these devices possess on-chip sample preparation
capabilities, which streamline the overall detection process
by minimizing manual sample handling and reducing the risk
of contamination. Furthermore, the benefits of microfluidic
electrochemical devices include multiplexed detection, on-
chip sample preparation, reduced sample volume needs, and
miniaturization, making them particularly suitable for heavy
metal detection applications (Li et al., 2019).

The integration of microfluidic systems with on-chip pumping
and detection functionalities has led to the development of
innovative platforms for long-term perfusion cultures and
real-time monitoring of tissue models. These integrated
microfluidic devices have the capacity for online and
continuous detection applications, allowing for the long-term
dynamic investigation of tissue model cellular responses
and metabolic processes. For long-term perfusion culture
and online tissue model monitoring, integrated microfluidic
devices with on-chip pumping and detection capabilities
have been created, indicating the possibility for continuous
and real-time detection applications (Kimura et al., 2008).

Electrode placement may be precisely controlled to enable
sensitive and specific detection with the use of 3D printed
electrodes in microfluidic systems, providing an affordable
and adaptable solution (Erkal et al., 2014). The integration
broadens microfluidic detection, analyzing diverse analytes
with precision. Using 3D printed microfluidic devices with
integrated electrodes is a major step forward in efficient
analyte analysis, with implications for biomedical research,
diagnostics, and environmental monitoring. Furthermore,
the use of microfluidic systems has demonstrated potential
for label-free in-flow detection of individual DNA molecules,
presenting fresh possibilities for the detection and
identification of individual molecules in microfluidic devices
(Gongeal., 2014). Despite the many benefits that microfluidic
devices provide for detection applications, issues have
been noted with low sample volume and the requirement
for sensitive analytical procedures (Chabinyc et al., 2001).
Overall, they offer a wide range of detection capabilities, from
biomarkers to heavy metals, and from single DNA molecules
to tissue models. The integration of various methodologies
and the development of sensitive analytical techniques have
expanded the potential of microfluidic devices for detection
applications.

The aim of this review is to look at the improvements and
possible uses of microfluidic devices in detecting procedures
with investigating how these devices, with their ability to
precisely manipulate small fluid volumes, integrate various
experimental processes, and incorporate diverse detection
techniques, can revolutionize the field of detectionin a variety
of domains including biomedical research, diagnostics, and
environmental monitoring.

Types of detection modules in microfluidic

Electrochemical Detection

Electrochemical microfluidics integrates electrochemical
detection into microfluidic systems. This involves
incorporating sensors and electrodes in microfluidic channels
for precise analyte detection. Key components include
microfluidic chambers, channels, electrodes, sensors, control
systems, and data gathering systems. Channels and chambers
are designed for specific functions, while electrodes facilitate
electrochemical detection, typically using a working and
reference electrode setup. To complete the electrochemical
circuit and significantly boost the system’s sensitivity
without compromising the microfluidic device’s physical
design, a coulter counter electrode may also be added
(Murali et al., 2009). It’s employed in microfluidic systems
for impedance cytometry (Brazey et al., 2018). Numerous
methods, including amperometric (AD), conductivity-based,
voltametric, electrochemical impedance spectrometry,
chronocoulometric, or redox cycling, can be used for
electrochemical detection in microfluidics devices (Gencoglu
et al., 2014).
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Figure 1. Schematic of the electrochemical based microfluidic sensor
design for metal wear detection with top view (a) and sectioned
front view (b) (Murali et al., 2009).

Amperometric analysis measures current under a constant
electric potential between electrodes. The current reflects
analyte flux to the electrode surface. Initially high, it declines
as analyte depletion extends beyond the surface, reducing
the concentration gradient and current. Time-dependent
behavior of current can be used to infer the concentration of
analyte in the solution. A polymer-based microfluidic device
with an amperometric system, for example, is presented by
Ruecha et al. for the very sensitive detection of cholesterol
(Ruecha et al., 2011).

Voltammetry, a widely used technique, assesses system
reversibility. By applying varying electrical potential between
electrodes, it measures resulting current over time, unlike
amperometry’s constant potential. Jiang et al. demonstrated
voltammetry’s effectiveness in a published paper. They create
a microfluidic gene device that uses cyclic voltammetry to
detect DNA electrochemically (Jiang et al., 2012). Automated
As determination in water using an electrochemical sensor
incorporated into a modular microfluidic system is a well-
known example of voltametric approaches (Gimenez-Gomez
et al.,, 2019).

Electrochemical impedance spectroscopy has gained
popularity in biosensing due to its capability to detect
binding events occurring on the surface of a transducer.
In electrochemical impedance spectroscopy (EIS), a small
sinusoidal AC perturbationis applied along with a DC potential
between working electrode (WE) and reference electrode
(CE). Using Ohm’s law, impedance may be calculated by
logging the resultant current’s magnitude and phase angle as
a function of AC frequency (Rackus et al., 2015). The article
by Ali et al. provides a clear illustration to find biomarkers for
breast cancer, they developed a microfluidicimmuno-biochip
(Ali et al., 2016).

Microfluidic types including impendance-based, discrete (like
droplet-based) and paper-based (Lindsay et al., 2007) have
several benefits, such as downsizing, low sample volume
needed, and the possibility of multiplexed detection and

on-chip sample preparation. It has been demonstrated that
electrochemical detection in microfluidic devices provides
real-time detection for a variety of analytes, such as heavy
metal ions, biomarkers, and DNA sequences, along with
great sensitivity, exceptional selectivity, remarkable stability,
and repeatability (Li et al., 2013; Hong et al., 2016; Ming et
al., 2021).

Optical Detection

The widespread use of optical instruments in laboratories
has made optical detection the most widely used method
for quantitative proteome analysis and the diagnosis of
infectious diseases. Two main types exist for optical detection
in microfluidic devices: “off-chip” with separated detection
units, and “on-chip” merging fluidic and optic components.
The detection units such as light source, mirrors, and
detectors are separated from the Microfluidic platforms.
Other approach is the “on-chip” paradigm, where fluidic
functional units are produced alongside or merged with the
optics. The term “optofluidic” is also used to describe this
kind of Microfluidic (Gai et al., 2011).
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Figure 2. Experimental setup for focusing light exiting an optical
fiber in optofluidic microfluidic devices (Gai et al., 2011).

Free-space optical detection techniques encompass surface-
plasmon resonance, chemiluminescence, absorbance,
fluorescence, and Raman spectroscopy/imaging.
Microfluidic biosensors similarly utilize these techniques,
showcasing their versatility in detection within microfluidic
systems (Pires et al., 2014). Case in point, Wang and team
workers demonstrates a SERS — microfluidic device using
nanotechnology techniques. To regulate the nanogroove
characteristics, the device is created by means of tip-based
nano scratching utilizing atomic force microscopy (AFM). The
synthesized nanostructures are utilized to detect the Raman
spectra of rhodamine 6G (R6G). The results indicate possible
uses for these kinds of microfluidic devices in chemical or
biological molecular detection applications (Wang et al.,,
2023). A different example is provided by Wang et al. They
mentioned a thin-film organic photodiode for microscale
chemiluminescence that is based on solutions. These
photodiodes are easily incorporated into planar chip-based
systems due to their straightforward layered nature. And they
were assessed for microscale chemiluminescence detection
(Wang et al., 2007). Additionally, the outcome demonstrates
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outstanding linearity and a detection limit of 10 micrometers
for hydrogen peroxide.

Optofluidic chips combine microfluidics with optical
components, achieving higher miniaturization as more
functions are integrated onto the chip. Unlike free-space
optic systems, integrated optical microfluidic systems don’t
require alignment and are technician-independent. Khosla
et al’s work demonstrates a microfluidic whispering gallery
mode (WGM) biosensing device that effectively delivers and
detects target molecules (Khosla et al., 2014). Since their
mode volume is so small, WGM resonators are optical sensors
that are highly sensitive. The researchers also discovered that
when microfluidics and WGM sensing are combined, a highly
customizable system with a yield for a certain concentration
and the capacity to improve sensing time by modifying the
microfluidic system’s input power and flow characteristics is
produced. Particles and molecules as small as a single BSA
protein (about 6 nm in radius) may be detected and analyzed
for femtomolar concentrations by combining microfluidics
and WGM.

Generally, there are several key components to optical
detection within optofluidic, planar optical waveguides,
micro lenses, optical lasers, and optical detectors. An optical
waveguide is a physical structure designed to transmit
light along axis, typically consisting of a “core/cladding”
composition. To illustrate, Parker et al. demonstrates the
generation of uniform droplets within a uniaxial optofluidic
lab-in-fiber setup (Parker et al., 2022). They provide reliable
and compact alignment by combining droplet microfluidics
with laser-induced fluorescence (LIF) detection through the
use of an optical side-coupling fiber known as a periscope
fiber. In addition, they demonstrate the usefulness of the
apparatus by identifying reverse-transcription loop-mediated
isothermal amplification (RT-LAMP) products for COVID-19
diagnostic purposes.

Magnet Beads Detection

Magnetic beads microfluidic detection involves the use of
magnetic beads, which are small, functionalized beads that
can bind to the specific target molecules such as protein,
nucleic acids, or cells within microfluidic systems. These
magnetic beads are often coated with ligands that can
selectively bind to the target molecules of interest. Typically,
magnetic bead microfluidic detection system involves a
sample containing the target molecules that as the sample
flows in Microfluidic channels, an external magnetic and
integrated various detection systems such as fluorescence or
electrochemical methods can be used to detect the presence
or concentration of the bound molecules on the surface of
the bead. A new cell detection device has been presented
by Liu et al. that combines microfluidic Coulter counting
technology with the magnetic bead cell assay (Liu et al.,
2016). The device accurately recognizes certain target cells
and measures concentration and cell size distribution. Using
resistive pulses from the counters, the transit time and cell
size are precisely determined. According to the research,

the transit time delay rises linearly as the target cell ratio
increases, with an estimated 5.6% detection limit. The gadget
may help with stem cell extraction and characterization by
detecting target cells quickly and reliably, as shown by its
straightforward setup and simple sample preparation.
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Figure 3. Schematic of the magnetic bead based microfluidic cell
assay which is based on two micro-Coulter counters (Liu et al, 2016).

Thermal Detection

Among the various methods for counting and detecting
particles that have been examined, heat has not vyet
been thoroughly explored. Through microfabrication, it
is now possible to produce low-cost but highly sensitive
thermometers capable of detecting tiny fluctuations in the
thermal characteristics of a liquid within a microchannel.
As particles suspended in a fluid influence the thermal
properties of the fluid, a sensitive thermometer essentially
serves as a particle counter by detecting these changes.
A microscale thermometer could analyze the thermal
properties of cells and other particles or droplets, aiding in
their identification and characterization. One of the brilliant
examples of this type of detection in microfluidic is developed
by Liu et al. (Liu et al., 2014). Using hexavalent chromium [Cr
(V1)] as a model analyte, a microfluidic flow injection analysis
(UFIA)-TLM device was created for the quick detection
of contaminants by colorimetric reactions. Additionally,
contamination-free, instrument-free, visual detection of
SARS-CoV-2 has been made possible by the combination of
isothermal amplification, CRISPR cleavage, and lateral flow
detection in a single, closed microfluidic device. A unique
method for the quick and accurate detection of SARS-CoV-2,
the virus that causes COVID-19, is presented by Li et al. (Li et
al., 2022). This novel technique makes use of a self-contained
microfluidic system, which is straightforward, sensitive,
and doesn’t require specialist tools. The microfluidic
device combines lateral flow sensing, CRISPR cleavage, and
isothermal amplification to provide visible, contamination-
free viral detection. Without the requirement for power, the
microfluidic chip may be incubated using a cheap, portable
hand warmer. The technique has been clinically verified using
nasopharyngeal swab samples and has demonstrated good
sensitivity, specificity, and accuracy in detecting SARS-CoV-2
RNA down to 100 copies.
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Figure 4. Self-contained microfluidic design for detection of SARS-
CoV-2 by Lietal. ((Liet al., 2022).

Applications of microfluidic based detection

Biomedical Applications

Microfluidic detection has gained significant attention
in biomedical applications, particularly in isolating and
detecting biomarkers such as exosomes and circulating tumor
cells. In the realm of biomedical field, microfluidic devices
have been applied to the detection of biomarkers and cancer
cells at incredibly low concentrations, including micro-RNA,
indicating their promise for sensitive and accurate detection
in biomedical settings and treatment monitoring (Chen et al.,
2012).

The integration of magnetic nanoparticles in microfluidic
systems has enabled the development of highly sensitive
and specific detection methods. To define the inductance of
electrical resonant circuits in magnetometers, for example,
the magnetic characteristics of particles in microfluidic
chambers have been used, leading to a shift in the resonance
frequency (Abedini-Nassab et al., 2021).

Further benefits for identifying active chemical and biological
species come from Chandrasekaran et al’s investigation of
an integrated microfluidic biphotonic device intended for
laser-induced fluorescence detection (Chandrasekaran et al.,
2010). The chip combines an opto-microfluidic chip made on
a silicon-polymer hybrid platform with a Spectrometer-on-
Chip device, designed for multiple fluorescence detections
at different emission wavelengths. The device’s potential
for high-throughput detection of chemical and biological
materials is demonstrated through experimental validation
utilizing antibody particles labeled with Alexafluor 647.
Another brilliant example is microfluidic paper-based
wearable electrochemical biosensor for reliable cortisol
detection by Fiore et al. (Fiore et al., 2023). A new paper-
based microfluidic system for reagent-free cortisol analysis
in perspiration is presented. The device combines capillary-
driven microfluidics and filter paper to regulate reagent flow.
It detects cortisol using magnetic beads with monoclonal

antibodies, facilitated by acetylcholinesterase enzyme-
mediated competitive interaction. It can detect cortisol
concentrations from 10-140 ng/mL and is integrated with
a wireless Near-Field Communication module for wearable
cortisol analysis. Its accuracy was validated during real-time
sweat cortisol analysis on a volunteer during physical activity.

Microfluidic techniques have also been employed for the
detection of cancer cells, demonstrating the versatility of
microfluidic platforms in various biomedical applications
(Nguyen et al., 2017). To illustrate, a study introduces an
electrochemical Lab-on-a-Disc (eLoaD) platform designed
for automated quantification of ovarian cancer cells (SKOV3)
from whole blood by Nwankire et al. (2015). The platform
combines label-free electrochemical impedance for sensitive
detection and targeted capture with advanced sample
processing techniques like blood separation and cancer
cell extraction. It has a wide dynamic linear range and can
perform five parallel tests, making it a promising tool for
biomedical applications such as cancer cell identification.
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Figure 5. The 5-layer microfluidic disc platform which is developed
by Nwankire et al. (2015)

Clinical Applications

Within clinical applications, microfluidic devices play a crucial
role in various diagnostic procedures, including the detection
of the pathogens, monitoring of disease progression,
and screening for biomarkers indicative of specific health
conditions. By integrating various sensing mechanisms, such
as optical, electrical or chemical sensors into Microfluidic
devices, research can detect specific biomolecules or cells
with high accuracy and speed. A new microfluidic device
detects Cry1Ab protein with high sensitivity and selectivity. It
contains a microfluidic flow cell and a printed gold electrode
chip. Anti-CrylAb aptamer-coated magnetic beads bind to
CrylAb protein, forming modified beads. These are then
introduced into the flow cell for measurement, showing
a detection limit of 0.015 nm and good linearity from 0 to
0.2 nm concentration at 358.3 Hz. In support of food safety
studies, this method provides a sensitive, quick, and targeted
substitute for identifying the transgenic protein CrylAb (Jin
et al., 2017).
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Another exampleis areproducible microfluidic device utilizing
surface-enhanced Raman spectroscopy (SERS), composed
of a disposable SERS substrate and a reusable microfluidic
channel by Lee and team (Lee et al., 2021). The SERS
substrate is created using electrodeposition and nanoimprint
lithography, while the microfluidic channel is made through
mechanical processing. Assembly is facilitated and secured
with screws. The SERS substrate guarantees reliable and
sensitive detection due to its excellent enhancement factors,
signal consistency, and repeatability. Target molecules can
be accurately detected using the disposable substrate. The
successful identification of miR-34a at a low concentration of
5 fM showcases its practical utility.

Consequently, the use of microfluidics in clinical settings offers
several advantages, including minimally invasive sampling,
reduced sample consumption, and rapid results which can
lead to timely and effective patient care. Case in point, Yao et
al. introduce a telemedicine system employing an integrated
microfluidic chip for rapid insulin detection (Yao et al., 2013).
The system uses the internet to remotely transmit test results
to off-site medical specialists for diagnosis. It employs a
microfluidic chip with pneumatic micropumps, a micromixer,
and microvalves to automate insulin detection via a double-
antibody sandwich chemiluminescence immunoassay. This
microfluidics-based telemedicine system shows promise for
future diabetes point-of-care screening.

Moreover, the incorporation and implementation of optical
detection and microfluidics in immunosensors have been a
subject of research, highlighting the potential of microfluidic
technology in medical diagnostics (He et al., 2016). And
advances in microfluidic platforms have enabled multiplex
detection of infectious diseases, including microfluidic
immunosensors and microfluidic nucleic acid sensors (Chen
etal., 2023).

Environmental Monitoring

The integration of microfluidic technologies in environmental
monitoring has garnered significant attention due to their
potential to revolutionize detection and analysis processes.
Microfluidic systems offer precise manipulation of fluid
streams in microscale dimensions, making them valuable
tools for on-site environmental monitoring and detection
(Yew et al., 2019). Furthermore, the ability of microfluidic
platforms to preconcentrate samples from dilute solutions
has implications for environmental monitoring, as it enables
the detection of contaminants in various environmental
matrices (Fu et al.,, 2018). The versatility of microfluidic
platforms has led to their widespread application in the field,
signifying their importance in addressing environmental
challenges. Additionally, microfluidic detection strategies,
including optical and electrochemical techniques, have
been explored for the analysis of environmental pollutants,
highlighting the potential of microfluidic systems in
environmental monitoring for instance. An autonomous
microfluidic detection device was designed by Milani et
al. to determine iron (Fe Il) and manganese levels in water

using colorimetric detection (Milani et al., 2015). The device
featured a cylindrical housing with a PMMA microfluidic
chip, LEDs, lithium batteries, a microprocessor, and custom
syringe pumps. Iron levels were measured with ferrozine
and manganese levels with the PAN technique. The on-chip
optofluidic cell’s dimensions allowed sensitive detection
with reduced reagent and sample use. Mn Limit of detection
(LOD) was 28 nM, and for Fe was 27 nM, with linear ranges
of 27-200 nM and 0.28-6 uM, respectively. Iron analysis took
five minutes, and manganese took 10 minutes. The method
successfully analyzed seawater samples, unaffected by high
salt concentrations. The industrialization of microfluidic
chip technology is anticipated to drive advancements in
environmental sensing, emphasizing the role of microfluidics
in future environmental monitoring endeavors (Gao et al.,
2020).

As the field of microfluidics continues to advance, it presents
new opportunities for enhancing environmental analysis,
with the potential for low-cost, high-sensitivity, and rapid
detection of environmental contaminants. The combination
of microfluidic systems with advanced detection methods,
such as real-time fluorescence detection, further enhances
their utility in environmental monitoring, offering improved
capabilities for detecting contaminants and biological
specimens. Moreover, the development of low-cost
microfluidic platforms has the potential to democratize
environmental monitoring, making it more accessible and
affordable. l.e. using a vortex t-structure microfluidic sensor
chip, Li et al. have devised a novel approach to real-time water
qualitymonitoringthatovercomestheshortcomingsofcurrent
COD (chemical oxygen demand) measurement techniques (Li
et al., 2022). Real-time monitoring of river contaminations
is challenging due to complex and lengthy procedures. The
new system, based on microfluidic technology and ozone
chemiluminescence, offers benefits like ease of use, rapid
testing, and minimal environmental impact. Tests confirm
the chip’s ability to generate measurable ozone bubbles,
aiding online river water quality monitoring. Microfluidics,
coupled with gold nanoparticles’ optical properties, show
promise in enhancing environmental monitoring methods.
The promise of microfluidics in environmental monitoring
and public health has been demonstrated by studies on the
application of microfluidic-based systems for the detection of
gases and airborne diseases (Kaaliveetil et al., 2022). Overall,
the integration of microfluidic technologies in environmental
monitoring holds great promise for revolutionizing the
detection and analysis of environmental pollutants, offering
new avenues for addressing environmental challenges.

Food Safety

Food contamination, a global concern, particularly affects
developing nations and poses significant health risks due
to harmful substances in food. These contaminants include
chemicals and microorganisms, categorizing contamination
into chemical and biological types. Rapid and accurate
detection methods are crucial to mitigate the threats posed
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by food contamination to human well-being. Microfluidic
approaches for controlling and detecting chemical
contaminants like heavy metals, pesticides and antibiotic
residues in food samples. For instance, Li et al. (2021)
developed a rapid detection of methyl parathion pesticide
by using Microfluidic paper-based chip. A technique
developed to detect pesticides like parathion-methyl (PM)
utilizes high sensitivity and selectivity. The method employs
silver terephthalate metal-organic frameworks and carbon
quantum dots with Fe304 nanozyme for amplificationinadual
catalytic technique. An electrochemical microfluidic paper-
based chip integrates a molecularly imprinted polymer (MIP)
and Fe304/C-dots@Ag-MOFs on its surface. PM absorption
by the MIP in the reaction zone reduces the current response,
leading to a low detection limit of 1.16x10-11 mol L-1
and good recovery rates in environmental and agricultural
samples. This approach improves sensitivity and selectivity
and holds potential for detecting various target analytes
using microfluidic paper-based chips.

Microfluidic paper-based analytical devices (UPADs) are
cost-effective tools for in-field diagnosis, highlighting
microfluidics’ role in food safety. Microfluidic technologies
are crucial for digital immunoassays with multiplexed capacity
and ultrahigh sensitivity in food safety and environmental
monitoring. Rapid quantification of contaminants in food
products, like milk, is essential for addressing food safety
incidents, showcasing microfluidics’ pivotal role in ensuring
food quality. Standalone devices for food safety testing, along
with advancements in microencapsulation and microfluidic-
based bio species sensing, underscore microfluidic detection
technologies’ transformative potential in food safety.
Microfluidics” progress offers opportunities for enhanced
food safety analysis, providing low-cost, high-sensitivity, and
rapid detection of food hazards to mitigate safety risks in the
food industry.

Point-of-care Diagnostic

Microfluidic detection technologies have significantly
advanced the landscape of point-of-care diagnostics, offering
rapid, accurate, and cost-effective solutions for disease
diagnosis and pathogen detection. Microfluidic devices
have demonstrated their potential in enabling rapid and
fully automated detection of infectious diseases, originated
from Ebola virus and African swine fever virus, with median
times to threshold as low as 10 minutes, highlighting
their applicability in addressing urgent public health
challenges (Qin et al.,, 2019; GaoYe et al., 2019). Further,
the creation of microfluidic platforms for recombinase-
aided amplification (RAA) and loop-mediated isothermal
amplification (LAMP) has made it easier to identify and
quantify multiple pathogens simultaneously, opening up a
promising path for the quantitative point-of-care detection
of a variety of infectious diseases (Fang et al., 2010). The
versatility of microfluidic platforms has been exemplified in
the development of a portable smartphone-based platform
for real-time particle detection, offering potential for

real-time point-of-care detection in resource-limited settings
(Salafi et al., 2019). Microfluidic tech aids chronic illness
diagnosis like diabetes via automated chemiluminescence
immunoassays for insulin levels. These devices can detect
fluid viscosity without labels, showcasing their point-of-
care potential. This presents prospects for the quick and
affordable characterization of biological samples in point-of-
care situations (Jun Kang et al., 2013). The ability of multiplex
microfluidic LAMP chips to properly forecast viruses has
shown how microfluidic technology may improve point-of-
care diagnostics’ specificity and accuracy. As a result, the
addition of microfluidic detection technologies has greatly
improved point-of-care diagnostics’ capabilities and provided
cutting-edge approaches to illness diagnosis and healthcare
monitoring.

In the examination of spectrum of scholarly investigations
spanning biomedical, clinical, environmental, food safety,
and point-of-care diagnostic applications, this compilation
emerges as a distinctive and comprehensive exposition
of multifaceted realm of microfluidic-based detection. By
synthesizing a wide range of findings and developments
across multiple domains, this article contributes to the
existing literature by providing valuable insights into the
potential and challenges of microfluidic technology. Its
holistic approach, organization, and presentation serve to
highlight not only the current state of field but also the future
prospects and opportunities for advancement. Meticulous
attention has been devoted to ensuring the relevance and
currency of the sources. Through a rigorous selection process,
emphasis has been placed on incorporating scholarly works
that represent the latest advancements and insights in the
microfluidic-based detection. Therefore, the originality
of this compilation lies in its comprehensive coverage,
synthesis of existing research, and insights into the diverse
applications and potential of microfluidic-based detection
across disparate fields.

2. METHODS

The review was conducted using Pub Med and Google Scholar
pages by using document analysis method. The search was
limited to English articles published between 2001 and 2023
in the academic databases of Pub Med and Google Scholar.
The search was provided by searching for 10 keywords by 5
in Turkish and 5 in English. These are mainly; Microfluidics,
Detection, Electrochemical detection, Optical detection,
Magnetic detection, Mikroakiskan, Tespit, Elektrokimyasal
Tespit, Optik Tespit, Manyetik Tespit. As a result of readings
and re-elimination, the number of articles were determined
as the most suitable and qualified ones.

3. CONCLUSION

In summary, microfluidic technology has shown great promise
in various detection applications, ranging from medical
diagnostics to environmental monitoring. The integration of
advanced detection technologies into microfluidic systems
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has enabled rapid, sensitive, and specific detection of a
wide range of substances, making microfluidics a valuable
tool in diverse fields. They offer a wide range of advantages
for detection in various applications, including biomedical,
clinical, environmental monitoring, food safety, and point-
of-care diagnostics. These advantages include precise
manipulation of fluids, low sample and reagent consumption,
high sensitivity, rapid detection, and portability. In biomedical
and clinical applications, microfluidic devices have shown
potential in liquid biopsy, disease biomarker detection,
and point-of-care diagnostics, offering the benefits of rapid
analysis and reduced sample volumes. In environmental
monitoring and food safety, microfluidic devices have
demonstrated advantages in the rapid and sensitive
detection of contaminants and pathogens, contributing to
improved safety and quality control. However, challenges
exist in the miniaturization of traditional Ilaboratory
processes, the integration of complex detection methods,
and the development of specific point-of-care microfluidic
diagnosis devices. Addressing these challenges will be crucial
in fully realizing the potential of microfluidic devices for
detection in biomedical, clinical, environmental, and food
safety applications. The integration of advanced detection
methods, such as surface plasmon resonance, fluorescence,
and impedance spectroscopy, and the development of
specific point-of-care microfluidic diagnosis devices will
be essential for overcoming these challenges and further
advancing the field of microfluidic detection.
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