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Point-of-care (POC) diagnostika

Diagnostické technologie, které umozriuji analyzu vzork( pacientl mimo
klinickou laborator (doma, v terénu, ve vozech RZS)

Obvykle malé, jednoduché pfistroje/zarizenikteré jsou schopné provést
analyzu dlleZitych biomarker v klinickych vzorcich (krev, sliny, mog)

Snizuji dobu analyzy a nutnost transportu vzorku
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TROCHA HISTORIE
ANALYZA DECHU

Hippokrates (460 BC — c. 370 BC)

fetor oris and fetor hepaticus in his treatise on breath aroma
and disease

Hippocrates, The Corpus: The Hippocratic Writings, Kaplan
Publishing, New York, 2008.

The Hippocratic Corpus (Latin: Corpus
Hippocraticum) is a collection of around
seventy early medical works from
Alexandrian Greece.It is written in lonic
Greek

TROCHA HISTORIE

URINE WHEEL- POC diagnostika v 15 stoleti

1506 by Ulrich Pinder Epiphanie Medicorum
Testovani mog¢i - uroskopie

Sladka - diabetes
Hnédava - Zloutenka
't Cervené zbarveni, péna - ledviny
3 Krev - rakovina mo&ového Ustroji
!
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1874  Anstie alkohol je obsazen i v dechu

1897  Nebelthau jedinci, ktefi trpi cukrovkou maji v
dechu aceton

1927  Bogen prvni alko tester
McNalley Breathalyzer

1936  Patent Harger

PRIKLADY POC ZARIZENI

HANDHELD
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DRUHY POC ZARIZENI

Indikdtorové papirky (analyty v modi, pH, atd)
Papirové mikrofluidické platformy

Lateral flow assays (LFA)

Mikrofluidické analyzatory

Zatizeni na bazi chytrych telefond

IDEALNi POC ZARIZEN{

- labelled
- label-free

4 Signal transduction

Receptors | - protein

- functionalized SAM
Materials | - glass Microfiuidic | - valve - other architactures
- silicon chip - pump - patierming and integration

- paper = mbser

-PDMS  sample - cell separaration or treatment

- POIYMer  processing |- preconcentration or amplification
= metering

http://www.nanowerk.com/spotlight/spotid=21383.php
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INDIKATOROVE PAPIRKY

Indikdtorové pH papirky s rozsahem méreni pH 5,0-9,0 jsou
2y vhodné pro orientaéni méfeni pH, nap¥. pfi zjistovani kyselosti
“‘ organismu a nasledné Upraveé stravovaciho rezimu.

Analyty: bilé krvinky
dusitan
proteiny
pH
krev
ketony
urobilinogen
bilirubin
glukosa

LEU

T

KET

El:C

BIL

GLU

TESTS AND READING TIME

[P - o

zmi"ms - -

T e P
kl;wl!t:umn

60 second i

UROBILINOGEN 02
60 seconds

NORMAL ‘my/aL URINE (1 mg = 29prox. 1 EV)
1

a 8

oL I 00 0 200000 more
PROTEIN NEGATIVE TRACE " N - ot PR
B0 econsz - - -
H s0 60 6s 0 s oo os
B0zsconds - - - -

[— WemOZED  SWALL  WobERATE  Lanee
BLOOD NEGATNE  TRAGE  WODERATE ' TRACE " w ey
60 seconds e RNV

e aﬁrx
SPECIFIC 1000 1005 1010 115 ) 1025 1020
ol - - - - - - -
45 seconds
Thace SWALL  MODERATE  <—— LanoE——>

KETONE NEGATIVE o 5 L i 0 50
A0zaconds - - - -
(- WAL MODERATE  LAnGE
30 seconds

oL 170 1 I | 2 00 more
GLUCOSE  neakmve moie ol 5 3% w000 2000 ormore
30 seconds




18/11/2015

TEHOTENSKY TEST

hCG - lidsky choriogonadotropin - hormon ,,T

byl objeven v moci téhotnych zen poprvé .

roku 1927 a na jeho detekci je dnes \
zaloZzena naprostd vétsina téhotenskych

testl.

B-subunit

a-subunit

hCG glykoproteinovy hormon  je hCG mozZné zjistit také v moci

hCG tvoren dvéma podjednotkami, oznacovanymijako a a a podjednotka hCG neni specificka

B podjednotka hormonu hCG je specificka

v sedmdesatych letech 20. stoleti, v souvislostis objevem vyse zminéné B podjednotky hCG a od let devadesatych
muZeme teprve hovofit o téhotenskych testech vysoké spolehlivosti, které jsou schopny zachytit téhotenstvii
relativné ¢asné, jejichZ uZziti je velmi snadné a vysledek zjistitelny zpravidla béhem par minut.

Po aplikaci moc vzlind testovacim prouzkem. Pokud je v moci pfitomny hCG, navédZe se na v testu obsazenou
protilatku sprazenou s barvivem. Takto vznikly komplex vzlina k testovaci zoné (prvni okénko), kde je pfitomna
dalsi protildtka proti hCG. Dochdazi k zachyceni imunokomplexu a vytvoreni barevné reakce (bézné barevny
prouzek, i jina znacka). Zbytek ,,obarvené” protilatky dale vzlina k tzv. kontrolni zéné (druhé okénko), kde se

rovnéz zobrazi zminény barevny efekt, znadici, Ze test byl spravné proveden.

Citlivé téhotenské testy jsou schopné zachytit pfitomnost hCG v modi od koncentrace 10 mlU/ml, zpravidla vsak
az od 20mlU/ml. Test je vhodné nejdfive v pfedpokladaném tretim tydnu téhotenstvi. Pro srovnani — krevni test
dokaze detekovat hCG jiz od hodnoty 2 mIU/ml.
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LATERAL FLOW ASSAYS (LFA)

série navzdjem se prekryvajicich membran
material obvykle celulosa, nitrocelulosa, cellulose acetate, sklenénd vldkna atd.

Conjugate pad
e Absorbent pad

Sample pad ‘ Control line Test line

\

-

Plastic casing
(a) Membrane

LATERAL FLOW ASSAYS (LFA)

SAM PLE PAD — nadavkovani vzorku

— pripadna separace plasmy (odstranéni cervenych krvinek, atd.)

— uniformni tok vzorku

CO NJ U GATE PAD — obsahuje protilatky specifické pro analyzovanou latku

— protilatky jsou navazany na Castice, které Ize detekovat

— modra barva — latexové Castice (velikost nm)

- Cervena barva — Au nanocastice
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M E M B RANA — cela fada materilald, obvykle hydrofilni nitrocelul6za

—na membranu se nanesou dvé zény, jedna testovacia jedna kontrolni

— testovaci zona obsahuje imobilizované antigeny, které zachyti analyt s navazanou
barevnou ¢astici

— kontrolni zéna slouzi ke kontrole funkénosti celého LFA

ABSO R B E NT PAD — obvykle celul6za

— udrzuje konstantni tok reagentt a vzorku

—sbér odpadu

PRIPRAVA LFA

Production of

Lateral Flow test in a basic
equipped lab.
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Ve Ve
STANDARDNI| PROVEDENI LFA
_Standard LFBs ‘\(‘:antibody:o‘\(' 2 Y
Absorption Pad x l \\lr':amibodvlo A
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_— e Au nanodastice > @ :label particle
Conjugate Pad - "/—'—\f - "%‘ lsaj:taknaovovana, B— A s analyte
Sample Pad ﬁ * r: ol
negative (-) positive (+) anaiwe
V.4 : sample with analyte
Ve
KOMPETITIVNI LFA
Competitive LFBs ‘Y'”’"‘ib"d'fw‘\(' «
\\|{':amibodv|o A
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TEST NA AIDS (2012)

http://www.omegadiagnostics.com/products/by-area/hiv/

VISITECT HIV 1/2

VISITECT® HIV 1/2 is a qualitative test for the detection of
antibodies to HIV 1/2 virus in human serum, plasma and whole
blood specimens. The test is easy-to-use, offers high sensitivity
and specificity and produces accurate results within 15
minutes.

10
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TEST NA AIDS (2012)

VISITECT® CD4 je test na HIV na jedno poufiti.

Je semi-kvantitativni, rychly a stanovuje CD4 v kapce
krve.

CDA4 + T-bunky jsou presny marker pro stanoveni
progrese onemocnéni.

Test je snadno ovladatelny a poskytuje odpovéd na
otdzku zda "Iécit" nebo "ne” do 40 minut.

VISITECT
D4

\

Omega Diagnostics Group has announced the launch of a
ground-breaking new point-of-care disposable test for the
detection of HIV.

VISITECT CD4 detects CD4 T-cell levels and was developed by
the Burnet Institute in Melbourne, Australia.

An easy-to-use semi-quantitative lateral flow test, it uses a
finger-prick blood sample to produce a visual resultin 40
minutes, enabling patients to receive life-saving antiretroviral
treatment before leaving the clinic.

TEST NA EBOLU, HORECKU DENGUE, ZLUTOU ZIMNICI
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Fig. 1 AgNPs for multiplexed detection. a) Vials of AgNPs during
stepwise growth and b) their corresponding absorption spectra. TEM
images of c) Ag seeds, d) orange AgNPs, e) red AgNPs, and f) green
AgNPs. Scale bars: 50 nm. g) Green, red, and orange (top to bottom)
AgNPs on nitrocellulose paper. h) DLS and i) zeta-potential of AgNPs
before and after mAb conjugation.

Yellow Fever
(a) Yellow Dengue
Mock Fever Ebola Dengue Ebola

Control H

L
aDENV NS1 L] &
aZEBOV GP

aYFV NS1
(b)
Control

aYFV NS1, aZEBOV GP,
and aDENV NS1

Yen et al. Lab Chip, 2015, 15, 1638
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CRP test

C- reaktivni protein (CRP) je bilkovinou akutniho zanétu, a tedy
vysoce citlivy parametr zanétu.

je soucdsti reakce akutni faze imunitniho obranného systému

jeho hladina v krvi se zvySuje u vSech druht bakterialnich
zanétlivych procesl, a to jiz za 6-12 hodin od zacatku zanétu

vySetfeni CRP je povaZovano za nejcastéji ordinované vysetfeni
ve vyspélych zemich zdpadniho svéta, a to od Grovné
praktického Iékafe aZ po vysoce specializovand pracovisté.

CRP pentamer
v krevni plasmé

o8t peo ol
vitovd abakterfinl
afikce

2 testy

P o:00/1:00 RESR ¢
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GLUKOMETRY

pfistroje urcen0 k domacimu méreni glykémie, tzv. self-
monitoring (sebekontrola) glykémie.

Podle vyse glykémie a na zakladé predchozich zkusenostilze
odhadnout mnoZstviinzulinu, které je nutno aplikovat.

Zamérem self-monitoringu je, pomoci systematického méreni
glykémie, docilit glykemické kfivky nediabetika.

Glukometry také zpravidla umi vypocitat tydennia mésiéni
primér z namérenych hodnot glykémie.

Vétsina soucasnych glukometrl vyuziva k méreni glykémie

elektrochemickou metodu, kterd je zaloZzena na méreni @ Ghieege
elektrického proudu mezi pracovni a registracni elektrodou tzv. .. ——
metodou ampérometrie.
. . . @ Glucose Oxidase Glucose Oxidase
Na testac¢nim prouzku je Uzka kapilara, kterou je krev nasavana (recluced)
dovnitf. (B Chusose Onitase + 0, ———— Ghicase Oxilase + 10y
(reduced)

Zde probéhne oxidace glukdzy za vzniku peroxidu vodiku.

@ M0y H,0
Cim vice je glukdzy v krvi, tim vice vznikne molekul peroxidu WJ‘@
vodiku. Blectrore &

Peroxid vodiku je v glukometru elektrolyticky rozkladan.

Takto vznika proud zdporné nabitych ¢astic, jenz mlze byt
zméren glukometrem jako elektricky proud. Velikost proudu
odpovida vysledné glykémii

13
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ACCU CHECK (Roche)

https://www.accu-chek.cz/

AcCCU-CHEK®
Performa

PRIKLAD VYUZITI GLUKOMETRU PRO JINE ANALYZY

a  Invertase/DNA-immoblized
magnetic beads

14
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PAPIROVA MIKROFLUIDIKA

http://gmwgroup.harvard.edu/

George M. Whitesides

George M. Whitesides was born August 3, 1939 in Louisville, KY. He received an A.B. degree from
Harvard University in 1960 and a Ph.D. from the California Institute of Technology (with 1.D.
Roberts) in 1964. He was a member of the faculty of the Massachusetts Institute of Technology
from 1963 to 1982. He joined the Department of Chemistry of Harvard University in 1982, and was
Department Chairman 1986-89, and Mallinckrodt Professor of Chemistry from 1982-2004. He is now
the Woodford L. and Ann A. Flowers University Professor.

Srpkovitd anemie

zména tvaru ¢ervenych krvinekz
tzv. proméacknutych piskotl na
protazené srpky

Primérna délka Zivota lidi postiZzenych touto nemoci je 42 let u

muzU a 48 let u Zen
A low-cost, rapid test for sickle cell
disease. After centrifugation over an
aqueous multiphase system, blood cells
from a donor with sickle cell disease
separate by density. Dense cells
characteristic of sickle cell disease form a
red layer at the bottom of the test.

15
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(A)

: I’ . - circuits

Ll | wax

WA e

1 wax electrodes
Zem “emm

(B) (©)

stored
reagents

i

S mm

A paper-based electrochemical sensor that can
be read with a commercial glucose meter. (A)
Wax printing allows the high-throughput
production of devices with hydrophobic regions
and screen printing is used to add electrodes on
top of the printed devices. (B) Comparison of a
commercial test strip for glucose with a paper-
based test strip. (C) The paper-based test strip
fits into a commercial glucose meter.

A universal mobile electrochemical
detector (UMED). The uMED device (left)
can perform a variety of electrochemical
analyses on commercial and custom
electrodes. Results can be transferred
through the audio jack of any phone to
enable connectivity (right).

16
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MONITORING DECHU

Spirometry measures how
fast and how much
air you breathe out

Peak flow meter

FADAM.

A peak flow meter is commonly used by a person with asthmato measure the
amount of air that can be expelled from the lungs. If the airways become
narrow or blocked due to asthma, peak flow values will drop because the
person cannot blow air out of the lungs as well. A peak flow meter can be a
useful aid in monitoring a person's asthma over time and can also be used to
help determine how well a patient's medications are working.

NO MONITORING

WWW.hioxmino.com, www.aerocrine.com

o
NIOXMIN

Aerocrine

17
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ASTHMA

Asthmais a
disease that
causes the
airways of the
lungs to swell
and narrow,
leading to
wheezing,
shortness of
breath, chest
tightness, and
coughing.

Normal bronchiole

Asthmatic bronchiole

http://www.ncbi.nlm.nih.gov/pubmedhealth/aboutnim/

H

Dust mites

%@%

Pr

pr

FADAM.

cool-down may

the incidence of
exercise-induced
Pet dander asthma

A

oper warm-up and

event or reduce
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RAKOVI NA P LIC nejcastéjsi formou rakoviny na svété

nemalobunécny typ a malobunécny typ

nemalobunécny plicni karcinom (NSCLC) se nékdy 1é¢i chirurgicky
malobunécny plicni karcinom (SCLC) ma obvykle lepsi odezvu na Iécbu chemoterapii

19
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What Yeur Breath Reveals Average person exhales
“”“”“ between 10-90.000 L

- of air per day

EXHALED BREATH CONTAINS thousa

teststodiagnosea growing istofdisea:
Some iseases—and the lues that come

457,,‘“%

e
STl ol
o e
""’"wb.f.‘f“’? The, he

Branch from —%
IEY DISEASE: ‘Electronic nose’ the pulmonary
nkedtorealfare.

racer solution
. mum("‘\nmﬂhiuumm
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Some analytes can be analyzed by CE-C4D, some by CE-LIF

39

ANALYZA DECHU

CO,sensor  NRBV

1L sample can

Breath Research Institute of the Austrian 40
Academy of Sciences
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Israel Institute of
Technology

‘@ Technion

% LCaos

s e A Nanoscale Atificial Nose
SEVENTH w&?ﬂ“ To Datect Lung Cance

KONDENZAT VYDECHOVANEHO VZDUCHU
(EBC)- analyza jednoho vydechu

= exhaled

A o
/ airin
air out ;}-'F; air out
T | _— polypropylene straw
L4
%/ 2 ml polypropylene syringe

| hollow aluminium cylinder

t /f/ ::::;:‘ed EBC
Price: 0,05 EUR
Volume of EBC/1 breath:

20 pL

Price: 20 EUR
Volume of EBC/1 breath :
25 uL 2

21
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EXHALED BREATH CONDENSATE
(EBC)

collected EBC EBC to analysis

43

5 vydechii po sobé, analyza

C4D signal (mV)
C4D signal (mV)

22
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PRENOSNY CE PRISTROJ

ANALYZA EBC

~NO;

C4D signal (mV)
N
3
<
o

| |

15 2
Time (min) |

45

Glutathion (GSH) v EBC

4000

3500 EBC with 5:10
3000
2500
2000

CRRI Y A

fluorescence intensity

1000

500

migration time (min)

1000x nizi LOD nez C4D !! PRI R X7 NP7

Tab.1 : Analytical parameters od the developed method in

real sample EBC

46
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Glutathion (GSH) ve slinach

500

450

400

[ s T
U =} o
(=] =] (=]

(=]
=]
<

L

fluorescence intensity

150

L

wn

saliva

N

1.5 2 25
time (min)

47

CF — cysticka fibroza

lidska dédicna nemoc, ktera postihuje pfevazné dychaci a travici soustavu.

Jde o autozomalni recesivni vrozené onemocnéni zplisobené mutaci
genu produkujiciho protein CETR (anglicky Cystic fibrosis
transmembrane conductance regulator).

Lécba se v soucasnosti soustfeduje zejména na Ié€bu dychaciho Ustroji —
inhalace, fyzioterapie, antibiotika. Nemocni uzivaji travici enzymy v
kapslich, tedy na odstrafiovani ddisledkd onemocnéni. Jeho pficinaje
|éCitelnd, ale zatim nevylécitelna.[Ll

Polovina nemocnych se dnes v Ceské republice doZiva alespori 32 let.
Predpoklada se, ze kazdy 25. ¢lovék v populaci je pfenaSecem
postizeného genu, ale jelikoz ma jednu kopii poSkozenou a druhou v
pofadku, onemocnéni se u ného neprojevuje

24
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DIAGNOSTIKA CF
dédicné onemocnéni
nefunkéni iontovy transport

dychyci obtiZe, infekce, Gl trakt
atd.

DIAGNOZA:

ZVYSENA HLADINA
CHLORIDU V POTU

POTNI TEST
BOLESTIVE

POUZITI CHEMIKALII NA POKOZCE
(pilocarpine)

DOBA TESTU ca 30 MINUT

BEZBOLESTNY

BEZ POUZITi CHEMIKALII (DI
WATER)

DOBA TESTU ca 10 VTERIN

50
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CE-C4D SIMULTANNI ANALYZA IONTU

C4D signal (mV)

1 1.5 2 25 3 3.5 4
time (min)

Fig. 2. DOEI-CE separation of skin wipe of a person with dF508 and G551D muta-

tion before (A) and 14 days after (B) the treatment with Kalydeco. Trace (C) is a

comparison with skin wipe from a healthy volunteer. CE conditions: the same as in 51
Fig. 1.

POUZITI IONTOVYCH POMERU vs. CHLORIDY

20 ™\
Cl'/Na* Cl/K Na*/K*
16 — Lo
oS
2 T 8
[y
c 12— _—
2 <o
g i
£ 8
2 o] °
o oS
1 E IS
) * g

Fig. 4. The concentration ratios of chlorile, sodiupi and potassium in a group of
healthy individuals (4, n=10) and patients With cyStic fibrosis (¢, n=10). The hori-
zontal lines indicate the average of concentrattof ratios of the selected ions in each
group Samples analyzed by DOEI-CE, CE conditions: the same as in Fig. 1.

52
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PCA V DIAGNOSTICE CF

’ ® healthy individuals
< 24 * pediatric CF patients
; ® adult CF patients
e °CF6 oCF9
% 0 cppsCFL CFLL
g_l HaeH2 HTpgl Flfcmcfﬂgg‘l
g CF5
£-2- ¢
-3 . ' " .
3 -2 -1 0 1 2 3
Principal component 1 (65.9 %)
KAPILARNI ELEKTROFOREZA (CE) V
DIAGNOSTICE OTRAV
RYCHLA
MALE OBJEMY VZORKU
VYSOKE ROZLISENI

POTENCIAL

27
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METABOLISMUS METANOLU

N\

0 o}
CH Alcohol Formaldehyr |
| dehydragenose dehydrogengse ‘
C c C €O, +H.O
~
W\ H P N
H H H
Methanol Formaldehyde Formic acid
v

Metobelic acidosis
and fissue injury

N

\culfate/ | malatelcitrate
_ V| fumarkté
s chloride | /phosphate
B | // Nactate
3 i /11| ,succinate
2 ||20mv |
: | acetate
H
8
]
T T T : y
! 05 1 15 2 28

time (min)

Fig. 3. Separation of model mixture of 13 anions and organic acids, CE conditions:
Separation electrolyte: 10mM HIS/1SmM GLU, 30M CTAB, pH 468. Separa-
tion voltage: ~18KV. Hydrodynamic injection: 10¢m/20s. Anion concentrations;
50-200 1M, C4D detection.

MOZNOST DETEKCE METANOLU
ALKOTESTEREM?

56
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PACIENT INTOXIKOVANY METANOLEM
UMELE DYCHANI

Mechanical ventilator -~
blows air, or air with increased £ i h
Endotracheal tube goes oxygen, through tubes inte = Rk o
through patient's mouth the patient's airways M Pt S
and inta the windpipe | [ =
- e =

Nasogastric tube goes
through palient's nase
and into the stomach { N iodicall

| Nurse periodically
| checks the patient.

Air flowing to the patient
passes thiough a humidifier,
which warms and moistens

i NO FORMATE IN

air Tlowin|

e BREATH CONDENSATE

(]
-

!

NEED FOR INVASIVE SAMPLING - BLOOD/SERUM

CE SEPARACE KREVNIHO SERA PACIENTA
OTRAVENEHO METANOLEM

MONITORING OF
HAEMOLYTIC
TREATMENT

i|:100 mV

formate
|
|

lactate

s

g 12 3
] D 7
g o

k=, - o
[ ";‘ % 10
4 =

g EEc

[ o © 8 —|
K] te =

© lactate = = B

@ .
I

koncentrace formiatu (mmol/l)
®
|

" .
e lactate patlent
4
T I T I ’ 1
0 1 2 3 27
time (min)
0

Fig. 6. CE analysis of diluted serum samples and a standard solution. Diluted serum

sample of a patient in the beginning phase of hemodialytical treatment (trace A), 0 2 4 6 8 10
1h after the after the first sample (trace B), 25 h thereafter (trace C) and 1 week doba hemodialyzy (hod)

after (trace D). Trace E is a model solution containing 1 mM chloride and 0.1 mM

concentrations of other analytes. CE conditions as in Fig. 3. 58
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PRENOSNY ANALYZATOR INTOXIKACE
METANOLEM (GRANT TACR)

Je schopen zjistit pfitomnost metanolu a kyseliny mravenéni do 5-10 min

Analyza z kapky krevniho sera (1-10 uL)

Jednoduché pouziti, ambulance, vozidla RZS

¥ METHANOL
‘; ANALYZER

OTRAVY ETHYLENGLYCOLEM

occurs usually as unitentional ingestion of

antifreeze (small children, pets)

Symptoms not easy to distinguish from other

intoxications

Ethylene
Glycol NAD
Icohol
Dehydrogenase

T

NADH
+

H )C:yruva(e
NAD Lactate

Glycoaldehyde

L

Glyoxylate
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ETHYLENE GLYCOL INTOXICATION
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Fig. 2. Separation of model mixture of 15 inorganic and organic anions. CE con-
ditions: separation voltage —15kV, detection C4D, analyte concentrations: 50 .M,
except glycolate, acetate and lactate (100 pM).
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ZAVER

ANALYTICKA CHEMIE NALEZA ZNACNE UPLATNENI V POC
DIAGNOSTICE

JEDNODUCHOST JE HLAVNI DEVIZA
POUZITI V TERENU, LEVNE ZARIZENI

JE STALE CO OBJEVOVAT ©
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