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The aim of the research was to determine the shelf life of the ELISA test kit DIA-HIVAg/Ab (PJSC
SPC “Diaproph-Med”) intended for the determination of antibodies to HIV1/2 and p24 HIV1 antigen
using accelerated storage model at elevated temperatures. It is established that the thermal inactivation
process is subject to a first-order kinetic law. The dependence of the rate constants of inactivation (InK)
on temperature (1/T) is described by the Arrhenius equation at 95% probabiht}l level (F-test). Calculated
on the basis of this model, the activation energy (AEa) equals 23.27 kcal - mol ~. It is established that the
projected shelf life of the test kit was 2 years and 1 month when stored at 4 °C in terms of reduction of its
diagnostic activity by 10%.

Isothermal method of accelerated storage based on the Arrhenius model can significantly save time by
determining the expiration date of the test kit as early as at the stages of its development or modification.
The obtained data can be used for confirmation of the diagnostic kit stability studies, in terms of long-
term storage, correction recommended conditions, and for determination of test kit capability of with-
standing exposure to adverse environmental factors, which may occur during transportation and storage.
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HIV infection remains one of the main
problems of world health. According to the
data released by the Ukrainian Centre for
Control of Socially Dangerous Diseases of the
Ministry of Health of Ukraine, 7.612 new cases
of infection were registered in six months of
2016, including 1.365 children below 14 years
old [1]. One of the main ways to limit the
disease’s spread is its early diagnostics, and
its efficiency is to large extent determined by
the testing strategy, methods adequacy and
quality of diagnostic techniques.

To identify HIV infection at an early
stage, the usual choice is immune enzyme
combined test-systems to simultaneously
identify summary antibodies to HIV and the
viral antigen p24 (viral diagnosticum of the
4™ generation). High analytic sensitivity of
these tests allows one to find HIV not only at
early stages of the infection process, but also

on every stage of the disease, and so to apply
antiviral therapy in a timely manner and lower
the risk of the infection’s spread [2].

An important aspect of development and
production of combined test systems is the
stability and verification of its shelf life,
which influences its functional characteristics
and therefore has an impact upon the results of
the patients’ testing. Research of diagnostics
test-systems’ stability allows to obtain data
about the changes in their quality with time
under the influence of environmental factors
(extreme temperature, humidity, illumination
or vibration).

When determining the shelf life of test
systems, various methods are applied: stress-
testing, study of stability under accelerated
and long-term storage in real time, etc. [3]. The
results are used to work out recommendations
on storage conditions and shelf life of a
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diagnosticum. The method of accelerated
determination of the test system’s stability
under increased temperature lets one to
significantly save time establishing its shelf
life during development and modification [4].

The method of accelerated storage
(“accelerated aging”) of a diagnosticum
under increased temperature is based on
applications of the laws of chemical kinetics
to the processes of inactivation of diagnostic
preparations. It was established that an
increase in temperature speeds up the rates
of chemical reactions. According to the van’t
Hoff equation, a 10 °C increase leads to two- to
four-folds increase in chemical reactions’ rates
[5]. The parameter under study is the kinetics
of the decomposition reaction under the high
temperature. The method allows to determine
the time during which the test system retains
its functional characteristics at a certain
temperature, within a short period of time.
The data are then used to establish the optimal
conditions of storage for the diagnosticum and
its shelf life under certain temperature.

The isothermic method of accelerated
“aging” of a test system, based on Arrhenius
equation, establishes the dependency of
the constant of the reaction speed on the
temperature for reactions of different types,
which lets one to project the shelf life of a
diagnosticum under any temperature [6].

The PJSC SPC “Diaproph-Med” (Ukraine)
developed the immune enzyme combined test
system DIA-HIVAg/Ab that has increased
sensitivity to HIV1/2 identification. Its
diagnostic characteristics (sensitivity and
specificity) allow us to use it to identify HIV
both at early stage and during further stages
of the pathological process.

The work’s goal was to prognose shelf life
of the developed test system at 4 °C using a
model with accelerated storage at increased
temperature using the Arrhenius equation.

Materials and Methods

Test system

We used the diagnostic immune enzyme
test system DIA-HIV-Ag/Ab of three series
(063-15, 066-15, 072-16) made by PJSC
SPC “Diaproph-Med”. The diagnosticum is
constructed as a two-step double ‘sandwich’
from monoclonal antibodies to p24 HIV1
that finds the viral antigen, and a mixture of
synthetic and recombinant polypeptides that
determine summary antibodies to HIV1/2.

We conducted the immune enzyme analysis
(IEA) following the instruction provided for

36

the test system. The results of the analysis of
the serum panel in the test kit was expressed as
the ratio of mean OII/cut off.

Human blood serum sampling

Standard industrial human blood serum
panel (PJSC SPC “Diaproph-Med”), containing
13 diluted samples from HIV-infected, of
which 11 have antibodies to HIV1 and 2 — to
HIV2. All serum panels were confirmed in
the combined immune enzyme test system
Genscreen ULTRA HIV Ag-Ab («BioRad»).

Standard of the antigen p24 HIV1 ABI
(USA) was diluted with healthy blood serum to
10 pg/ml, 5 pg/ml and 2.5 pg/ml.

Shelf life storage research

The shelf life of test system DIA-HIVAg/
Ab was studied at 3 industrial series, each of
which was simultaneously placed into dry-
air sterilizers TC-1/80 CIIY under different
temperatures: (30.0=0.2) °C, (37.0+0.2) °C,
(42.0%0.2)°C, (47.0%+0.2) °C and (54.0=+0.2) °C.
For comparison, we used similar test kits
stored at (4.0=0.2) °C. The periodicity of the
control of the test systems’ diagnostic abilities
depended on the temperature regime of the
storage and the observed results. For every
temperature value, we counted the mean
residual activity for 3 series of the test system.

Mathematical modeling of the experimental
curves of thermal inactivation

The kinetics curves of the dependency
of residual activity of the diagnosticum
on storage time at every temperature were
described using the equation of exponential
function:

C=Cye™ (1),
where C,— initial activity at the beginning
(t=0);

C — residual activity of the diagnosticum
after storage, at time ¢;

t — time of storage (days);

k — constant of inactivation rate of the
diagnosticum (days™?);

e — natural logarithm base, e = 2,71834.

The dependency of the constant of
inactivation rates for the diagnosticum
on temperature was established using the
Arrhenius equation:

K=A-e "/t (2),

where K — constant of inactivation rate for
diagnosticum (days™});

Ea — activation energy, kcalxmol™,
which is the minimal energy the molecules
should have that their collision could lead to a
chemical reaction;
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R — universal gaseous constant, R =
0.001987 kcal'mol ' -K!;

A — empirical constant (days™});

T— absolute temperature (K).

The data were statistically treated using
common software [7]. The adequacy of
Arrhenius equation was evaluated by analysis
of variance using Fisher’s criterion (F-test).
To compute the kinetic parameters of linear
regression we used the “Microsoft Excel”
program (Linear function).

Results and Discussion

The determination of the shelf life of the
DIA-HIVAg/Ab test system at 4 °C using the
accelerated storage model included:

—analyzing the kinetics of the experimental
curves of the diagnosticum inactivation at
different temperatures to determine the order
law of the equations and to calculate the rate
constants for them;

— plotting the dependency of the test
system’s inactivation rate constant on
the temperature in the coordinates of the
Arrhenius equation and testing its adequacy
by statistical methods;

— calculating the activation energy and
projecting the test system’s shelf life at 4 °C
based on the Arrhenius equation.

According to the “accelerated aging”
method, the test system under investigation
is kept at temperatures higher than its usual
storage temperature. At the heightened
temperatures the physical and chemical
processes are accelerated, leading to a
shortened time period during which the
pertinent parameters of the diagnosticum’s
quality remain within acceptable limits.
This allows to significantly decrease time
necessary to establish the shelf life of the
product while it is still being developed or
modified. The obtained data are then used to
confirm results of the test system’s stability
under long-term storage. The results also
allow to see how capable is the test system
of withstanding short-term unfavourable
conditions which might occur during its
transport and storage.

According to the laws of kinetics, the rate
of a chemical reaction is determined by the
change in the reagents’ concentrations per unit
of time and is expressed by the equation:

V=—dC/dt=k-C,,

where dC/dt is the change of the initial
substance in time;
k is rate constant;

C, is the quantity of the decomposed
substance over time ¢.

The “minus” sign shows the decrease in the
quantity of the reagent.

Integrating the equation we obtain the
following formula:

lnC = lnCO - kt (3),

where InC — natural logarithm of the
concentration;

C, — initial concentration at time ¢ = 0.

Meanwhile, remaining quantity of the
substance that remains active will be equal
C = C, — C,. If the kinetics of the reaction is a
firt-order law, then the plot of the dependency
of [nC on time ¢ should be a straight line, and
the tangent of its inclination angle would be —£.
The length of the fragment of the ordinate axis
cut at ¢t = 0 will be InC,,. Thus, the rate constant
of a first-order reaction & is calculated by the
equation:

k=1 —C (4).
t C -C,

Therefore, to determine the order of the
reaction in our reaction in our experiments
it was necessary to determine the change
in diagnostic activity of the test system at
certain points of time at certain temperature
and to plot the dependency of In C/Cyon t. The
unchanging value of the constant k& supports
the correspondence of the thermal inactivation
kinetics to a first-order equation.

Fig. 1 shows the plots of the dependencies
of the residual activity of DIA-HIVAg/Ab
test system on storage time in the range of
temperatures from 30 °C to 54 °C.

Based on the semi-log anamorphoses
of kinetic curves (Fig. 2) we calculated the
parameters of the linear regression and
developed the equations for the trend lines
for the corresponding temperature. For the
calculations we used the method of least
squares in the “Microsoft Excel” program.
The inactivation rate constant is graphically
represented as the tangent of the inclination
angle of the kinetic line.

Table 1 contains theoretical values of
the inactivation rate at different storage
temperatures of test system DIA-HIV-Ag/Ab.

It follows from the obtained data
that the thermal inactivation process
follows a kinetic law of the first order (the
coefficients of determination R? are in the
range of 0.95 to 0.99), which allows to use
the theoretically derived rate constant for
further calculations in the coordinates of
the Arrhenius equation.
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Fig. 1. Kinetic curves o the dependency of the residual activity of the DIA-HIV-Ag/Ab test system
on the storage time at different temperatures:

a:30°Cand 37 °C, b: 42 °C, 47 °C and 54 °C
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Fig. 2. Linear anamorphoses of kinetic curves o the dependency of the residual activity
of the test system DIA-HIVAg/Ab on storage time at different temperatures:
a:30°Cand 37 °C, b: 42 °C, 47 °C and 54 °C

Table 1. Comparative evaluation o the inactivation rate constants for the test system DIA-HIV-Ag/Ab
depending on storage temperature

Storage temperature, Inactivation rate constant &, Detern}il}ation
-1 InK coefficient,
t (day ) M+m R2
30 °C (3.47= 0.09)1073 -5.6619 0.998
37°C (15.354:1.39)-1073 -4.1767 0.984
42 °C (36.O4i3.66)-10_3 -3.3230 0.977
47 °C (43.79+7.28)1073 -3.1284 0.948
54 °C (61.014:4.82)-1073 -2.7967 0.988
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In the logarithmic form, the Arrhenius
equation (equation 2) attains the following
form:

InK=InA-Ea/RT (5),

where A is the pre-exponential factor,
determined by the fragment of a line cut by the
straight line on the ordinate axis at 1/T = 0.

According to this formula, the logarithm of
rate constant depends linearly on the inverse
temperature.

The obtained values of the test system’s
inactivation rates at five different
temperatures allowed us to build a graph of
dependency Y = Inkon X = 1/T (Fig. 3).

To confirm the linear dependency
between the X and Y variables we used the
least squares method, to determine the
parameters of the linear regression, using
for these calculations the Linear function
in “Microsoft Excel” program. At linear
regression, the sum of the squares of random
deviations from the variable that depends
on the arithmetic mean, is composed by the
sum of squares for the regression and the
random values. Dividing the obtained sums
of squares on the corresponding degrees of
freedom, we obtained two dispersions — one
for regression and one for the random errors.
Fisher’s criterion (Ffact.) is the ratio of
the former to the latter. The actual value of
Fisher’s criterion was compared to the table at
the chosen significance level for two degrees
of freedom f1 = m and f2 = (n — m —1), where
n is the number of observations, and m is the
number of parameters for the variable X. If
Ffact. exceeded the critical value provided
in the table, we concluded that the equation
was on the whole statistically significant,
which allows to postulate the linearity of
the anamorphose and so the adequacy of the
approximation model.

Ink o0

5

6

From the data provided in Table 2,
the significance of the obtained results
corresponds with the 95% level of true
prognoses. Therefore, the variable (nK
linearly depends on the variable 1/T (Fig. 3)
and the Arrhenius kinetic model adequately
describes the dependency of the inactivation
process for the DIA-HIV-Ag/Ab test system on
temperature.

Having found the tangent of the inclination
angle for the straight line in the coordinates of
the Arrhenius equation (formula 4), one can
calculate the activation energy according to
the formula:

—Ea
R

tg o = (6).

Activation energy (Ea) is an important
quantitative parameter of a substance’s
reactivity. According to the collision model,
the chemical reaction between two initial
substances can occur only as a result of their
molecules colliding [8, 9]. However, not any
collision leads to a chemical reaction. First,
a certain energy barrier must be overcome so
that the molecules could start reacting with
each other. E.g., these molecules must have
a certain minimal energy (activation energy)
to overcome the barrier. According to our
data, activation energy for this reaction is
23.27 kcal/mol, which agrees with results [8]
for temperature inactivation of a number of
medicinal preparation ( 12 to 24 kcal/mol).

Using the formula for linear regression for
Arrhenius equation

y=-11713 x + 33.393,

we calculated the kinetic parameters of the
DIA-HIVAg/Ab test system stability required
to project its shelf life if stored at 4 °C. The
time at which the test system’s diagnostic

y=-11560x+ 32,925
R¥=0,8838

*

hd T

0,003 0,00305 0,0031 0,00315 0,0032 0,00325 0,0033 0,00335

Fig. 3. A semi-log plot of the dependency of the DIA-HIVAg/Ab diagnosticum’s inactivation constant
on the temperature in the Arrhenius equation coordinates
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Table 2. Kinetic parameters of the thermal inactivation process for the DIA-HIV-Ag/Ab test system

to project its shelf life at 4 °C

Temperature Time of the F-test Activation energy
diagnostical (AEa), kcal/mol)
1/T InK K test system
x1073 remaining FO05
o o active, days
t,°C | T,°K y Frae. | FoO1
10.13
4 277 3.61 -8.8907 0.000138 765 24.99 23.27
34.12

ability decreases by 10% — the normative
parameter for immunobiological preparations
[ 10 ], was calculated by the following formula:

= LI (7).
K, 0.90

1 Co
—In—=
K, C

According to the parameters of the
diagnosticum’s thermal inactivation at 4 °C
(Table 2), the projected time of storage for the
test system before its activity decreases 10% is
765 days (or 2 years and 1 month).

Therefore, despite the complex chemical
composition of the diagnosticum’s reagents,
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IIPOTHO3YBAHHS
TEPMIHY IIPUJATHOCTI
IMYHOEH3UMHOI KOMBIHOBAHOT
TECT-CUCTEMH IJISI JIATHOCTHUKH BILJI1/2

T. IO. Tpoxumu{ﬂcl, 0. M. Yymax!,
JI. M. Moiica', B. O. IIlesuyx?,
JI. O. T'anosa?, B. . Cepdiox?,
M. A. Cnisax?®

HIpAT HBK «[Tianpod-Mex», KuiB, Ykpaina
IrcTuryT MikpoGioorii i Bipycosorii
im. I1. K. 3ab6omornoro HAH Vkpainu, Kuis

E-mail: T.Trohymchuk@rambler.ru

Meroio pobGoTu OyJI0 BU3HAYEHHS TePMiHY
MIPUIATHOCTI iMyHOEH3UMHOI TecT-cucTeMu DIA-
HIVAg/Ab (IIpAT HBEK «ianpod-Meza»), 1o
TpU3HAYEeHA VIS BUSABJIEHHSA CyMapHUX aHTUTLI
1o BIJI1/2 ra autureny p24 BIJI1, meTomom mmpu-
CKOPEHOT0 30epiranHsA 3a IMiABUIIEHUX TeMIlepa-
TYP 3 BUKOPUCTAHHAM PiBHAHEA AppeHiyca.

BcranosiieHo, 1110 mpoiiec TepMOiHaAKTHBA-
il TiATOPAAKOBYEThCA KiHETUUYHOMY 3aKOHY
mepIiroro mopAAKy. IIpm mpomy 3asiexHicTH
KOHCTAHT INMBUAKOCTe#d imarTumBarii (InK)
Bix Temneparypu (I/T) onucyerbcsa pPiBHAH-
Hsam Appeniyca Ha 95% -my piBHI WiMOBipHO-
cti (F-mecm ). PosdpaxoBana Ha OCHOBi 1ieil
mome i eHepria axkrtuBaiii (AEa) mopiBHIOE
23,27 kkau + moub . IIpormosoBanuii TepMin
MIPUAATHOCTI TECT-CUCTEMHU 3 ypaXyBaHHAM 3HU-
JKeHHd 11 giarmoctuuHol akTuBHOCTiI Ha 10%
CTaHOBUTH 2 poKu 1 mMic 3a TemuepaTypu 36epi-
rarusa 4 °C.

IzoTepmiuHMiT MeTON IPUCKOPEHOTO 36epi-
radHs Ha OCHOBi Mozesi AppeHiyca gae smory
3HAYHO 3a0II[aJUTH YaC JIJI BCTAHOBJIEHHSA TEP-
MiHY IPUIATHOCTI TeCT-CUCTEMH Ha eTamax ii
pospobienua abo mogudikarmii. Orpumani gami
HagaJi MOXKYTh OyTY BUKOPUCTAHI /1A TiATBED-
IKEeHHS Pe3yJabTaTiB JOCIiIKeHb cTadiapHOC-
Ti 1iarHOCTUKYMY B YMOBaX JTOBIOCTPOKOBOTO
30epiraHHsa, KOPEeKIlil peKOMeHJOBaHUX YMOB,
a TaKOK JOIOMOJKYTh BUBHAUUTHU, HACKIIBKH
TeCT-CUCTEMA 3JaTHA BUTPUMYBATHU BILJIUB He-
CUPUATINBUX (PaKTOPiB JOBKIIIA, AKI MOXKYTH
BUHUKHYTH IIiJ1 Yac ii TpaHcIopTyBaHHS Ta 30e-
piranHsda.

Knarmouosi cnosa: meton MPUCKOPEHOro 30epiras-
HA, piBHAHHS AppeHiyca, IMyHOEH3UMHMUII
amaiis, miarHoctruxka BIJI, xombinmoBama TecT-
cucTeMa.

INTPOTHO3NPOBAHHE
CPOKA I'O/THOCTA UMMYHODH3UMHOM
KOMBUHUPOBAHHOH TECT-CHCTEMBI
JJIA TUATHOCTHKHN BUY1/2

T. IO. Tpoxumuyx', E. H. Yymax!,
JI. H. Moiica®, B. A. Illesuyx?,
JI. A. Tanosa?, B.T. Cepowk?,
H.A.Cnusax®

I'YAQ HIIK «Ouampod-Mexn», Kues
MHCTUTYT MEKDPOGHOTIOTAN
u Bupycogoruu uM. [[. K. 3ab6oaoTHOTO
HAH VYkpawnnbsl, Kues

E-mail: T.Trohymchuk@rambler.ru

ITennio pabGoThl OBIJIO OIpeAeeHre CPOKa
TOAHOCTA WMMYHODSH3UMHOM TECT-CHUCTEMBI
DIA-HIVAg/Ab (HAO HIIK «[Quamnpodh-Men»),
peJHa3HAYeHHOH /IS BBIABICHUS CYMMapPHBIX
auTurea Kk BUY1/2 n anturena p24 BU41, me-
TOJOM YCKOPEHHOr0 XPAaHEeHUS ITPU MOBBIIIEH-
HBIX TEMIIEpATypax C UCII0JIb30BaHUEM YPaBHE-
HUs AppeHuyca.

YcTaHOBIEHO, UTO IPOIECC TEPMOMHAKTHBA-
Y TOJUNHAETCI KUHETUUECKOMY 3aKOHY TIep-
BOTO TTOpAAKa. [Ipy 9ToM 3aBUCUMOCTH KOHCTaHT
ckopocteit unakTuBanuu (1nK) ot TemMepaTypbl
(1/T) onuceiBaercsa ypaBHeHUEM AppeHuyca Ha
95% -m ypoBHe BeposaTHocTU (F-mecm). Paccun-
TaHHAA HA OCHOBE 9TOI MOJEIU SHEPIUA aKTHBA-
muu (AEa) paBHa 23,27 KKanx-Moub . IIporso-
3UPYEMbIl CPOK CTaOUJIBHOCTU TECT-CUCTEMBI C
YUEeTOM CHUKEHU ee MUAaTrHOCTUUECKON aKTUB-
Hoctu Ha 10% cocrasaser 2 roga 1 mec mpu Tem-
nepatype xpanenus 4 °C.

W3sorepMuuecKuii MeTO/] YCKOPEHHOT0 Xpa-
HEeHUs Ha OCHOBe Mofies i AppeHnyca IT03BOJIsIeT
3HAUMTEJFHO COKOHOMUTH BPEMA YCTAHOBJIEHUA
CPOKa TOJHOCTH TECT-CHCTEMBI HA dTamax ee
paspaboTku aub0 moxuduramuu. IloaydeH-
Hble JaHHBbIE B JaJbHEHUIIIEeM MOTYT OBITHL WC-
TIOJIb30BAHBI JJIA TTOTBEPKAEHUS PE3yIbTaTOB
UCCJIeJOBaHUI CTa0OMIBHOCTU AUATHOCTUKYMa
B YCJOBUSAX MOJTOCPOUYHOTO XPaHEHUs, KOP-
PeKIINY PeKOMEHJOBAHHBIX YCIOBUM, a TaKKe
IanyT BOBMOXKHOCTH OIPEJeNUTh, HACKOJIBKO
TECT-CUCTEMA CIIOCOOHA BBIAEPKUBATH BO3ETi-
CTBUA HEOJATOTIPUATHBIX (PAKTOPOB OKPYKAIO-
11ei cpefibl, KOTOPhIe MOTYT BOSHUKHYTH IIPU ee
TPAHCIIOPTUPOBKE U XPaHEHUN.

Knrwuesvie cnoeéa: MeTon YCKOPEHHOT'O XpaHe-
HUs, ypaBHeHNe AppeHnyca, MMMYHOSH3UMHBIA
aHanus, nuarHoctuka BUY, KomOmHHpoOBaHHASA
TeCT-CHUCTEeMA.
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