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NMPOrHO3MPOBAHUE UCXOOA BAKUNHALINA

NnPOTUB KOPU Y MEOULUMNHCKUX PABOTHUKOB

Epemenko AA, I'ycakosa O.A., Murauesa H.B.,
I'masmusaposa P.H., Iamua A.B.

@I'bOY BO «Camapckuii eocyoapcmeennblii MeOuyuHckuil ynusepcumem» Munucmepcmea 30pasooxpanenus PP,
2. Camapa, Poccus

Pesiome. [IpoBeneHre CBOEBPEMEHHOUN BaKIIMHALIMU SIBJISIETCS €AMHCTBEHHBIM FapaHTOM 3JIWUMUHALIUU
KopeBoit nH(eKIMU. [1o fTaHHBIM TUTEPATYPhI PUCK 3apaXKEHUS KOPbIO Y MEAUIIMHCKUX PaOOTHUKOB B 13-19
pa3 BbIIIIE, UeM y HaceJeHUs B 1ieaoM. ot mull, He chopMUPOBABIINX UMMYHHBII OTBET Ha BaKIIMHAIIUIO,
moxeT gocturath 10%. HakoruieHre cepoHEraTUBHBIX JIMIL B MOMYJISIIIMU MOKET ITPUBECTU K BCIIBIIIKE KO-
peBoit nHdekuu. Lleapo TaHHOW pabOTHI SBASETCS MMOUCK OMOXUMUYECKUX U UMMYHOJIOTUYECKUX ChIBO-
POTOYHBIX MapKEPOB-MPEAUKTOPOB BHIPAOOTKM MOCTBAKIIMHAIBHBIX MPOTUBOKOPEBbIX IgG y MEIUITMHCKUX
paGoTHUKOB. B MccaenoBaHny NMPUHSLIA ydacTe 76 MEIUIIMHCKUX paOOTHUKOB B Bo3pacTe oT 19 10 51 roma
C J1ab0opaTOPHO MOATBEPKAESHHBIM OTCYTCTBUEM aHTUTEJ MPOTUB BUpyca Kopu. JlaHHbIE J1Ia ObLIU ABaX-
bl BaKIIMHUPOBAHbI >KUBOI KopeBoil BakimHoil (HITO «Mukporen», Poccus) ¢ unTepBajiom B 3 Mecsia.
Onpenenenue IgG k Bupycy kopu, cymmapHbix 1gG, IgM, IgA, IFNy, IL-6, C-peakTuBHOTrO 6ejiKa, 0611ero
oenka, AJIT, ACT, obiiero 6uimpyornHa, MOYEBUHBI, KpeaTUHUHA, OETKOBBIX (hpaKIMil MPOBOIAUIIN 10 BaK-
LUHALWU, yepe3 | Mecsll moce BakKIMHAIWU, yepe3 1 Mecsll Imocie peBaKIIMHALUY, a Takxke yepe3 1 rog mo-
cJie peBaKIMHaUU. s OlleHKN AUarHoCcTU4ecKoil 2(HEKTUBHOCTU MPUMEHEHUS TaHHBIX KOJTUYECTBEH-
HBIX TTOKa3aTeJiell CBIBOPOTKU KPOBU MPU NMPOTHO3UPOBAHUM pe3ybTaTa BaKIIMHALIMA UCITOJIb30BaJICS METO
ROC-ananuza. PazpaboTka MporHocTuUecKoil MOAEIM BEPOSITHOCTH MCXOJla BaKIIMHALIMM MPOBOAMIIACH C
MCNOJb30BAaHUEM JIOTUCTHUYECKOU perpeccuu. [ToTeHIManTbHBIMU J1a00OPATOPHBIMU MPEAUKTOPAMU BaKIIU-
HaJIbHBIX HEeyJay MPU BaKIIMHALIMU TPOTUB KOPU Y MEAULIMHCKUX PaOOTHUKOB MOTYT BeicTymaTh IFNy, cym-
mapnble [gG, IgM, o6muit ounupyouH, AJIT Ha pa3TUUHBIX CTaAUsIX UMMyHU3aluu. [1pu aTom Haubosiee
VH(OPMATUBHBIM SBJSIETCS oNpeneeHue coaepxanus mokasareseit IFNy no Bakuunauuu u IgG K BUpycy
KOpU MocJje MepBoii BaKIMHAIIMK. Ha OCHOBaHUM MaHHBIX MOKa3aTejell ynajaoch cO31aTh PErpecCUOHHbBIE
MOJENU, TPeACcKa3bIBaloIe PUCK KaK MTEPBUYHBIX, TAK U BTOPUYHBIX BaKIIMHAIBbHbBIX Heyaay. [TomyyeHHbIe
MOJEJIU JIETJIM B OCHOBY pa3pabOTKU aJiTOPUTMa MPOTHO3UPOBAHUSI BaKIIMHAIBHBIX HEYIa4 Y MEIULIMHCKUX
pabGOTHUKOB MpPU BaKIMHALIMU TIPOTUB BUPYCca KOPU, KOTOPBIA MOXET ObITh UCITOJIb30BaH IS BbISIBICHUS
JIVII] U3 TPYIII pUCKa MO HeC(HOPMUPOBAHHOMY CIeIM(DUIECKOMY TYMOpPaTbHOMY UMMYHUTETY. TakuM 00-
pa3oM, TaHHbBII aJrOPUTM B MEPBYIO OUEpPEelb OPUEHTUPOBAH HA MOMCK JIUIL, HE OTBETUBIINX Ha MPOTUBO-
KOPEBYIO BaKI[MHAIIWIO, CPEIN KOTOPBIX TAKXKEe MOXHO OOHAPYXUTh JIULl ¢ UMMYyHoAedpUuuuTamMu. Mbl He
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MCKJIIOYAaeM, YTO Ha OCHOBAHUU BBISIBJIEHHBIX MOTEHIIMATBHBIX NTPEIUKTOPOB 3(h(HEKTUBHOCTU MPOTUBOKO-
peBOIl BaKIIMHAIIMKA BO3MOXHO MOCTPOEHUE MPOTHOCTUYECKUX MOJEJIeN U IJIs NPYTrUX BaKIIMHOYMNpaBJsie-
MBbIX UH(EKIIUIA.

Knroueswie cnosa: eakyunauus, Kopb, MeOUyUHCKUe pabOMHUKU, NPeOUKmMopsl, aHmumena, 6aKUUHANbHAS Hey0aua

OUTCOME PREDICTION OF THE MEASLES VACCINATION IN
HEALTHCARE EMPLOYEES

Ereshchenko A.A., Gusyakova O.A., Migacheva N.B., Gilmiyarova F.N,,
Lyamin A.V.

Samara State Medical University, Samara, Russian Federation

Abstract. Vaccination is the only guarantee for elimination of measles infection. Healthcare workers have
a 13- to 19-fold higher risk for contracting measles than the general population. The number of individuals
in the population who did not respond to vaccination is up to 10%, and their accumulation may lead to an
outbreak of the infection. The aim of our research was to find potential predictors of arising post-vaccination
measles antibodies in the panel of biochemical and immunological serum markers in healthcare workers. The
group of healthcare workers (n = 76) aged from 19 to 51 years, with proven absence of pre-existing anti-measles
antibodies were twice vaccinated 3 months apart with live measles culture vaccine (SPA “Microgen”, Russia).
Measles-specific I1gG, total IgG, IgM, IgA, IFNy, IL-6, CRP, total protein, ALT, AST, total bilirubin, urea,
creatinine, protein fractions were determined before vaccination, 1 month after vaccination, 1 month following
revaccination, 1 year after revaccination. ROC analysis was used to gain access to the diagnostic performance
of quantitative variables in predicting a categorical outcome. Development of a predictive probability model for
the binary outcome was carried out using logistic regression. IFNy, total IgG, IgM, total bilirubin, ALT activity
at various post-immunization stages may be considered potential laboratory predictors of measles vaccination
failures in healthcare workers. Meanwhile, the contents of pre-vaccination IFNy, and IgG to measles virus
after first vaccination proved to be most informative indexes, which formed the basis for the development
of regression models predicting the risk of both primary and secondary vaccination failures. These models
allowed to develop algorithm for predicting failures of the measles vaccination in healthcare workers that can
be used for detection of persons at risk for non-forming specific humoral immunity. This algorithm is primarily
focused on search for the persons who have not responded to measles vaccination, including subjects with
probable immunodeficiency conditions. We do not exclude that, on the basis of revealed predictors following
measles vaccination, it would be possible to build prognostic models of vaccination efficiency for other vaccine-
managed infections.

Keywords: vaccination, measles, healthcare staff, predictors, antibodies, vaccination failure

Introduction of medical forces and funds to combat the pandemic
of the new coronavirus infection led to failures in the
implementation of planned vaccination — the only
guarantor of the elimination of measles infection.
As of November 2020, more than 94 million were

According to the World Health Organization
in 2019, there was a sharp increase in measles rates
worldwide, reaching the highest level in 23 years, and
measles deaths worldwide increased by almost 50%. ; : )
In the WHO European Region in 2019, in Ukraine, not vaccinated on time due to shortage of vaccine
Georgia, North Macedonia, Kazakhstan, measles because of the suspension of measles campaigns in 26
incidence rates exceeded 700 cases per 1 million countries. Only isolated countries were able to resume

population [17]. Several regions have lost the status vaccination campaigns after initial delays [20].

of “free of endemic measles”, others have failed to Within the framework of the WHO measles and
achieve the required measles vaccination coverage Trubella initiative, seven strategic priorities have been
90%) 19, 21]. developed in the strategic framework for measles and

Despite the fact that in 2020 the numberofrecorded rubella control for 2021-2030. The solution of which
cases of measles infection decreased, the redistribution is inextricably linked to the activities of laboratory
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services. One of them is to conduct research that
contributes to achieving a high level of population
immunity to measles [18]. One of the ways to solve
this problem is to study post-vaccination measles
humoral immunity in various professional, age,
ethnic groups, as well as to identify the links of the
vaccination response with the genetic, biochemical,
immunological features of the body, and to search for
predictors of the formation of immunity.

The aim: finding predictors of production of post-
vaccination measles antibodies among biochemical
and immunological serum markers in healthcare
workers.

Materials and methods

Participants and design

Thisstudy approved by the Committee on Bioethics
in Samara state medical university. The group of
healthcare workers (n = 76), conditionally healthy
between the ages of 19 and 51. Inclusion criteria
were practically healthy persons with serologically
confirmed absence of anti-measles antibodies. The
exclusion criteria were acute chronic diseases, the
presence of socially significant infections, oncological,
autoimmune, allergic, rheumatological diseases,
immunodeficiency, pregnancy, contraindications to
measles vaccination, contact with a measles patient
during the last month. These persons were twice
vaccinated 3 months apart with live measles culture
vaccine (SPA “Microgen”, Russia). Determinations
of measles IgG, total IgG, IgM, IgA, IFNy, IL-6,
CRP, total protein, ALT, AST, total bilirubin, urea,
creatinine, protein fractions were carried out before
vaccination (before V), 1 month after vaccination
(after V1), 1 month after revaccination (after V2),
1 year after revaccination. At each study control
point, all vaccinated individuals were divided into the
seropositive and seronegative groups depending on
the results of measles IgG determination.

Laboratory research

Biochemical and immunological parameters were
determined in serum samples taken on an empty
stomach. Determination of measles IgG, IFNy,
1L-6 was performed by ELISA (Vector-Best, Russia).
Measurement of total IgG, 1gM, IgA, CRP, total
protein, ALT, AST, total bilirubin, urea, creatinine was
performed by automatic biochemical analyzer Cobas
Integra 400 plus (Roche-Diagnostics, Switzerland).
Protein fractions were determined using capillary
electrophoresis (Sebia, France).

Statistics

Statistical analysis was performed using StatTech
v. 2.8.5 (Developer — StatTech LLC, Russia).
Quantitative variables were assessed for normality
using the Shapiro-Wilk test (when the number
of subjects was less than 50) or the Kolmogorov-
Smirnov test (when the number of subjects was more

than 50). Quantitative variables following non normal
distribution were described using median (Me)
and lower and upper quartiles (Q,,s-Q,-s). Mann—
Whitney U test was used to compare two groups on
a quantitative variable whose distribution differed
from the normal distribution. Statistical significance
was assumed at p < 0.05. ROC analysis was used to
assess the diagnostic performance of quantitative
variables in predicting a categorical outcome. The
presence or absence of measles IgG is selected as a
dependent binary variable. The optimal cut-off value
of the quantitative variable at was estimated using the
Youden’s J statistic. The development of a prognostic
model for the probability of a binary outcome was
carried out using logistic regression. Nagelkerke R
was used as a measure of the model performance.

Results

Prediction of primary vaccination failures

The analyzed substances representing statistically
significant differences between the seropositive
and seronegative groups in early (I month after
revaccination) and late (1 year) post-vaccination
period, were considered as potential predictors of
the absence of measles post-vaccination humoral
immunity. At 1 month after vaccination, statistical
differences for the groups of responders and non-
responders were identified by the following analytes:
IFNy, total IgG, IgM, measles IgG, total bilirubin,
ALT at various stages of immunization (Table 1).

The diagnostic performance of the tests was
evaluated by ROC analysis and is presented in Table 2.

Thus, these markers can be considered as
additional predictors of primary vaccination failures
in measles vaccination in healthcare workers.

To analyze the relationship of these analyzed
substances with the absence of immune response
formation, a logistic regression method with logit
transformation of the obtained model was used.
Regression equations was compiled, including
combination of these analytical data from which a
model characterized by a higher quality predictive test
was selected:

P=1/(1+e?) 100%

2= 5.773-1.5XenY vefore v 3- 173X meagtes 156 atter vi.,

where P — probability of immune response to
vaccination, e — exponent (¢ = 2.7182 — constant),
z — dependent binary variable (response and non-
response to vaccination), X{p\Y before v serum
concentration IFNy before V, Xycages 166 aer vi — SETUM
concentration Measles IgG after V1.

The resulting regression model is statistically
significant (p < 0.001). Based on the value of
Nagelkerke R, the model explains 59.6% of the
observed response in early post-vaccination period
variance. 1 pg/ml increase of IFNy before V is
associated with 3.8 times decrease in availability of

369



Epewenxo A.A. u op.
Ereshchenko A.A. et al.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

TABLE 1. STATISTICAL DIFFERENCES IN SERUM BIOCHEMICAL AND IMMUNOLOGICAL PARAMETERS DEPENDING ON
THE RESPONSE TO VACCINATION IN EARLY POST-VACCINATION PERIOD (ONLY STATISTICALLY RELEVANT DATA ARE

PRESENTED)
Categories
Analytes non-responders (n = 6) Me Q,25-Qq 75 p
responders (n =70)
non-responders 4.81 3.82-5.80
IFNy before V, pg/mL 0.002*
responders 3.77 3.54-3.99
non-responders 6.38 5.93-7.80
Total IgG before V, g/L 0.032*
responders 8.13 6.80-9.52
non-responders 0.39 0.24-0.58
Measles IgG after V1, lU/m <0.001*
responders 1.71 0.92-1.96
non-responders 21.9 10.9-32.9
ALT after V1, U/L 0.026*
responders 11.2 5.5-17.0
non-responders 8.8 4.8-12.7
Total bilirubin after V1, pmol/L 0.005*
responders 4.1 2.8-5.5

Note. *, differences are statistically significant (p < 0.05).

TABLE 2. DIAGNOSTIC ABILITY OF LABORATORY PARAMETERS AS MARKERS OF VACCINATION FAILURES IN THE

EARLY POST-VACCINATION PERIOD

Analytes AUC (p) Se, % Sp, % Cut-off
0.744
IFNy before V, pg/mL (p = 0.01%) 68.8 81.8 >4.29
0.703
Total IgG before V, g/L (p = 0.032%) 65.1 72.2 <75
Measles IgG after V1, IlU/mL 0.893 87.5 90.9 <0.702
’ (p < 0.001%) ' ’ ’
0.917
ALT after V1, U/L (b = 0.033) 83.3 50.0 >14.4
Total bilirubin after V1, pmol/L 0.958 83.3 75.0 >6.3
’ (p =0.019%) ' ’ ’

Note. *, model is statistically significant (p < 0.05).

1,00 -
0,75 -
=
= 050~
2
»
0,25 -
0,00~ . { . | '
0,00 0,25 0,50 0,75 1,00
1-Specificity

Figure 1. ROC-curve characterizing the dependence of
the probability response to vaccination in early post-
vaccination period on value of logistic function P

a response to vaccination in early post-vaccination
period odds. 1 IU/ml increase of measles IgG after V1
is associated with 33.876 times increase in response
on vaccination in early post-vaccination period odds.

When evaluating the dependence of the probability
of response on vaccination in early post-vaccination
period on the value of logistic function P using the
ROC analysis, the following curve was obtained
(Figure 1).

The area under the ROC curve comprised
0.944+0.029 with 95% CI: 0.887-1.000. The resulting
model was statistically significant (p < 0.001). The
cut-off value of logistic function P which corresponds
to the highest Youden’s J statistic is 0.64. If logistic
function P was greater than or equal to this value
availability of a response to vaccination in early post-
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vaccination period was predicted. The sensitivity and
specificity of the method were 95.0% and 87.5%,
respectively.

Prediction of secondary vaccination failures

1 year after vaccination, statistical differences for
the groups of responders and non-responders were
identified by the following analytes: IFNy, total
IgM, measles IgG at various stages of immunization
(Table 3).

To predict secondary vaccination failures, in
addition to specific IgG, indicators of total IgM in the
pre-vaccination period and after the first vaccination,
as well as IFNy before vaccination can be used
(Table 4).

The compounded regression model again was
based IFNy before V and measles I1gG after V1:

P=1/(1+e*) 100%

z= 1 384'_0822)<[FNY before V+2‘494XMcaslcs IgG after V1

where P — probability of immune response to
vaccination, e — exponent (¢ = 2.7182 — constant),
z — dependent binary variable (response and non-
response to vaccination), XipnY pefore v — SErum
concentration IFNy before V, Xyees 166 afier vi — SETUM
concentration Measles IgG after V1.

The resulting regression model is statistically
significant (p=0.001). Basedonthevalue of Nagelkerke
R, the model explains 53.9% of the observed response
in early post-vaccination period variance. Based

TABLE 3. STATISTICAL DIFFERENCES IN SERUM BIOCHEMICAL AND IMMUNOLOGICAL PARAMETERS DEPENDING ON
THE RESPONSE TO VACCINATION IN EARLY POST-VACCINATION PERIOD (ONLY STATISTICALLY RELEVANT DATA ARE

PRESENTED)
Categories
Analytes non-responders (n = 6) Me Q,25-Qo 75 p
responders (n = 65)
non-responders 1.18 0.98-2.12
Total IgM before V, g/L 0.045*
responders 0.99 0.71-1.22
non-responders 1.46 1.09-2.77
Total IgM after V1, g/L 0.025*
responders 1.04 0.76-1.38
non-responders 0.531 0.368-1.539
Measles IgG after V1, IlU/mL 0.035*
responders 1.690 0.827-1.915
non-responders 0.649 0.450-0.848
Measles IgG after V2, IlU/mL <0.001*
responders 1.467 1.193-1.742
non-responders 4.39 3.14-5.63
IFNy before V, pg/mL 0.045*
responders 3.41 3.21-4.00

Note. *, differences are statistically significant (p < 0.05).

TABLE 4. DIAGNOSTIC CAPACITY OF LABORATORY INDICATORS AS MARKERS OF SECONDARY VACCINATION FAILURES

IN MEASLES VACCINATION
Analytes AUC (p) Se, % Sp, % Cut-off
0.722
Total IgM before V, g/L (p = 0.045%) 63.2 54.5 >1.18
0.758
Total IgM after V1, g/L (p = 0.025%) 89.5 50.0 >1.76
Measles IgG after V1, IU/mL 0.737 94.4 54.4 <0.549
9 ’ (p = 0.035%) : : :
Measles IgG after V2, IU/mL 0.960 100.0 90.0 <0.829
’ (p < 0.001%) ' ’ ’
0.765
IFNy before V, pg/mL (p < 0.023%) 711 74.7 > 3.88

Note. *, model is statistically significant (p < 0.05).
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Figure 2. Analysis of the sensitivity and specificity of
regression model depending on value of logistic function P

on the values of the regression coefficients, a direct
relationship was established between IgG measles
after V1, and the inverse association IFNy before V
with the probability of response to vaccine in 1 year
after vaccination (Table 5).

‘When evaluating the dependence of the probability
of response on vaccination in 1-year post-vaccination
period on the value of logistic function P using the
ROC analysis, the following results was obtained
(Figure 2).

The area under the ROC curve comprised
0.88540.066 with 95% CI: 0.755-1.000. The resulting
model was statistically significant (p < 0.001). The
cut-off value of logistic function P which corresponds
to the highest Youden’s J statistic is 0.4. The sensitivity

TABLE 5. CHARACTERISTICS OF THE ASSOCIATION OF PREDICTORS WITH THE PROBABILITY OF RESPONSE TO

MEASLES VACCINE IN 1 YEAR AFTER VACCINATION

Unadjusted Adjusted
Predictors
COR; 95% CI AOR; 95% CI p
IFNy before V 0.561; 0.264-1.192 0.133 0.440; 0.196-0.988 0.047*
Measles IgG after V1 | 7.306; 1.493-35.766 0.014* 12.107; 1.709-85.798 0.013*

Note. *, association of the outcome value with the predictor value is statistically significant (p < 0.05).

and specificity of the method were 93.3% and 72.7%,
respectively.

Discussion
Based on the data obtained, “Algorithm for
predicting vaccination failures in healthcare

professionals during vaccination to measles virus” was
developed (Figure 3), designed for use by a therapist
and immunologist during planned and emergency
preventive measures.

The algorithm is implemented as follows:

I) Prior to measles vaccination, laboratory
determination of IFNy should be carried out as well
as measurement of measles IgG 1 month after the first
vaccination.

2) Prediction of risk of primary vaccination
failures. Apply the model to predict the risk of primary
vaccination failures. If an appropriate risk is detected,
decide onthe needtouse additionalimmunocorrection
agents during revaccination. It is also necessary to
control measles IgG 1 month after revaccination. In
the absence of antibodies, repeat the control after 1
year. If antibodies are also not detected after a year,
the case is classified as an initial vaccination failure.
Consultation of immunologist is recommended. If
measles IgG 1 month after revaccination are detected,
assess the risk of secondary vaccination failure.

3) Prediction of risk of secondary vaccination
failures. In a favorable prediction or unconfirmed
risk of primary vaccination failures, apply a model
to predict the risk of secondary vaccination failures.
If an appropriate risk is detected, control measles
IgG after 1 year. If antibodies are not detected, the
case is classified as a secondary vaccination failure.
Consultation of immunologist is also recommended.

4) In the absence of a predicted risk of primary and
secondary vaccination failures, it is recommended to
carry out planned revaccination.

This algorithm allows reduce the workload on the
laboratory during serocontrol and to detect persons
from risk groups due to the lack of immunity formation
and take them under control.

Thus, IFNy before V and measles IgG after
V1 rates demonstrated high diagnostic value in
the early prediction of both primary (1 month
after revaccination) and secondary (1 year after
revaccination) vaccination failures. Based on resulting
regression model, it is possible to identify a risk group
for the formation of primary vaccination failure after
the first vaccination. Which makes it possible, if it is
necessary, to use additional methods and means of
immunocorrection. Such as administering a booster
dose, thereby increasing the likelihood of the final
formation of post-vaccination humoral immunity.
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[ Measles vaccination ]

Determination of IFNYy before
V, measles IgG after V1

|

P-1/(1+2.7182%)x 100%
Z=5.773-1.5X 1N 4 before V3 173 X feastes 166 after v1

[ Primary vaccination failure risk group ]

v

Decision on the need for immunocorrection methods
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Control measles IgG aﬁer 28 days after V2 }
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a
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\1 Immunologist consultation ]‘/
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Figure 3. Algorithm for predicting vaccination failures in healthcare workers during vaccination to measles virus

Regarding studies on the effectiveness of measles
vaccination, there are works on the prediction of
a specific humoral immune response based on the
initial parameters of the immune status of children
vaccinated against measles, rubella and mumps by
mathematical modeling. It is interesting to note that
in these researches the IFNy also became one of the
predictors for the successful response on vaccination
1 month after vaccination for rubella viruses and
mumps. For the measles virus, this parameter turned
out to be less informative. However, the study, as
well as our work, established negative correlation
associations of pre-vaccination IFNy blood content
with specific IgG counts at 1 month and 1 year after
measles vaccination [14, 15].

The number of individuals in the population who
did not respond to vaccination can be 2-12% [4], their
accumulation can lead to an outbreak of infection,
especially one as highly contagious as measles [11].
According to literature, healthcare workers have a
13-19 times higher risk of contracting measles than
the general population [1, 12]. The lack of post-
vaccination immunity is a risk factor for healthcare
workers (infection can occurthrough infected patients,
including in the prodromal period). On the other

hand, susceptible healthcare workers can become a
source of infection and put their colleagues/patients at
risk. [6]. According to regulatory documents, in case
of refusal to vaccinate, a worker can be removed from
his professional duties [3]. In a number of countries
adapt a mandatory vaccination policy with dismissal
for offers [2]. At the same time, the actions of the
employer when identifying a person who did not
respond to vaccination are not regulated in any way.
One of the options for solving this problem may be a
more thorough testing of such persons, including with
laboratory determination of specific IgA or cellular
post-vaccination measles immunity markers.

In our other studies, it was found that after
immunization, the number of seropositive to the
measles virus persons decreases by 7% over a three-
year period (data are not presented in this article). At
the moment, laboratory monitoring of measles IgG
in healthcare professionals is not carried out either
as part of annual medical examinations or as part of
delayed sero-monitoring of vaccination effectiveness
(after 1 year or more). If monitoring of the production
of measles antibodies is carried out, then as a rule,
once, on average, 1-2 months after the vaccination
course. Immunized individuals are not examined

373



Epewenxo A.A. u op.
Ereshchenko A.A. et al.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

until the next planned revaccination, which is carried
out only after 10 years. Such tactics potentially lead
to the skipping of secondary vaccination failures and
the accumulation in the population of persons who
do not have humoral immunity to the measles virus.
The prognostic models we obtained demonstrated
high quality diagnostic test according to the expert
scale Hosmer N.T. Based on only two laboratory
parameters, after the first vaccination, it is possible to
detect persons from risk groups both for primary and
secondary vaccination failures. Thus, it is possible to
significantly reduce economic costs when controlling
delayed vaccination results.

Current research focuses mainly on finding genetic
predictors of vaccine reactivity and efficacy. Genetic
determinants of the neutralizing antibody response
induced by the measles vaccine (e.g., genetic variants
of CD46 and IFI44L (Interferon induced protein 44
like), other genetic markers) are under research [5, 9].
It can prospectively identify potential non-responders
and susceptible individuals who will ultimately
require additional measles vaccination or the use of an
improved vaccine. But unfortunately, at the moment,
it is impossible to conduct widespread genetic
research due to their labor intensity and high cost.
However, not only genetic, but also immunological,
biochemical, hematological markers or their
combination in a mathematical model can act as
predictors of vaccination effectiveness [7, 10, 13, 16].
Their determination in the blood seems less laborious
and costly, which means that it makes the prognosis of
the outcome with their help more accessible.

Since healthy medical professionals were subject to
examination, almost all values of the studied indicators
fit into the reference intervals. Nevertheless, cases
of primary and secondary vaccination failures were
identified among the examined persons. These failures
may have been both specific for measles vaccination
(genetic features) and immunodeficiency conditions.
The proposed algorithm allows to detect persons from
both of these groups. Thus, this algorithm is primarily
focused on finding persons who have not responded to
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