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Measles is a highly contagious viral infection that can lead to se-
vere complications. The aim of this study was to evaluate immu-
nity of the target population against the measles virus by assess-
ing the presence of IgG antibodies. A total of 176 individuals were
tested using the ELISA method. Fourteen participants (7.95%)
were found to be non-immune, primarily from the 1976-1981
and 1982-1987 birth cohorts. The highest proportion of seron-
egative individuals (17.4%) was observed among those with un-
known vaccination status. No significant differences were found
between sexes. Most participants were from Kaunas, which also

accounted for the majority of seronegative cases.
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INTRODUCTION

Measles is a highly contagious, acute, air-borne
viral infection that can affect individuals of all age
groups (Moss, 2017). Itis caused by a virus, a mem-
ber of the genus Morbillivirus, which, despite its
relatively simple structure, is highly effective at
spreading within the human body (Sato et al.,
2012). The virus primarily targets immune cells,
impairing their function and weakening the host’s
ability to fight infections (Amurri et al., 2022). In
response, the immune system produces IgG an-
tibodies. These antibodies provide protection by
recognising, binding to, and neutralising the virus
(Cooper, 2015; Vassilev et al., 2017). The World
Health Organization (WHO) recommends a two-
dose schedule of the measles vaccine. However,
vaccination remains suboptimal. Factors contrib-
uting to under-vaccination include social deter-
minants and challenges within healthcare delivery
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systems. The persistence and recurrence of mea-
sles cases suggest that a portion of the population
remains either unvaccinated or has received only
a single dose. Furthermore, disparities in vac-
cination coverage between countries of different
income levels underscore the need to improve ac-
cess to healthcare services (Patel et al., 2020).

In recent years, despite significant progress in
reducing measles incidence and mortality through
universal vaccination, outbreaks have increased
globally. The European region recorded a peak
in 2018, with countries such Germany, Greece,
Ukraine, France, and Italy experiencing substan-
tial outbreaks (WHO, 2019; Angelo et al.,, 2019).
In Lithuania, 834 measles cases were reported in
2019, marking the largest outbreak in the past
decade (NVSC, 2025). During that period, Lithu-
ania ranked among the European countries with
the highest number of measles cases per million
inhabitants (Valinciaté, Schifer, 2020). Due to de-
cline in herd immunity, in many European coun-
tries, the situation worsened again in 2024 (Bas-
setti et al., 2025).
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The aim of this study was to evaluate the sta-
tus of immunity of a selected population in
Lithuania against the measles virus by assess-
ing the presence of IgG antibodies and identi-
tying potential immunity gaps across different
age groups and vaccination backgrounds. Such
data are crucial for informing public health
strategies, enhancing surveillance, and prevent-
ing future outbreaks through timely vaccina-
tion and targeted interventions.

MATERIALS AND METHODS

A total of 176 individuals participated in
the measles IgG antibody testing. The study
included voluntary participants who wished
to determine whether their immune system
retained memory against the measles virus. To
support the analysis, participants completed an
anonymous questionnaire collecting informa-
tion on age, sex, place of residence, history of
measles infection, presence of measles-related
symptoms, measles cases among family mem-
bers, and the number of measles vaccine doses
received throughout their lifetime.

The detection of IgG antibodies was carried
out using an enzyme-linked immunosorbent
assay (ELISA) with the Measles Virus IgG ELI-
SA kit (Demeditec Diagnostics GmbH, Germa-
ny), following the manufacturer’s instructions.
Absorbance was measured spectrophotometri-
cally at 450 nm with a reference wavelength
of 620 nm, using a Multiskan FC plate reader
(Thermo Scientific, China). Results were inter-
preted based on the sample values (expressed
in units) and according to the manufacturer’s
guidelines. A result was considered positive if
the absorbance value exceeded 11 units. Values
between 9 and 11 units were interpreted as bor-
derline, while results below 9 units were con-
sidered negative.

The collected data were analysed using Mi-
crosoft Excel. For the age group analysis, partic-
ipants were categorised into eight birth cohorts:
before 1963, 1964-1969, 1970-1975, 1976-
1981, 1982-1987, 1988-1993, 1994-1999, and
2000-2006. For vaccination status analysis,
individuals were grouped into four categories:

not vaccinated, received one dose, two doses,
and unknown vaccination status. In the analy-
sis of geographical distribution, participants
were classified by their place of residence to
identify regional patterns of measles immunity.
To determine whether the obtained data were
statistically reliable, the Chi-square (x?) test was
used. A p-value of less than 0.05 was considered
statistically significant, indicating a meaningful
association between the analysed variables.

RESULTS AND DISCUSSION

Analysis of the ELISA results showed that
84.66% of participants (149/176) tested positive
for IgG antibodies against the measles virus,
while 7.39% (13/176) had borderline results
and were recommended for retesting. The re-
maining 7.95% (14/176) tested negative for
measles-specific IgG antibodies. The 84.66%
immunity rate observed in this study falls short
of the herd immunity threshold, which is esti-
mated to range between 89% and 94% (Moss,
2017). This suboptimal immunity level may
increase the risk of future measles outbreaks
within the population. Therefore, particular at-
tention was given to the analysis of negative re-
sults to evaluate potential risk factors and their
impact on the segment of the population lack-
ing sufficient immunity.

The analysis revealed that the highest pro-
portions of individuals lacking measles immu-
nity were found in 1976-1981 and 1982-1987
age groups (Figure), in which 16.6% tested
negative in each. In contrast, full immunity
was observed among individuals born between
1964 and 1975. The association between the age
group and negative ELISA results was statisti-
cally significant (p = 0.0022), indicating that
measles immunity varies notably by birth co-
hort. Similar findings were reported in Japan,
where population immunity in adults aged 20—
49 remained below the herd immunity thresh-
old despite high overall vaccination coverage
(Kinoshita, Nishiura, 2017).

It is important to emphasise that borderline
IgG results are inconclusive and may indicate
insufficient antibody levels to provide effective
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Figure. Seroprevalence of measles IgG antibodies by age groups

protection against measles. This could be due
to historical vaccination practices: from 1964
to 1988, individuals in Lithuania typically re-
ceived only a single dose of the measles vaccine
(NVSC, 2023), which often failed to induce
a robust and long-lasting immune memory
(Patel, Tobin, 2025). As a result, a larger pro-
portion of individuals born during this period
may lack adequate levels of measles-specific
IgG antibodies. In contrast, the introduc-
tion of a second measles vaccine dose in 1988
(NVSC, 2023) significantly improved long-
term immunity (Patel, Tobin, 2025). However,

incomplete vaccination coverage in later dec-
ades may still contribute to immunity gaps in
some individuals.

Analysis by sex and vaccination status re-
vealed differences in seropositivity (Table 1).
Among females, 82.0% tested positive for
measles-specific IgG antibodies, 8.1% were se-
ronegative, and 9.9% had borderline results. In
comparison, 89.2% of males were seropositive,
7.7% seronegative, and 3.1% had borderline re-
sults. The differences in IgG antibody responses
between males and females were not statistical-
ly significant (x> = 2.85, p = 0.240), indicating

Table 1. Distribution of measles IgG antibody results by sex and vaccination status

Number of individuals

Group
Positive result | Negative result | Borderline result
female 91 9 11
Sex
male 58 5 2
Not vaccinated 10 1 1
Vaccination 1 vaccine dose 43 1 4
status 2 vaccine doses 46 0 1
Vaccination status unknown 50 12 7
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no clear association between sex and measles
immunity in this sample. It is important to note
that the number of female participants was sub-
stantially higher than that of male participants,
comprising 63.1% and 36.9% of the study popu-
lation, respectively. This disparity in group sizes
should be taken into account when interpreting
the results, particularly in analyses involving
sex-based comparisons.

Previous studies suggest that IgG antibody
levels and measles incidence may differ be-
tween sex. For example, a study of Australian
blood donors found higher antibody levels in
female than male after adjusting for age (Wil-
liamson et al., 2024). Additionally, long-term
epidemiological data from seven high-income
countries indicated consistently higher measles
incidence rates in males across most age groups,
likely due to biological rather than behavioural
factors (Green et al., 2022).

Regarding vaccination history, the high-
est proportion of negative results (17.4%) was
observed among participants with unknown
vaccination status (Table 1). Among those who
received two vaccine doses, 97.9% were sero-
positive, while 89.6% of those with one dose
and 83.3% of unvaccinated individuals showed
seropositivity. A statistically significant associa-
tion was found between vaccination status and
immunity levels (x* = 20.95, p = 0.0019). These
findings are consistent with other studies indi-
cating that a single dose of measles vaccine pro-
vides approximately 92% effectiveness, while
two doses increase protection to 95% (Hayman,
2018; Plans-Rubid, 2020). Before the introduc-
tion of vaccination, up to 90% of children ac-
quired long-term immunity through natural

infection (Hayman et al., 2017). However, in
countries with high vaccination coverage, mea-
sles epidemiology has shifted: not only children,
but also unvaccinated or partially vaccinated
adults have become more susceptible (Bester,
2016). As measles prevalence decreases, oppor-
tunities for natural immunity acquisition are
also reduced, potentially increasing the risk of
future outbreaks (Hayman, 2018).

The distribution of participants by place
of residence showed that the largest propor-
tion came from Kaunas, which also recorded
the highest number of negative results (13/152,
8.6%). Klaipéda had a notably smaller sam-
ple size (n = 20) and only one negative case
(5.0%), while all participants from Vilnius,
Marijampolé, and Panevézys tested positive
for measles-specific IgG antibodies (Table 2).
Statistical analysis revealed no significant as-
sociation between place of residence and
the likelihood of being seronegative for measles
(x* = 0.66, p = 0.956). However, the highly un-
even distribution of participants, with the vast
majority residing in Kaunas, limits the ability to
make objective and accurate regional compari-
sons, as the small number of participants from
other districts may not accurately represent
the true measles immunity status in those areas
and could bias the overall results.

According to the National Public Health
Centre, Lithuania experienced a major mea-
sles outbreak in 2019, with the highest num-
bers of cases reported in Kaunas and Vilnius
districts (NVSC, 2025). In subsequent years,
incidence dropped sharply, with only sporadic
cases detected between 2020 and 2025. The ex-
ceptionally high number of cases in 2019 is

Table 2. Measles IgG antibody results by district of residence of participants

o . Number of individuals
District (population) — - - Total
Positive result Negative result Borderline result
Kaunas (300 000) 128 13 11 152
Klaipéda (160 000) 17 1 2 20
Vilnius (600 000) 2 0 0 2
Marijampolé (36 000) 1 0 0 1
Panevézys (85 000) 1 0 0 1
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consistent with our findings of suboptimal
herd immunity levels, particularly in Kaunas,
indicating that localised immunity gaps may
have contributed to the outbreak. Although
recent incidence remains low, these immunity
gaps could still facilitate outbreaks if measles
is reintroduced.

CONCLUSIONS

This study demonstrated that a portion of
the Lithuanian population remains susceptible
to measles, with the highest susceptibility ob-
served among individuals born between 1976
and 1987. The largest proportion of seronega-
tive results was found in participants with un-
known vaccination status, indicating possible
gaps in vaccination coverage. These findings
underscore the importance of maintaining
complete vaccination records and ensuring ad-
equate protection across all age groups to sus-
tain herd immunity.
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IMUNITETO TYMU VIRUSUI [VERTINIMAS
PAGAL NUSTATYTUS IgG ANTIKUNUS

Santrauka
Tymai yra labai uzkre¢iama virusiné infekcija, ga-
linti sukelti rimty komplikacijy. Sio tyrimo tiks-
las buvo jvertinti tikslinés populiacijos imunitetg
tymy virusui nustatant IgG antikanus. 176 asmenys
buvo idtirti ELISA metodu. Rezultatai rodeé, kad
14 tiriamyjy (7,95 %), daugiausia i§ 1976-1981 ir
1982-1987 mety amziaus grupiy, neturé¢jo imuni-
teto. Daugiausia neigiamy rezultaty nustatyta ,,vak-
cinacijos buklé nezinoma®“ kategorijoje (17,4 %).
Statistiskai reik§mingo skirtumo tarp ly¢iy nenusta-
tyta. Didesné dalis tiriamyjy buvo i§ Kauno, jame
taip pat nustatytas didziausias neigiamy rezultaty
skaicius.

Reik$miniai ZodzZiai: tymai, IgG antikiinai, se-

rologinis nustatymas
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