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Latvia is among European countries with outbreaks of diphtheria and measles. Healthcare workers
(HCW) are exposed to infections and can transmit them to unvaccinated patients. We assessed the sero-
prevalence of antibodies against diphtheria and measles and their association with demographics, self-
reported immunity, the presence of the HLA-B27 allele, and level of interferon regulatory factor 5
(IRF5) in Latvian HCW. Anti-diphtheria and anti-measles IgG antibodies and the level of IRF5 in serum
were tested by enzyme immunoassay. The presence of the HLA-B27 allele was detected by a real-time
polymerase chain reaction. The study involved 176 HCW, including 29% doctors and 44% nurses.
Among HCW, 95.5% were seropositive for diphtheria. However, only 65.9% had full seroprotection against
it. The seronegativity for measles (21.6%) was higher than for diphtheria (4.5%) without differences in
gender and medical staff groups. Older age was associated with waning immunity against diphtheria
and a higher rate of seropositivity for measles. Considered immunogenetic factors did not affect the level
of antibodies, and variability of the level of IRF5 in serum can reflect ageing processes. Self-reported vac-
cination status had a low informative value regarding full seroprotection against diphtheria and seropos-
itivity for measles indicating the need for pre-vaccination IgG screening in planning the booster
vaccination.
� 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Despite possibilities for controlling vaccine-preventable dis-
eases (VPDs), they return to Europe and the United States [1]. Lat-
via is among European countries with diphtheria outbreaks during
the last 30 years. From 1994 to 2014, 1,515 diphtheria cases were
reported (average annual incidence of 3.2 /100,000), with the high-
est incidence in age groups 5–19 and 40–49 years. Most cases
occurred in unvaccinated adults, and a supplementary immuniza-
tion campaign for this age group was initiated in 1995 [2].
Although, from 2006 to 2010, 61% of all diphtheria cases in EU
countries were registered in Latvia. Measles forms another issue
of concern in our country. Three outbakes have been registered
in Latvia since 1992, with 21 cases in 1992 (9.3/100,000 popula-
tion), 36 cases in 2014, and 25 cases in 2018 [3]. Moreover, in
the 2014 outbreak, one-third of measles cases were identified in
healthcare workers (HCW). HCW contact to the patients, infectious
materials, contaminated medical supplies, equipment, surfaces, or
air. They may be at higher risk of acquiring and spreading contact-
transmissible and respiratory infections due to the nature of their
work than community-based working adults [4]. Detecting
seronegativity against VPDs can identify HCW with a higher risk
for these infections and reduce the risk of nosocomial outbreaks
[5].

Previous studies have identified significant problems regarding
seroprotection against diphtheria and measles. There is insufficient
seroprotection against diphtheria in older age cohorts in most EU
countries [6], increasing seronegativity for measles in the younger
population [7–10], a poor correlation between self-reported immu-
nity and seropositivity [9,11], and individual variability in response
to vaccines [12]. All these tendencies can affect the seroprevalence
in HCW. Our study aimed to assess the seroprevalence of
diphtheria- and measles-specific IgG antibodies and their associa-
tion with demographic factors and self-reported immunity in HCW
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in Latvia. An additional issue of our study was the investigation of
associations of the levels of specific antibodies with two immuno-
genetic factors – the presence of the HLA-B27 allele and the serum
level of interferon regulatory factor 5 (IRF5).

Production of sufficient antibody after vaccination depends on a
complex of molecular interactions involving the presentation of
vaccine epitopes to T-cell receptors through Human Leucocyte
Antigens (HLA) molecules on antigen-presenting cells’ surfaces,
the maturation of naïve CD4+ T-cells to Type 2 T helper cells
(Th2), and the proliferation of B-cells and their differentiation to
antibody-secreting plasma cells supported by Th2 [12–14]. Studies
showed the relationship between HLA profile and humoral
response to measles vaccines [15,16] and diphtheria vaccine [17].
Some allelic groups, associated with lower humoral response, are
also commonly associated with other diseases, which indicate a
contribution of genetic factors to the immune responses to dis-
eases, and may have a more general adverse immune effect [15].
For the present study, we have selected the HLA-B27 allele, which
associates with a broad spectrum of inflammatory diseases, includ-
ing ankylosing spondylitis, reactive arthritis, inflammatory bowel
disease, and psoriatic arthritis. The mechanism by which HLA-
B27 causes disease and impair immune response is not fully recog-
nized [18]. Insufficient seroprotection against VPDs in patients
with rheumatic diseases is often related to immunosuppressive
therapy [19,20]. However, there are studies [21,22] reporting a
lower humoral response to some vaccines without any association
with the use of prednisolone and methotrexate, age, sex, disease
duration, and the level of inflammation [21]. Therefore, it is possi-
ble to expect that HLA-B27 affects the level of specific antibodies.

IRF5 is an intracellular protein and a transcription factor that
regulates the expression of different pro-inflammatory cytokines,
such as Type I interferons, interleukin-6 (IL-6), IL-17, IL-23, tumor
necrosis factor-a (TNF-a), and chemokines [23] and drives prolifer-
ation and differentiation of B-cells to specialized antibody-
secreting cells [24]. In addition, the interaction between IRF5 and
other genes could enhance the antibody responses to microbial
vaccines [25]. Similar to HLA-B27, IRF5 also contributes to many
inflammatory and autoimmune diseases [26,27]. Based on a
recently confirmed extracellular presence of IRF5 [28], we tested
the hypothesis that the level of IRF5 in serum can affect the level
of specific antibodies against VPDs.
Methods

Study sample

The cross-sectional study was performed in 2020. A convenient
sample included HCW from different hospitals in Latvia. HCWwere
defined as a totality of individuals working in health care settings
[5]. We divided HCW into three main categories as doctors, nurses,
who have direct contact with patients, and other HCW, who have
direct or indirect contact with patients, including technical, clean-
ing, and administrative staff. All participants were without docu-
mented HLA-B27 associated inflammatory diseases.

The study was approved by the Ethics Committee of R�ıga
Stradin�š University (No. 6–3/42). The study was performed in
accordance with the Declaration of Helsinki. All participants signed
the informed consent form.
Data collection

Data were collected with a structured interview on demograph-
ics, vaccination status against measles and diphtheria, history of
both infections, and HLA-B27 associated inflammatory diseases.
Self-reported information was based on interviews and vaccination
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cards, if available. Blood samples were obtained from all partici-
pants and stored at �80 �C until analysis.

Laboratory tests

IgG antibodies against diphtheria toxin were detected in serum
by enzyme-linked immunosorbent assay (ELISA, Euroimmun, Ger-
many). The protective level of antibodies against diphtheria was
defined as antibody level � 0.01 international units per ml (IU/ml)
[29]. Additionally, the levels of antibodies formed three categories
based on international cut-off standards [30]. The full seroprotec-
tion for diphtheria was defined as antibody levels � 0.1 IU/ml,
and levels of 0.01–0.09 IU/ml were considered as basic clinical
protection against diphtheria. Antibody levels < 0.01 IU/ml were
classified as seronegativity.

Measles IgG antibodies were detected by indirect sandwich
chemiluminescence immunoassay (CLIA, LIAISON, DiaSorin S.p.A.,
Italy, test specificity: 97.4%, 95% confidence interval: 94.1–99.2%,
and sensitivity: 94.7%, 95% confidence interval: 91.7–96.9%) using
an automated analyzer. Accordantly the manufacturer, the cut-off
value of LIAISON Measles IgG immunoassay equates to 175
mIU/mL WHO Third International Standard for Anti-Measles,
NIBSC code: 97/648. We have applied the cut-off value for anti-
measles IgG, defined in assay instruction, which concurs with the
cut-off used in recent studies on seroprevalence [9,31,32]. There-
fore, the seropositivity for measles was defined as antibody
level � 16.5 arbitrary units (AU/ml). The seronegativity for measles
was < 13.5 AU/ml. The antibodies level 13.5–16.4 AU/ml was
defined as equivocal.

HLA-B27 allele was detected by real-time polymerase
chain reaction (RT-PCR) using a commercially available kit
(DNA-technology, Russia).

IRF5 was measured in serum using sandwich ELISA (Nordic Bio-
Site, Sweden) according to manufactured instruction. The sensitiv-
ity of test was 0.094 ng/ml, and detection range 0.156–10.0 ng/ml.

Statistical analysis

The relationships of the seroprotection status against diphtheria
and seropositivity for measles with categorical variables were
assessed with a chi-square test. The positive predictive value
(PPV) and the negative predictive value (NPV) for the self-
reported vaccination were calculated after the exclusion of cases
with undefined status, using serological tests as a gold standard.
Spearman’s rank correlation coefficient was applied for assessing
the relationships among the level of antibodies, IRF5, and age.
These statistical analyses were performed using the IBM SPSS
Statistics 22.0 for Windows. Path analysis assessed a complex
effect of demographic and immunogenetic factors on the level of
antibodies against diphtheria and measles. It was conducted using
‘lavaan’ (0.6–8) statistical package for R [33].
Results

The participants were 176 HCW aged 21 to 78 (M = 44.4,
SD = 13.3 years), and 160 (91%) of them were females. Among
the participants, 19 (10.8%) were 21–26 years, 32 (18.2%) were
26–35 years, 33 (18.8%) were 36–45 years, 53 (30.1%) were
46–55 years, 34 (19.3%) were 56–65 years, and 5 (2.8%) were older
than 65 years. Participants were 51 doctors (29%), 77 nurses (44%),
and 48 other workers (27%), including technical and administrative
personnel.

HLA-B27 positive were 23 (13%) of HCWwhile negative was 151
(86%), and two cases were missed. The mean level of IRF5 in serum
was 1.15 ± 0.70 ng/ml.
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Among HCW, 168 (95.5%) participants had anti-diphtheria IgG
antibodies at the level above 0.01 IU/ml, and 116 (65.9%) had the
full seroprotection against diphtheria (IgG � 0.1 IU/ml). For
measles, 136 (77.3%) HCW had the positive level of antibodies
(�16.5 AU/ml), and 2 HCW (1.1%) had the equivocal level. Alto-
gether, 84 (47.7%) of HCW had full seroprotection against diphthe-
ria and seropositivity for measles, but 8 (4.5%), 38 (21.6%), and 8
(4.5%) were seronegative for diphtheria, measles, or both infec-
tions, respectively. Table 1 presents data reflecting the objective
level of antibodies against diphtheria and measles and self-
reported information about vaccination status or disease history.

Surveying HCW showed that 165 (93.8%) reported vaccination
against diphtheria and 102 (58.0%) vaccination against measles.
The history of diphtheria or measles was reported by 2 (1.1%)
and 30 (17.0%) HCW, respectively. Unclear vaccination or disease
history status was reported by 5 (2.8%) for diphtheria and 53
(30.1%) for measles. Among HCW with unclear diphtheria vaccina-
tion or disease history, there were no HCW with seronegativity for
diphtheria. Contrary, among HCW with unclear measles vaccina-
tion or disease history, 9 (23.7%) had seronegativity for measles.

For diphtheria, the comparison of self-reported and seroprotec-
tion statuses demonstrated that PPV and NPV were 95.8% and
16.7% for basic clinical protection and 66.7% and 66.7% for full sero-
protection, respectively. For measles, the comparison of statuses
demonstrated that the PPV and NPV were 72.5% and 4.8% for pos-
itive and equivocal levels and 71.6% and 4.8% for positive only.

Considering the significance of full protection for HCW, further
analyses were conducted for full seroprotection for diphtheria
(�0.10 IU/ml) and seropositivity for measles (�16.5 AU/ml). The
full seroprotection status against diphtheria (Table 2) did not show
significant relationships with staff group, gender, self-reported
immunity, or the presence of HLA-B27. Seropositivity for measles
was associated with the self-reported vaccination status and did
not associate with other factors. The HCW reporting no vaccination
demonstrated the highest proportion of full seropositivity. It
reflects findings on NPV, indicating that self-reported unvaccinated
status has a low informative value regarding measles.

Following correlation analysis (Table 3) revealed a negative cor-
relation of age with the level of antibodies against diphtheria and a
positive correlation with the level of antibodies against measles.
Age also positively correlated with the level of IRF5.

Fig. 1 reflects the distribution of the full seroprotection against
diphtheria and seropositivity for measles in different age groups of
health care workers.

More than two-thirds of HCW with full seroprotection against
diphtheria were in age groups under 46 years. In age groups
over 55, full seroprotection against diphtheria was detected in
one-third of HCW. In contrast, the seropositivity for measles
was the highest in HCW older than 55. Some immunity gap
(only 53% of HCW with seropositivity for measles) was observed
in 26–35 years.
Table 1
Levels of antibodies against diphtheria and measles, self-reported vaccination, and disease

Levels of antibodies Total Self-reported vaccination

Yes No

Anti-diphtheria IgG, IU/ml
Positive (�0.10) 116 (65.9%) 110 (94.8%) 2 (1.7%)
Basic (0.01–0.09) 52 (29.5%) 48 (92.3%) 3 (5.8%)
Negative (<0.01) 8 (4.5%) 7 (87.5%) 1 (12.5%)
Total 176 (100%) 165 (93.8%) 6 (3.4%)

Anti-measles IgG, AU/ml
Positive (�16.5) 136 (77.3%) 73 (53.7%) 20 (14.7%)
Equivocal (13.5–16.4) 2 (1.1%) 1 (50.0%) 0 (0.0%)
Negative (<13.5) 38 (21.6%) 28 (73.2%) 1 (2.6%)
Total 176 (100%) 102 (58.0%) 21 (11.9%)
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A more complex statistical model of path-analysis assessed the
effects of a set of independent variables – age, sex, and presence of
HLA-B27 – on two dependent variables – anti-diphtheria IgG and
anti-measles IgG – simultaneously (Fig. 2). In addition, the
observed correlation with age allowed us to consider IRF5 as a pos-
sible immunological mediator of the effects of genetic and demo-
graphic factors.

The results confirmed that age negatively predicted the level of
antibodies against diphtheria and positively predicted those
against measles. The positive effect of age on the level of IRF5
was only marginal. The effects of other variables, the covariance
between antibodies, and the mediating role of IRF5 were not signif-
icant. The explained variance was relatively higher for anti-
measles IgG (26%) than for anti-diphtheria IgG (16%).
Discussion

Seroprevalence of diphtheria and measles in HCW

Despite a high percent of HCW (95.5%) with protective antibod-
ies against diphtheria [29] in our group, only 65.9% of them had the
full seroprotection against it (antibodies � 0.10 IU/ml). This level of
antibodies can provide a more successful reduction of the rate of
diphtheria [29], as it is also considered in recent studies
[9,11,34,35]. The rate of the full seroprotection in our HCW group
concurs with data on HCW from Catalonia (68.8%) [34], where,
similarly to Latvia, booster vaccination against diphtheria in adults
has started since 1995. At the same time, a study of paediatric
HCW in Denmark [9] and in Finland [11] showed a higher rate of
full seroprotection against diphtheria (80.5% and 89.9%, respec-
tively) than in our study. In line with other studies [9,35], we have
observed decreasing seroprotection against diphtheria in HCW
older than 46 years and the highest potential susceptibility to
diphtheria after 65 years. It should be noted that only 4.5% of
HCW were seronegative for diphtheria. However, most HCW with-
out immunity against diphtheria were younger than 65 years, and
only in two cases were 74 and 78 years old.

This study revealed a higher seronegativity for measles (21.6%)
in HCW than for diphtheria (4.5%). This level indicates insufficient
herd immunity against measles in this group [36] and a need for
clarifying results and additional immunization activities.

The rate of seropositivity for measles in HCW in Latvia was close
to data on HCW from South Korea (73%) [37], but lower than in
HCW from France (91.7%–93%) [67,38] and Denmark (90.3%) [9],
having no mandatory vaccination against measles for this group
[39], and HCW from Finland (81.5%) [11] and two other South Kor-
ean hospitals (93.1%) [32]. Similar to other studies [7–11], our
results revealed the immunity gap for measles in the age of 26–
35 years. It can be explained by waning vaccine-induced immunity
twenty years after the last measles vaccine dose administration
history in healthcare workers.

Self-reported disease

Unclear Yes No Unclear

4 (3.4%) 1 (0.9%) 112 (96.6%) 3 (2.6%)
1 (1.9%) 1 (1.9%) 49 (94.2%) 2 (3.8%)
0 (0.0%) 0 (0.0%) 8 (100.0%) 0 (0.0%)
5 (2.8%) 2 (1.1%) 169 (96.0%) 5 (2.8%)

43 (31.6%) 26 (19.1%) 66 (48.5%) 44 (32.4%)
1 (50.0%) 0 (0.0%) 1 (50.0%) 1 (50.0%)
9 (23.7%) 4 (10.5%) 26 (68.4%) 8 (21.1%)
53 (30.1%) 30 (17.0%) 93 (52.9%) 53 (30.1%)



Table 2
Associations of the levels of antibodies against diphtheria and measles with demographics, self-reports, and HLA-B27 in healthcare workers.

Anti-diphtheria IgG v2 Anti-measles IgG v2

<0.10 IU/ml �0.10 IU/ml <16.5 AU/ml �16.5 AU/ml

Gender 3.65 1.05
Female 58 (36.3%) 102 (63.7%) 38 (23.8%) 122 (76.3%)
Male 2 (12.5%) 14 (87.5%) 2 (12.5%) 14 (87.5%)

Staff group 0.24 2.35
Doctors 18 (35.3%) 33 (64.7%) 8 (15.7%) 43 (84.3%)
Nurses 27 (35.1%) 50 (64.9%) 21 (27.3%) 56 (72.7%)
Other 15 (31.3%) 33 (68.8%) 11 (22.9%) 37 (77.1%)

Self-reported vaccination 3.32 6.20*
Yes 55 (33.3%) 110 (66.7%) 29 (28.4%) 73 (71.6%)
No 4 (66.7%) 2 (33.3%) 1 (4.8%) 20 (95.2%)
Unclear 1 (20.0%) 4 (80.0%) 10 (18.9%) 43 (81.1%)

Self-reported disease 0.31 4.61
Yes 1 (50.0%) 1 (50.0%) 4 (13.3%) 26 (86.7%)
No 57 (33.7%) 112 (66.3%) 27 (29.0%) 66 (71.0%)
Unclear 2 (40.0%) 3 (60.0%) 9 (17.0%) 44 (83.0%)

HLA-B27 1.75 0.01
Yes 5 (26.1%) 18 (73.9%) 34 (22.5%) 117 (77.5%)
No 54 (37.1%) 97 (62.9%) 5 (21.7%) 18 (78.3%)

* p < 0.05.

Table 3
Spearman’s rank correlations among age, IRF5, and antibodies against diphtheria and
measles.

Parameters IRF5a Anti-diphtheria IgG Anti-measles IgG

Age 0.28** �0.34*** 0.51***

IRF5a – �0.11 0.10
Anti-diphtheria IgG – – �0.29***

a n = 127.
** p < 0.01.
*** p < 0.001.
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[7,8,10,31]. At the same time, naturally acquired measles can
explain a higher percent of seropositive HCW in older participants
than in younger ones [7,8,10].

There was no significant association between the staff group in
the full seroprotection against diphtheria and seropositivity for
measles that seems positive regarding the risk of transmission of
respiratory infection despite differences in frequencies and dura-
tion of patient-related contacts [4].
Fig. 1. Rate of full seroprotection against diphtheria and seropositi
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Self-reported immunity and objective antibodies status

Self-reported vaccination status did not provide sufficient infor-
mation regarding immunity to both infections. However, the pre-
diction of the basic clinical protection against diphtheria (95.8%)
was higher than for the full seroprotection (66.7%). The better coin-
cidence between self-reported vaccination status and immunity
was applicable for diphtheria than for measles because of NPV of
4.8% for the latter. These incompatibilities can reflect remembering
errors or indicate possible non-responders against vaccination. In
our study, about one-third of HCW did not remember their vacci-
nation or disease history status for measles, which is higher than,
for example, 20% in the Netherlands [40]. The universal record sys-
tem for registering the vaccines given to each individual should be
used [11] for distinguishing the effects of remembering errors and
non-responders against vaccination. Additionally, a low level of
NPV for measles can reflect underestimated immunity because of
using enzyme immunoassay instead of the plaque reduction neu-
tralization as the gold standard for measuring measles immunity
[40].
vity for measles in different age groups of healthcare workers.



Fig. 2. Path analysis of effects of age, sex, and HLA-B27 on anti-diphtheria and anti-measles IgG, mediated by IRF5 (n = 127). Notes. Coefficients include
unstandardized/standardized estimates. Significant effects are highlighted in bold. *** p < 0.001. ** p < 0.01. y p < 0.10.
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Our results confirmed a relatively weak association between
self-reported immunity and seropositivity for measles in HCW
[9,11]. It indicates that HCW operate with limited information
regarding their vaccination or disease status. In addition, only half
of HCW had full seroprotection against diphtheria and seropositiv-
ity for measles simultaneously. It can cause intrahospital outbreaks
involving patients with chronic diseases and insufficient seropro-
tection against VPDs after vaccination [35]. Our findings point to
the need for more attention to the protection for measles in
younger and diphtheria in older HCW to close revealed immunity
gaps. We recommend conducting pre-vaccination IgG screening
for HCW and following booster vaccination against these VPDs in
Latvia.
Immunogenetic factors and levels of antibodies

Testing the relationship between the level of antibodies against
diphtheria and measles and the HLA-B27 allele in genotype and the
level of IRF5 in serum revealed no significant associations. HLA-B27
positivity did not affect the level of antibodies against diphtheria or
measles. However, previous studies reported weaker antibody
responses to the diphtheria-containing vaccine in individuals with
HLA-DRB1*01 genotype [17] and the measles-containing vaccine in
individuals with HLA-DRB1*07:01, -DQA1*02:01, -DQB1*03:03 [13],
HLA-DRB1*03, -DQA1*02:01 alleles [15] or HLA homozygosity [13].

Our results indicated a positive correlation between IRF5 and
age. However, the path analysis showed the only marginal signifi-
cance of this relationship. Idborg et al. [28] described the extracel-
lular presence of IRF5 detected by sandwich ELISA. They did not
define the extracellular function of IRF5 but associated the high
level of IRF5 in circulation with pronounced inflammation. Ageing
is often associated with chronic inflammation [41,42]. Therefore,
the association between ageing, IRF5, and inflammation should
be investigated in further studies.

Our study involved a relatively small number of participants,
limiting the generalization of the results to the HCW population
in Latvia. Another limiting issue is a disbalance between females
5

and males, which also indicates differences in the response rate
and involvement in the study. Diphtheria and measles were
selected based on observed outbreaks and available resources for
serological investigation. Further studies should include a broader
number of VPDs in a more representative sample of HCW.
Conclusions

The study revealed a higher seroprevalence for diphtheria than
for measles without differences in gender and medical staff groups.
Despite this, the full seroprotection against diphtheria was lower
than in other seroprevalence studies in HCW. Age was the main
predictor of the level of antibodies. Considered immunogenetic
factors did not affect the level of antibodies, and variability of
the level of IRF5 in serum can reflect ageing processes. Self-
reported vaccination status had a low informative value regarding
full seroprotection against diphtheria and seropositivity for
measles. Insufficient knowledge of HCW about themselves forms
a risk factor in managing health-related issues. We suggest the
pre-vaccination IgG screening for planning booster vaccination in
HCW.
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