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Abstract

Background The war in Ukraine has led to significant migration to neighboring countries, raising public health concerns.
Notable tuberculosis (TB) incidence rates in Ukraine emphasize the immediate requirement to prioritize approaches that
interrupt the spread and prevent new infections.

Methods We conducted a prospective genomic surveillance study to assess migration's impact on TB epidemiology in the
Czech Republic and Slovakia. Mycobacterium tuberculosis isolates from Ukrainian war refugees and migrants, collected
from September 2021 to December 2022 were analyzed alongside 1574 isolates obtained from Ukraine, the Czech Republic,
and Slovakia.

Results Our study revealed alarming results, with historically the highest number of Ukrainian tuberculosis patients detected
in the host countries. The increasing number of cases of multidrug-resistant TB, significantly linked with Beijing lineage
2.2.1 (p<0.0001), also presents substantial obstacles to control endeavors. The genomic analysis identified the three highly
related genomic clusters, indicating the recent TB transmission among migrant populations. The largest clusters comprised
war refugees diagnosed in the Czech Republic, TB patients from various regions of Ukraine, and incarcerated individu-
als diagnosed with pulmonary TB specialized facility in the Kharkiv region, Ukraine, pointing to a national transmission
sequence that has persisted for over 14 years.

Conclusions The data showed that most infections were likely the result of reactivation of latent disease or exposure to TB
before migration rather than recent transmission occurring within the host country. However, close monitoring, appropriate
treatment, careful surveillance, and social support are crucial in mitigating future risks, though there is currently no evidence
of local transmission in EU countries.
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Abbreviations

TB Tuberculosis

WGS Whole genome sequencing
MTBC Mycobacterium tuberculosis
MDR  Multi-drug-resistant

RR Rifampicin-resistant

TST Tuberculin skin test

WHO  World Health Organization

ECDC European Centre for Disease Prevention and
Control

pDST  Phenotypic drug susceptibility testing

LJ Lowenstein—Jensen

PZA Pyrazinamide

CC Critical concentrations

1 Introduction

In February 2022, armed conflict in Ukraine led to mass
migration of nationals to neighboring EU countries. Over 8
million refugees from Ukraine were recorded in Europe as
of February 7, 2023, the largest since World War II [1, 2].
Poland, Czech Republic, Romania, and Slovakia faced the
highest refugee influx. The ongoing conflict has put refugees
at increased risk of tuberculosis due to poor living condi-
tions and limited healthcare access, impacting both physical
and emotional well-being [3, 4].

According to the World Health Organization (WHO),
Ukraine has one of Europe’s highest TB incidence rates, and
the ongoing conflict has further exacerbated the situation. In
2021, Ukraine had an estimated incidence of 73 per 100,000,
compared to 9.5 per 100,000 across European Union and
European Economic Area. If we hypothetically consider
the presence of eight million Ukrainian refugees dispersed
throughout Europe, it can be postulated that around 23% of
them have been infected with latent TB based on the global
prevalence established by the tuberculin skin test (TST) and
interferon-gamma release assay (IGRA) [5]. Considering
statistical data, we can infer that a percentage ranging from
5 to 15% of those with latent TB will eventually develop
active disease at some point in their lives [6]. Approximately
21% of cases were diagnosed with rifampicin-/multidrug-
resistant TB (RR/MDR-TB), and Ukraine is among the top
30 countries with the highest incidence of drug-resistant
cases [7-9]. Globally, only around a third of RR/MDR-TB
cases are detected and receive appropriate treatment [10]. As
a result, the previously stable situation of DR-TB is likely
to encounter significant shifts, especially in countries with
low TB incidence that are facing a substantial influx of war
refugees. Despite this, Ukraine is not considered a high-TB
incidence country, and neither European Centre for Dis-
ease Prevention and Control (ECDC) nor WHO guidelines
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recommend universal testing of migrants and refugees for
TB infection [11].

In the context of TB in refugees and migrants, whole
genome sequencing (WGS) can help elucidate the disease's
transmission dynamics and provide detailed insights into
phylogeny and resistance [12, 13]. Providing a high-reso-
lution view of TB strains' genetic diversity can help guide
public health interventions and control strategies to reduce
the global burden of this lethal disease.

We performed a WGS-based epidemiological analysis
on all Mycobacterium tuberculosis complex (MTBC) iso-
lates obtained from Ukrainian war refugees and migrants
who arrived in the Czech Republic and Slovakia between
September 1, 2021, and December 31, 2022. We attempted
to characterize whether the genetic relatedness of the stud-
ied strains corresponds to recent transmission in the host
country or to independent transmission events in Ukraine
before migration by comparing the isolates with 1574 MTBC
isolates originally from Ukraine, the Czech Republic, and
Slovakia.

2 Materials and Methods
2.1 Ukrainian Refugees and Migrants

The study population included all Ukrainian citizens who
were diagnosed with TB in Slovakia and the Czech Republic
from 1 September 2021 to 31 December 2022. The study
start was determined by the increasing migration rate from
September 2021, which resulted from the escalating war
tensions between Russia and Ukraine while also coincid-
ing with the removal of COVID-19 restrictions in the host
countries. All isolates had patient data available on the date
of first TB diagnosis, age, sex, and date of arrival in the
country. Based on this information, the patients were clas-
sified into two distinct groups: migrants and war refugees.

Phenotypic drug susceptibility testing (pDST) was per-
formed on Lowenstein—Jensen (LJ) medium for all drugs;
for pyrazinamide (PZA), we used the BACTEC MGIT 960
system. The media contained drugs at critical concentrations
(CC) recommended by the WHO [14].

DNA extraction and WGS were performed according to
the procedure published in our previous study [15].

2.2 International TB Transmission Investigation

MTBC isolates from Slovakia, Czech Republic, and Ukraine
were analyzed to study international transmission chains and
infection origin. Brief country overviews and aggregate data
are below:
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2.2.1 Czech Republic

All accessible MTBC sequences (n=143) from the Czech
Republic were employed in this analysis. MDR isolates
(n=065) were collected during routine surveillance from Jan-
uary 2005 to December 2020 and have been described previ-
ously (accession number PRJIEB48710) [15]. All mono- and
polyresistant strains (n=78) obtained during health surveil-
lance from January 2017 to December 2020 were analyzed.
DNA extraction and WGS were performed as mentioned
above (see section Ukrainian refugees and migrants).

2.2.2 Slovakia

All accessible MTBC sequences (n=61) from Slovakia were
employed in this analysis, including all MDR, mono- and
polyresistant MTBC isolated at National Reference Labora-
tory for Mycobacteria between January 2017 and December
2020 and drug-susceptible isolates collected between June
2019 and March 2020. DNA extraction and WGS were per-
formed as mentioned above (see section Ukrainian refugees
and migrants). Twelve MDR and pre-XDR isolates have
been described previously (accession number PRIEB43174)
[16].

2.2.3 Ukraine

The study incorporated a cohort of 1370 MTBC isolates
sourced from the state of Ukraine.

A total of 1184 isolates collected between November
2009 and May 2014 were obtained from the Central Ref-
erence Laboratory on Tuberculosis Microbiological Diag-
nostics, Ministry of Health, Kyiv, Ukraine. In total, 32.6%
of the isolates were found to be RR, with 9.2% of these
exhibiting MDR. These isolates were selected based on
population-based surveys carried out in hospitals and clin-
ics across diverse regions in Ukraine to assess the prevalence
of anti-tuberculosis drug resistance among MTBC isolates,
and sequences were described previously (accession number
SRP128089) [17, 18].

Furthermore, a set of 186 isolates, previously uncharac-
terised, was obtained from V.N. Karazin Kharkiv National
University, Kharkiv, Ukraine. These strains were isolated
from prison inmates diagnosed with pulmonary TB treated
at a specialized facility in Kharkiv region, Ukraine.

For more information on DNA isolation and WGS, see
Supplementary Data 1.1 and 1.2.

2.3 Statistics

The association between lineages and resistance profile was
assessed using Fisher’s exact test (two-sided) using Graph-
Pad Prism version 8.0.1.

2.4 Bioinformatic Analysis

The sequenced reads were mapped to MTBC H37Rv ATCC
27294 as reference genomes using the MTBseq pipeline by
application of the mem algorithm of the Burrows—Wheeler
alignment tool. Duplicated reads were marked using the
Picard tool (https://github.com/broadinstitute/picard), and
local realignment of reads around insertions/deletions was
performed using the Genome Analysis Toolkit. High-quality
SNPs were called with Samtools mpileup using the follow-
ing thresholds: minimum mapping quality of 20, minimum
base quality at a position of 20, minimum read depth at a
position of 8%, and maximum strand bias for a position of
90%. Samples not meeting these criteria were excluded from
further analysis (n=158).

In order to detect the resistant subpopulations or heter-
oresistance, the variant calling was performed using the
minimum mapping quality of 20, minimum base quality at
a position of 20, minimum read depth at a position of 2X,
and maximum strand bias for a position of 10%. Moreover,
an in-house script was used in order to detect large deletions
in drug resistance-associated genes.

A maximum-likelihood phylogenetic tree was constructed
from 12,468 reliable SNPs within the dataset of 1368 sam-
ples with respect to the reference genome with RAXML-NG
v. 1.0.2, employing the '-model GTR + G + ASC_LEWIS'
option. The general time reversible (GTR) model of nucleo-
tide substitution with the gamma model of rate heterogene-
ity was utilized, and 100 independent runs were performed
using distinct starting trees. Support values were obtained
through 100 rounds of "Rapid" bootstrapping, and the
best-scoring maximum-likelihood topology was "midpoint
rooted" using FigTree (https://github.com/cdeanj/figtree).
The resulting topology was annotated and visually enhanced
using the iTOL online tool (https://itol.embl.de).

3 Results

3.1 Sample Collection and Analysis
of Epidemiological Trends of TB Among
Ukrainian Refugees and Migrants

From September 1, 2021, to December 31, 2022, a cumula-
tive count of 116 TB cases was reported among Ukrainian
refugees and migrants in the Czech Republic (n=104) and
Slovakia (n=12). Culture-confirmed isolates were obtained
from 91 patients (91/116; 78.45%) who underwent WGS
(Fig. 1, Table 1, Supplementary Fig. S1).

Figure 2a, b illustrates the trends in TB incidence per
100,000 individuals among Ukrainian migrants in the Czech
Republic and Slovakia over a span of 26 years and 13 years,
respectively. Furthermore, it presents the annual number of
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Fig. 1 Flow chart showing the
number of isolates from Ukrain-
ian refugees and migrants
included in epidemiological
investigations into TB cases
from September 1, 2021, to

Screening for all tuberculosis
patients with Ukrainian citizenship
during the period 9/21 -12/22

December 31, 2022, in the
Czech Republic and Slovakia
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Czech Republic
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n=66 (56.89%)

Slovak Republic
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War refugees Migrants registered Ukrainians without
n=38 (41.76%) before 9/21 n= 52 further information
L y | (57.14%) L n=2(2.19%) )

diagnosed TB cases in the Czech Republic from 1997 to
2022 (Fig. 2a) and Slovakia from 2010 to 2022 (Fig. 2b).
Despite the significant increase in the number of patients in
2022, there was a decrease in TB incidence (Fig. 2a). This
trend is attributed to the arrival of 636,282 war refugees to
the country due to the ongoing conflict. Among the total
population of 156,881 Ukrainian war refugees in Slovakia,
12 TB cases were reported in 2022.

Furthermore, according to pDST, we observed the
highest number of patients with RR and MDR-TB in the
Czech Republic in the past 11 years (n=17), out of which
8 (47.06%) were identified among war refugees (Fig. 2c¢).
A total of 6 cases of MDR-TB were recorded in Slovakia
in 2022, representing the highest number in the last 5 years
(Fig. 2c¢). Of these, 3 cases (50%) were diagnosed in Ukrain-
ian war refugees.

3.2 Genotypic Resistance
Of the total 91 MTBC isolates from Ukrainian war refugees

and migrants analyzed, 71.43% (65/91) were found to be
drug-sensitive, 12.09% (11/91) exhibited resistance to at
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least one drug, and 16.48% (15/91) were classified as either
MDR or pre-XDR.

We studied the sublineage-specific resistance profile and
found that Beijing sublineage 2.2.1 was significantly asso-
ciated with the RR/MDR (p <0.0001; OR: 8.485; 95% CI
2.898-23.14) (Supplementary Fig. S2).

3.3 Genomic Diversity of MTBC Isolates
from Ukrainian War Refugees and Migrants
in the Czech Republic and Slovakia

The MTBC isolates were classified into three distinct lin-
eages: lineage 4 (Euro-American, EA; 66/91), lineage 2
(Beijing; 24/91), and lineage 3 (Delhi/Central Asian, Delhi/
CAS; 1/91). The strains were primarily categorized into
nine sub-lineages: 4.1.2/Haarlem (21.98%%; 20/91), 4.8
EA (20.88%; 19/91), 4.3.3/LAM (16.48%; 15/91), 4.7/EA
(5.49%; 5/91), 4.2/Ural (3.30%; 3/91), 4.1/EA (3.30%; 3/91),
4.2.1.1/TUR (1.10%; 1/91), 2.2.1/Beijing (26.37%; 24/91;
of which W148 European/Russian clade 4/24; 16.67%) and
3.1.2.1/Delhi CAS (1.10%; 1/91). The prevalence of strains
representing these sublineages remained constant and did
not change significantly. On the contrary, in Slovakia, we
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Table 1 Epidemiological data for 91 Ukrainian war refugees/migrants
underwent whole genome sequencing

Epidemiological data

N (%)

Age group

0-9 1(1.1)
10-19 33.3)
20-29 8(8.8)
30-39 26 (28.6)
40-49 23 (25.3)
50-59 19 (20.9)
60-69 6 (6.6)
70-79 4(4.4)
80-89 1(1.1)
Sex

Male 58 (63.7)
Female 33 (36.3)
Diagnosis

Pulmonary TB 86 (94.51%)
Extrapulmonary TB 5(5.49%)
History of TB

Yes 1(1.1)
No 90 (98.9)

TB tuberculosis
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150 0 Number of Ukrainian TB patients in Czech republic
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noticed a significant change in the distribution of MTBC
lineages (Fig. 3).

A phylogenetic tree constructed using the 1368 samples
from the Czech Republic, Slovakia, and Ukraine was built
to investigate the MTBC population structure and revealed
the expected clustering by lineage with the prevalence of
Beijing lineage (Fig. 4).

3.4 MTBC Genomic Clusters/Transmission Analysis
of Ukrainian War Refugees/Migrants

The pairwise SNP differences across the 91 isolates ranged
from 0 to 652 (Supplementary Fig. S3). Among 91 MTBC
isolates from Ukrainian war refugees and migrants, only 6
(8.79%) were grouped in three clusters, with a maximum
number of isolates in each cluster being 2. There were 85
(85/91; 91.21%) genotypically unique isolates. One cluster
comprising 2 patients was defined as a cross-border between
the Czech Republic and Slovakia (0 SNPs difference; Sup-
plementary Fig. S3). These 2 patients were infected in
Ukraine, and while migrating after March 1, 2022, one
patient stayed in Slovakia and one patient in the Czech
Republic. Another cluster grouped 2 patients, one of whom
has been registered as an asylum seeker in the Czech Repub-
lic since 2004, and the other came as a war refugee in 2022.
Due to the relatively prolonged incubation period of TB, it
can be presumed that these patients had previous direct con-
tact or contact with other patients belonging to this cluster,
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Fig.2 Trends in the incidence of TB among Ukrainian migrants in
the Czech Republic from 1997 to 2022 (A) and Slovakia from 2010
to 2022 (B). Panel C shows the number of patients with RR/MDR-TB

T T T T T 1
2010 2012 2014 2016 2018 2020 2022

in the Czech Republic and Slovakia from 2010 to 2022. *data on the
nationality of TB patients in Slovakia prior to 2010 was unavailable
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Fig.3 Variations in the genomic diversity of Mtb isolates collected
during the present study and in previous studies conducted in the
Czech Republic and Slovakia between 2005 and 2020. CZ—Czech
Republic, SVK—Slovakia

whose sequencing data is unavailable. This data confirmed
that there is a lack of clustering among strains from recent
migrants/refugees, indicating their lack of genetic related-
ness and, therefore, implying that transmission is unlikely to
have occurred in the Czech Republic and Slovakia.

3.5 International Transmission of TB Between War
Refugees/Migrants and the General Population
in the Czech Republic, Slovakia, and Ukraine

We explored possible international connections and obtained
a more in-depth understanding of the source of TB disease
among certain war refugees diagnosed in the host coun-
tries. The two largest clusters (Fig. 5) were detected, com-
prising the sensitive (Cl1) and MDR (Cl4) MTBC isolates
(Beijing sublineage) from Ukrainian refugees and isolates
from previous studies conducted in Ukraine. This indicates
a national chain of transmission spanning over 14 years, as
clustered isolates were collected in microbiological labo-
ratories throughout Ukraine during the countrywide study
from 2009 to 2014 and in a prison hospital in Kharkiv from
2018 to 2019. The presented results confirmed the theory
that most cases resulted from local transmission in Ukraine
(without known epidemiological links).
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One other cluster (C13; Fig. 5) comprised three Ukrain-
ian migrants diagnosed in 2019, 2021 and 2022. Retrospec-
tive contact tracing confirmed that these patients had an
epidemiological link, mainly between household contacts.
The presented results confirmed the theory that most cases
resulted from local transmission in Ukraine (without known
epidemiological links).

The limited clustering observed between strains from
recent migrants/refugees and patients from the host coun-
tries indicated their lack of relatedness, thus suggesting that
transmission is improbable within the Czech Republic and
Slovakia.

Reported transmission events confirmed an increased
risk of transmission in lineage 2 compared to other lineages
(p <0.0001; OR: 19.5; 95% CI 4.073-93.03).

4 Discussion

TB in war refugees/migrants represents an important clinical
and public health threat, particularly in low TB-incidence
countries. In this two-country study, we found that the clus-
tering rate between strains from recent Ukrainian war refu-
gees/migrant is low, and therefore transmission is unlikely to
have occurred in host countries, and these patients are part
of larger clusters previously identified in Ukraine.

In recent decades, Ukrainians represented a substantial
proportion of foreign-born patients diagnosed with TB in
the Czech Republic and Slovakia, and the incidence of TB
among Ukrainians has shown a declining trend. Neverthe-
less, the onset of war and large migration brought alarming
public health concerns regarding TB [19]. The recently pub-
lished data showed the increased incidence of TB in low-
incidence countries correlating with an increasing preva-
lence of TB among migrants originating from countries with
a high TB burden [20]. Consequently, we anticipate more
TB patients in the Czech Republic and Slovakia, consid-
ering the typical incubation period of TB disease, which
spans from several months to 2 years. The incidence curve
in the Czech Republic experienced a sharp decline start-
ing in 2003 and has remained relatively stable since then.
Similarly, the incidence of TB in Slovakia has decreased
significantly since 2013, with a slight increase in incidence
in 2022. As expected, the data from 2022 demonstrate his-
torically the highest number of Ukrainian patients with TB
in the Czech Republic (incidence 13.99 per 100,000 popu-
lation) and Slovakia (incidence 7.65 per 100.000 popula-
tion). The TB case numbers among individuals arriving from
Ukraine appeared to be lower than initially anticipated in
several other countries with a low incidence of TB [21, 22].
The relatively low number of TB patients among war refu-
gees in Slovakia can be attributed to the rather significant
mobility of this population, which did not necessarily stay in
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Fig.4 A maximum-likelihood phylogenetic tree was constructed
from 12,468 reliable SNPs within the 1368 samples from the Czech
Republic, Slovakia and Ukraine datasets. From the inner to the outer

the country for an extended period. However, there is a lack
of data in the country to confirm this hypothesis. Almost
23% of MTBC isolates were classified as RR/MDR. These
results are consistent with the estimated proportion of RR/
MDR-TB in Ukraine in 2021 [8]. However, it is important
to note that the recorded number of cases vs estimated case
numbers is lower, probably due to delayed or inadequate
diagnosis of TB and reporting delays, as universal testing
for TB infection, as well as screening for active TB among
refugees arriving in European countries from Ukraine is not
recommended by ECDC [23]. Recent results highlight the
utility of an active screening strategy (including systematic
full health consultation and a chest X-ray) in people com-
ing from Ukraine to estimate a more accurate prevalence of
TB and primary MDR form among the target population
[22]. For example, recent statistics from the WHO suggest
that approximately 230 Ukrainian refugees in Poland are
estimated to have drug-resistant tuberculosis, yet only 46
individuals are presently undergoing treatment [24].

As expected, our findings revealed that the genetic diver-
sity of MTBC isolates among Ukrainian war refugees and

o
T e .

circles: country of TB diagnostics; year of TB diagnostics; migration
status; sublineage; whole-genome sequencing-based drug-resistance
profile; genomic cluster with a 5 SNP threshold

migrants is mainly driven by sublineages 2.2.1 (24/91),
4.1.2.1 (20/91) and 4.8 (19/91). Previous studies conducted
in Ukraine, the Russian Federation and other Central Asian
countries showed similar results [25-27]. The results also
showed changes in the distribution of lineages in Slovakia,
with a predominance of the Beijing lineage, which occurred
in only 2 patients over the last 6 years [16]. As this lineage
is characterized by increased virulence and transmissibil-
ity, we strongly recommend public health authorities to take
the necessary measures, such as a thorough investigation of
close contacts, as early detection facilitates rapid initiation
of an appropriate treatment regimen [28].

Similar to other studies, cluster analysis revealed that
most infections were likely the result of reactivation of
latent disease or exposure to TB before migration rather than
recent transmission occurring within the host country [29,
30]. The largest clusters comprised war refugees diagnosed
in the Czech Republic, TB patients from various regions of
Ukraine, and incarcerated individuals diagnosed with pul-
monary TB at a specialized facility in the Kharkiv region,
Ukraine.
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cl1

Cl2

ci3

Fig.5 Minimum spanning trees based on SNP differences between
the strains, including those isolated from Ukrainian patients in the
Czech Republic and Slovakia. The red outline highlights the patient

One limitation of our study was the inability to obtain
social-demographic information from the participants we
enrolled. As a result, we could not ascertain the epidemio-
logical associations among the clustered individuals. Addi-
tionally, the sample collection didn't cover all Ukrainian
war refugees and migrants with TB in the Czech Republic
and Slovakia during the study period, as some patients had
treatment plans before arrival. Also, the low clustering rate
was influenced by limited sequencing data availability from
Ukraine.

Our study is the first comprehensive molecular—epi-
demiology investigation on the impact of Ukrainian war
migration on TB transmission in low-incidence countries.
Although we did not observe a significant increase in the
incidence of TB among the population in host countries,
we anticipate that the effects of migration could become
evident in the forthcoming years. The large host population
dilutes the higher incidence among refugees, unless a major
outbreak occurs. Finally, our results highlight the ability of
WGS to perform genomic investigations across time and
geography and underscore the urgent need to enhance and
reinforce current initiatives aimed at the early detection and
treatment of TB and to increase awareness and understand-
ing of the hazards associated with huge migration events
from high-incidence TB countries.
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cla

classified as a Ukrainian war refugee or migrant. Cl—cluster, CZ—
Czech Republic, SK—Slovakia; other clustered patients in Cl1, CI2
and, Cl4 were notified in Ukraine

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s44197-023-00166-5.

Author Contributions MD, IP, MS—performed the experiments; MD,
JM—wrote the paper; AG, MO, JW, MK—analyzed the data; VD, Vé,
Pinkova, IP, OK—collected the data; MR, TW—reviewed and revised
the manuscript; VN, DC, IS—experimental design of the study; IM—
principal investigator.

Funding This research was funded by Grant APVV-18-0084, Grant
APVV-22-0342, Grant VEGA-1/0093/22 and Grant of Ministry of
Health, Czech Republic—conceptual development of research organi-
zation (The National Institute of Public Health—NIPH, 75010330.
T.M.W. is a Wellcome Trust Clinical Career Development Fellow
(214560/Z/18/Z).

Data Availability Sequence data relating to all isolates have been
deposited in the Sequence Read Archive under BioProject numbers—
PRINA994428: isolates from Ukrainian war refugees and migrants;
PRINA994428 (sensitive strains) and PRINA886608 (MDR, pre-XDR
strains): isolates from TB patients diagnosed in Slovakia; PRIEB48710
(mono- and polyresistant strains) and PRINA886608 (MDR, pre-
XDR strains): isolates from TB patients diagnosed in Czech Republic;
PRINA994428 (strains from prison inmates) and SRP128089: isolates
from TB patients diagnosed in Ukraine.

Declarations

Conflict of interest The authors have no competing interests to declare
that are relevant to the content of this article.


https://doi.org/10.1007/s44197-023-00166-5

Journal of Epidemiology and Global Health (2024) 14:35-44

43

Ethical Approval This study was approved by the Ethics Committee of
Jessenius Faculty of Medicine in Martin, Comenius University Brati-
slava, Slovakia (EK 72/2018). All methods were carried out in accord-
ance with relevant guidelines and regulations.

Consent for Publication Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Duszczyk M, Kaczmarczyk P. The war in Ukraine and migra-
tion to poland: outlook and challenges. Intereconomics.
2022;57(3):164-70.

2. Situation Ukraine Refugee Situation [Internet]. [cited 2023 Mar
10]. Available from: https://data.unhcr.org/en/situations/ukraine.

3. Duko B, Bedaso A, Ayano G. The prevalence of depression among
patients with tuberculosis: a systematic review and meta-analysis.
Ann Gen Psychiatry. 2020;19(1):1.

4. Ruiz-Grosso P, Cachay R, De La Flor A, Schwalb A, Ugarte-Gil
C. Association between tuberculosis and depression on negative
outcomes of tuberculosis treatment: a systematic review and meta-
analysis. PLoS ONE. 2020;15(1):1.

5. Cohen A, Mathiasen VD, Schon T, Wejse C. The global preva-
lence of latent tuberculosis: a systematic review and meta-analy-
sis. Eur Respir J. 2019;54(3):1.

6. Kiazyk S, Ball T. Tuberculosis (TB): latent tuberculosis infection:
an overview. Canada Commun Dis Rep. 2017;43(3-4):62.

7. Holt E. Tuberculosis services disrupted by war in Ukraine. Lancet
Infect Dis. 2022;22(5):e129.

8. Ecdc, Who. Tuberculosis surveillance and monitoring in Europe
2023-2021 data.

9. Tuberculosis surveillance and monitoring in Europe 2023-2021
data [Internet]. [cited 2023 July 17]. Available from: https://www.
ecdc.europa.eu/en/publications-data/tuberculosis-surveillance-
and-monitoring-europe-2023-2021-data.

10. World Health Organization. Annual Report of Tuberculosis.
Annual Global TB Report of WHO [Internet]. 2022 [cited 2023
July 11];8(1):1-68. Available from: https://www.who.int/teams/
global-tuberculosis-programme/tb-reports/global-tuberculos
is-report-2022.

11. Testing for tuberculosis infection and screening for tuberculo-
sis disease among refugees arriving in European countries from
Ukraine Key messages Testing for tuberculosis (TB) infection
Screening for TB disease. 2022; [Internet]. [cited 2023 May 15].
Available from: https://www.ecdc.europa.eu/en/publications-data/
testing-tuberculosis-infection-and-screening-tuberculosis-disea
se-among-displaced#:~:text=Universal %20testing%200f%20ref
ugees%20arriving,e.g.%20those %20preparing %20for%20dialysis.

12. Abascal E, Pérez-Lago L, Martinez-Lirola M, Chiner-Oms A,
Herranz M, Chaoui I, et al. Whole genome sequencing-based
analysis of tuberculosis (TB) in migrants: Rapid tools for cross-
border surveillance and to distinguish between recent transmission

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

in the host country and new importations. Eurosurveillance.
2018;24(4):1800005. https://doi.org/10.2807/1560-7917.ES.2019.
24.4.1800005.

De Beer JL, Kodmon C, van der Werf MJ, van Ingen J, van Soolin-
gen D. Molecular surveillance of multi- and extensively drug-
resistant tuberculosis transmission in the European Union from
2003 to 2011. Eurosurveillance. 2014;19(11):20742. https://doi.
org/10.2807/1560-7917.ES2014.19.11.20742.

Technical Report on critical concentrations for drug susceptibility
testing of medicines used in the treatment of drug-resistant tuber-
culosis [Internet]. [cited 2023 May 15]. Available from: https://
www.who.int/publications/i/item/WHO-CDS-TB-2018.5.

Dohal M, Dvorédkova V, éperkové M, Pinkova M, Spitaleri A,
Norman A, et al. Whole genome sequencing of multidrug-resist-
ant Mycobacterium tuberculosis isolates collected in the Czech
Republic, 2005-2020. Sci Rep. 2022;12(1):1-10. https://doi.org/
10.1038/541598-022-11287-5.

Dohal M, Dvorakova V, §perkov£1 M, Porvaznik I, Cabibbe AM,
Trovato A, et al. Anti-tuberculosis drug resistance in Slovakia,
2018-2019: the first whole-genome epidemiological study. J Clin
Tuberc Other Mycobact Dis. 2022;26:100292. https://doi.org/10.
1016/j.jctube.2021.100292.

Pavlenko E, Barbova A, Hovhannesyan A, Tsenilova Z, Slavuckij
A, Shcherbak-Verlan B, et al. Alarming levels of multidrug-resist-
ant tuberculosis in Ukraine: results from the first national survey.
Int J Tuberc Lung Dis. 2018;22(2):197-205.

. Zignol M, Cabibbe AM, Dean AS, Glaziou P, Alikhanova

N, Ama C, et al. Genetic sequencing for surveillance of drug
resistance in tuberculosis in highly endemic countries: a multi-
country population-based surveillance study. Lancet Infect Dis.
2018;18(6):675-83.

Paul IK, Nchasi G, Bulimbe DB, Mollel MK, Msafiri GG, Mbogo
A, et al. Public health concerns about Tuberculosis caused by
Russia/Ukraine conflict. Health Sci Rep. 2023;6(4):1.

Aldridge RW, Zenner D, White PJ, Williamson EJ, Muzyamba
MC, Dhavan P, et al. Tuberculosis in migrants moving from high-
incidence to low-incidence countries: a population-based cohort
study of 519,955 migrants screened before entry to England,
Wales, and Northern Ireland. Lancet. 2016;388(10059):2510.
Hauer B, Kroger S, Haas W, Brodhun B. Tuberculosis in times
of war and crisis: epidemiological trends and characteristics of
patients born in Ukraine, Germany, 2022. Eurosurveillance.
2023;28(24):2300284. https://doi.org/10.2807/1560-7917.ES.
2023.28.24.2300284.

Guthmann JP, Fraisse P, Bonnet I, Robert J. Active tuberculosis
screening among the displaced population fleeing Ukraine, France,
February to October 2022. Euro Surveill. 2023;28(12):2300155.
https://doi.org/10.2807/1560-7917.ES.2023.28.12.2300155.
Testing for tuberculosis infection and screening for tuberculo-
sis disease among refugees arriving in European countries from
Ukraine [Internet]. [cited 2023 June 20]. Available from: https://
www.ecdc.europa.eu/en/publications-data/testing-tuberculosis-
infection-and-screening-tuberculosis-disease-among-displaced.
Fighting drug-resistant tuberculosis in Poland with a patient-
centred model of care [Internet]. [cited 2023 June 20]. Available
from: https://www.who.int/europe/news/item/10-05-2023-fight
ing-drug-resistant-tuberculosis-in-poland-with-a-patient-centr
ed-model-of-care.

Merker M, Blin C, Mona S, Duforet-Frebourg N, Lecher S,
Willery E, et al. Evolutionary history and global spread of
the Mycobacterium tuberculosis Beijing lineage. Nat Genet.
2015;47(3):242-9.

Casali N, Nikolayevskyy V, Balabanova Y, Harris SR, Ignatyeva
O, Kontsevaya I, et al. Evolution and transmission of drug-
resistant tuberculosis in a Russian population. Nat Genet.
2014;46(3):279-86.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://data.unhcr.org/en/situations/ukraine
https://www.ecdc.europa.eu/en/publications-data/tuberculosis-surveillance-and-monitoring-europe-2023-2021-data
https://www.ecdc.europa.eu/en/publications-data/tuberculosis-surveillance-and-monitoring-europe-2023-2021-data
https://www.ecdc.europa.eu/en/publications-data/tuberculosis-surveillance-and-monitoring-europe-2023-2021-data
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2022
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2022
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2022
https://www.ecdc.europa.eu/en/publications-data/testing-tuberculosis-infection-and-screening-tuberculosis-disease-among-displaced#:~:text=Universal%20testing%20of%20refugees%20arriving,e.g.%20those%20preparing%20for%20dialysis
https://www.ecdc.europa.eu/en/publications-data/testing-tuberculosis-infection-and-screening-tuberculosis-disease-among-displaced#:~:text=Universal%20testing%20of%20refugees%20arriving,e.g.%20those%20preparing%20for%20dialysis
https://www.ecdc.europa.eu/en/publications-data/testing-tuberculosis-infection-and-screening-tuberculosis-disease-among-displaced#:~:text=Universal%20testing%20of%20refugees%20arriving,e.g.%20those%20preparing%20for%20dialysis
https://www.ecdc.europa.eu/en/publications-data/testing-tuberculosis-infection-and-screening-tuberculosis-disease-among-displaced#:~:text=Universal%20testing%20of%20refugees%20arriving,e.g.%20those%20preparing%20for%20dialysis
https://doi.org/10.2807/1560-7917.ES.2019.24.4.1800005
https://doi.org/10.2807/1560-7917.ES.2019.24.4.1800005
https://doi.org/10.2807/1560-7917.ES2014.19.11.20742
https://doi.org/10.2807/1560-7917.ES2014.19.11.20742
https://www.who.int/publications/i/item/WHO-CDS-TB-2018.5
https://www.who.int/publications/i/item/WHO-CDS-TB-2018.5
https://doi.org/10.1038/s41598-022-11287-5
https://doi.org/10.1038/s41598-022-11287-5
https://doi.org/10.1016/j.jctube.2021.100292
https://doi.org/10.1016/j.jctube.2021.100292
https://doi.org/10.2807/1560-7917.ES.2023.28.24.2300284
https://doi.org/10.2807/1560-7917.ES.2023.28.24.2300284
https://doi.org/10.2807/1560-7917.ES.2023.28.12.2300155
https://www.ecdc.europa.eu/en/publications-data/testing-tuberculosis-infection-and-screening-tuberculosis-disease-among-displaced
https://www.ecdc.europa.eu/en/publications-data/testing-tuberculosis-infection-and-screening-tuberculosis-disease-among-displaced
https://www.ecdc.europa.eu/en/publications-data/testing-tuberculosis-infection-and-screening-tuberculosis-disease-among-displaced
https://www.who.int/europe/news/item/10-05-2023-fighting-drug-resistant-tuberculosis-in-poland-with-a-patient-centred-model-of-care
https://www.who.int/europe/news/item/10-05-2023-fighting-drug-resistant-tuberculosis-in-poland-with-a-patient-centred-model-of-care
https://www.who.int/europe/news/item/10-05-2023-fighting-drug-resistant-tuberculosis-in-poland-with-a-patient-centred-model-of-care

44

Journal of Epidemiology and Global Health (2024) 14:35-44

217.

28.

Daum LT, Konstantynovska OS, Solodiankin OS, Liashenko OO,
Poteiko PI, Bolotin VI, et al. Next-generation sequencing for char-
acterizing drug resistance-conferring mycobacterium tuberculo-
sis genes from clinical isolates in the Ukraine. J Clin Microbiol.
2018;56(6):1.

Huang CC, Chu AL, Becerra MC, Galea JT, Calder6n R, Contre-
ras C, et al. Mycobacterium tuberculosis Beijing lineage and risk
for tuberculosis in child household contacts, Peru. Emerg Infect
Dis. 2020;26(3):568.

@ Springer

29.

30.

Stucki D, Ballif M, Egger M, Furrer H, Altpeter E, Battegay M,
et al. Standard genotyping overestimates transmission of myco-
bacterium tuberculosis among immigrants in a low-incidence
country. J Clin Microbiol. 2016;54(7):1862-70.

Jackson S, Kabir Z, Comiskey C. Effects of migration on tuber-
culosis epidemiological indicators in low and medium tuberculo-
sis incidence countries: a systematic review. J Clin Tuberc Other
Mycobact Dis. 2021;23:2405-5794.



	Tuberculosis in Ukrainian War Refugees and Migrants in the Czech Republic and Slovakia: A Molecular Epidemiological Study
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	1 Introduction
	2 Materials and Methods
	2.1 Ukrainian Refugees and Migrants
	2.2 International TB Transmission Investigation
	2.2.1 Czech Republic
	2.2.2 Slovakia
	2.2.3 Ukraine

	2.3 Statistics
	2.4 Bioinformatic Analysis

	3 Results
	3.1 Sample Collection and Analysis of Epidemiological Trends of TB Among Ukrainian Refugees and Migrants
	3.2 Genotypic Resistance
	3.3 Genomic Diversity of MTBC Isolates from Ukrainian War Refugees and Migrants in the Czech Republic and Slovakia
	3.4 MTBC Genomic ClustersTransmission Analysis of Ukrainian War RefugeesMigrants
	3.5 International Transmission of TB Between War RefugeesMigrants and the General Population in the Czech Republic, Slovakia, and Ukraine

	4 Discussion
	References




