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Nontuberculous mycobacterial infections in children in the Czech Republic
in the period 2003-2018

Karolina Dolezalova®*, Marek Maly®, Jiri Wallenfels‘, Dana Gopfertova®

Aim. Comparision of the incidence of cervical lymphadenitis caused by nontuberculous mycobacteria in two equal
time periods before and after the ending of widespread calmetization (tuberculosis vaccination).

Backgroung. From 2011 to 2018, 89 children were registered in the Tuberculosis Register with cervical lymphadeni-
tis caused by nontuberculous mycobacteria, as confirmed by cultivation. In the majority of cases, the infection was
caused by a mycobacterium belonging to the Mycobacterium avium complex. Only 7 cases of cervical lymphadenitis
of the same etiology were registered during the same time interval between 2003 and 2010. The authors consider the
ending of widespread calmetization (tuberculosis vaccination) in 2010 to be the main cause of the growing incidence.
Method. A comparison of data for the period 2003-2018 about cases of the illness caused by atypical mycobacteria
as reported in the Tuberculosis Register.

Results. The average incidence per year in the first interval was 0.04/100 000 children and in the second interval
0.53/100 000 children. During the second time interval, there was an increase from 0.14/100 000 children in 2011 to
1.40/100 000 children in 2018. While the incidence during the first time interval did not show any time trend (P=0.885),
the year 2010 marks a significant turning point, with growth during the second interval being highly statistically sig-
nificant (P<0.001).
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INTRODUCTION been identified, of which 120 are pathogenic for humans.
Nontuberculous mycobacteria reservoirs are fresh water,
From the global point of view, tuberculosis is the tenth  salt water, soil and biofilms. So far, no human-to-human
highest cause of death, rising to fourth where it concerns  transmission has been reported.
causes of death due to infection. Per year, tuberculosis The most common species of mycobacteria are the
afflicts around 10 million people, of which 1.2 million MAC - Mycobacterium avium complex (which includes
die!. The epidemiology situation in the Czech Republic =~ M. avium and M. intracellulare), M. kansasii, M. xenopii
regarding the incidence of tuberculosis is significantly bet- 200 (corrected according to reviewer N. 2) M. gordonae,
ter. The incidence has been decreasing over the long-term M. chelonae, M.abscessus, M. scrofulaceum, M. malmoense
and is the lowest among neighboring EU countries®?. The  and M. ulcerans.
mortality rate is also decreasing®. The most common mechanism for the transmission of
This favorable trend was not interrupted by the ending  NTM infections is the inhalation of aerosol from natural
of widespread calmetization in 2010, after which there was  or artificial reservoirs, i.e. from infected water reservoirs,
just a slight increase in the number of tuberculosis cases  terminal outlets of water pipelines in industrial establish-
among the youngest age group (0-5 years). However, in  ments or households>*
contrast, the incidence of infections caused by nontuber- In children, unilateral cervical lymphadenitis is typi-
culous mycobacteria continues to increase. Among chil-  cal. It is an illness affecting children up to the age of 5
dren, this is well illustrated by the increase in occurrence  years, with slight predominance in girls. The infectious
of cervical lymphadenitis caused by Mycobacterium avium  agent predominantly enters through the orofacial area
complex over the past 8 years. through the consumption of infected water or food. The
Nontuberculous mycobacterial infections (NTM) are  predisposed group includes teething children. The inva-
conditions caused by nontuberculous mycobacteria. These  sion of mycobacteria into the blood stream first manifests
are ubiquitous saprophytes. To date, 200 species have as a regular infection of the upper respiratory tract and
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reactive adjacent lymph nodes. The swelling gradually
increases. There is a granulomatous inflammation in the
nodes and colliquation may occur. The inflammation
spreads to the surrounding tissue, skin and subcutane-
ous tissue and typically manifests as unilateral swelling
or swelling of the entire lymp node packet, most com-
monly the submandibular. The condition typically lasts
for several weeks to months. The disease is not accompa-
nied by a significant inflammatory response that would
show up in laboratory results; there is only an increase
in the erythrocyte sedimentation rate. An ultrasound is
used for the diagnostics. A typical ultrasound image shows
lymph node packets with central colliquation and some-
times calcification. In broader findings, the imaging may
be extended to include magnetic resonance. A skin test
with Mycobacterium avium sensitine is usually positive.
To confirm the diagnosis, histological findings from ex-
tirpated nodes (granulomatous inflammation, palisade
of Langhans cells, central necrosis) and microbiological
identification of the causing microorganism using meth-
ods of molecular biology and classical culturing are usu-
ally conclusive’.

Vaccination against tuberculosis is performed using a
live attenuated Bacillus Calmette-Guérin vaccine, which is
also referred to as calmetization. It prevents the develop-
ment of severe forms of post-primary tuberculosis and,
due to the cross-reactive immune response, has a protec-
tive effect against infections caused by atypical mycobacte-
ria. In post-war Czechoslovakia, widespread calmetization
was introduced in 1953. This, in combination with public
health and social programs against tuberculosis, led to
a dramatic decrease in the incidence of tuberculosis by
the beginning of the 21st century. The low incidence of
tuberculosis in the Czech Republic, the relatively high re-
actogenicity of the vaccine and only the partial protective
effect of the BCG vaccine against tuberculosis, despite
quite common adverse effects, resulted in the eventual
termination of the widespread mandatory vaccination
of newborns, as was also the case in the majority of de-
veloped countries. Since November 1, 2010, only infants
from risk groups are vaccinated on the basis of an assess-
ment of a completed Tuberculosis Risk Questionnaire.
The protective effect of the BCG vaccine against non-
tuberculous mycobacterial infections has been demon-
strated on mouse models®. The increase in incidence of
lymphadenitis caused by nontuberculous mycobacteria in
those countries that withdrew the widespread vaccination
program has been repeatedly documented®™.

METHOD

Searching for cases: For the purposes of this study,
we used data from the Tuberculosis Register. The regis-
ter has existed in the Czech Republic since the 1950’s.
The reporting of new cases of the disease, relapses of
tuberculosis and mycobacteriosis, as well as instances
of death caused by tuberculosis and mycobacteriosis is
a legal obligation for all doctors. The data regarding all
reported cases are held centrally and monitored. The

Tuberculosis Register not only replaces the local gather-
ing and processing of data from forms, but also helps to
develop and maintain an integrated, good quality, up to
date and secure - including in terms of personal data
protection - database on the incidence of TB in the Czech
Republic®. The Czech Republic is an exception when it
comes to record keeping and the mandatory reporting of
nontuberculous mycobacteriosis because the majority of
other countries do not report cases of mycobacteriosis.

For the purposes of this study, we chose diagnoses
reported in the Tuberculosis Register under illness code
A31.1 (skin mycobacterial infection), A31.8 (other my-
cobacterial infections) and A31.9 (mycobacterial infec-
tion, unspecified) according to the 10th revision of the
International Classification of Diseases (ICD). The
reported cases were confirmed by culturing and/or by
methods of molecular biology and showed typical histo-
logical findings. To count incidence, population data was
acquired from the Czech Statistical Office.

The assessment of trends was based on a Poisson
regression. For graphical representation we used locally
weighted scatterplot smoothing (lowess). A Chi-squared
test was applied to compare the percentages in individual
categories. The Mann-Whitney test was applied to analyze
the continuous variables. The results of the statistical tests
that had P-values lower than 0.05 were considered statisti-
cally significant.

RESULTS

In this article, results from two comparable 8-year in-
tervals, namely 2003-2010 and 2011-2018, as reported in
the Tuberculosis Register, are presented for the whole of
the Czech Republic. This concerns 7 cases during the first
time interval and 89 cases in the second time interval.

The average incidence per year in the first interval was
0.04/100 000 children and in the second interval 0.53/100
000 children. During the second time interval, there
was an increase from 0.14/100 000 children in 2011 to
1.40/100 000 children in 2018. Fig. 1 and 2 illustrate the
evolution of this trend over time using the lowess method.
While the incidence during the first time interval did not
show any time trend (P=0.885), the year 2010 marks a
significant turning point, with growth during the second
interval being highly statistically significant (P<0.001).
Fig. 4 shows, that the incidence trends for NTM infec-
tions and tuberculosis were, during the observed period
and for the age group up to 19 years, divergent and with
a statistically significant difference (P<0.001). Of all
the cases, 57 (59%) concerned girls and 39 (41%) boys.
During the first time interval, the ratio of girls to boys was
1.33:1, whilst during the second time interval it was 1.47:1.
Gender representation did not statistically significantly
differ between the intervals (P=0.901). Fig. 3 illustrates
the situation in the regions during both observed time
intervals. The first group did not show the typical age
distribution, with cases both among younger and older
children; the median age was three years and the average
age 4.4 years. Out of the seven children in the first group,
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Fig. 1. Incidence of mycobacteriosis in the Czech Republic in the period 2003-2018.
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Fig. 2. Number of cases per 100 000 children per time interval per region.
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Fig. 3. Incidence of NTM and TB in the Czech Republic in the period 2003-2018.
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four were not vaccinated (unvaccinated children were an
exception at the time of widespread mandatory vaccina-
tion) and three vaccinated. The second group consisted of
only two vaccinated children, 82 not vaccinated children
and five unconfirmed either way. Within the second ob-
served group, the majority of cases (94%) were in the age
group 0-5 years, whereby the median age was two years
and the average age 2.9 years. The cases were statisti-
cally significantly younger than in the first time interval
(P=0.012). (See attached graphs). In most cases, the cause
was Mycobacterium avium (79%), with one case caused
by (1%) Mycobacterium fortuitum; in 20% of the cases,
mycobacteria were not specified or did not grow in the
subcultures at all.

DISCUSSION

A comparison of the two time intervals showed that
there was an indisputable increase in the incidence of
cervical lymphadenitis caused by Mycobacterium avium
complex in children and youngsters during the second
time interval. The authors associate this trend with the ter-
mination of the widespread vaccination program against
tuberculosis in 2010. In total, 89 described cases from
the second time interval correspond with the expected
characteristics, with a slight predominance in females and
a median age of 2 years. This observation corresponds
with studies on animals® and previous clinical experiences
and publications. Trnka et al.’ published data for the pe-
riod 1986-1992 which revealed that when three regions
in Czechoslovakia did not vaccinate, it led to an increase
in the number of cases of tuberculosis and nontubercu-
lous mycobacteriosis. In 2001, Vanicek et al.'® published
work in which they compared two cohorts of children
in East Bohemia. The first cohort comprised of 104 881
children that had not been vaccinated against tuberculo-
sis. The second cohort comprised of 14 356 children that
had been vaccinated. The conclusion was that the risk of
nontuberculous mycobacteriosis contraction was, at the
95% confidence level, statistically significantly higher in
the cohort of children that were not vaccinated against
tuberculosis. The Swedish authors Romanus et al.!! also
assumed the protective effect of calmetization against
localized infections caused by atypical mycobacteria. In
the period 1969-1974, when Sweden supported the wide-
spread calmetization of all newborns, the incidence of
atypical mycobacteriosis in children under 5 years of age
was 0.06/100 000. In the period 1975-1985, the incidence
within this group grew to 26.8/100 000. Mycobacterium
avium was the most commonly isolated pathogen. In con-
trast, in neighboring Finland, which supported widespread
vaccination against tuberculosis until 2006, cervical
lymphadenitis was almost unheard of with an incidence
rate of 0.3/100 000 children'. This observation led the
authors to conclude that calmetization had a protective
effect against NTM infections in children. The French
authors Lacroix et al.’® presented the same conclusion,
describing an increase of Mycobacterium avium bacteriosis
in children under 5 years of age in France from 0.57/100

000 to 3.7/100 000 during an interval of 6 years after the
ending of the country’s vaccination program in 2007. The
Dutch authors Haverkamp, et al." reviewed the results of
a two-year national study, the results of which correspond
with our observations. Their study revealed the following
data: incidence rate of 77/100 000 children, median age
31 months, predominance in girls, 98.3% of the children
were not vaccinated against tuberculosis. There are many
more references and studies on the same subject, however,
we do not consider it necessary to present more of them
to illustrate the point any further.

Within the aforementioned context, it is important
to ask whether the termination of widespread calmetiza-
tion is the only factor that contributed to the described
increase in infections caused by nontuberculous mycobac-
teria. A long-term low incidence of tuberculosis in devel-
oped countries, as evidenced by the referenced studies,
may be considered another possible factor. A study by
Orme and Collins performed on mice models® confirmed
that mice that suffered Mycobacterium tuberculosis infec-
tions subsequently had a more efficient immune response
against nontuberculous mycobacteria due to specific
memory T-lymphocytes. It is therefore probable that when
the incidence rate of tuberculosis was higher, the immune
system’s protection against nontuberculous mycobacte-
riosis was better.

Likewise, immune disorders may be another con-
tributory factor for the increase in the number of NTM
infections. For example, the Mendelian Susceptibility
to Mycobacterial Diseases is a group of monogenically
conditioned primary immunodeficiencies caused by de-
fects in the individual components of signaling pathway
IL12-IL23/IFNy, which ensures communication between
phagocytes and Th1 lymphocytes. The disorders manifest
themselves selectively in the form of decreased resistance
to mycobacteria (especially against opportunistic patho-
gens) and non-typhoidal salmonellae, whilst the remaining
antimicrobial immunity remains intact. The severity of the
disease ranges from local complications at the place of
inoculation with the BCG vaccine to fatal disseminated
infection®. However, this group of diseases is very rare
and there are only 5 patients currently diagnosed with
it in the Czech Republic. Furthermore, most of the chil-
dren from our cohort were immunocompetent. They were
healthy children that were minimally ill before their nontu-
berculous mycobacterial infection, and also subsequently
after surgery.

Other factors that need to be taken into consider-
ation include the improvement of diagnostics. In recent
years, genetic techniques - PCR NTM - are being used
to diagnose the causative agent. These methods have a
90.9% sensitivity and a 98.4% specificity'® and yield results
much faster than regular culturing, which can take up to
9 weeks. In the Czech Republic, such an examination is
performed by a pathologist. They determine the diagno-
sis of nontuberculous mycobacteriosis based on clinical
suspicion and histological findings that are typical for
a specific inflammation. The diagnosis is subsequently
confirmed by culturing.
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Fig. 4. Number of NMT cases according to the history of vaccination.

The results presented by the authors are based on man-
datory reporting. These results may not be representative
due to reporting bias. The infection is first reported by
the doctor who determined the diagnosis and then by the
laboratory that captured the positive culture test results.
Despite this dual control system, there will undoubtedly
be infections that escape the right diagnosis and, there-
fore, the correct reporting. Failure to perform correct
mandatory reporting may be a contributory factor to the
large variability among the individual regions. This report-
ing bias is likely the reason for the recorded interregional
variability, representing both good and insufficient report-
ing policies, respectively.

The most common reason for under-reporting is the
lack of sufficient diagnostics. If nontuberculous myco-
bacteria are not taken into consideration, they are not
diagnosed during regular cultivation because they require
a special culture medium and take several weeks to grow.
Another reason for under-reporting is the human factor;
the completion and dispatching of the mandatory form for
reporting cases of tuberculosis and mycobacteriosis may
be forgotten. For this reason, the authors assume that the
actual number of cases is higher.

CONCLUSION

The indisputable increase in incidence of cervical
lymphadenitis in the past eight years caused by nontuber-
culous mycobacteria, especially Mycobacterium avium, is
probably linked to the ending of the widespread vaccina-
tion program against tuberculosis in 2010. This conclu-
sion corresponds with the trend across many countries
that have already withdrawn widespread BCG vaccination
programs.

This is in contrast to the incidence rate of tuberculosis
in the Czech Republic, which shows a long-term down-
ward trend. The withdrawal of widespread calmetization
led to only a very minor increase in cases of tuberculosis
in children, predominantly in the youngest age group (see
Fig. 4).
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