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ABSTRACT

Background: Reactive oxygen species (ROS) are
generated at physiological levels as a result of cellular
metabolism and contribute to cellular interaction
and immune response. Elevated ROS may cause
cell stress, damage, and apoptosis, and have been
detected in different pathological states of infectious
and non-infectious etiology.

Aim: To evaluate the association betweenintracellular
ROS in T-cell subsets and HIV VL in chronic HIV
infection.

Material and methods: Whole blood samples (Li-
heparin, n=33) were analyzed during routine immune
monitoring in two groups of HIV+ patients: A (n=21),
on continuous cART for at least 2y, with sustained
viral suppression (HIV VL<40 copies/ml) and group
B (n=12) on cART for less than 2y, average HIV VL
92330 c/ml. Percentage and absolute counts (AC)
of CD4+ and CD8+T cells were determined by flow
cytometry (Multitest, BD Trucount™ tubes, FACS
Canto Il). Fluorometric ROS assay kit (Sigma-Aldrich)
was adapted for flow cytometry analysis to detect
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intracellular ROS in CD4+ and CD8+ T-cells (FACSDiva
6.1.2).

Results: The average CD4AC did not differ significantly
between group A and B (714 vs. 568, p>0.05), unlike
the CD4/CD8 ratio (1.2 vs. 0.6, p<0.01). The mean
fluorescence intensity (MFI) of CD4+T intracellular
ROS was significantly lower in group A (mean MFI
1744 vs. 2492, p<0.05), unlike the CD8+T cell ROS
content (1753 vs. 2129, p>0.05). Noteworthy, CD4+T
intracellular ROS correlated positively with HIV VL
(R=0.5, p<0.05), unlike CD8+T ROS. On the other
hand, positive correlations between CD8+T ROS and
cART duration, as well as age (R=0.5, p<0.05 for both)
were observed in group A.

Conclusions: CD4+T ROS production may be an
indicator of residual HIV activity in the settings of
undetectable HIV VL. The combined effects of ageing
and long-term cART affect mostly the CD8+T cell
compartment.

Key words: HIV, ROS, immune recovery, antiretroviral
therapy

INTRODUCTION:

The existence of free radicals and their essential role
in biological systems was suggested for the first time
in 1954 by Commoner et al. (1). The free radicals
are small molecules, which exist independently and
at the same time contain one or more unpaired
electrons (2, 3), which is the reason for their strong
reactivity and a wide range of intra- and intercellular
interactions.

Reactive oxygen species (ROS) include free oxygen
radical species such as the hydroxyl radical (-OH),
and
radical forms and hydrogen peroxide (H,0,), which
are less reactive (4, 5). The largest source of ROS
is oxidative phosphorylation in mitochondria (6,
7). ROS have pleiotropic effects, modifying a wide
range of cellular functions and signal-transduction
pathways (6, 8) and contributing in particular to the
innate and adaptive immune response: initiation of
macrophages activation, antigen cross-presentation,
regulation of T-cell activation and functions (5, 9,
10). On the other hand, the increased formation of

superoxide anion (O,-) as well as non-

various ROS or the reduction of cellular antioxidant
capacity leads to ,oxidative stress”, which ultimately
causes apoptosis. This phenomenon is observed
in various pathologies with infectious and non-
infectious etiology, such as carcinogenesis (11,
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12), neurodegeneration (13, 14), atherosclerosis,
diabetes (15, 16) and aging (4, 17) or due to
exogenous factors including ultraviolet and gamma
radiation, smoke and other air pollutants, as well as
several drugs and chemicals (5).

The role of oxidative stress in HIV pathogenesis
has been addressed by studies
with somewhat Reduced
antioxidant capacity due to depletion of glutathione
(GSH) in plasma, lymphocytes, monocytes and
lung epithelial cells was described in HIV-infection.
Thioredoxin (TRX) was found depleted in lymph
node dendritic cells but elevated in the plasma
of HIV-infected patients; reduced superoxide
dismutase (SOD) levels in plasma and monocytes
and H,0, production in monocytes were associated
with high HIV viral load (7). Indicators of elevated
oxidative stress were detected in neutrophils,
monocytes and astrocytes (18) in relation to TGF-
activation and induction of regulatory T cells
(Foxp3+CD4+CD25+) (19).

It is well known that ROS production is induced
by HIV proteins located on the viral envelope,
such as transactivator of transcription (Tat), viral
protein r (Vpr), negative regulatory factor (Nef)
and glycoprotein 120 (gp120) (3, 20, 21, 22, 23).
Nevertheless, ROS accumulation at the level of
CD4+ and CD8+T cell subsets at different stages of
HIV infection and during long-term combination
antiretroviral therapy (cART) is poorly investigated.
Contemporary cART is able to induce sustained
viral suppression and immune restoration, though
without complete viral elimination, bringing
forward the problems of latent HIV reservoirs, low-
level immune activation and accelerated ageing
(24, 25, 26). ROS may increase HIV replication
by reactivating LTR (long terminal repeats) in the
latently infected cells through NF-kB —dependent
mechanism (7). Clarifying the possible role of
ROS for the activation of latent HIV in cART+
patients and understanding the mechanisms and
the pathways that HIV uses to generate oxidative
stress are of great importance for the successful
monitoring and personalization of cART in long-
term treated patients (10, 18).

Our current study aims to evaluate intracellular ROS
in CD4+ and CD8+ T-cell subsets in relation to HIV VL
and the residual immune activation in HIV+ patients
on successful cART.

numerous

inconsistent results.

MATERIAL AND METHODS

Study design and participants

Peripheral blood samples (Lithium heparin, n=33)
were obtained during routine immune monitoring of
HIV+ patients registered at the Specialized Hospital
for Active Treatment of Infectious and Parasitic
Diseases, Sofia. Two groups were defined to evaluate
the early and long-term effects of cART: Group A,
patients on continuous cART for a minimum of two
years, with undetectable viral load, and group B,
treated less than two years, respectively (Table 1).
Viral load determination

HIV viral load was determined in plasma by reverse
transcription polymerase chain reaction (Abbott
Real-Time HIV-1), over the range of 40 to 10,000,000
copies/ml.

Cell isolation and flow cytometric analysis:

The percentage and absolute counts (AC) of CD4+
and CD8+T lymphocytes were determined by direct
multiparameter flow cytometry (Multitest CD3/CD8/
CD45/CD4/TRUCount, FACS Canto Il, BD Biosciences),
(Fig.1A).

Peripheral blood mononuclear cells (PBMCs) were
isolated by Ficoll Paque Plus (Sigma-Aldrich). For
determination of intracellular ROS in living T-cells, a
cell-permeable green fluorescent sensor (Aex = 490/
Aem = 520 nm, Sigma-Aldrich) was used, forming with
intracellular ROS a fluorometric complex proportional to
their quantity. Briefly, freshly isolated 5x10* PBMCs were
incubated for 60 min at 37°C with ROS sensor, stained
with CD3APC/CD4-CF-Blue/CD8-PerCP and analysed
by flow cytometry (FACSDiva 6.1.2). The same cells,
not incubated with the sensor were used as negative
control. ROS levels were characterized by the mean
fluorescence intensity (MFI ) of the stained sample
in the FITC-channel after subtracting the background
fluorescence of the negative control (Fig. 1B).
Statistical analysis: Parametric data are presented
as mean * SD. Comparisons between groups were
performed with one-tail unpaired T-test,
relationships between two variables were analyzed
by Spearman’s rank correlation coefficient. P values
less than 0.05, at Cl 0.95 were considered significant
(SPSS Statistics v.21.0). Graphpad Prism v.9.0 was
used for the graphical representation of the results.

and

RESULTS AND DISCUSSION:
The  demographic laboratory
characteristics of the study groups are given in

and basic




DETERMINATION OF INTRACELLULAR REACTIVE OXYGEN SPECIES IN T-CELL SUBSET...

Table 1 Demographic, clinical and laboratory characteristics of study participants. All data is represented

as meanSD.

HIV+ participants Group A Group B Unpaired T-test
Number (n) 21 13 N/A
Age (years) 43 +8 33 16 p<0.001***
Time after diagnosis of HIV+ (years) 10.7 £7.6 5.815.1 p<0.05*
Time between diagnosis and start of 15.9+39.5 12.6+£25.9 p>0.05
cART (months)
cART duration (months) 103 £73 13 9 p<0.001***
Viral load (copies/ml) 35.8 +9.0 92330 +£2390 p>0.05
Baseline* CD4 AC (cells/pul) 358 +243 394 +360 p>0.05
Baseline CD4/CDS8 (ratio) 0.54 +0.59 0.53 +0.54 p>0.05
Last CD4 AC (cells/pl) 714 +313 568 +383 p>0.05
Last CD4/CDS8 (ratio) 1.16 £0.80 0.61 £0.42 p<0.01**
*At start of CART
A B
§ §' 0 e o, | CO8¢T CD8+CD4+ T FMO control ROS
s 1 | & ‘ "3
<§‘: y b'. (‘ :J g
o 11 s [ g
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Fig.1 Flow cytometry analysis of ROS in T cells. (A) Gating strategy for CD4+ and CD8+ T-cell subsets.
Lymphocytes were initially gated on side scatter properties and CD45 expression (upper left panel), T cells
were then gated on the expression of CD3 (left panel), and further subdivided into CD4+ and CD8+ T cells
(middle panel). (B) Determination of intracellular ROS in CD8+ and CD4+ T cells using a ROS sensor. MFI
was measured in the FITC-channel. A Fluorescence Minus One (FMO) control was used to set markers for the

ROS-positive population.

Table 1. As expected, long term-treated patients
(group A) differed significantly in age, presumed
disease duration (time since HIV diagnosis), and
time on cART as compared to group B. Importantly,
baseline CD4 AC and CD4/CD8 in group A and
B (358+242 vs. 394+360 and 0.54+0.59 vs.
0.53%0.54), as well as the time interval between
diagnosis and the start of cART (15.9439.5vs. 12.6+
25.9) were similar (p>0.05 for all comparisons)
giving the grounds to compare the effect of cART
with different duration. There were no significant

differences between the groups regarding HIV VL,
though in four patients from group B the virus was
still detectable. Moreover, the last measured CD4
AC were similar (7144313 vs. 568+384, p>0.05).
The only parameter which differentiated between
the groups was a higher mean CD4/CD8 ratio
in long-term treated patients (A) (1.16%0.8 vs.
0.61%0.42, p<0.05). In fact, 67% of patients who
had recently started ART (B), and 41% of those
on long-term treatment (group A) had suboptimal
CD4/CD8 ratio (<0.9).
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The mean fluorescence intensity of CD4+T ROS
(MFI ) in group A was significantly lower as
compared to group B: (mean +SD) 1744+ 396
vs. 249241239, p<0.05. At the same time, CD8+

CD4+

T MFI_ in group A was also lower than in group
B (17531542 vs. 21291989, respectively), but the
difference did not reach statistical significance

(p>0.05) (Fig. 2).

CD8+

6000=
* o ns
.
4000 =
@ °
L o K e
o0 O ®
2000+ o0 <><>8 o
® TS *
o® % o
> o ¢
O
0 | | | | |
A B A B

groups

Fig. 2 Comparison of MFI___in CD4+ and CD8+ T cells between groups A and B. The difference was statistically
significant for CD4+T cells p<0.05 (*), unlike CD8+ T cells, (p>0.05).

Noteworthy, CD4+T MFI__correlated with HIV VL (R=0.5,
p<0.05) unlike CD8+T MFI_
found a positive correlation between CD8+T MFI_ . and
age, as well as cART duration (R=0.5, p<0.05 for both)
(Fig. 3C, D). Finally, CD4/CD8 ratio in group A correlated
negatively with CD4+T MFI_ (p<0.05, R=-0.47) (Fig. 3B).
Contemporary cART suppresses plasma HIV RNA

(Fig. 3A). In group A, we

below detection limit of laboratory assaysand restores
CD4 T cell pool of infected patients by preventing
new rounds of productive infection, depending on its
baseline state. Usually, most HIV+ individuals achieve
viral suppression (less than 50 copies/ml) in a couple
of months after initiation of cART (27). According to
accepted criteria, both studied groups demonstrated

a virological and immunological response to cART.
The quick restoration of CD4 AC was probably
associated with the comparatively high baseline
CD4AC in both groups, as observed by others as well
(28). However, a number of studies have shown that
neither HIV VL, nor CD4 AC are exhaustive correlates
of immune restoration. The subset ratio CD4/CDS8 is a
more sensitive marker of ongoing low-level immune
activation of variable origin in the settings of cART,
involving mostly the CD8 T cell compartment and
ultimately leading to its exhaustion (29). In our hands,
67% of patients who had recently started cART, and —
remarkably, 41% of those on long-term treatment had
a pathologically decreased CD4/CDS8 ratio (<0.9) that
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Fig. 3 Correlations of intracellular ROS: CD4+MFI_ . correlated positively with viral load (A), and inversely
- with CD4/CDS8 ratio (B); Intracellular CD8+T MFI__ correlated positively with age (C), as well as with cART

duration (D).

could reflect any immune activation, including one
caused by the slowly replicating virus and affecting
CD4 T cells, or one due to opportunistic infections,
involving mostly the CD8 T cell compartment. In this
aspect, it was interesting whether ROS content of
CD4 and CD8 T cells could clarify this issue.
According to our results, it was CD4+T ROS content
that differentiated between group A and B, and
correlated with HIV VL. Moreover, within the group
with undetectable HIV VL (A), CD4 T ROS correlated
nicely and inversely with CD4/CD8 ratio, suggesting
that the low level immune activation in patients with
suboptimal ratio might actually reflect reactivation of
latent HIV reservoirs. On the other hand, CD8 T cell ROS
while not significantly differentiating between groups A
and B, correlated directly with age and cART duration.
Oxidative stress has been implicated in many
aspects of HIV pathogenesis, such as increased viral
replication, CD4+ T-cell damage, altered immune
response, and antiretroviral drug toxicity (3, 23). Most

of the conflicting evidences on oxidative stress in HIV
infection were reported in conditions without cART
(20). A few studies reported on ROS levels in CD4 and
CD8T cell subsets of HIV+cART-treated patients. Yu et
al. found that ROS accumulation in CD4+T cells was
increased in HIV+ patients as compared to HIV- control
subjects, while HIV infection seemed to have no effect
on ROS accumulation in CD8+T cells. Further on, they
did not observe any difference between CD4+ T ROS
levels after 0.5-1- 2 and 3 years of cART. Interestingly
though, the introduction of cART led to the abnormal
accumulation of ROS in CD8+T cells as compared to
healthy controls. In fact, these results are in line with
ours, strengthening the idea that HIV infection mainly
influences ROS accumulation in CD4+T cells, while
long-term ART affects mostly the CD8 compartment
(30). Unlike Yu et al. we demonstrate that long term
cART significantly reduces CD4 ROS levels. Upon this
background a slight increase of CD4+MFI ROS may be
a sensitive early sign of HIV reactivation.
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HIV replicates in highly oxidized environment. CD4+
cells shift from their resting state into an active
state of immune response via a cascade of internal
oxidative reactions, which stimulate HIV genes to
reproduce in infected cells, while the increased
metabolism of these cells provides the cellular
factors that are useful for production of new viral
particles (31).

The association between CD8+ ROS content and
CART duration, as well as the age of patients from
group A is also in line with the observations of
others. Functionally exhausted CD8+ T cells in the
settings of some cancers and chronic infections
were shown to have signs of a broadly dysregulated
metabolic state and evidence of oxidative stress as
measured by the accumulation of ROS. Also, cART
suppressed HIV+ patients tend to have a higher
ROS content across most CD8+ T cell subsets,
either related to the effects of residual infection
and/or the impact of antiretroviral therapy on
T cell metabolism (32). Unlike CD4+ RQOS, and in
line with our results, ROS content of HIV-specific
CD8+ T cells in the study of Deguit et al. did not
vary according to the extent or mechanism of viral
control (32).

Our study has some First of all,
participants in the two groups were not age-
matched. This might have influenced the difference
between the amount of oxygen radicals in group
A (older) and group B, having in mind that ROS
significantly increase with age. Second, the small
number of participants and the absence of control
HIV- volunteers as well as ART-naive HIV+ patients
have also limited the interpretation of the severity
of oxidative stress.

limitations.

CONCLUSIONS:

Our data suggest that elevated CD4+ ROS level in
virally suppressed long-term treated HIV+ patients
can be an indicator of residual viral activity. On the
other hand, the combined effects of aging and long-
term therapy predominantly affect CD8+ T cells and
their ROS content might serve as an indicator of
advancing functional exhaustion.
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ABSTRACT

BACKGROUND: HIV infection has not been shown
to be an individual risk factor, but people living
with HIV and co-morbidities are at increased risk
of severe COVID-19. For HIV+ individuals with
severe immunosuppression and/or
viremia, the prognosis for the course and outcome
of COVID-19 remains serious. HIV infected with low
CD4+ T-cell counts before antiretroviral therapy (ART)
had a higher risk of complications from COVID-19
than those with higher CD4+ T-cell counts.

The aim of the study is to make a comparative
assessment of the number and immunological status

uncontrolled

of newly registered and re-enrolled in care people
living with HIV in the period 2018-2019 and 2020-2021
and to look for a correlation with COVID-19 pandemic.
MATERIALS AND METHODS: The study included
all people living with HIV, monitored at the Clinic of
Infectious Diseases and Parasitology, “St. George”

ADDRESS FOR CORRESPONDENCE:

Petar Vasilev,

Infectious diseases clinic,

University hospital

“Sveti Georgi”, blvd. Peshtersko shose 66,
Plovdiv, Bulgaria

mail: pvasilev1985@gmail.com

Vol. 50, 2022, 1

University Hospital - Plovdiv both newly diagnosed
and re-enrolled in care. Patients were divided into
two groups: (1) Evaluated between 01.01.2018
and 31.12.2019 and (2) between 01.01.2020 and
15.10.2021. For the purposes of the study, methods of
epidemiological and clinical analysis, ELISA, Western
Blot for the diagnosis of HIV/AIDS and flow cytometry
for the determination of T-cell populations were used.
RESULTS: Forthe period 2018-2019, there were 82 newly
diagnosed and 29 re-enrolled in care HIV + patients.
In 42,5% (35/82) of the newly diagnosed the number
of CD4 cells was over 350 cells/ pl, in 19.5% (16/82) -
between 200 and 350 cells/ pl, in 7% (6/82) - between
100 and 200 cells/ pl I and in 31% (25/82) below 100
cells/ ul. In 24% (7/29) of the re-enrolled the number of
CD4 cells was above 350 cells/ pl, in 7% (2/29) - between
200 and 350 cells/ pl, in 21% (6/29) - between 100-200
cells/ uland in 48% (14/29) - below 100 cells/ pl. For the
period 2020-2021, there were 63 newly diagnosed and
34 re-enrolled in care HIV + patients. In 46% (29/63) of
the newly diagnosed the number of CD4 cells was over
350 cells/ pl, in 21% (13/63) - between 200 and 350
cells/ pl, in 14% (9/63) -between 100 and 200 cells/ pl
and in 19% (12/63) - below 100 cells/ pl. In 30 % (10/34)
of the restarted, the number of CD4 cellswas over 350
cells/ pl, in 11% (4/34) - between 200 and 350 cells/ pl,
in 15% (5/34) between 100 and 200 cells/ pl and in 44%
(15/34) of patients - less than 100 cells/ pl

IN CONCLUSION: During the period 2020-2021, 10%
fewer new HIV + patients were registered as compared
to the period 2018-2019. The late presenters, with
CD4 <350 cells/ pl were 58% in the period 2018-2019
vs. 54% in the period 2020 -2021. The late presenters
with advanced immune deficiency (CD4 <100cells /
pl) were respectively 31% and 19%. The proportion
of those re-enrolled in care with advanced immune
deficiency (CD4 <100/ml) was 48% in the first group
and 44% in the second group, respectively. The lower
number of newly diagnosed HIV + patients could be
explained with the fear of Vvisiting hospitals, testing
getting infected with SARS CoV-2. According to our
data, Covid-19 pandemic did not significantly affect
the immune status of people living with HIV .
KEYWORDS: HIV/AIDS, COVID-19, Late presenters.

INTRODUCTION

HIV remains a major global health problem, with 79.3
million people HIV infected since 1981, of whom 39
million have died (1). In 2020, there were 37.7 million
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people living with HIV (PLWH), 1.5 million new HIV
infections and 680,000 deaths from AIDS. A total of
27.5 million PLWHwere on ART (73%) (1). Globally, the
number of new HIV infections has been decreasing
by 23% each year since 2010, but this decline is not
the same for the different geographic regions (2).
According to the World Health Organization (WHO),
in 2020 the number of PLWH in the European region
was 2.6 million (3). The number of newly diagnosed
HIV+ in the WHO European Region has increased
by 19% over the last decade, while the number of
newly diagnosed HIV+ among the European Union
(EU/EEA)
has decreased by 9% over the same period (4). In

/European Economic Area countries
2019, over 53% of the newly diagnosed were late-
presenters, with CD4 absolute count (AC) below 350
cells / ul, the highest share of late presenters being
registered in Central and Eastern European region (4).
As a late presenters, late presenters with advanced or
with very advanced immune deficiency are defined
PLWH who have been diagnosed ,respectively, with
CD4 AC<350cells/ pl,CD4 <200 cells / pland CD4 <50
cells / pl or with AIDS-defining disease, independent
of CD4 AC (5, 6, 7). In clinical practice, there are two
groups of late presenting PLWH : (1) Those tested,
and diagnosed for the first time late and (2) Those
who have discontinued treatment and follow-up for
months / years and have reappeared to restart ART
(5, 6, 7). The COVID-19 pandemic has caused serious
disruptions in the functioning of health systems in
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many countries, restricting population movements
and making health care very difficult (8). In some
countries, up to 75% of care activities for PLWH have
been reported to drop out (8).

The aim of the work was to make a comparative
assessment of the number and immunological status
of newly registered and re-enrolled in care PLWH
in the Plovdiv region, in the periods 2018-2019 and
2020-2021, in order to assess the impact of COVID-19
pandemic on early diagnosis and adherence to ART.

MATERIALS AND METHODS

The study included PLWH monitoredat the Clinic of
Infectious Diseases of the University Hospital “St.
Georgi”-Plovdiv, for a period of 4 years (01.01.2018—
15.10. 2021) both newly diagnosed and re-enrolled
in care. The patients were divided into two groups:
pre-pandemic , p from 01.01.2018 to 31.12.2019
pandemic, from 01.01.2020 to 15.10.2021.
For the purposes of the study were used: methods

and,

of epidemiological and clinical analysis, ELISA, and
Western Blot for HIV diagnosis and flow cytometry
for determination of CD4 AC..

RESULTS AND DISCUSSION

The dynamics of PLWH monitored at the Clinic of
Infectious Diseases for the last 4 years was as follows:
during 2018-2019 there were 82 newly diagnosed and
29 re-enrolled in care.; during 2020-2021, there were 63
newly diagnosed and 34 re-enrolled in care. (Figure 1).

New on ART for the year

2020 2021

TOTAL ART

TOTAL ART

Figure 1. Dynamics of HIV+ patients monitored at the Clinic of Infectious Diseases for a period of 4 years.
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For the period 2018-2019 in 42.5% (35/82) of the
newly diagnosed the number of CD4 cells was over
350 cells/ ul, in 19.5% (16/82) from 200-350 cells
/ ul,in7 % (6 /82) - from 100 to 200 cells / ul and
at 31 % (25/82) below 100 cells / ml. In the period
2020-2021 in 29% (29/63) of the newly diagnosed
the number of CD4 cells is over 350 / ul, in 21%
(13/63) - from 200-350 cells / ul, in 14% (9/63) from
100 to 200 cells / pl and in 19% (12/63) below 100
cells / ul (Figure 2).

For the period 2018-2019 in 24% (7/29) of the re-
enrolled in care the number of CD4 cells was over
350 cells / pl, in 7% (2/29) from 200-350 cells / pl, in
21% (6/29) - from 100-200 / ul and at 48% (14/29)
below 100 cells / pl. In the period 2020-2021 in 30%
(10/34) of the re-enrolled the number of CD4 cells
was over 350 / ul, in 11% (4/34) - from 200-350 / pl,
in 15% (5/34) of 100-200 cells / wl and in 44% (15/34)
of patients - less than 100 cells / pl (Figure 3).

The number of hospitalizations, deaths and weight
loss syndrome associated with HIV were more

19,5%
7%

31%

2018-2019, ( n=82)

®over 350/ml

m200-350/ml

= 100-200/ml

® under 100/ml

common among the newly diagnosed and restarted
ART patients with immune deficiency, (CD4 <350 cells
/ ul, as compared to patients with CD4 above 350
¢ / pl, with no significant differences between the
two observation periods. Cases of COVID-19 were
observed equally in all patients, regardless of CD4
AC (Figures 4 and 5). The same trend was observed
for coinfections with viral hepatitis B and C, and for
opportunisticinfections - tuberculosis and candidiasis
(Figures 6, 7, 8 and 9).

IN CONCLUSION:

The number of newly diagnosed PLWH in the
period 2020-2021 was 10% less as compared to
the period 2018-2019. In the period 2018-2019,
the late presenters (with CD4 <350 cells/ ul) were
58%, and 31% of them were with advanced immune
deficiency and CD4 <100 cells/ pl. In the pandemic
period 2020-2021, the late presenters were 54%,
and 19% of them were with advanced immune
deficiency (CD4 <100 cells/ pl). The relative share

2020-2021, (n=63)

Figure 2. Immune status (CD4 cells /ul) of newly diagnosed HIV+ patients for the period 2018 - 2019 and

2020 - 2021.

24% over 350/ml 30%
7%
. 10; 200-350/ml 11%
° 15%
100-200/ml
® under 100/ml

2018-2019, (n=29)

2020-2021, (n=34)

Figure 3. Immune status (CD4 cells / mm3) of restarted ART patients for the period 2018 - 2019 and 2020 -

2021.
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Figure 4. Comorbidity, hospitalization and fatal outcome in newly diagnosed HIV patients for the period 2018
-2019 (n = 56) and 2020 - 2021 (n = 28).
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of PLWH re-enrolled in care with advanced immune
deficiency (CD4 <100 cells/ ul) is alarmingly high,
48% in the first group and 44% in the second
group. It can be assumed that the lower number
of newly diagnosed in the period 2020-2021 was
due to , the fear of visiting hospitals and the fear
of SARS CoV2 during the COVID-19 pandemic. The
relative share of HIV + patients re-enrolled in care
with advanced immune deficiencywas alarmingly
high, and this finding requires additional efforts to
improve the adherence to treatment. A limitation
of the study is the small number of patients in the
two studied time periods matched by individual

indicators, which does not allow to assess the

statistical significance of the differences.
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ABSTRACT

Sexually transmitted (STls) caused by
Chlamydia trachomatis and Neisseria gonorrhoeae
continue to be a major public health problem. Although
they mainly affect the urogenital tract, N. gonorrhoeae
and C. trachomatis can also be found in the pharynx
and rectum. As data on extragenital chlamydia and
gonorrhea in Bulgaria are still scarce, this study aimed to
(1) determine the prevalence of pharyngeal and rectal
infections with C. trachomatis and N. gonorrhoeae
among men who have sex with men (MSMs) from Sofia
and (2) to identify risk factors related to these infections
to support screening recommendations based on
scientific evidence. One hundred and fifteen MSM aged
16-50 were tested by systematic sampling during a visit
to a sexual health center for voluntary and confidential
HIV testing in Sofia. A questionnaire was used to collect
demographics and risk factors, and clinical material
from three anatomical sites: pharynx, rectum, and
urogenital tract (first void urine or urethral swab) was
examined to detect C. trachomatis and N. gonorrhoeae
infections. The prevalence of C. trachomatis was 8.7%
in the rectal samples tested, and the prevalence of M.

infections
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gonorrhoeae was 0.9% and 5.2% in the pharyngeal
and rectal samples, respectively. Local symptoms were
reported in only 16.6% of rectal gonococcal infections
and in 20% of C. trachomatis rectal infections. Patients
reporting multiple partners had a significantly higher
risk of being positive (OR = 3.8, 95% Cl 1.03-14). The
risk of HIV-positive MSM and those having unsafe sex
was also higher (OR = 1.9 95% Cl 0.19-20 and OR = 4.6
95% Cl 0.98-21, respectively), but the findings were
not statistically significant. Overall, more than 80% of
extragenital infections would remain undetected and
therefore transmissible if only symptomatic cases were
investigated. These results suggest that in Bulgaria HIV-
positive MSM and those having multiple sexual partners
and unprotected sex would benefit from screening for
extragenital STls. Larger sample surveys could provide a
better characterization of risk factors to guide screening
choices.

Keywords: extragenital infections, Chlamydia
trachomatis, Neisseria gonorrhoeae, MSM

INTRODUCTION

Bacterial sexually transmitted infections (STIs)
remain a global public health concern. According
to World Health Organization (WHO), the global
infection,
gonorrhoea, trichomoniasis and syphilis in adults
of reproductive age (15-49 years) is high, with
nearly one million newly diagnosed cases daily. In
2016, chlamydia and gonorrhoea were among the
most common infections with 127 and 87 million

prevalence of urogenital chlamydial

m registered cases , respectively [1]. In addition
to urogenital tract infections N. gonorrhoeae
and C. trachomatis can also be detected in the
pharynx and rectum [2]. In rectum gonorrhoea
and chlamydia can cause proctitis and proctocolitis
with symptoms such as rectal pain, bleeding, and
discharge, etc. In pharynx, these infections can
cause pharyngitis and lymphadenitis, but most
often An overview of
existing literature shows over 80 studies published
between 2000 and 2016 on the prevalence of
pharyngealandrectalinfection with N. gonorrhoeae
and C. trachomatis [3]. Most studies present
evidence on the high prevalence of extragenital
N. gonorrhoeae and C. trachomatis infections

remain asymptomatic.

among MSM, the asymptomatic nature of these
infections, as well as prevalence of extragenital

infection  without simultaneous urogenital
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infection, supporting the need for further testing
at extragenital sites. For that reason, European
STls treatment guidelines (The International Union
Against Sexually Transmitted Infections (IUSTI)
and the British Association for Sexual Health
and HIV (BASHH)) provide recommendations
for extragenital testing depending on history of
exposure [4-7]. Further international guidelines
(The Centers for Disease Control and Prevention
(CDC) and Australian Sexual Health Alliance)
additionally recommend prophylactic extragenital
testing on yearly basis among specific high risk
groups, such as MSM and commercial sex workers
[8-10]. Given the fact that extragenital testing
is not always a part of routine STIs screening,
particularly in the absence of symptoms, many
extragenital infections remain undiagnosed and
untreated. Untreated extragenital infections could
lead to more severe sequelae, such as increased
HIV acquisition risk; autoinoculation from rectum
to urogenital tract in women with subsequent
pelvic inflammatory disease, ectopic pregnancy,
infertility, disseminated gonococcal infection and
sexually acquired reactive arthritis [11, 12]. As
data on extragenital chlamydia and gonorrhea in
Bulgaria are still limited, this study aimed to (1)
determine the prevalence of pharyngeal and rectal
infections with C. trachomatis and N. gonorrhoeae
among men who have sex with men (MSMs) from
Sofia and (2) to identify risk factors related to these
infections to support screening recommendations
based on scientific evidence.

MATERIALS AND METHODS

Study population

This study was performed on clinical specimens
from three anatomical sites (pharynx, rectum, and
urogenital tract (first void urine or urethral swabs))
and questionnaires obtained from a population
of MSM visiting CheckPointSofia Sexual Health
Center in Sofia for voluntary and confidential HIV
testing. The CheckPointSofia Sexual Health Center
in Sofia was established by the Health Without
Borders Association, the successor to the Doctors
Without Borders mission, and has been involved
in voluntary and confidential HIV testing and
counseling for more than 20 years. As this is a
place for open dialogue, counseling and support

for each individual regardless of sexual identity
and orientation, more than 75% of annual male
consultations comprise MSM.

Detection of N. gonorrhoeae and C. trachomatis
The gold standard for diagnosis of urogenital
infection due to N. gonorrhoeae and C. trachomatis
are the nucleic acid amplification tests (NAATs). The
National Center of Infectious and Parasitic Diseases
(NCIPD) has performed NAAT validation for detecting
extragenital this testing
option since NAATs are the most sensitive tests
for detecting C. trachomatis and N. gonorrhoeae
and are recommended by CDC [10]. NAATs have
demonstrated higher sensitivity but lower specificity
as compared to cultivation for detecting extragenital
infections [13-15]. The lower specificity of extragenital
NAATs was overcome by confirmation of all positive
samples with duplex PCR targeting the gonococcal
porA pseudogene and multicopy opa genes [16] and
PCR detecting the cryptic plasmid [17] for gonorrhea
and chlamydia, respectively.

infections and offers

Demographic and behavioral characteristics

The demographic and behavioral characteristics were
collected as follows: assigned sex at birth (male/
female), sexual contacts in the last 3 months (male/
female), age (in full years and grouped as 16-20, 21-
30, 31-40 and >40 years), extragenital symptoms
(yes/no), number of partners during the last 3
months (grouped as 0-1, 2-3 and >3 partners), having
intercourse without condom in the last 3 months
(yes/no) and HIV status (positive/negative).

Statistical analyses

The prevalence of extragenital N. gonorrhoeae
and C. trachomatis infections with 95% confidence
intervals (Cl) was calculated, then a bivariate
logistic regression analysis with demographic and
behavioral characteristics as independent variables
and extragenital N. gonorrhoeae and C. trachomatis
diagnosis as the dependent variable was performed
[13]. Bivariate odds rations (ORs) and 95% Cls were
reported. In the statistical analysis, p < 0.05 was
considered significant [19].

Ethics and informed consent
Written informed consents were obtained from all
participants for demographic data collection and
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sample testing as required by the National law and
the Ethics Committee at the National Center of
Infectious and Parasitic Diseases, Sofia, Bulgaria.

RESULTS

In2021, morethan 1,120 MSM attended CheckPointSofia
for voluntary and confidential HIV testing, and 115
MSM provided clinical materials from three anatomical
locations and completed questionnaires. Demographic

and behavioral characteristics of participants are
summarized in Table 1. The mean age was 30 £ 7.8 years
(age range 16-50). The majority of participants had not
any extragenital symptoms (97.48%) and the median
number of partners was 2 (1Q25-75: 2-3) during the
last 3 months. More than two-thirds of the participants
(66.1%) reported having sexual intercourse without
condom in the last 3 months and 3.5% reported being
HIV positive.

Table 1. Distribution of demographic and behavioral characteristics in MSM (n=115) visiting CheckPointSofia

for HIV testing in 2021
N %
Age
16-20 12 10.4
21-30 48 41.7
31-40 38 33
>40 17 14.9
Extragenital symptoms
Yes 3 2.6
No 112 97.4
Number of partners during the last 3 months
0-1 47 40.9
2-3 42 36.5
>3 26 22.6
Intercourse without condom in the last 3 months
Yes 76 66.1
No 39 33.9
HIV status
Positive 4 3.5
Negative 111 96.5
The prevalence of N. gonorrhoeae was 0.9% and 5.2% 100%
in the pharyngeal and rectal samples, respectively, ook
and the prevalence of C. trachomatis was 8.7% in -
the rectal samples tested. No C. trachomatis was .
detected in any pharyngeal sample (Table 2.). The
oo 100% 83.4% 80%

results comprised 14 (82.4%) cases of exclusively
rectal infections and 1 (5.8%) exclusively pharyngeal
infection, whereas 2 (11.8%) cases represented
simultaneous extragenital and urogenital infection.
Therefore, extragenital
accounted for the majority of cases (n=15; 88.2%),
whereas the remainder 2 (11.8%) corresponded

exclusively infections

to mixed extragenital and urogenital infections.
Local symptoms were reported in 16.6% of rectal
gonococcal infections and in 20% of C. trachomatis
rectal infections which leaves the majority of
extragenital gonorrhoea and chlamydia infections

asymptomatic (Fig. 1.).

50%

40%

30%

20%

10%

0%

Pharyngeal gonorrhoea Rectal gonorrhoea Rectal chlamydia

@Symptomatc @ Asymptomatic

Figure 1. Distribution of symptomatic and asymptomatic
extragenital infections in MSM (pharyngeal gonorrhoea
n=1; rectal gonorrhoea n=6 and rectal chlamydia n=10)
visiting CheckPointSofia for HIV testing in 2021
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Table 2. Prevalence of extragenital gonorrhoea and chlamydia in MSM (n=115) visiting CheckPointSofia for

HIV testing in 2021

N %
Pharyngeal gonorrhoea 1 0.9
Rectal gonorrhoea 6 5.2
Rectal chlamydia 10 8.7
Total extragenital infections 17 14.8 (95% Cl 8.31-21)

Patients reporting multiple partners had a significantly
higher risk of being positive (OR = 3.8, 95% CI 1.03-
14). The risk of HIV-positive MSM and those having

unsafe sex was also higher (OR = 1.9 95% Cl 0.19-20
and OR = 4.6 95% Cl 0.98-21, respectively), but the
findings were not statistically significant (Table 3.).

Table 3. Statistical analysis of risk factors for extragenital N. gonorrhoeae/C. trachomatis infections

Extragenital gonorrhoea OR 95% ClI P-value
and chlamydia (%)

Number of partners
during the last 3 months

0-1 3 (2.6%) 1

>2 14 (12.17%) 3.8 (1.03-14) 0.0455*
Intercourse without
condom in the last 3
months

Yes 15 (13.04%) 1

No 2 (1.74%) 4.6 (0.98-21) 0.0524
HIV status

Positive 1(0.87%) 1

Negative 16 (13.91%) 1.9 (0.19- 20) 0.5648

* Significant P-value

DISSCUSSION

To the best of authors’ knowledge, this is the first
Bulgarian study to investigate extragenital infections
by N. gonorrhoeae and C. trachomatis among
MSM. In this study, the prevalence of extragenital
N. gonorrhoeae and C. trachomatis infections in
MSM visiting CheckPointSofia for HIV testing in
2021 was estimated and possible risk factors for
these infections were identified. The prevalence of
extragenital gonorrhoea and chlamydia was 14.8%
(95% CI 8.31% to 21%) and 82.3% of these infections
were asymptomatic. The associated risk factors were
an increasing number of partners during the last 3
months, having intercourse without condom and
being HIV positive.

Exclusive extragenital gonorrhoea and chlamydia
without concurrent urogenital infection accounted for
the majority of cases. This means that a considerable
number of extragenital infections were identified
that would have been undiagnosed if urethral

screening alone had been performed. Furthermore,
in most cases (97.4%) the patients did not present
with any extragenital symptoms. Considering that
local complaints were found at extragenital sites only
in 16.6% of the rectal gonorrhoea and in 20% of the
rectal chlamydia infections, 83.4% of the gonococcal
and 80% of the chlamydial infections would have
been missed if only the patients reporting local
symptoms had been tested for N. gonorrhoeae and
C. trachomatis at these sites. In fact, it is known that
extragenital gonococcal and chlamydial infections
are usually asymptomatic [4,5,20]. According to
other authors, anorectal symptoms like itching, pain,
discharge and hemorrhage, are less common but
more specific for infection, whereas oropharyngeal
complaints, like sore throat, are more commonly
reported but nonspecific [21]. Therefore, extragenital
gonorrhoea and chlamydia may be missed unless
they are actively investigated [22]. Undiagnosed
and untreated extragenital infections can lead to
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complications and constitute potential disease
reservoirs [23], which may contribute to increasing
transmission, incidence and antimicrobial resistance
[24]. Of particular concern is the endemic spread
among MSM of invasive serotypes C. trachomatis
L1-L3 and the possible role of oropharyngeal
infections in promoting resistance among Neisseria
species [25,26]. The presented results confirm the
relevance of testing for gonorrhoea and chlamydia
at extragenital sites in MSM, regardless of local
complaints.

Reducing the burden of extragenital infections by
timelydiagnosisandtreatmentisanimportantstrategy
to reduce gonorrhoea and chlamydia prevalence
overall. To address this public health concern, several
current international guidelines recommend testing
for N. gonorrhoeae and C. trachomatis infection
at extragenital sites, although different strategies
have been proposed worldwide: IUSTI and BASHH
recommend extragenital testing depending on the
history of exposure and CDC recommends annual
screening for MSM (every 3 — 6 months for high-risk
MSM) at all sites, regardless of reported location of
sexual contact [4-7, 10]. However, in our country, as
in others [27], N. gonorrhoeae and C. trachomatis
testing at extragenital
performed, and thus many diagnoses and treatment
opportunities may be missed. Also, unfortunately,
there are currently no national guidelines specifically

sites is uncommonly

recommending extragenital gonorrhoea and
chlamydia testing, which compromises routine
and standardized screening in clinical settings.

Implementation of appropriate screening programs
may have substantial benefits for the public health
but may find several limitations in Bulgaria, including
limited institutional funding, insufficient training
of physicians in addressing extragenital gonococcal
and chlamydial infections and patients’ lack of risk
awareness and fear of judgement. Finally, larger
sample surveys on this subject would be of value.

In conclusion, this study found a considerable burden
of extragenital gonorrhoea and chlamydia among
MSM visiting Sexual Health Center in Sofia in 2021.
Exclusively extragenital infections without concurrent
urogenital gonorrhoea and chlamydia accounted for
the majority of cases, and most extragenital infections
were asymptomatic. The presented findings reinforce
the relevance of screening MSM for N. gonorrhoeae
and C. trachomatis at extragenital sites, regardless

of the existence of local complaints, in order to
prevent these potential infection reservoirs from
being underdiagnosed and untreated. Screening
is of particular importance in HIV-positive MSM,
and in those having multiple sexual partners and
unprotected sex. This study might inform future
guidelines and standardized practices concerning the
screening of extragenital gonorrhoea and chlamydia
among MSM in Bulgaria.
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ABSTRACT

Isoniazid (H; INH) is an important first-line drug for
the treatment of active tuberculosis (TB) and latent
TB infection because of its potent early bactericidal
activity against Mycobacterium tuberculosis. Currently,
TB resistant to INH, alone or in combination with other
drugs, is the most common type of drug-resistant TB.
Epidemiology of INH-resistant TB, the molecular
mechanisms of drug resistance, current methods for
diagnosis and therapeutic regimens of this TB form
are presented.

Studies in the last years have shown that resistance
to INH reduces the probability of treatment success
and increases the risk of acquiring resistance to other
important first-line drugs.

Based on the most recent meta-analyses, the
last WHO
INH-resistant TB are to include rifampicin (RIF),
ethambutol, pyrazinamide and
6 months, and not to add streptomycin or other
injectable agents to the drug regimen. The guideline
emphasizes the importance of excluding resistance
to RIF before starting the regimen for INH-resistant
TB because of the risk for development of multidrug-
resistant TB during the treatment course.

recommendations for treatment of

levofloxacin for
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The WHO recommendations are based on
observational studies, not randomized controlled
trials, and are thus conditional and based on low
certainty in the estimates of effect. Therefore, further
work is needed to optimize the treatment and control
of INH-resistant TB.

Keywords: Tuberculosis; Isoniazid; Drug resistance;
Diagnosis; Treatment

INTRODUCTION

Tuberculosis (TB), an ancient communicable disease

caused by Mycobacterium tuberculosis (MTB), is one

of the top 10 causes of death worldwide. Until the

Coronavirus disease 2019 (COVID-19) pandemic,

TB was the leading cause of death from a single

infectious agent. Based on World Health Organization

(WHO) data, in 2020, an estimated 9.9 million people

fell ill with TB worldwide, equivalent to 127 cases per

100,000.. Among all incident cases of TB, 8% were

people living with Human immunodeficiency virus

(HIV). Globally in 2020, there were an estimated 1.3

million deaths among HIV-negative individuals and

an additional 214,000 deaths among HIV-positive

individuals (1).

Drug-resistant TB (DR-TB) continues to be a public

health threat. In MTB, drug resistance develops

through spontaneous genetic The
development of acquired drug resistance usually
occurs when there is a large bacterial population,
such as in pulmonary cavities (2) or when an
inadequate drug combination or dosages of the

first-line drugs (FLDs) has been prescribed (3,4).

Rarely, malabsorption of anti-TB drugs may account

for acquired resistance (5).

WHO currently uses five categories to classify cases

with DR-TB:

- Multidrug-resistant TB (MDR-TB) — with resistance
to both isoniazid (H; INH) and rifampicin (R; RIF) —
the two most effective FLDs;

- Rifampicin-resistant TB (RR-TB);

- Resistant to INH and sensitive to RIF TB (Hr-TB);

- Pre-extensively drug-resistant TB (pre-XDR-

TB) — MDR/RR-TB plus resistance to any
fluoroquinolone (FQ) — a class of second-line
anti-TB drugs (SLDs);
Extensively drug-resistant TB (XDR-TB) — MDR/
RR-TB plus resistance to any FQ, plus to at least
one of the drugs bedaquiline (Bdq) and linezolid
(Lzd) (2).

mutations.

25



CURRENT APPROACHES FOR CONTROL OF ISONIAZID-RESISTANT TUBERCULOSIS

EPIDEMIOLOGY OF ISONIAZID-RESISTANT
TUBERCULOSIS

INH (isonicotinylhydrazide) is one of the most
powerful FLDs for
TB infection because of its potent early bactericidal
activity against MTB. INH has been in clinical use since
the 1950s, and drug resistance was expected because
its use became widespread, but drug-susceptibility
testing (DST) for Hr-TB or special drug regimens for
Hr-TB were not widely used. Indeed, for decades, no
DST for any drug has been done unless patients failed
treatment with FLDs or had risk factors for DR-TB.
Currently, Hr-TB alone or in combination with other
drugs, is the most common type of resistance to FLDs
worldwide. Based on WHO estimates, globally in 2019

treatment of active and latent

an estimated 1.4 million cases were with INH-resistant
TB (any type of DR-TB, including resistance to INH) —
13.1% (95% Cl: 9.9-16.9%) of new TB cases and 17.4%
(95% Cl: 0.5-54%) of previously treated cases. The
cases with Hr-TB (only resistant to INH and sensitive to
RIF) were 1.1 million or 11% of all incident TB cases (6).
The global burden of INH-resistant TB is keeping higher
in different regions worldwide. In a representative
study published in 2008, Hoopes et al. reported that
the prevalence of INH-resistant TB in the United States
for the period 1993-2003 had not declined, despite
the downward trend in the prevalence of overall TB
(7). Data from the WHO showed that resistance to INH
was detected in 30% of TB cases in Eastern Europe and
14% of TB cases in West/Central Europe and Africa
for the period 1994-2009 (8). Hr-TB is much more
common than RR-TB and could seriously jeopardize
progress in the fight against TB. This is confirmed by
an analysis of aggregated DR-TB data for the period
2002-2018 across 156 countries presented in the
research study by Dean et al.,, showing that — on
average — 7.4% (95% Cl 6.5-8.4) of new TB cases and
11.4% (9.4-13.4) of previously treated patients have
Hr-TB. The overall prevalence of INH resistance (with
or without concomitant RR) ranged between 10.7%
(9.6-11.9) and 27.2% (24.6—29.9) depending on the
treatment history and reached even more alarming
levels in certain countries, particularly in the European
and Western Pacific WHO regions.

According to the data presented in the study of
Dean et al., the prevalence of Hr-TB among new TB
cases in Bulgaria for the above mentioned period
was between 3 and 5.9%, lower than the global
prevalence (7.4%) (9).

Bulgaria is one of the 18 TB high priority countries in
the WHO European Region. In 2020, 930 TB cases were
notified in the country, i.e. 13.4 per 100,000 —almost
double than the average for the European Union/
European Economic Area (EU/EEA) TB notification
rate (7.3 per 100,000). Since 2006, the number of TB
cases and the TB notification rate have been declining.
A national drug resistance survey conducted in 2010
showed that MDR-TB was detected in 2.1% of new
TB cases and 11.1% of previously treated TB cases.
In 2020, 12 pulmonary RR/MDR-TB cases (5% of all
tested with DSTs) were identified through the national
TB register, which is less than expected. Out of them,
2 pre-XDR-TB cases (22.2%) were notified (10). Data
from the joint review of the Bulgarian National
TB Control Programme conducted in 2014 by the
European Centre for Disease Prevention and Control
(ECDC) and the WHO Regional Office for Europe shows
that out of 1,932 TB cases reported in 2013, 951 were
culture positive, of which 734 (77%) had a DST result
for FLDs. The proportion of INH-resistant TB was 6.1%
among new cases and 23% among previously treated
cases (calculated among cases with known DST
results) (11), i.e. the prevalence of INH-resistant TB in
the country seems to be higher than MDR-TB rates.

MOLECULAR-GENETIC MECHANISMS OF
DEVELOPMENT OF ISONIAZID-RESISTANT
TUBERCULOSIS

MTB has the ability for spontaneous, slow but steady
mutations, leading to the development of drug
resistance. This natural phenomenon is genetically
determined and varies for the different drugs. Drug
intake increases the likelihood for its appearance.
Isoniazid exerts its effects only in metabolically active
mycobacterial cells. The probability for development
of spontaneous resistance to INH is 1 in every 10° cell
divisions(12). Drugresistanceistheresult ofthe selection
of mycobacteria with mutations among the bacterial
population due to destruction of the susceptible
bacteria by anti-TB drugs. The problem is exacerbated
if the patient is treated with monotherapy or with
combination of FLDs in suboptimal concentrations —
most bacteria die, but those with mutations survive,
multiply and dominate the bacterial population (13).
Table 1 presents the main MTB genes, affected
by specific molecular mechanisms (mutations)
leading to development of resistance to the anti-
TB drugs (14).
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Table 1. Anti-tuberculosis drugs and Mycobacterium tuberculosis genes associated with development of

drug resistance.

Anti-tuberculosis drug Gene Responsible for encoding of:
Isoniazid (INH; H) inhA NADH-dependent enoyl-ACP reductase (mutation is related
with low level of resistance to H)
katG Catalase-peroxidase (mutation is related with high level of
resistance to H)
ahpC32 Alkyl hydroperoxide reductase
oxyR Oxidative stress regulator
kasA B-ketoacyl-ACP M synthase
Rifampicin (RIF; R) rpoB B-subunit of RNA polymerase
Pyrazinamide (PZA; Z) pncA Pyrazinamidase
Streptomycin (STR; S) rpsL 30S ribosomal protein S12
rrs 16S ribosomal RNA
StrA Aminoglycoside phosphoryltransferase
Capreomycin (Cm) tlyA 2'-0O-methyltransferase
Ethambutol (ETH; E) emb A, Arabinosyl transferases
emb B and
emb C
Fluoroquinolone (FQ) gyr A and gyr | DNA gyrase
B

NADH: Nicotinamide adenine dinucleotide hydrogen; ACP: Acyl carrier protein; RNA: Ribonucleic acid; DNA:

Deoxyribonucleic acid

Resistance to INH is usually due to a mutation in katG
or inhA, and more seldom - in other genes, such as
ahpC32 (15,16).

In order to be effective against TB, INH must
be activated by catalase-peroxidase, an enzyme
regulated by katG gene,. Mutations in katG, most
commonly at Ser315Thr (Ser = Thr), result in
insufficient activation of the drug and are associated
with a high level of resistance — Minimum inhibitory
concentration (MIC) > 1 pg/ml (17,18).

The inhA gene encodes an enoyl ACP reductase
involved in fatty acid synthesis in MTB. As these fatty
acids are targeted by the active derivative of INH,
mutations in inhA or its promoter region block INH
binding and result in low-level INH resistance (MIC <1
ug/ml). The most frequent mutation in the promoter
region is at position 15C/T (Cys - Thr) (19,20).
Isolates with an inhA mutation are also typically
resistant to ethionamide (Eto) and prothionamide
(Pto) — SLDs for treatment of DR-TB (21).

According to most of the studies, risk factors for
developing INH resistance include a history of TB,
and origin from regions with a higher TB prevalence
(Asia, Pacific Islans, etc.) (22).

DIAGNOSIS OFISONIAZID-RESISTANT TUBERCULOSIS
Drug susceptibility tests (DSTs), which determine
the sensitivity of MTB to FLDs and SLDs, and can
detect the presence of DR-TB, including Hr-TB,
are phenotypic and genotypic (PCR; Polymerase
Chain Reaction based). DSTs are very important for
developing the drug regimen, treatment outcome
monitoring, disease prognosis and Drug Resistance
Surveillance (DRS).
1. Phenotypic DSTs are performed with MTB strain
isolated from cultures and determine if a strain is
resistant to an anti-TB drug by evaluating the growth
(or metabolic activity) in the presence of the drug.
They are used for TB diagnosis and treatment follow-
up. The reliability of DSTs varies from one drug to
another. For the FLDs, DSTs are very reliable for RIF
and INH, but less so for PZA and much less for ETH.
DSTs for aminoglycosides, polypeptides and FQs
have relatively good reliability and reproducibility.
DSTs to other SLDs — para-aminosalicylic acid (PAS),
Eto and cycloserine (Cs) are much less reliable and
reproducible.

1.1. Automated methods — BACTEC MGIT 960°,

using liquid culture media MGIT (Mycobacterium
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Growth Indicator Tube), are currently the most
widely-used option, as they are quick and reliable.
It is recommended that they be performed on
pure MTB cultures. The following concentrations
of the FLDs are used: STR — 1.0 ug/ml; INH — 0.1
pg/ml; RIF = 1.0 pg/ml; ETH =5 pg/ml; and of the
SLDs: amikacin (Am) — 1.0 pug/ml; kanamycin (Km)
— 5.0 pyg/ml, capreomcin (Cm) — 2.5 pg/ml, and
ofloxacin (Ofx) — 2.0 pug/ml (23).

1.2. Nitrate reductase assay (NRA) — a rapid
method for detection of resistance to RIF and
INH. It is a simple technique based on the capacity
of MTB to reduce nitrate to nitrite, which is
detected by adding the Griess reagent to solid
Léowenstein—Jensen media, used for cultures of
Mycobacterium species, and in the presence
of the corresponding concentration of FLDs
(RIF, INH, ETH and STR). The technique is in use
since the 1980s and was developed by assoc.
prof. Emil Kalfin from the Scientific Institute of
Pneumology and Phthisiatry at Medical Academy,
Sofia, Bulgaria. The NRA was shown to be highly
sensitive and specific for detection of RIF and INH
resistance when used on clinical isolates (24).

2. Genotypic DSTs — modern automated molecular
technologies for rapid diagnosis of MTB using

genetic material from biological samples, including

determination of drug resistance. These molecular

tests

can only be performed by specialized

laboratories with strict quality assurance in place.
It is possible to test DNA of an isolated MTB strain,
and also extracted DNA from the investigated clinical
sample. The genotypic DSTs are used only for initial
TB diagnosis but are not recommended for treatment
follow-up.

2.1. Line Probe Assays (LPAs) based on DNA-
STRIP® technology allow DNA detection and
testing from isolated MTB strain or directly from
the clinical sample, but only from the pulmonary
system. This method has the advantage of giving
fast results, within few hours, for smear-positive
patients (referred to as direct testing, because
the sputum can be directly tested). For smear-
negative patients, a primary culture is needed
prior to testing (referred to as indirect testing,
because a culture has to be grown first from the
patient’s sputum).
- GenoType® MTBDRplus (Hain Lifescience
GmbH, Nehren, Germany) — LPA for DSTs

to FLDs; rapid MTB detection for 2 days;
can identify mutations on katG and inhA
genes associated with resistance to INH, and
mutation on rpoB gene, encoding B-subunit of
RNA polymerase, associated with resistance
to RIF. Using this method, it is possible to
determine the presence of Hr-TB, RR-TB and
MDR-TB;

- GenoType® MTBDRs/ (Hain Lifescience GmbH,
Nehren, Germany) — LPA for DSTs to SLDs; can
identify mutation on gyrA gene, encoding
the enzyme DNA-gyrase, corresponding
with resistance to FQs; mutation on rrs
gene, encoding 16S rRNA, corresponding
with resistance to aminoglycosides
polypeptides. The second version of the test
allows identification of mutation on gyrB gene,
encoding the enzyme DNA-gyrase, associated
with resistance to FQs; and mutation in
the promoter of eis gene, encoding the
enzyme N-acetyltransferase, associated with
resistance to Km. Using this method, it is
possible to determine the presence of pre-
XDR-TB and XDR-TB. LPA to SLDs can be used
as a triage test on smear-positive patients to
guide the initial treatment of XDR-TB suspects
while awaiting confirmatory
conventional phenotypic testing. However,
LPAs cannot be used as replacement tests for
conventional phenotypic SLD DSTs.

2.2. Xpert MTB/RIF® (GeneXpert; Real-Time PCR,

Cepheid®, Sunnyvale, USA) — automated nucleic

acid amplification technology for rapid detection

of MTB within 2 hours, as well as for detection
of possible mutations in rpoB gene, causing RR-

TB of the isolated MTB strain. The method was

approved by the WHO in 2010 (25).

2.3. Whole Genome Sequencing (WGS) — where

the entire geneticcode of MTB strainsisolated from

patients is described and compared to a reference
set of genomes. The WGS has been introduced
routinely in England, Germany and many EU/

EEA countries to guide clinical decision-making,

earlier detection of resistance, and support

of outbreak and epidemiological investigation.

However, WGS requires sophisticated laboratory

and bioinformatics infrastructure, and currently

requires MTB isolation and DNA extraction before
sequencing. Therefore the routine applicability of

and

results from
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the method beyond research especially in low
resource settings is uncertain. Nevertheless, the
advances in the sequencing field may rapidly
turn WGS to a TB diagnostic tool (26). Between
January 2017 and December 2019 Bulgaria
participated in the pilot study of the European
Center for Disease Prevention and Control
(ECDC), evaluating the systematic use of a WGS-
based approach for MTB surveillance involving all
European Union/European Economic Area (EU/
EEA) countries and highlighting the challenges to
be considered for the future development of a
WGS-based surveillance system (27).
Yordanova et al. investigated MTB isolates from 36
TB cases from all over Bulgaria in a retrospective
study for the period 2015-2016. All the cases
were confirmed by BACTEC MGIT 960 with mono-
resistance to INH and additionally tested with
GenoType MTBDRplus in the National Reference
Laboratory of Tuberculosis (NRL TB) at the NCIPD.
The authors found that only 25% of the tested MTB
isolates with phenotypic INH mono-resistance had
the S315T1 mutation in katG; all isolates were with
MIC over 0.4 pg/ml. Resistance type C15T in the
promoter region of inhA was detected in 22.22%
of cases and only 1 of them showed MIC below
0.4 ug/ml. No mutations were detected in nearly
half of the cases (n=19, 52.78%) and most of these
isolates were with lower MIC values (n=12). The
authors supposed that the resistance among the
cases without mutations in katG or inhA can be
explained with mutations in many other loci or
genes (furA-katG, fabG1-inhA, ahpCoxyR intergenic
region, efpA, fadE24, iniA, iniB, iniC, kasA, nat,
ndh), which cannot be found using only GenoType
MTBDRplus (28).
At the end of 2021, WGS of all isolated DR-TB strains
in Bulgaria started in the NRL TB at the NCIPD, which
will expand our knowledge about the mutations of
MTB in the country, including those corresponding
with resistance to INH.

TREATMENT OF ISONIAZID-RESISTANT
TUBERCULOSIS

The management of INH-resistant TB is important
because the last systematic meta-analyses have
shown that resistance to INH reduces the probability
of treatment success and increases the risk of
acquiring resistance to other important FLDs such as

RIF, thereby increasing the risk of MDR-TB. Moreover,
INH-resistant TB generally requires longer treatment
than drug-susceptible TB, increasing the burden of
the disease (29,30).

The recommended for INH-resistant
TB differ among countries and have differed over
time. Table 2 summarizes the previous and current
international guidelines for the treatment of INH-
resistant TB (22).

There is a standard code for writing out anti-TB
regimens. Each drug has an abbreviation (shown in
the table). A DR-TB regimen consists of two phases,
separated by a slash: the first is intensive phase and the
second is prolonged phase. The number shown before
each phase stands for the minimal required phase
duration in months . The number in subscript (e.g., 3)
after a letter is the number of drug doses per week.
If there is no number in subscript, treatment is daily.
Alternative drug(s) appears as a letter(s) in parentheses.
The drugs in the higher groups are written first followed
by the others in descending order of potency.

Based on the most recent meta-analyses on the manage-
ment of INH-resistant TB, in 2019 the WHO published
the last key recommendations for Hr-TB treatment —
with RIF-EMB-PZA-Lfx for 6 months and no addition of
SM or other injectable agents to the drug regimen.

The WHO guidance emphasizes the importance
of excluding resistance to RIF before starting the
regimen for INH-resistant TB because of the risk
for development of MDR-TB during the treatment

regimens

course.
The guidelines are based primarily on individual
patient data or observational studies conducted in
various settings. They indicate that addition of an FQ
to RIF-EMB-PZA regimens compared to 26 months of
RIF-EMB-PZA is leading to higher treatment success
rate (aOR, 2.8; 95% Cl, 1.1-7.3). The addition of an
FQ to a 6-month RIF-EMB-PZA regimen tended to
reduce the number of deaths (aOR, 0.4; 95% Cl, 0.2—
1.1) and the acquisition of RIF resistance (aOR, 0.10;
95% Cl, 0.01-1.2).

The main recommendations are to include Lfx
rather than Mfx as a first choice because Lfx has
a better safety profile than other FQs, and fewer
drug the plasma peak
concentration of Lfx is not affected by the addition
of RIF. Additionally, there are no contraindications
for the use of Lfx with antiretroviral agents for the
treatment of patients co-infected with HIV (31,32).

interactions than Mfx;

29



CURRENT APPROACHES FOR CONTROL OF ISONIAZID-RESISTANT TUBERCULOSIS

Table 2. International guidelines for treatment of isoniazid-resistant tuberculosis

Guideline Recommended regimen Duration
(months)
ATS/CDC (1994) REZ 6
RE 12
ATS/CDC (2003) REZ (FQ for extensive disease) 6
BTS (1998) 2SREZ/7RE 9
2 REZ/10RE 12
NICE (2011) 2 SREZ /7 RE 9
2 REZ/10RE 12
NICE (2016) 2 (H)REZ / 7 RE (10 months for extensive disease) 9-12
Canadian Tuberculosis 2 (H)RZE / 4-7 REZ 6-9
Standards (2014) 2 (H)RZE / 10 RE 12
2 (H)RZE FQ / 4-7 RE FQ 6-9
WHO (2006) REZ (FQ)* 6-9
WHO (2008) REZ (FQ)* 6-9
WHO (2014) REZ (FQ)* ' 6-9
WHO (2018) REZ FQ (Lfx > Mfx)* 6

*A fluoroquinolone may strengthen the regimen for patients with extensive disease.

"Use Xpert MTB/RIF at month 0, 2, and 3, and if RR-TB is switched to full MDR-TB treatment.

*The new 2018 WHO guidelines recommend Lfx as the first choice, rather than Mfx.

ATS: American Thoracic Society; CDC: Centers for Disease Control and Prevention; BTS: British Thoracic Society;
NICE: National Institute for Health and Care Excellence; WHO: World Health Organization; H: isoniazid; R:
rifampicin; E: ethambutol; Z: pyrazinamide; FQ: fluoroquinolone; Lfx: levofloxacin; Mfx: moxifloxacin.

CONCLUSION

INH-resistant TB poses a significant challenge before
public health systems. Many patients with Hr-TB
would be missed by current diagnostic algorithms
driven by RIF testing, thus receiving incomplete drug
regimen. The development of new rapid molecular
technologies is needed in order to ensure access to
appropriate treatment and care.

The WHO recommendations for Hr-TB treatment
are based on observational studies, but not on
randomized controlled trials, and are thus conditional
and based on low certainty in the estimates of the
effect. Therefore, further work is needed to optimize
the treatment and control of INH-resistant TB.
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ABSTRACT

Background: Deacarization, applied epidemiological
measures, and climatic factors affect the abundance
of ticks. On the other hand,
a factor of great epidemiological and epizootic

ticks themselves are
importance. Studies  concerning the influence of
climatic factors on ticks and their infection with B.
burgdorferi are still limited in Bulgaria. The aim was
to investigate the abundance of ticks in relation
to temperature and precipitation, as well as the
infection with B. burgdorferi of ticks removed from
patients during the period 2016-2021.
Materials/methods: A total of 10,907 ticks were
collected from patients and classified according
to species and stage of development. Nested PCR
was performed targeting two sites of the spacer
region between 5S and 23S of B. burgdorferi sensu
lato rRNA. Weather data were collected from free
Internet meteorological sites.
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Results: It was found that 92-96% of the ticks belonged
to the species Ixodes ricinus. PCR data were obtained
for infestation of ticks in 2016-2021. Only in 2018, the
highest number of ticks was observed in May, while in
the other five years - in June, which was analyzed in
relation to the average temperature and precipitation.
Conclusion: An increase in tick abundance was
observed at average temperatures around 20°C, with
rainfall on the days before the peak. During the 6-year
period, the highest number of ticks was collected in
June 2021, which could be explained with the high
average temperatures and abundant precipitations
during the preceeding spring months (April — June).
Key words: B. burgdorferi, ticks, temperature,
precipitation

INTRODUCTION

Lyme borreliosis is the most common tick-borne
infection in North America and Europe (1). The
tick As a
result of climate change, associated with global
warming (2), this species is constantly expanding
its distribution area. Tick-borne diseases require
an established vector population, a pathogen and
suitable environmental and climatic conditions
across the cycle of transmission in humans (3).
Climate influences the life cycle of ticks, as well as
the reproduction rate of bacteria inside the vector
and human hosts (4). This means that uprising
temperature can reduce the incubation period
of pathogens and the life cycle of vectors, thus
boosting the transmission risk through elevated
vector populations. Long-term seasonal changes
can affect the prevalence of vector-borne diseases
in Europe (5). I. ricinus is present throughout Europe
with an expansion to higher latitudes in Sweden
(6) and, to higher altitudes elevations in the Czech
Republic (7), Austria (8), Norway and Germany (4).
On the average, more than 1500 ticks removed from
patients per year were tested for Borrelia burgdorferi
infection during the study period. Itis known that ticks
are susceptible to climatic determinants as humidity
and temperature. The number of ticks removed from
our patients varied significantly through the years,
from over 2000 in 2018 and 2020 to less than 1500 in
2016 and 2021 .In 2018, the highest number of ticks
was reached one month earlier as compared to the
other years of the study. What are the reasons for the
observed annual differences ? The aim of the study

Ixodes ricinus is the main vector.
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was to investigate B. burgdorferi infection in ticks
removed from patients and their numbers in relation
to the average temperature and precipitation over
the 6-year period.

MATERIAL AND METHODS

A total of 10,907 ticks were collected from patients
as follows: 1,158 in 2016, 1,895 in 2017, 2,347 in
2018, 1,985 in 2019, 2,052 in 2020 and 1,470 in
2021. They were identified morphologically with a
microscope “Leika” and determined to the species
and stage of development (9). Nested PCR were
performed targeting two sites from the spacer region
between 5S and 23S of B. burgdorferi sensu lato rRNA
(10). Weather data were collected from freemeteo.
bg (11) and meteoblue.com (12). Diagrams were
made for the four months of interest: April, May,
June and July, when most of the ticks were brought

to the laboratory for examination. Data on Lyme
disease morbidity in humans during 2016-2020 were
obtained from NCIPD (13).

RESULTS AND DISCUSSION

It was found that between 92-96% of ticks belonged
to the species I. ricinus. There was an increase in the
number of nymphs studied over the 6-year period.
PCR data for infestation of ticks from Sofia city were
found in 21.03% (184/875) of the ticks investigated in
2016, 20.7% (249/1,203) of the ticks in 2017, 9.47%
(155/1,636) of the ticks in 2018, 22.47% (387/1,722)
of the ticks in 2019, 15.02% (273/1,817) of the ticks
in 2020 and 20.41% (258/1,264) of the ticks in 2021.
A comparative study for B. burgdorferi infestation of
ticks from 2018 to 2021 was conducted in the five
locations in Sofia with the highest number of ticks
removed from patients.

Table 1. Infection of ticks with B. burgdorferi in five places in Sofia in 2018-2021

Region in Sofia  Infection Infection Infection Infection
in 2018 in 2019 in 2020 in 2021

Cemetery parks 5/50 (10%) 17/76 (22%) 13/62 (21%) 19/84 (23%)

South park 9/72 (12.5%) 12/33 (36%) 8/42 (19%) 14/56 (25%)

Borisova garden 4/50 9/52 (17%) 14/ 66 (21%) 9/49 (18%)
park (8%)

Neighbour-hood 4/13 (31%) 7/22 (32%) 5/33 (15%) 11/43 (26%)

“lztok”

Neighbour-hood 1/35 6/23 (26%) 5/38 (13%) 7/31 (23%)

Bankya (3%)

In addition, a tick infestation was compared to morbidity in humans during the same period 2016-2020.
Table 2. Comparative study on tick infestation and morbidity in humans in 2016-2020

Year Infestation of ticks with Number of cases /
B. burgdorferi morbidity in humans
in Bulgaria
2016 184/875 (21.03%) 290/ 4.05%000
2017 249/1,203 (20.70%) 402/ 5.66%000
2018 155/1,636 (9.47%) 599 / 8.50%000
2019 387/1,722 (22.47%) 375 / 5.36%000
2020 273/1,817 (15.02%) 160 / 2.3%000
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The highest number of ticks in 2018 was observed
during the month of May, and the peak in tick
abundance in 2016, 2017, 2019, 2020 and 2021was
found in June. Data on the monthly number of ticks
(for April, May, June and July) were analyzed against
the average temperature and precipitation during
the 6-year study period (Fig. 1, 2, 3,4, 5, 6, 7, 8).
According to our data, the species I ricinus is
associated with over 92% of tick bites of humans in
the country. An increase in the number of nymphs
studied over the years was also associated with
an increase in the number of bites, due to their
pronounced anthropophilia and difficult detection.
Nymphs were less infected with the causative agents
of Lyme disease as compared to imagos (15.93%
vs. 20.29%) only in 2016. Tick infestations varied
between 10.68% in 2018 and 27.58% in 2019 during
the 6-year study period, showing the important role
of ticks in B. burgdorferitransmission. A meta-analysis
of the distribution and prevalence of bacteria from
the group B. burgdorferi s.l. in European ticks (14)
showed that the most commonly reported B. afzelii,
B. garinii, B. valaisiana, and B. burgdorferi sensu
stricto largely overlap across Europe.

The highest prevalence occurred in areas with
small amplitude of the mean annual temperatures
(7°C-17°C ), together with a moderate spring rise of
the vegetation. The study established an average of
2% infection with B. burgdorferi s.|. of 82,000 questing
nymphs with prevalence from <1% to >46%.

The highest rate of tick infection with B. burgdorferi
in Sofia was detected in 2019 (22.47%), and the
lowest - in 2018 (9.47%). A significant decrease in
tick infection was found in 2018 (9.47%), compared
to 2017 (20.70%). The data were analogous to those
established by us in 2003/2004, when there was a
decrease from 25.42% to 7.21%, (P<0.05) (15). These
data showed that statistically significant fluctuations
in tick infection are observed periodically over the
years.

Unfortunately, some of our most representative
parks (South park, Borisova garden) were among the
localities with the highest number of ticks removed
from people and brought for testing (Table 1). The
risk of human infection was also high (between 10
and 23%) in the spring and autumn stew, when many
people visit the Cemetery parks (Table 1).

Lyme disease comprises the most important vector-
borne disease burden in the European Union with

an estimated of 65,000 cases per year (2). As stated
in the Annual Analyses of Acute Infectious Diseases
in Bulgaria (13) during the 2016-2020 period the
number of Lyme borreliosis cases ranged from 160
(2020) to 599 (2018). While morbidity varied between
4.05%000 and 5.66%000 (in 2016, 2017, 2019), tick
infection rates ranged between 20.70% and 22.47%
(Table 2). The comparison between the rates of tick
infestation and the number of Lyme disease cases
in humans showed that, the lowest tick infestation
rate for the 6-year period (in 2018) corresponded to
the highest morbidity rate in patients. Interestingly,
these facts coincided with the highest number of
ticks brought to the laboratory for analysis (2,347)
and with a premature rise in the number of ticks
(Fig 4) in that same year (2018). It should be noted
that the high incidence of human cases in 2018 was
based on data for several cities for which data on
tick infestation was not available.

An increase in the number of ticks was observed at
an average temperature around 20°C, with rainfall
of 5-10 mm on the days in May and June in 2016
and 2017 (Fig. 1, 2, 4). The highest number of ticks
was detected in the month of May only in 2018, in
the presence of high temperatures, without sharp
fluctuations, preceded by 30-40 days of precipitation
(Fig. 3, 4). The increased
was in associated with an increase in temperatures
and precipitation from mid-May to mid-June in 2019
(Fig. 5, 8). In 2020, most of the precipitations were
observed in May accompanied by a smooth rise in
temperatures, and leading to a peak number of
ticks in June (Fig. 6, 8). In 2021, the average spring
temperature was around 20°C, with a lot of rain in
April, May and June, leading to the highest number
of ticks during the 6-year period in June (Fig. 7, 8).
According to a climate projection by 2040-2060,
a 3.8% overall habitat enlargement for . ricinus is
anticipated in Europe.
increased number of ticks and their extension into
higher altitudes and latitudes in many areas like the
Scandinavian and Baltic countries (2). Therefore, the
number of ticks removed from people
in Bulgaria during the years of the study was not
surprising.

number of ticks in June

This correlates with the

increased

CONCLUSIONS
Data related to number and infestation of ticks
can be applied in practice in connection with the
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deacarization of lawns and the use of personal
protective equipment. Temperature and precipitation
data should also be taken into account when lawns
are processed against ticks. Timely examination of
the body after staying in lawns and rapid removal of
ticks, especially the highly anthropophilic nymphes,
reduces the risk of infection with Lyme borreliosis.
This study indicates the importance of monitoring
temperature and precipitation, for predicting the
number and
associated with the incidence of Lyme disease

infestation levels of [I. ricinus ticks
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ABSTRACT

Intestinal diseases caused by diarrheagenic E. coli
account for a significant proportion of infections,
especially in children. E. coli enteritis can occur as
sporadic cases but often assumes an epidemic nature.
This study aims to determine the significance and
prevalence of infections caused by diarrheagenic E.
coli in Bulgaria for a period of ten years 2011-2020.
MATERIALS AND METHODS. The etiological role and
distribution of diarrheagenic E. coli among Bulgarian
population for the last decade were determined
by a retrospective analysis of microbiological and
epidemiological data. RESULTS. Data from the studied
period reveal the role of enterotoxigenic E. coli
(ETEC) 06 as a leading etiological cause of epidemic
and sporadic enteritis in the country, followed by
enteropathogenic E. coli (EPEC) 0126 and 0127. There
are only two reported cases of lethal hemorrhagic
uremic syndrome (HUS) caused by enterohemorrhagic
E. coli (EHEC) that happened in 2011. Most affected by
diarrheagenic E. coli (DEC) infections are infants and
young children. Neonatal meningitis in Bulgaria is rare,
the etiological agents are E. coli 018 and 025. The
most common registered DEC infections are during
the summer months of May - September. Several
epidemics have been registered in young children, and
the etiological cause is ETEC O6. CONCLUSION. The
main etiological agent of E. coli infections in Bulgaria
is ETEC 06, and infants and young children are at risk.
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Recent DEC epidemics have not been reported. The
ethiologic diagnosis of infections is underestimated,
which is a risk factor for increasing the number of
healthy carriers, outbreaks and unlimited agent
spreading through the food chain.

Keywords: diarrheagenic E. coli, intestinal diseases,
pediatric diarrhoea

INTRODUCTION

Escherichia coli (E. coli) is the predominant facultative
anaerobe of human colonic flora, which has gained
importance due to its association with diarrheal
diseases. Diarrheagenic Escherichia coli (DEC) strains
are the main etiologic agent of moderate to severe
diarrhoea in humans that is transmitted through
the consumption of contaminated foods. They are
classified into six pathogenic types based on specific
virulence traits- Enterotoxigenic E. coli (ETEC),
Enteropathogenic E. coli (EPEC), Enterohemorrhagic
E. coli (EHEC), which constitute the subgroup of Shiga-
like toxin-producing E. coli (STEC), Enteroaggregative
E. coli (EAEC), Enteroinvasive E. coli (EIEC), and
Diffusely adherent E. coli (DAEC) (1,2).

ETEC are the most important cause of dehydration
infant diarrhoea, mainly in developing countries.
In addition, ETEC are a frequent cause of travelers’
diarrhoea in developed countries (3).

EPEC are an important category of DEC, which adhere
to the mucosal cells of the small intestine producing
pedestal-like structures (4). This results in watery
diarrhoea, which is usually self-limited but can
become chronic.

EAEC are an important cause of diarrhoea worldwide
and are frequently observed as the aetiological agent
of persistent paediatric diarrhoea in sporadic and
outbreak situations (5).

EHEC cause intestinal and renal diseases. These
strains express one or two Shiga toxins Stx1 and Stx2.
Shiga toxin-producing E. coli (STEC) are also known
as Vero toxin-producing E. coli (VTEC). The disease
starts with severe crampy abdominal pain, watery
diarrhoea followed by grossly bloody diarrhoea, and
little or no fever. It may present in the form of sporadic
cases or outbreaks. The illness is often designated as
hemorrhagic colitis (1, 6).

EAEC are defined by their bricklike aggregative
adherence patterns to cultured HEp-2 cells. At
first, EAEC colonize the intestinal mucosa. Then,
EAEC produce a mucus-mediated biofilm on the
enterocyte surface. Finally, the toxins are released by
EAEC, causing the inflammatory response, intestinal
secretion, and mucosal toxicity (1, 7).
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DAEC strains are defined based on the presence
of a diffuse adherence pattern on Hela and HEp-2
epithelial cells, where bacteria uniformly cover the
cell monolayer. These strains are age-dependently
involved in children’s diarrhea, and can also be
asymptomatic intestinal microbiota strains both in
children and adults. The pathogenicity and clinical
pertinence of DAEC in urinary tract infections and
pregnancy complications are well established (8, 9).
The present retrospective epidemiological study
aimed to evaluate the contribution of the different
DEC categories to infectious diarrhoea in Bulgaria
for a ten year period 2011 — 2020, to update the
epidemiological data for the country and to justify the
implementation of future measures for prevention
and control, and for rapid and accurate diagnosis of
infections caused by diarrhoeagenic E. coli.

MATERIALS AND METHODS

The etiological role and distribution of DEC
among Bulgarian population for the last decade
were determined by a retrospective analysis of
microbiological and epidemiological data. Official
statistics data from the National Center for Public
Health and Analysis (NCPHA), data from the annual
analyses of communicable diseases made by the
Regional Health Inspectorates (RHI), and data
from own epidemiological studies at the National
Reference Laboratory, NCIPD were used.

According to Ordinance N2 21/2005 on the Procedure
for Registration, Communication and Reporting of
Infectious Diseases of Bulgarian Ministry of Health
, all DEC isolates must be sent together with clinical
and epidemiological data to the NRL for Enteric
Infections, Pathogenic Cocci and Diphteria at NCIPD
for identification and confirmation of the bacterial
agents. All data on E. coli isolates throughout the
country are stored for a minimum of 10 years. Data
on all DEC isolates reported to NRL during the studied
period, were aggregated.

RESULTS

For the studied ten-year period 2011-2020, laboratory-
confirmed intestinal infections by DEC, accounted for
3633 (3633/530870), 7,26% of the reported cases
of acute infectious diseases (AID), influenza and acute
respiratory diseases, tuberculosis, AIDS, sexually
transmitted infections, and COVID-19 excluded. The
greatest number of E. coli infections was reported in
2011 with 514 cases, and the lowest in 2017 with only
240 cases (Table 1). The seasonal distribution of DEC
infections is characterized with an increased frequency
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during the summer months of May - September. The
territorial analysis reveals the highest morbidity in
the North-Eastern administrative-territorial units of
Bulgaria: Varna (48, 93%000), Silistra (24, 47%000),
Dobrich (23, 37%000), Shumen (19, 33%000) and in
the South-Eastern administrative-territorial units:
Yambol (33, 63%000), Sliven (21, 35%000) and Burgas
(8, 49%000). The summarized data determine the role
of ETEC 06 as a leading etiological cause of epidemic
and sporadic enteritis in the country, followed by ETEC
078; EPEC 0126; 0127, 0128; O 44 (Fig.1). Except for
one case in 2011, all isolates belonging to the EHEC
0157 were negative for H:7 phase according to the
data from primary bacteriological tests performed
in the microbiological laboratories throughout
the country.  The characteristic complications of
HUS have not been registered. In 2011, a case of
enterohemorrhagic infection caused by E. coli 0157
H:7 was reported (morbidity 0.01% 000). It refers to
a 55-year-old woman from Yambol, without data of
contact with a sick person or animal, or association
with consumed food. No epidemiological association
with the outbreak of 0157 H:7 in Germany during the
same year was established, either.

During the studied ten-year period, several neonatal
meningitides were reported from different areas
in Bulgaria. Five cases caused by E. coli 06 were
reported in 2013 and two more caused by E. coli
018, in 2012. The last cases caused by E. coli 025
were reported in June 2020. These were three 0-20
days old infants from the same neonatal ward in the
University hospital in North Bulgaria. A nosocomial
infection could be suspected based on the BOX and
ERIC1/2 PCR profile results obtained in the NRL.
However, an epidemiological investigation report
was missing, due to Covid-19 pandemics.

The affected by DEC infections were mostly infants
and young children with morbidity by age groups, as
follows: 0-11 months- 141, 86%000; 1-4 years- 57,
59%000; 5-9 years- 8, 50%000 (Fig. 2 and 3.) Out of
all 3633 DEC cases, 1 805 (49, 68%) were reported in
females, and 1 828 (50, 32%) in males.

In the studied period 2011-2020, a total of seven
outbreaks were registered. For all of them the
infection source was contaminated food. The
etiological agents of the outbreaks were E. coli
06 (more than once), 018, 0168, 059 and 044
(Figure 5).

In the studied decade, 2 deaths were registered (0,
26% of all AID), which determines a total lethality for
the DEC intestinal infections of 0, 46% (Table 2). One
of the lethal cases was a 66 years old man diagnosed
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with hemorrhagic E. coli enteritis caused by serotypes
027 and 0139in 2011, and the other - a one-year-old
child from Plovdiv district, hospitalized in infectious
ward in 2014. The child suffered from hydrocephalus

and spina bifida. The premorbid condition has most
probably contributed for the exitus Until now, there
has been no reported death case of HUS caused by
diarrheagenic E. coli in Bulgaria.

Table 1. DEC infections morbidity in relation to reported cases of acute infectious diseases for the period
2011-2020 in Bulgaria.

NUMBER OF ACUTE
INFECTIOUS
DISEASES (without
Influenza and Acute % relative
Respiratory Diseases, DEC share of all
Tuberculosis, AIDS and MORBIDITY ACUTE
Sexually Transmitted NUMBER OF (per INFECTIOUS
YEAR Infections, and COVID-19) DEC 100,000) DISEASES
2011 58 259 514 6,98%000 0,88
2012 60 998 446 6,09%000 0,73
2013 67 916 333 4,57%000 0,49
2014 50 800 368 5,08%000 0,72
2015 54 471 382 5,30%000 0,7
2016 61 283 360 5,03%000 0,59
2017 52 393 240 3,38%000 0,46
2018 48 092 307 4,35%000 0,64
2019 54 397 385 5,50%000 0,71
2020 22 261 298 4,29%000 1,34
SUM 530870 3633 5,1%000 7,26

Table 2. DEC infections mortality in relation to reported cases of acute infectious diseases for the period
2011-2020 in Bulgaria.

NUMBER of death cases of acute

infectious diseases without

Influenza and Acute Respiratory AID NUMBER DEC

Diseases, Tuberculosis, AIDS and Mortality AID total of death mortality DEC total

Sexually Transmitted Infections, (per lethality cases of (per letality

YEAR and COVID-19 100,000) (%) DEC 100,00) (%)
2011 64 0,87% 000 0,11 1 0,01 0,19
2012 84 1,15% 000 0,14 0 0,00 0,00
2013 79 1,08% 000 0,12 0 0,00 0,00
2014 77 1,06% 000 0,15 1 0,01 0,27
2015 71 0,99% 000 0,13 0 0,00 0,00
2016 82 1,15% 000 0,13 0 0,00 0,00
2017 93 1,31% 000 0,18 0 0,00 0,00
2018 90 1,28% 000 0,19 0 0,00 0,00
2019 87 1,24% 000 0,16 0 0,00 0,00
2020 52 0,75% 000 0,23 0 0,00 0,00
SUM 779 1,19%000 1,54 2 0,002 0,46
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Fig. 1. Distribution
of diarogenic E. coli
according to the
O-group for the
period 2011-2020 in
Bulgaria.

Fig 2. Distribution
of DEC infections
among children (0—
14 years) according
to age structure for
the period 2011-
2020 in Bulgaria.

Figure 3.
Distribution of DEC
infections according
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60 + years for the
period 2011-2020 in
Bulgaria

Fig. 4. Distribution
of DEC cases

(3 633) according
to sex for the
period 2011-2020 in
Bulgaria.
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Figure 5. Annual distribution of

reported DEC outbreaks for the

period 2011-2020 in Bulgaria.

DISCUSSION
Escherichia coliare bacteriafound in the environment,

foods, and intestines of people and animals. DEC are
the most common cause of a number of foodborne
outbreaks, travellers’ diarrhoea, chronic diarrhoea
in HIV-infected patients and the main reason,
neonatal meningitis and, last but not least, pediatric
diarrhoea (10, 11). ETEC contribute substantially
to overall morbidity, may contribute to delayed
growth of infected children, and above all account
for hundreds of thousands of children” deaths each
year. ETEC is the predominant pathogen in DEC.
Because many travellers arrive from regions with
poor sanitation had been at high risk for acquisition
of ubiquitously distributed ETEC infection (12 -15).
The prevalence of ETEC in Bulgaria is not different
from that in Europe, Asia or America. ETEC (E.coli O6,
followed by O78) were the leading cause of pediatric
diarrhoea and DEC outbreaks during the period
2011-2020. The second most frequently isolated
were EPEC (E. coli 0126, 0127, 0128), typical for
adult diarrhoea (25-45 years) and asymptomatic
carriers. EHEC and EIEC infections have a small share
among Bulgarian population. Laboratory-proven
cases of 0157 are H: (-). Fortunately, the clinical
manifestations were not related to the characteristic
complications of HUS with the exception of one
case of enterohemorrhagic infection in 55-years old
woman without epidemiological data. At the same

time, dozens of 0157 H:7 cases, an epidemic that

took lives, have been registered in Germany, but we
do not have data that could relate the Bulgarian case
with the German epidemic (16).

Neonates are at high risk of meningitis, which
might lead to neurologic complications. Escherichia
coli is the second most frequent cause of neonatal
meningitis and a major cause of neonatal mortality
(rates vary between 10% and 15%).

strains causing extraintestinal infections in adults

Among E. coli

and children worldwide, the serotypes 01, 02, 04,
06, 07, 08, 016, 018 are predominant (17, 18, 19).
06 and 018
have been the most frequent cause of neonatal

Similarly, in recent years, serotypes

meningitis in Bulgaria . However, in 2020, four cases
of meningitis caused by E. coli 025 were registered
in one neonatal ward for a month. A molecular study
using BOX and ERIC1/2 PCR was performed to prove
a possibly nosocomial infection though the epidemic
situation caused by Covid-19 hindered the study.

The seasonal distribution of STEC infection (May-
September), as well as the most frequently affected
age groups, do not stand out from the general data
for Europe and the world (10, 20). The most affected
age groups are infants followed by young children.
Both sexes were almost equally affected at any age.
The underdeveloped immune system in children and
poor mastered hygiene habits are major epidemic
factors in children’s groups - kindergartens, training
centers and others.  Outbreaks reported among
children’s groups accounted for 90% of all cases.
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Another important factor is the asymptomatic carrier
state in adults involved in food preparation.

In general, the share of DEC infections in the country
(7, 26% of the total number of AID without Influenza
and Acute Respiratory Diseases, Tuberculosis, AIDS
and Sexually Transmitted Infections, and COVID-19)
are few as compared with reported cases from
other European countries (20). Most likely this is due
to reduced diagnostics in Bulgarian microbiology
laboratories. Hospital microbiology laboratories
perform serotyping of diarrheagenic E. coli mainly
for pediatric and immunocompromised patients.
This practice of neglecting other patients’ groups
leads to inaccurate data on diarrhea infections in the
country, as well as increased risk of spreading the
pathogens especially among asymptomatic carriers,
who are a reservoir for future infections and/or

epidemic outbreaks.

CONCLUSION
The diarrheal
problem worldwide with a wide range of etiological
agents. Among the bacterial pathogens, E. coli plays
an important role (5). During the period 2011-2020,
the registered cases of E. coli enteritis in Bulgaria
decreased, alongside with
etiologically undeciphered enterocolitis
Moreover, there was a significant decrease in the
number of registered cases in 2020 as compared
to previous years (2019 - 54,397 years, morbidity
777.10% 000; 2018 - 48,092SL., morbidity 682.15%
000; 2017 - 52 393 ff., morbidity 737.74% 000), as a
result of the complex impact of factors associated
with COVID-19 epidemic.

disease continues to be a health

increased number of
cases.
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